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Voorwoord

Op deze plaats willen wij schetsen hoe dit proefschrift en het onderzoek be-
schreven in dit proefschrift tot stand zijn gekomen. Wij hopen iedereen die
hierin een aandeel heeft gehad hiermee recht te doen en willen allen hierbij
van harte bedanken.

Het onderzoek is uitgevoerd door de projectgroep "Gezondheidseffecten van
trillen en schokken tijdens arbeid", ofwel 'de trillingen groep' van het Coronel
Laboratorium. De aanzet voor het onderzoek is gegeven door Jan Ettema
sarnen met Frank van Dijk. Met name door de inspanning van Jan is het on-
derzoek van slart gegaan. Het Directoraat-Generaal van de Arbeid financierde
het onderzoek en gaf daardoor het Coronel Laboratorium de gelegenheid om
een nog wijwel onbekend onderzoeksterrein te ontwikkelen. Brinio Veldhuij-
zen van ZN:f.en, Frank de Vries en Karel Hulshof waren de eerste onderzoe-
kers. Zij hebben de literatuur bestudeerd, de eerste onderzoeken opgezet en
de contacten met de bedrijven gelegd. Agaath Koemeester is er in een later
stadium bijgekomen. Toen een begin werd gemaakt met de data verzameling
van de eerste onderzoeken hebben Brinio en Frank het project verlaten en
hebben wij hun plaatsen ingenomen. Jan Ettema was gedurende wijwel de
gehele looptijd van het project de projectleider. Lyanne Dijkstra, Karin Mons-
houwer en Arthur Stassen zijn als student bij het project betrokken geweest.

Het totale onderzoek is samengesteld uit een aantal deelonderzoeken bij ver-
schillende beroepsgroepen. Degenen die in belangrijke mate aan deze onder-
zoeken hebben meegewerkt zijn als auteurs bij de artikelen vermeld. Uiteraard
had het onderzoek niet uitgevoerd kunnen worden zonder de medewerking
van de vele werknemers die bereid waren onze vragenlijsten in te vullen. Ook
de prettige sameenwerking met de bedrijfsgezondheidsdiensten en de bedrij-
ven, die gegevens ter bechikking stelden en meewerkten aan het verrichten
van de metingen, was essentieel voor het slagen van het onderzoek. Speciale
vermelding verdienen hierbij de heren Bonnee, van den Buijs, Delahaye,
Groenhout, Halm, Handels, van Haselen, Koffeman, Kemp, van der Tuin en
Valken. De medewerkers van bureau Ecofys en Bert Bosman van IWECO-TNO
verrichtten in goede samenwerking de metingen.

Het vele typewerk voor alle deelrapporten en artikelen is toegewijd en zeer
zorgvuldig uitgevoerd door Greet de Graaf en in een later stadium ook door
Coby van Rossum. De figuren en foto's voor de rapporten, artikelen en dia's
zijn gemaakt door de fotodienst en de dienst medische illustratie van de medi-
sche faculteit, waar altijd alles kon en vaak ook nog meteen. Vanaf het mo-
ment dat het PCtijdperk haar intrede deed op het Coronel Laboratorium zijn
we meer en meer self-supporting geworden. Hetgeen beslist niet wil zeggen
dat we in alle stilte dit proefschrift hebben voltooid. De onrust die gepaard
gaat met het uittesten van plaatjes, prograruna's en lettertypes en een veel-
vuldig gebruik van de laserprinter zal het secretariaat wel hebben doen ver-
langen naar vroegere tijden.

Onze promotoren Frank van Dijk en professor Zielhuis hebben tot hun schdk
ervaren dat een dubbelpromotie betekent dubbel zoveel lezen in dezelfde kor-
te tijd (namelift het laatste nippertje). Zij hebben desalniettemin alles zeer



zorgvuldig en grondig Belezen en voorzien van wanrdevol en stimulerend
commentaar.

Hoewel zij niet direct bij dit onderzoek betrokken zijn geweest, willen wij hier
graag vermelden dat de toegenomen aandacht voor de gezondheidseffecten
van trillen en schokken tijdens het werk voor een belangrijk deel te danken
is aan de jarenlange inzet van Dick van Drimmelen samen met |olanda Mus-
son, fex Burdorf en Paul Oortman Gerlings.

Tenslotte, uit de vermelding van de auteurs bij de afzonderlifte onderzoeken
bliikt al dat Karel Hulshof aan alle onderzoeken een wezenlijke bijdrage heeft
geleverd. Wij willen dat op deze plaats nogmaals benadrukken. De titel 'mr
Trilling' zullen wij met dit proefschrift niet meer kunnen verdienen, die is al
aan Karel vergeven. Bovendien heeft hij er voor gezorgd dat ook de rest van
de wereld {tot in China toe) op de hoogte raakte van dit onderzoek door met
overtuiging de resultaten onder de aandacht te brengen van de internationale
normcommissies.

De primaire verantwoordeliftheid voor de teksten is als volgt verdeeld:
Paulien Bongers: Hoofdstuk 1..2, 1.3, 2.2, 3.1, 3.2, 3.4, 4.2, 4.4, appendix B.2.
Hendriek Boshuizen: Hoofdstuk 2.'I..,2.3,3.3, 4.1., 4.3, 5.1.,5.2, appendix A.1 en
B.1. Gezamenlijk dragen we de verantwoordeliftheid voor hoofdstuk 1.1 en
hoofdstuk 6 en7, alsook voor de samenhang van het geheel.
De verschillende delen van dit prmfschrift zijn in de loop van enkele jaren
tot stand gekomen; hierdoor is de gebruikte terminologie niet altijd conse-
quent.
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Samenvatting

Rugaandoeningen en expositie aan lichaamstrillingen tijdens het werk

Chauffeurs van allerlei voertuigen fzoals vrachtauto's, bussen, trekkers, grond-
verzetmachines en vorkheftrucks) en piloten van helikopters hebben tijdens
hun werk te maken met zogenaamde lichaamstrillingen. Dit proefschrift bevat
de resultaten van verscheidene epidemiologische studies naar de relatie tussen
expositie aan deze trillingen en nadelige effecten op de gezondheid. Deze stu-
dies waren vooral gericht op de relatie tussen intensiteit en duur van de
blootstelling aan lichaamstrillingen en rugklachten of rugaandoeningen.

Allereerst worden de resultaten gepresenteerd van twee verkennende onder-
zoeken die zijn gebaseerd op geregisLreerde gegevens over arbeidsongeschikt-
heid (hoofdstuk 2). Uit een onderzoek naar de verdeling van afkeuringsdiag-
nosen bij arbeidsongeschiktheid onder ABP verzekerden (2.2) bliikt dat bij
afgekeurde chauffeurs het aandeel afgekeurden vanwege een rugaandoening
even groot is als bij afgekeurde ambtenaren met fysiek zwaar werk zoals
straat- en grondwerkers en plantsoen- en reinigingswerkers. Het aandeel af-
keuringen vanwege de rug bij chauffeurs is bovendien veel gxoter dan dat bij
boden, concidrges en magazijnbedienden en alle overige ambtenaren tezamen.
Een onderzoek naar WAO-afkeuringsdiagnosen bij werknemers verzekerd bij
de bedrijfsvereniging voor het vervoer (2.3) gaf geen groter aandeel a{keu-
ringen vanwege een rugaandoening te zien bij chauffeurs ten opzichte van de
andere werknemers uit deze sector. De chauffeurs werden echter wel vaker
afgekeurd vanwege aandoeningen van de tussenwervelschijf (anders dan een
hernia). Indien alleen de chauffeurs (dus niet de overige werknemers uit de
sector) met elkaar werden vergeleken, bleek dat de chauffeurs met een hogere
totale trillingsdosis een hoger risico op alkeuring vanwege een rugaandoening
hadden. De resultaten van het onderzoek suggereren dat met name blootstel-
Iing op jonge leeftijd het risico op latere arbeidsongeschiktheid vanwege een
rugaandoening verhoogd.

In drie retrospectieve cohort onderzoeken is het verband onderzocht tussen
expositie aan trillen en schokken tijdens het werk en langdurig ziekteverzuim
of arbeidsongeschiktheid vanwege een rugaandoening in drie specifieke be-
roepsgroepen (hoofdstuk 3). Het grootste onderzoek is uitgevoerd onder 743
kraandrijvers in een staalfabriek (3.1). De trillingsintensiteit van de bovenloop
kranen uit dit onderzoek was ongeveer 0,5 m/s' (vectorsom van het frequen-
tie gewogen signaal in drie richtingen). De incidentie van het langdurig ziek-
teverzuim of arbeidsongeschiktheid van\ /ege rugaandoeningen in de kraandrij-
vers is vergeleken met dat in een referentie groep van voornamelijk onder-
houdswerkers. De kraandrijvers bleken een 2 keer zo hoog risico op afkeuring
vanwege degeneratie van de wervelkolom te hebben dan de vergelijkingsgroep
(na correctie voor leeftijd, nationaliteit, ploegendienst en kalendertijd). Het
relatief risico nam toe met het toenemen van de blootstellingsduur. Het relatief
risico op alkeuring vanwege degeneratieve aandoeningen v;ur de wervelkolom
bij kraandrijvers met meer dan 5 jaar blootstelling in vergelifting tot de refe-
rentie groep was bijna 3. Het langdurig ziekteverzuim vanwege deze aan-
doeningen was weliswaar iets hoger bij de kraandrijvers dan in de referentie
gxoep maar dit verschil was niet significant (3.2). Wel duurde het verzuim



vanwege deze aandoeningen bij de kraandrijvers langer dan bij de referentie-
groep.
In de tweede cohort studie is het langdurig verzuim vErnwege rugaandoenin-
gen onder 423 trekker chauffeurs vergeleken met dat van een referentie groep
die bestond uit niet aan trillingen blootgestelde werknemers van hetzelfde
bedrijf en van een vergeliftbqar bedrijf (3.3). De gemeten trillingsintensiteit
van deze trekkers was 0,7 m,/s'. De incidentie van het langdurig verzuim van-
wege rugaandoeningen onder de trekkerchauffeurs was ongeveer 1,5 maal zo
hoog als in de totale referentiegroep. Indien de incidentie echter alleen werd
vergeleken met de incidentie van de werknemers uit de referentiegroep die
bij hetzelfde bedrijf werkten, werd geen verschil gevonden. Het langdurig
ziekteverzuim vanwege aandoeningen van de tussenwervelschijf was sterk ver-
hoogd bij de trekker bestuurders ten opzichte van de niet blootgestelde werk-
nemers (met een relatief risico van ongeveer 3). Aan elk voertuig is op grond
van de trillingsmetingen een trillingsintensiteit toegekend. Aan de hand van
deze trillingsintensiteit en het aantal uren dat op een bepaalde voertuig is
gereden is v^oor alle w-erknemers een totale trillingsdosis berekend met de
formule ) ai' L Uaar m2/s4). Het risico op langdurf verzuim v€urwege a€rn-
doeningen van de tussenwervelschijf lijkt toe te nemen met toenemende tril-
lingsdosis.
In de derde cohort study is het risico op arbeidsongeschiktheid vanwege rug-
aandoeningen bij kraandrijvers bij een metaalconstructie bedrijf vergeleken met
dat van een referentie groep (3.4). In deze studie is geen verhoogd risico op
rugaandoeningen van kraandrijvers ten opzichte van de referentiegroep gevon-
den. Ook kraandrijvers met meer dan 5 jaar blootstelling hadden geen
verhoogde kans op arbeidsongeschiktheid door rugklachten. Het is mogelijk
dat de hoge rugbelasting in de referentiegroep en de betrekkelijk geringe aan-
tallen in deze studie een relatie tussen kraandrijven en rugaandoeningen heb-
ben gemaskeerd.

Arbeidsongeschiktheid en langdurig verzuim worden niet alleen beinvloed
door de ziekte of aandoening van de werknemer rvur ook door allerlei
andere factoren zoals de aard van het werk en de mogelijkheden om ander
werk te vinden. Bovendien zullen niet alle rugklachten tot langdurig verzuim
en arbeidsongeschiktheid lijden. Daarom zijn ook verscheidene onderzoeken
uitgevoerd naar de relatie tussen blootstelling aan trillingen tijdens het werk
en rugklachten nagewaagd met een wagenlijst (hoofdstuk  ). Dergelijke onder-
zoeken zijn uitgevoerd bij helikopter piloten (blootgesteld aan trillingen met
een geringe intensiteit) en bestuurders vuul trekkers (middelmatige tril-
lingsintensiteit) en vorkheftrucks en grondverzetmachines (hoge trillingsinten-
siteit).

De prevalentie van rugklachten in 163 helikopter vliegers is vergeleken met
de prevalentie in een referentie groep bestaande uit 297 ludrtmacht officieren
die dezelfde aanstellingskeuring hebben ondergaan (response 78%) (4.2). 68%
van de vliegers gaf aan rugklachten te hebben, tegen 17% van de referentie
groep. Met name kortdurende rugklachten komen veel vaker voor bij de vlie-
gers dan in de referentie groep, met een odds ratio (OR) van me& aan g.
De prevalentie van rugklachten met een meer chronisch karakter was echter
ook hoger in de vliegers dan in de referentiegroep. Doordat helikoptervliegers
een logboek bijhouden waarin de vlieguren per type helikopter worden geno-
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teerd is voor deze groep de duur van de blootstelling nauwkeurig bekend. Bo-
vendien hebben de vliegers slechts in een beperkt aantal helikopter types
gevlogen waElrvan de trillingsintensiteit kon worden gerneten. Het trillings-
niveau van de helikopters was gemiddeld 0,5 m/s'. Met deze gegevens kon
voor alle vliegers een nauwkeurige trillingsdosis worden berekend. De kort-
durende klachten bleken sarnen te hangen met de duur van de dagelijks
blootstelling, terwijl de meer dronische klachten vooral een verband vertoon-
den met de totale expositieduur (en de totale trillingsdosis). Pas na een totale
vliegduur van 2000 irur (ofwel een trillingsdosis van 400 m2 uur/sa) was de
rugklachten prevalentie bij de vliegers hoger dan bij de officieren uit de refe-
rentie groep.

Het gemiddelde trillingsniveau van de landbouwtrekkers was 0,7 m/s2. De
trekker chauffeurs en de werknemers uit de referentiegroep uit het hierboven
beschreven follow-up onderzoek kregen aan het eind van de follow-up een
wagenlijst toegestuurd (response 79%) (4.1). De rugklachten prevalentie was
38% in de trekker chaulfeurs en 27% in de werknemers uit de referentie
groep. Deze verhoging werd vooral veroorzaakt door meer lage rugklachten
en rugklachten die minstens enkele dagen duurden. De rugkladtten prevalen-
tie nam toe met toenemende trillingsdosis. De hoogste odds ratio's werden ge-
vonden voor de emstige rugklachten. De odds ratio's voor de ernstige rug-
klachten nemen echter niet toe met toenemende gemiddelde trillingsdosis. Dit
wordt mogelijk verklaard door een grotere uitval vanwege een slechte gezond-
heid, die immers sterker zal zijn naarmate de klachten ernstiger zijn. De twee
componenten van de trillingsdosis, blootstellingsduur en trillingsintensiteit, ziin
ook apart bekeken. Rugpijn neemt toe met toenemende blootstellingsduur,
maar niet (significant) met de geschatte trillingsintensiteit. Dit wordt mogelijk
verklaard door onnauwkeurigheden in de schatting van de totale trillingsdosis.

Er zijn twee studies uitgevoerd onder vorkheftruckchauffeurs. De grootste
groep bestond uit bestuurders van vorkheftrucks en terminal trekkqrs van 6
ira"e'n bedrijven (4.3). De gemiddelde trillingsintensiteit was 0,8 m/t voor de
vorkheftrucks en 0,9 m/s' voor de terminal trekkers. De wagenlijst is in de
havens ingevuld door 296 bestuurders en 107 niet blootgestelde werknemers
van dezelfde bedrijven (response 81%). Van de jonge kort blootgestelde
bestuurders (jonger dan 35 jaar) had 68Vo rugflachten. Bij de overige
werknemers met dezelfde leeftijd was dit slechts 25%. Bij de oudere
werknemers werd echter geen significant verschil gevonden tussen de rug-
klachten prevalentie van de bestuurders en de niet bestuurders. Het rijden
tijdens de 5 jaar voorafgaand aan het begin van de symptomen lijkt het risico
op rugklachten te verhogen, terwijl blootstelling voor die periode geen ver-
hoogd risico geeft. De wagenlijst is ook ingevuld dcrlr 37 bestuurders van
vorkheftrucks in een dremisctre fabriek (respons 57%) en 37 andere werkne-
mers van dezelfde afdeling van deze fabriek (indusief enkele kantoor mede-
werkers). De gemeten trillingsintensiteit van deze vorkheftrucks was eveneens
0,8 m/s'. De rugklachten prevalentie was 57%'in de bestuurders van de vork-
heftrucks en 24 % in de referentie groep. De rugklachten prevalentie van de
chaulfeurs nam toe met toenemende trillingsdosis (gecorrigeerd voor leeftijd).
Het is echter mogelijk dat dit gedeeltelijk wordt veroorzaakt doordat de be-
stuurders tijdens het werk niet alleen zijn blootgesteld aan trillingen maar ook
veel zware lasten moeten tillen.



De vragenlijst is tot slot ook nog beantwoord door 47 bestuurders van laad-
schoppen werkzaam bij een overslagbedrijf in de havens en 52 andere
werknemers in dienst van hetzelfde bedrijf die niet waren blootgesteld aan
trillingen (response 64%) (4.!). De gemidddlde trillingsintensiteir vin de laad-
5h9pne1 9"9*s L,1' m/s'. sommige werknemers uit de referentie groep
hadden fysiek zwaar werk. De rugklachten prevalentie was hoog zowelln d'e
bestuurders (51%) als in de werknemers uit de vergelijkingsgroep (M%). De
meeste- symptomen kwamen iets minder voor bij de jonge bestuurders dan bij
de andere werknemers van vergelijkbare leeftijd. Dit lian verklaard worden
doordat met name de jonge niet blootgestelde werkers fysiek zwaar werk
hadden. In de hogere leeftijdsgroepen is de rugkladrten prevalentie in de
bestuurders hoger dan in de referentie groep. De rugklachten prevalentie
onder de laadschop bestuurders neemt toe mei toenemende trillinlsdosis (na
correctie voor leeftijd).

samenvattend kan worden geconcludeerd dat er meer (lage) rugklachten voor-
k9^g1 bij bestuurder,s en helikoptervliegers in vergelijliing tot vergeliftbare
niet blootgestelde werknerners. Bovendien werden bij kraandrijvers en tr6kker-
bestuurders meer arbeidsongeschiktheid en langdurig verzuirir vanwege aan-
doeningen van de tussenwervelschijf gevonden. De iesultaten voor langdurig
verzuim-en arbeidsongeschiktheid vanwege alle rugaandoeningen tezamen zijn
echter niet consistent.

De resultaten van deze studies en de resultaten uit de literatuur zijn gecom-
bineerd in een meta-analyse (5.1). Deze analyse laat zien dat deg6nelatieve
aandoeningen van de wervelkolom vaker voorkomen in bestuurders van aller-
lei voertuigen en helikoptervliegers dan in beroepen zonder expositie aan li-
chaamstrillingen (odds ratio ongeveer 1,5). Daarnaast blijkt uit-deze analyse
dat ook de rugklachten prevalentie verhoogd is in werkers die zijn blootge-
steld aan lichaamsLrillingen (met eveneens een odds ratio van ongeveer 1J).
Hieruit bliftt dat het verhoogde risico op rugaandoeningen en rugklachten
voor bestuurders van allerlei voertuigen en helikoptervliegers zoals gevonden
in de huidige studie wordt ondersteund door gegevens uit de literatuur. De
condusie dat beroepsmatig rijden in voertuigen en vliegen in helikopters be-
langrijke risico factoren zijn voor rugklachten en rugaandoeningen is daarom
gerechtvaardigd.

Expositie aan trillingen en schokken is echter niet de enige rugbelastende fac-
tor voor beroepschauffeurs en helikoptervliegers. om meer inzicht te krijgen
in de wijze waarop trillingen rugaandoeningen kunnen veroorzaken is een
literatuur studie uitgevoerd naar de pathologische mechanismen (1.2). Hoewel
9.r nog zeer weinig harde gegevens beschikbaar zijn kan op grond van de
literatuur worden geconcludeerd dat schade aan de rug door langdurige bloot-
stelling aan trillingen aannemelift is. Er zijn verschilende aanwijzingen dat
blootstelling aan trillen en schokken juist in combinatie met langdurig ach-
tereen zitten in een constant dezelfde houding schadelift kan zijn voor de
wervelkolom en aanverwante structuren.

De dosis-respons relatie tussen blootstelling aan lichaamstrillingen en rugklach-
ten en rugaandoeningen is nader bestudeerd (5.2). Aangezien in de literatuur
weinig onderzoek is gerapporteerd waarin voldoende informatie over de ex-
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positie wordt versLrekt is deze analyse voornamelijk gebaseerd op het eigen
onderzoek. Deze analyse laat een toenemend risico op rugklachten en
rugaandoeningen zien bij toenemende expositie niveaus met een odds raLio
van 1,8 per m/s'. Vanwege het healthy worker effect in de industrie is dit
mogelifte een onderrhatting van de werkelijke relatie. Er kon geen trillings-
niveau worden vastgesteld waarbij geen effecten zijn gevonden. Er is geen
consistente relatie gevonden tussen de expositie duur en de rugklachten en
rugaandoeningen. Een dergelijke relatie is echter ook niet zonder meer te ver-
wachten. Aangetoond is dat er een complexe relatie kan worden verwacht
tussen de duur van de blootstelling en het optreden van rugklachten.

De huidige nationaal en internationaal gehanteerde norm voor expositie aan
trillingen op het werk is hoofdzakelijk gebaseerd op onderzoek naar de relatie
tussen trillingen en comfort (1.3). Deze grenswaarde zou echter gebaseerd
dienen te worden op het optreden van gezondheidseffecten. De resultaten uit
het huidige onderzoek en uit de literatuur laten zien dat gezondheidseffecten
optreden bij blootstelling aan trillingsniveaus even hoog of zelfs lager dan de
huidige grenswaarde. Een lagere grenswaarde is daarom gewenst en een ver-
hogrng van deze waarde zoals recentelift is voorgesteld wordt op grond hier-
van afgewezen.

In de bijlagen bij dit proefschrift wordt aandacht besteed aan de relatie tussen
blootstelling aan trillen en schokken en andere gezondheidseffecten met name
maag/darm aandoeningen. Bij combinatie van de resultaten van de verschil-
lende studies beschreven in dit proefschrift, bliften maag-darm aandoeningen
niet verhoogd voor te komen in de werknemers die blootgesteld zijn aan
lichaamstrillingen, dit in tegenstelling tot resulbaten uit de literatuur.
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Summary

Several epidemiological studies were conducted to investigate the relation
between occupational exposure to whole-body vibration (WBV) and the
incidence and prevalence of disorders of the spine and back pain.

Two preliminary studies were carried out on daba on disability pensioning
(chapter 2). The first, among Dutch State employees, shows that the pro-
portion of disability due to back and neck disorders in drivers is as large
as in workers with physically strenuous work such as road laying and
excavation workers and much larger than in caretakers/ messengers, porters
and warehousemen and than in all state employees combined. For other
diseases less significant differences were observed.
The second study did not show any significantly larger proportion of dis-
ability due to back disorders in drivers in the transporlation industry com-
pared to other workers in this sector. However, there was a significantly
larger proportion of intervertebral disc disorders (other than herniated disc).
Wi*rin the group of drivers, those with a higher (total life-time) WBVdose
had a higher risk of a back disorder. The study further suggests that WBV
exposure especially at young age increases the risk of a future disability
pension due to a back disorder.

Three retrospective follow-up studies were conducted, studying disability
pensioning and/or long-term sick leave (chapter 3). The largest study was
carried out among cruute operators (n=743) in a steel plant. The WBV-mag-
nitude (the triaxial vectorsum of the frequency-weighted (150-2631) acce-
leration) of the cranes was about 0.5 m/s'. The incidence of both per-
manent work disability and long-term sick leave of crane operators was
compared to that of a reference group. Among the crane operators with
more than five years of exposure to vibration more disability due to back
trouble occurred than in the reference group. The incidence density ratio
(IDR) exceeded 2 for disability because of degeneration of the intervertebral
disc, after adjustment f.or age, nationality, shiftwork and calendar year.
With increasing years of exposure the risk ratio for disability because of
intervertebral disc disorders also increased. The IDR for a disability pension
due to disorders of the intervertebral disc for crane operators with more
than five years of exposure compared to the reference group was almost 3.
In contrast to the disability, no difference was observed in long-term sick
leave because of all back disorders. long-term sick leave due to inter-
vertebral disc disorders however lasted longer in the index group than in
the reference group. This indicates that particularly these disorders interfere
with the work of a crane operator.
In the second study the incidence of long-term sick leave due to a back
disorder during a 10 year-follow-up was investigated in a group of agricul-
tural tractors drivers (n=423) and a reference group of workers from the
same and from another company. The WBV-magnitude of these tractor
drivers was about 0.7 m/s". The incidence of a first long-term sick leave
being due to back disorders was higher in the tractor drivers than in the
entire reference group (lDR 1.5). However, the incidence was not subslan-
tially increased in tractor drivers when the reference group comprised only
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those working at the same company. The highest IDR (about 3) was obser-
ved for long-term sick leave due to intervertebral disc disorders. A vibra-
tion dose was calculated by assigning each vehide driven a vibration mag-
nitude, estimated from the vibration measurements. The WBV-dose is
defined as X a2.t (a=WBV-magnitude in m/s2; t=duration of exposure in
full-time working years). This risk appears to increase with inoeasing
\AIBV-dose.
The third study comprised a Z0-year follow-up of crane operators (n=341)
in a metal construction company. No increased risk of disability due to
back disorders was observed in these crane operators compared to a refer-
ence group of metal workers hench fitters and mechanics). Also crane
operators with a minimum of five years on the job did not have an excess
risk of permanent work disability due to back disorders compared to the
reference workers. The small numbers of crane operators and the prcbably
high load !o the back in the reference goup may have masked a relation-
ship between crane operation and back disorders.

Sick leave and disability pensioning are influenced by many other factors
besides the underlying illness. Therefore symptoms of the back were also
studied by mail questionnaire in workers exposed to WBV (chapter 4).
Such cross-sectional studies were carried out in helicopter pilots (exposed
to relatively low levels of WBV), tractor drivers (moderate levels of WBV),
fork lift-truck drivers (high levels of WBV) and wheelloaders (very high
levels of WBV). The prevalence of symptoms of ill health in each study
was compared between the WBV-exposed group and a non-exposed refe-
rence group. In addition vibration measurements were carried out.

Measurements showed that the average WBV magnitude of helicopters was
about 0.5 m/s2. The prevalence of back pain in-163 helicopter pilots was
compared with that in a reference gtoup of 297 non flying air force
officers, who underwent the same pre-employment medical examination
(response 787o). Since pilots document their hours of flight in a personal
flight log, an accurate estimate of duration of exposure could be made.
Employing the measurement data, a cumulative vibration dose was calcu-
lated for each pilot. The prevalence of back pain was 68% in the helicopter
pilots and 17% in the reference group. In particular 'transient' back pain of
short duration was more frequent in the pilots compared to the reference
group, but the prevalence of 'chronic' back pain with a persistent nature
was also higher in the helicopter pilots. Transient back pain seemed to be
most strongly related to the average hours of flight per day, whereas the
chronic back pain was more dosely related to total hours of flight or the
cumulative vibration dose. A significantly higher prevalence of this chronic
ba& pain was observed only after 2000 hours of flight or a vibration dose
of 400 m'h/so.

The^average \AlBV-magnitude measured on agricultural tractors was 0.7
m/s'. The tractor drivers and reference workers in the follow-up study
were sent a questionnaire at the end of the follow-up period (response
79Vo). The prevalence of back pain was 38 % in the tractor drivers and 27%
in workers not exposed to WBV. The increase was mainly due to more
pain in the low back and more pain lasting at least several days. The
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prevalence of back pain increased with the vibration dose. The highest
prevalence odds ratios were observed for the more severe types of back
pain. These prevalence odds ratios did not increase with the vibration dose.
This may be due to health-related selection which is presumably more
pronounced for severe back pain than for back pain in general. The two
components of the vibration dose, duration of exposure and estimated
mean vibration magnitude, were also considered separately. Back pain
increased with duration of exposure but it did not increase significantly
with the estimated mean magnitude of vibration. This may be due to the
inaccuracy of this estimate.

Forklift truck fuivers were studied in two groups. The largest group com-
prised drivers of forkJift trucks and freight-container tractors from 6 har-
bour companies. The average WBV-magnitude was 0.8 m/s' for the fork-lift
trucks and 1.0 m/s' for the freight-container tractors. The questionnaire was
completed by 1,96 drivers and a reference goup oI 1,07 workers (response
81%). Of the young (<35), short-term exposed fuivers, 68% had back pain
against only 25% of the reference group of comparable age. With increasing
age the difference in prevalence of back pain between drivers and reference
group disappeared. Driving during the 5 years preceding the onset of
symptoms appears to increase the risk of back pain, whereas earlier ex-
posure did not. In addition the questionnaire was completed (response
57%) by 37 fork-lift truck drivers employed by a chemical company and 37
reference workers employed in the same department (including office
workers). The \MBV-magnitude measured for these fork-lift trucks was also
0.8 m/s'. The prevalence of back pain was 57% in the fork-lift truck dri-
vers and 24% in the reference group. Among the drivers the prevalence
increased with increasing WBV-dose received. The difference observed
might however also be ascribable to the heavy lifting done by the fork-lift
truck drivers.

Finally, the WBV-magnitude measured for wheel-loaders was about 1.0
m/s'. The questionnaire was completed by 47 drivers of wheelJoaders
employed by a transshipment company in the harbour and 52 reference
workers of the same company (response 64%). The reference group also
comprised subjects who were employed in physically strenuous work. The
prevalence of back pain was high both in the drivers (51%) and the refe-
rence workers (M%). The back pain prevalence in young drivers was
slightly lower for most symptoms than in the reference workers of com-
parable age. This is probably due to the fact that especially the young
reference workers were employed in physical strenuous work. In the older
age groups the back pain prevalence was higher in the drivers than in the
reference workers. Among drivers, the prevalence of back pain increased
with increasing WBV-dose.

In summary, in these cross-seclional studies more (low)bad< pain was ob-
served in drivers and helicopter pilots relative to comparable reference
workers. More disability pensioning and long-term sick leave due to inter-
vertebral disc disorders was observed also in crane operators and tractor
drivers. The results on long-term sick leave and disability pensioning due
to all back disorders were not consistent.
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The results from these studies were combined with the results published in
the literature in a meta-analysis (chapter 5). This analysis showed that
degenerative disorders of the spine were observed more often in drivers
and helicopter pilots than in occupations without WBV-exposure (odds ratio
almost 1.5). Also an increased prevalence of (low) back pain was observed
in occupations with exposure to WBV (odds ratio about 1.5). This shows
that the increased risk of back symptoms and back disorders observed in
drivers and helimpter pilots in the present study, is supported by the
literature. Therefore it is justified to condude that professional vehide
driving and helicopter flying are imporbant risk factors for (low) back pain
and back disorders.

Professional driving and helicopter flying involves several back straining
factors in addition to exposure to WBV. In order to assess the role of WBV
in causing back disorders, the biomectranical literature was reviewed. In
view of the evidence from this literature we conduded that WBV is likely
to play a part in the aetiology of the excess of back disorders and back
pain, alone or in combination with strained posture.

The dose-response relationship between back trouble and WBV $/as
explored, relying mainly on the studies from this thesis because informa-
tion on exposure was inadequate in most studies from the literature. A
trend to higher risks with exposure^to higher levels of WBV was seen
(odds ratio approximately 1.8 per m/s'). However, this estimate may be too
low due to health-based selection of the study populations. A no-adverse-
effect level was not observed. No consistent relation with duration of
exposure could be established. It was shown however that a complex
relation between duration of exposure and back trouble can be expected.

The present standard for exposure to WBV at work (ISO 2631) is primarily
based on data on comfort and perceptional factors. In our opinion this limit
should be based on (long-term) effects on health. The available data from
the literature and from the present study suggest that health effects of
occupational exposure occur at and even below exposure levels indicated in
the present standard. A lower limit is therefore desirable and an increase in
this limit as proposed recently should therefore be opposed.

In an appendix to this thesis the relation between WBV and other dis-
orders, particularly gastro-intestinal disorders, is discussed. When all the
studies from this thesis were combined, no increase in gastro-intestinal
disorders was observed, in contrast to results observed in the literature.
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Chapter 1: Introduction

Contents:

1.1 Generalintroduction

L.2 Low back pain and whole-body vibration; a review of the
literature on the pathological mechanisms

1.3 Evaluation of the present standards for whole-body vibration with
respect to long-term health effects
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1.1 General introduction

In modem society exposure to vibration is a widespread occupational factor
that may cause work related health effects. Mechanical vibra[ion at work
may be caused by many different types of hand-held tools such as chain
saws, grinders, pneunutic drills, riveting hanuners, polishers, by all kinds
of vehides such as busses, trams, trucks, fork-lift trucks, agricultural and
forestry tractors, graders, dumpers, wheelJoaders, bulldozers and cranes by
ships and heary machines or platforms (e.g concrete industry). The vibrati-
on caused by power or impact tools transmitted through the hand-arm
system is called hand-arm vibration. The vibration transmitted by the seat
in vehides and helicopters or transmitted by the feet on ships and vibra-
ting surfaces is called whole-body vibration (WBV).

This thesis only refers to whole-body vibration in seated postures {drivers
and pilots). The degree of exposure to vibration is characterized by direc-
tion, intensity, frequency and duration of the vibration signal. In drivers,
also shocks are often part of the exposure. In many instances occupational
exposure to shocks and vibration causes serious discomfort and annoyance.
Little is known about the acceleration levels and frequency range of vibra-
tion that will impair health after long-term exposure.

Due to increased national and intemational scientific attention and in-
creased interest of the trade unions, the problem of possible health effects
of exposure to vibration was raised by the Dutch government in 1982. In
that year the Directorate General of t"abor of the Ministry of Social Affairs
and Employment commissioned several studies bo investigate the extent,
nature and severity of exposure to vibration at the work place in the Neth-
erlands and to investigate the relation between this exposure and possible
health effects. In this national prograrune several institutes cooperated. The
Department of Safety Science of the Technical University in Delft carried
out an investigation of the population at risk (the number of workers ex-
posed, the vibration levels encountered and the extent of the health com-
plaints in several occupations); The Institute of Mechanical Constructions
IWECO-TNO in Delft conducted the vibration measuremenLs. ECOFYS
(research and consultang) in Utrecht conducted measurements and devel-
oped a sbandardized method for vibration measurements at the work place.
This national programme is directed to both hand-arm vibration and
whole-body vibration. At ttle start of the programme hardly any naLional
study had been conducted and hence few data were available on the levels
of exposure, the number of people involved or the prevalence of WBV
related health effects in the Netherlands. Neither was there sufficient in-
sight into the strength of the relation between adverse health effects and
expostrre to vibration. This thesis presenLs the results of several epidemiolo-
gical studies of the relationship between exposure to WBV and the wor-
kers' health conducted in the context of this national prognm.

The principal aim of the present study is to contribute to the understan-
ding of this relation between adverse health effects and exposure to WBV.
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Therefore the following questions were formulated:

- D-9u lgng-tenn occupational exposure to wBV inguse the isk of adaerse health
effects?

- what is the relation betwun the leuel and duration of the exposure to wBV and
potafiial health effects ?

With the start of this research there q\ias kirdly any governmental policy
on this aspect of occupational health. in view or *rd ia,"ce data available,
the researdr prograrnme was also directed to facilitate the policy of the
govemment in order to prevent adverse health effects of expoiure to vibra-
tion. Therefore, the secondary aim of the study was to present data on the
level of exposurle, the prevalence of WBV related treattfr effects and the
relation. between exposure and potential health effects in several specific
occupational groups.

Internationally also relatively few informative epidemiological studies on
adverse effects of occupational wBV have been reported. Most studies
however indicated a relationship between low back pain or back disorders
and_ exposure to vibration. Therefore, the emphasis of Ure present study is
gn !,ack pain and back disorders in relation to WBV. The main questions of
the investigations reported in this thesis can tlerefore be reformdlated in:

- loes- lgyS-t9rm occupational exposure to WBV inuease the isk of low ba*. pain
(bac* disorders)?

- what is the relation betwecn the leuel and duration ol the exposure to wBV and
low back pain (bac* ilisordus)?

In addition, the literature presents some evidence for a relation between
exposure to wBV and disorders of intestine and some other diseases. o.rly
explorative analyses concerning these relationships were conducted.

Struchrre of the thesis

In this introductory chapter first some theoretical concepts of the relation
between_ WBVexposure and the development of low back pain are intro-
duced, followed by considerations on study design and study objectives.
The general introduction condudes with a short overview of the levels of
exposure to WBV and the population at risk in the Netherlands and a
short introduction to the epidemiological literature on driving of various
vehides. Chapter 1.2 presents an overview of the hypotheses on the patho-
logical mechanisms by which wBV-exposure might cause structural clianges
of the spinal system. A discussion br the sci6ntific data underlying ihe
present standard for wBV-expostre at work is given in 1.3. In cliapiers 2
to 4 the results of our own epidemiological studies are presented. Few
systematic l-egstries of low back pain morbidity are available. ln this study
systematically registered data on back disorders and occupation were ob-
taingd. from registries of sick leave and workdisability. First two studies
exploring the relationship between disability due to back trouble and pro-
fessional driving were conducted (chapter 2) and secondly more sp&fic
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investigations were conducted on sick leave and disability persions due to
back disorders arnong vibration exposed cruu1e operators and tractor drivers
(chapter 3). In cross-sectional studies low back paln can be assessed more
directly, although these studies may suffer from differential health based
selection. This selection was pardy overcome in the cross-sectional study of
tractor drivers (4.1) because this study, conducted in 1986, comprised all
tractor drivers employed in 7975. Helicopter pilots were chosen as a study
goup because the health based selection in this group is small and expo-
sure is accurately documented (4.2). Because fork-lift trucks are widely
used in industry this group was of special interest (4.3). Both fork-lift
trucks and drivers of wheel-loaders (4.4) were included in the study
because of expected high exposure levels. In chapter 5 the epidemiological
literature on exposure to vibration and back trouble and our own results
are combined in a meLa-analysis and extensively discussed (5.1). Chapter 5
also presents an outline of the dose-response relationship (5.2). Condusions
and recommendations are presented in drapters 6 and 7.
The data on the relationship between WBVexposure and disorders of intes-
tine and other diseases are presented in appendix B.

WBV and low back pain; concepts

Driving of vehides (or flying helicopUers) not only involves exposure to
vibration but also to several other back straining factors. The most import-
ant being prolonged sitting in often constrained and poor postures (e.g.
frequent twisting of the spine in drivers of fork-lift trucks and agricultural
tractors). For some occupations (e.g. drivers of delivery trucks) frequent
lifting and material handling should be added. Other factors are traumatic
injuries (accidents, slips when jumping off a truck), unexpected movements
and unfavorable dimatic conditions. These factors may exert independent
effects on the same spinal structures (muscles, Iigaments and vertebral
column) but, more importantly, interaction between all factors straining the
back during driving may ocorr. In addition, mental stress during pro-
fessional driving may increase muscular tension and add to muscular fa-
tigue and it may affect LBP by several pain mediating mechanisms. It is
assumed that low back pain (LBP) associated with driving (and for that
matter most LBP) has most likely a multifactorial etiology. It is the aim of
this thesis to assess the importance of exposure to WBV as a contributing
factor.

Figure L presents diagrammatically the relationship between exposure to
WBV and low back pain. LBP related to WBV may arise from ligamentous
and muscular strain or structural degenerative changes of the vertebral
column induced by mechanical forces. The pain originates either from irri-
tation of the nerve endings (nociceptors) supplying the various structures of
the spine such as the outer annulus, capsules of the facet joints, ligaments
and related muscles or from irritation and compression of the nerve roots
passing through the motion segments. Emotional factors inJluence the rela-
tion between neulological dysfunction of tissue and perceived pain. The
relationship between the changes of the spinal system and the symptoms
experienced is complex. Pain may arise (eg overstretching of musdes) when
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damage has not (yet) occurred and in addition structural changes do not
necessarily have to be accompanied by sensations of pain. Most LBP related
to \AlBV-exposure is assurned to be mechanical in origin, although some
tentative data suggest a direct in{luence of WBV on pain mediating chemi-
cals (Weinstein et aL. L987). Evidence shows that exposure to \AIBV in-
creases the mechanical load on the spinal system. The mechanisms by
which this load may cluse damage of the vertebral structures and which of
these structures are most susceptible to vibratory load is discussed in detail
in chapter 1.2. Below the relations indicated in figure 1 are briefly discus-
sed.
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Figure 1: Diagram of the relation between exposure to WBV and other risk
factors involved in driving and low back pain

Although the relation between structural changes of the vertebral column
and low back pain is not well understood and contradictory data exist on
the strength of this relation, it is assumed that most LBP related to vibra-
tion may originate from degenerative changes of the spine (1). Several of
the changes induced by WBV have a conditioning effect, which renders the
spine more susceptible to future spinal load either due to vibration or e.g.
posture (2). Damage at one spinal level often increases the load and risk of
degenerative changes at other levels or (because all spinal motions are
coupled) other structures at the same level. A previously damaged disc is
for instance more vulnerable than a healthy one. WBV also increases the
muscular activity of the back musdes which may lead to muscular faligue
and subsequently to pain (3). This muscular activity in addition increases
the load on the vertebrae (4). Muscular fatigue may enhance slructural
damage because of increased instability of the veftebral column (5). In
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addition to being a causative factor leading to pathological changes WBV-
exposure may aggrayate changes originating from other factors or it may
curus€ or exacerbate symptoms (7). Ot course WBV-exposure may potential-
ly have each of these effects. For someone with back pain entry and exit
from a vehide is likely to hurt and prolonged sitting may be an aggrava-
tion, particularly if pelvis rotation is imperfectly controlled. Loading and
unloading and in some instances operation of the controls may also exacer-
bate the pain (Troup 1988). It is likely that also vibration and unexpected
sho&s may lead to increased pain. This illustrates that driving may pro-
Iong symptoms or prevent drivers with back pain to perform their job
properly, which may be parily due to vibration exposure. It should be
noted that even if WBV-exposure merely exacerbates symptoms, that would
otherwise subside, WBV-exposure is responsible for the work related back
trouble.

WBV and low back pain; aspects of study design

There are nurnerous problems in the epidemiologic study design of LBP in
relation to exposure to WBV. This is due to the fact that to date it is not
possible to present a precise diagnosis in the majority of people with low
back pain, the lack of historical data on exposure and the facf that little is
known of what aspect of vibration with respect to magnitude, duration and
frequency is most harmful. In addition, potential confounders (effect modi-
fiers) of this relation such as (mnstrained) posture are difficult to assess
(both currently and in retrospect) and their relation to LBP remains unclear.
Low back pain, due to its disabling nature and because it is most prevalent
at the most productive ages between 35 and 55 years old, has a Iarge im-
pact on health based selection processes in industry. This selection also
depends on the work to be performed.
The study of the relation between any specific etiologic factor and LBP in
addition is compounded by the high prevalence of back symptoms in the
general population. Iow back pain is very conunon in industrialized popu-
lations. It is now generally accepted that between 50 to 70% of the general
population will suffer from LBP at some day and between 20 and 30%
suffer from it at any given time. The back pain prevalence reaches a peak
during the third, fourth and fifth decade of life. In 10 to 25% LBP is com-
plicated by sciatica (radiation to a leg). Half of the back pain in the general
population resul[s in sick leave and 16% in a sick leave period of 30 days
or longer (Haanen 1984). About 12% of all long term si& leaves (29 diys
or longer) was due to back disorders in the Netherlands (CBS 1987). For
work disability this is about 18% (Verbeek and Geurts 1987). Hildebrandt
(1988) condudes in an extensive survey of the epidemiologic research on
risk factors of low back pain that heavy physical work, prolonged sitting,
heary manual handling, heary or frequent lifting, 

- trunL roLation,
pushing/pulling and exposure to vibrations are regarded as generally
accepted work related factors. In addition age, relative muscle strength,
physical fitness, back complaints in the past, psychosocial factors in general
and work experience appeared to be the most widely accepted risk factors
not directly related to the work environment. Some of the aspects of epide-
miological study design for the analysis of the relation between exposure to
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\AIBV and low back pain are discussed in more detail in the next para-
graphs.

Assessment of effrct

Low back pain is a symptom and not a specific diagnosis. Only in few
cases this symptom can be matched to a pathological diagnosis wi[h a high
degree of certainty. To date there still is a prevailing lack of understanding
of the nature of low back pain in many cases. Transient, acute, recurrent
and cfuonic low back pain most likely span a group of heterogenous dis-
orders with varying etiology. A truly accurate diagnosis is only attempted
in surgery and even then the diagnosis often can not be established pre-
cisely. This difficulty of determining where the low back pain originates,
means difficulty in defining the underlying disorder. It is almost impossible
to establish precise diagnostic criteria without exduding most of the cases
of low back pain (Hildebrandt 1988). Therefore most epidemiologic studies
have been based on signs (x-ray examinations and dinical observations) or
symptoms (interview and questionnaire data). When the investigations are
based on symptoms it is difficult, if not impossible, to distinguish WnV as
an eLiologic factor from a factor that causes or aggravates symptoms or
modifies the perception of these symptoms. However, the use-of x-ray
examinations or dinical tesbs as measures of the effect have similar or even
larger drawbacks. Due to the high levels of radiation involved, radiographs
of the back should not be taken without definite dinical indication. the
correlation between LBP and damage to the spine, seen on a radiograph is
poor: On the one hand many radiographic parameters are associated 

-with
the normal ageing process and may occur without symptoms, whereas on
the other hand data suggest that micro-fracttres in the endplate or small
fractures of the facets are not visible on dinical radiographs and both may
be a cause of LBP (Riihimriki 1990). Most dinical Lests for back pain arb
also based on pain reported by the subject and test procedures are not
standardized internationally. The test results are primarily related to the
pain at the time the tests are performed and seem to be more related to
the severity of the LBP than differentiate between different underlying
diseases (Svensson 1982). Hildebrandt (1985) states that physical examin-
ation does add Iittle to symptoms obtained by interview or questionnaire
for differentiation between occupational groups.
Therefore, a questionnaire was used to register the symptoms of the back.
In order to get information on incidence and selection also a longitudinal
study was planned. Unfortunately, a prospective study was not feasible
due to limited time and resources. For a retrospective analysis registered
daba on sick leave and disability were used. These registries were preferred
over hospital registries, since only a small percentage of the back pain
patients receive clinical treatrnent in a hospital and occupation is often, not
registered. Ggleral practice registrations often are not sufficiently system-
atic. It is realized that sick leave and disability are only indirect measures
of the underlying disease. When these data are compared between two
gxoups within the same company, socio-economic influences are consider-
ably reduced. Nevertheless, even within one company residual differences
between two occupations might occur, which is iliscirssed in the separate
studies.
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There is no inLernationally accepted standardized questionnaire available. In
other fields of study where the dassification of the disease depends on the
recognition of signs and symptoms (e.9. chronic respiratory disease) the
need for a sLandardized procedure to register these symptoms has been
recognized and dealt with more effectively. The 'standardized Nordic ques-
tionnaire" about low back trouble, which is part of a questionnaire for
musculoskeletal symptoms was primarily designed for use in screening of
musculoskeletal disorders in an ergonomic context and for use in occupa-
tional health care service. The english translation of this questionnaire was
only recently published (Kuorinka et al. 1987). The reliability of a prelimi-
nary version of this questionnaire was tested on 25 nursing staff members
who answered the questionnaire twice within a 15lday interval. The per-
centage of disagreement per item varied between 0 and 4%. The question-
naire contains questions on life-time, one year and point (last seven days)
prevalence, but no questions on e.g. sciatica. Most of the Nordic studies on
occupational low back pain use additional and often slightly different ques-
tions to estimate the back pain prevalence (Biering-Sorensen and Hilden
1984, Riihimaki 1990). Extemal validalion of a questionnaire on back pain is
not possible because of the absence of an independent criterion. Blering-
Ssrensen and Hilden (1984) observed that the reproducibility of the ques-
tion oJ ever having low back pain was 84% within 6 month. Only 

-a4%

reproduced their sLatement of onset of symptoms within one year. They
reported also that the annual risk of first time appearance was about four
times higher during a follow-up year than during the 7 preceding years.
These findings suggest major recall bias and show that different methods of
data collection may yield different results. Westrin (1973, 1974) studied the
same group of subjects on different occasions, but mostly on one day. The
concordance between the two interviews regarding life-time prevalence was
about 87%. Svensson and Anderson (1983) report rhat 27% of men who
had stated that they had never had LBP in their lives had in fact been sick
listed for LBP. The influence of recall bias is largest in the life-time preva-
lence.

At the start of this study we have chosen to use the questions on back
pain which are used in the Dutch occupational health services, supplemen-
ted with questions on low back pain used in previous Dutch studies (with-
in the same national programme) on back pain and occupational exposure
to WBV (Musson et al. 1990). Therefore valid comparison on a national
level.is possible. The general question on LBP was 'Do you experience pain
or s[iffness in the back regularly?'. The subjectivity of 'regularly' was pre-
ferred over quesLions such as "Have you ever experienced back pain?",
Qecause this question is answered affirmative by a very high percentige. In
the later studies several questions used in studies in the literature on the
same occupational groups were added (Brendstrup and Biering-Ssrensen
1987, Shanahan et al. 1986). Wickstr6m et al. (1978) compared answers on
sciatic pain ob[ained in interviews with firrdings during nine dinical tests.
They_ recommended to include a question on sciatica during the previous
month or during the previous 12 months. This last question was added in
our last study on drivers of fork-lift trucks. The exact wording of the ques-
tions is presented in the separate studies.
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Measura of association

In our studies several measures of association between exposure and effect
parameters were calculated. In the follow-up studies we used the Incidence
Density Ratio (IDR), sometimes also called the (Incidence) Rate Ratio (RR).
In case-referent studies the odds ratio (OR) is used. In a properly designed
case-referent study, the odds ratio is equal to the IDR in the base
population. The odds ratio derives its popularity in epidemiology from this.
In our cross-sectional questionnaire studies however this equivalence be-
tween IDR and OR is not present. Nevertheless, the odds ratio was used as
a convenient measure of association. In the data analysis also prevalence
rate ratios and prevalence rate differences were calculated. In this thesis
only the odds ratio is presented. Conclusions would not have been dif-
ferent when they had been based on another measure of association.

The prevalence rate ratio has the disadvanbage that it depends strongly on
the magnitude of the baseline (referent) prevalence rate. Prevalence rates of
40Vo au-rd 20% respectively in reference and index group give a prevalence
rate ratio of 2, while 80% and 60% yield a ratio of 1.33. Both yield an odds
ratio of 2.67. The prevalence rate difference is a more attraciive measure of
association. However, the calculation of its estimates is more complicated
than that of an odds ratio. Moreover at low baseline prevalence rates, a
small prevalence rate difference may still be of etiological imporbance. This
is better reflected by the odds ratio.
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FiSure 2: Illustration of the interpretation of an odds ratio. Equal-
ly steep logistic functions through the prevalence rates
of index and reference group means an equal odds ratio

To facilitate interpreLation of the odds ratio figwe 2 is provided. The hori-
zontal disLance x represents the difference in exposure between index and
reference goup. When two studies yield the same odds ratio a sigmoid
curve (logistic curve) with the same steepness joins the prevalence rates of
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reference and index group. So a reference prevalence rate of 5% and index
prevalence rate of 9.5% give the same odds ralio as 1.5% arrd 26Vo, or as
35% and 51,.9% (figwe 2). Figure 2 shows that between 20% and 80% the
logistic curve does not deviate much from a straight line. When the preva-
lence rates of index and reference groups are within this range (as they
usually are for back pain) a similar odds ratio means roughly a similar
prevalence difference.

Assessment of exposure

The fact that little is known of the precise mechanism by which exposure
to \AIBV may lead to LBP makes it difficult to assess which aspect of expo-
sure is most relevant. For the health effects of vibration, level of acceler-
ation, frequency, duration, peak values and shocks are important. It is pos-
tulated that mechanical fatigue failure induced by repetitive load may oc-
cur; for this process accumulation of micro-traumata is assumed. The rel-
evant exposure measure for this cumulative trauma hypothesis is a life-time
dose, which indudes level of acceleration, frequency and total number of
cydes (duration of exposure). Particularly level and frequency of peak va-
lues and shocks are important for this fatigue failure [chapter 1.2). Besides
the maximum acceleration, also the rate of increase of acceleration may be
important (Troup 1988). For muscular fatigue most likely daily duration of
exposure is important assuming recovery overnight. The total duration of
historical exposure is estimated from questionnaire data indicating job-title,
type of vehide driven and period involved. Misclassification of exposure
status is expected to be limited because most likely recall of occupational
vehide driving is accurate. Vibration levels of vehides were estimated from
our own measurement and other measuremenls conducted for the estima-
tion of the population at risk (Oortman Gerlings et al. 1987a)

Few previous epidemiological studies \ /ere conducted that actually measu-
red the WBV-exposure. Measurement of vibraLion is standardized, but the
measurement strategy is not (lSO 2637/7, 1985). Most measurement daLa
presented in the literature reflect a worst case approach (often conducted
after complaints had been expressed). Average rms values obtained during
pure driving (no breaking, stops and tums; e.g. on a test track) are much
higher than measuremenls during a representative period of work. There-
fore, many reported measurement data are rather high compared to the
measurements of a representative work<ycle in our studies. In order to be
able to assess the effect of different frequencies on long-term health, an
analysis of the frequency content of the measured signals was performed.
Because some agreement on the most sensitive frequenry range exists,
weighted signals were used in the dose calculation. The acceleration levels
in each direction have been combined by the vector summation procedure
suggested in ISo 263\/1, (1985). In principal the following dose value was
used-)a,'! (year m/s'), in which a, is the acceleration level of vehide i
(m/s') and q is the time period vehide i was driven at work (in years or
hours). This choice is somewhat arbitrary. Arguments for this choice were:
approximately the same time dependence is defined in ISO 2631,/1, (7985)
for exposures up to 24 hours, and this dose is roughly proportionate to the
absorbed energy during WBV-exposure, which is also used in the evalu-
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ation of health effects due to hand-arm vibration. In addition also the rela-
tionship between the prevalence of LBP and other dose measures such as
Xai!, proposed by ISO/DP 2631. (1989) and dose measures with acceler-
ation raised to even higher powers as proposed by Sandover (1981), based
on fatigue failure of bone have been suggested. Details are given in the
separate studies. No adequate method for the evaluation of shocks is avail-
able that may be used in the analysis of a exposure-nesponse relationship.

Assessment of conloundersl elfect modifurs

Several potential confounders have been mentioned before. The most im-
portant potential confounders of the relationship between exposure to vi-
bration and LBP are static posture, prolonged sitting in a constrained pos-
ture, material handling, climate, age, anthropometric measures, smokingt,
several leisure time activi[ies (sports) and mental load. The evidence in the
literature for adverse dimatic conditions, anthropometric measures, Ieisure
time activities and material handling or lifting/pushing/pulling of modera-
te weights without torsion seems limited. The evidence 

-for h&vy and fre-
quent lifting, trunk rotation, pushing/pulling, smoking and psychological
strains is more convincing. Allowance for potential confounderi has been
achieved partly by the use of a suitable reference group, although machine
related sedentary work in constrained postures other than driving is hardly
available in industry so no suitable reference goup in this respect could bb
used. It is obvious that WBV-exposure during vehide driving will always
occur in a sitting posture, although the exact posture may vary.
In the cross-sectional studies data on potential conrounders have been mea-
sured by self-administered questionnaire. No questions on leisure time
activities were induded. The subjective assessment of postures, frequency of
lifting etc has not been validated by observations or other methoai beciuse
of limited time and resources. Although we realize that this is an omission,
we would like to add the following considerations. For structural changes
of the spine not only the current but in particular the total historical postu-
ral loads are relevant, which are even more difficult to assess. The curent
posture however may be relevant for LBP induced by musde fatigue. In
addition, few standardized and validated methods are available to estimate
the mechanical load on the back, and little is known of what would be the
most relevant aspect to measure. we therefore decided to limit ourselves to
the questionnaire assessment of these variables. It is possible though that
misdassification of confounders has occurred. subjective perception of pos-
ture and e.g. frequency and weight of lifting may have been i-nfluenced Uy
the occurrence of back trouble.

' 9:Ygul-tlyaies hav_e_reported a relation between smoking and back trouble (Kelsey et al.
1984, Helidvaara 1987, Biering-sorensen and rhomsen 1986, Battie et al. 1.989). This may
pe due Jo ]mpairg$ nuEition of the intervertebral discs but also other hypotheses havl
been raised. Smoking may also be related to certain ocorpations e.g. pi6fessional dri-
ring)

28



Assessmmt of health based selection

Few morbidity studies have addressed the 'healthy worker effect". It is
obvious that back trouble has a large impact on health based selection
within and from the work force. These selection processes are dependent
on many factors among whidr the job. Drivers often undergo a health exa-
mination at entrance of the irb and for safety reasons also periodically
during the job. In general, younger workers often change job-s both for
improvement of salary and position and for health related reasons (self
selection). At older age selection because of health becomes more important
(forced selection). The high disability figures due to back trouble- which
also vary considerably between different occupations are an illustration of
this (differential) health based selection from the job. There is general con-
sensus that those leaving industry have a health condition which is worse
than that of those who remain in industry (healthy stayers effect). Due to
this differential selection the relationship between unfavorable working
conditions and health will be underestirirated. Several studies report an
increased health based turn over of drivers relative to other occupations
(Kompier 1988).

DeEil on study design and objectives of study are given in the separate
studies. In chapter 5 all aspects of the assessment of a dose-response rela-
tionship are presented.

Erposure to vibration in the Netherlands

In order to estimate the Dutch populaLion at risk for health effects of expo-
sure to whole-body vibration at work, Oortman Gerlings et al. (1987a) iot-
lected data on relevant statistics and conducted an extensive s[andardized
measurement programme of many different types of vehides under various
circumstances. All measuremenLs were conducted in three directions simul-
taneously (2 to 10 minutes recorded) and analyzed in agreement with ISO
2631, (7 minute, both weighing and rating method). The results of these
measuremenLs are summaized in table 1. Vibration levels in building cra-
nes, excavators and tractors driving on wet land were relatively low. In all
other situations the observed vibration levels were high. For most vehicles
the acceleration levels in the z-direction are the most important. The mea-
surement daLa in table 1 show that vibration levels of one vehicle vary
strongly dependent on (road) surface. In addition to road surface also driv-
ing speed, style of driving and driving in a loaded or unloaded vehicle
may influence the level of acceleration. Attenuation of the seat and,/or the
vehide may reduce vibration exposure, provided it is carefully designed for
the specific situation in which it is used. For optimal effectiveness, the sus-
pended seats should be maintained regularly and the drivers should be
instructed to adapt their seats properly. Moreover, also the frequency range
and the frequency and intensity of the shocks vary between different vehi-
des. There is little consensus on how to measure impact character, there-
fore measurements of shocks were not induded in the measurement pro-
grarune. Other reports of extensive measurements are presented in Wilder
et al. (1985) and INRS (1989).
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Table 1. Measurernent data from Oortrnan Gerlings e al. (1987b); aceleration in m/s2

type of vehicle activity *1 ao sd a*y sd a-" sd a*xyz sd

agxicultural tractors
large tractor on land (wet soil)

on the road
small tractor on land

on the road
cranes
buildingcrane lifting/swerving

d"i"ing
top clane
mobile crane
ealth-msr4!g-€quip!o€n!
excavator digging trendtes

loading trudcs
wheelloader driving,/piling sand

driving with roller
wheeldozer
bulldozer
shrankloader
dumper driving (loaded)

driving (unloaded)

fork-lift trucks2
srnooth floor
uneven floor
brick pavernent

public transportation
city bus asphalt (55 km/h) 3

brick road (35 kn/h) 3
regional bus asphalt"(ss km/h) 4

asphalt' (35 km/h) 4
tram several movemenls 2

fast driYing 2
trud<s
normal trud< highway (80 km/h) 4

bri& road (50 kn/h) 2
articulated truck highway (80 km/h) 2

brick road (45 kn/h) 1

articulated tanker highway (80 l<rn/h) 4
brick road (45 l<rn/h) 2

van highway (90 km/h) 3
brick road (55 l<rn/h) 1

4
1

3
2

3
4
4
1

0.04 0.24 0.06 0.26 0.13 0.50 0.15
- 0.M - 1.35 - 7.57
0.28 0.72 0.19 0.55 0.45 0.76 0.54
0.05 0.50 0.17 0.55 0.16 1.19 0.09

0.02 0.02 0.01 0.08 0.04 0.1 0.05
0.08 0.17 0.11 0.35 0.26 0.53 0.31
0.09 0.13 0.a2 0.12 0.08 0.29 0.13
- 0.09 - 0.1s - 0.29

2 0.10 0.06 0.05 0
1 0.34 - 0.13
3 0.92 0.55 0.60 0.12
2 0.08 0.01 0.10 0.02
2 0.31 0.11 0.29 0.06
2 0.35 0.16 0.22 0.01
| 0.62 - 0.31
2 0.59 0.18 0.27 0.18
2 0.53 0.11 0.M 0.14

0.03 0.26 0.03 0.46 0.06 0.65 0.12
0.04 0.30 0.03 0.83 0.17 0.97 0.19
0.10 0.38 0.03 0.7r 0.07 t.o2 0.12

0.02 0.15 0.05 0.84 0.18 0.87 0.19
0.02 0.26 0.06 0.97 0.26 1.06 0.23
0.06 0.08 0.0r 0.52 0.09 0.55 0.08
0.04 0.27 0.02 t.23 0.13 1.32 0.12
0.04 0.09 0.02 0.r7 0.02 0.23 0.05
0 0.38 0.20 0.51 0.08 0.77 0.25

3 0.22
3 0.27
3 0.34

0.18 0.05 0.14 0.04
0.63 0.09 0.40 0.04
0.15 0.04 0.14 0.05
0.69 - 0.63
0.35 0.09 0.15 0.0s
0.58 0.0s 0.61 0.03
0.10 0.07 0.09 0.04
0.30 0.25 0.77 0.r2

0.18
0.35
0.28
0.48

0.004
0.20
o.t2
0.15

0.12
0.15
0.09
0.19
0.07
0.12

0.11 0.04 0.20 0.08
o.r7 - 0.54
0.83 0.35 7.79 0.78
0.10 0.02 0.20 0.01
0.35 0.r2 0.70 0.08
0.35 0.1s 0.59 0.2s
0.81 - 1.27
0.99 0.77 1.28 0.64
1.70 0.49 1.% 0.55

0.63 0.09 0.77 0.09
1.68 0.72 1.99 0.63
0.54 0.07 0.62 0.11
z.o5 - 2.43
0.53 0.11 0.74 0.r2
1.50 0.27 1.91 0.23
0.47 0.30 0.51 0.32
r.07 0.49 7.23 0.60

' number of measur€rnents
1 ari"i"g test-track wi*r the same fork-lift truck
'asphalt in poor condition

Based on the measurement data of table 1 and the consulted statistics Oort-
man Gerlings et al. (1,987a) conduded^that over 300,000 drivers are exposed
to acceleration levels above 0.63 m/s' (vectorsum of the frequency weigh-
ted root mean square values). Of these 300,000 approximately 10 to 20,000
are exposed to levels exceeding 1.25 m/s' (drivers of wheel-loaders, sfuank-
Ioaders, dumpers etc). Another 10,000 (e.g. crane drivers, helicopter pilots)
are exposed to acceleraLion levels of 0.32 to 0.63 m/s'. lt should be empha-
sized fhat all of the above mentioned exposure levels are vectorsums of the
acceleration levels in all three directions and are therefore higher than the
weighted values in one direction only. In most vehicles this results in 10 to
307o higher estimates. In some vehides however (e.g. wheel-loaders) the in-
crease due to vector summation might be much larger. Unavoidably, this
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estimate of the population at risk is based on incomplete sbatistics. These
daba show that at least 4 % of the Dutch working population is exposed to
levels of WBV that are related to increased annoyance, fatigue and de-
creased working proficiency (according to ISO 2631/1. 1985) and that may
be related to health impairment in the long term. Since, at this moment
only few \ /omen work as professional drivers this is about 6% of the
Dutch male working population. In addition, another 2% of the working
population is exposed to whole body vibration in a seated posture during
part of their working hours. Similar estimates in Canada and the US have
been reported in the literature (INRS 1989). The above mentioned estimates
are mainly based on statistics from 1982. There is no reason to believe
however that the intensity of exposure to vibration has decreased since
1982 or will decrease in the future. At present there are developments
which decrease intensity of exposure (e.g. substitution of brick roads by
asphalt roads, introduction of suspended trucks and tractors and suspended
seats) as well as increase intensity of exposure (e.g. increased motor power
and speed, decreased ratio vehide mass and mass of load and replacement
of track type off-road vehides by vehides with wheels) (van Drimmelen et
al. 1986).

Introduction to the epidemiological literature

A short introduction to the epidemiological literature is presented. Empha-
sis in this introduction is on the health effects of driving of vehides. In the
end the available evidence for posture and WBV as contributing factors is
discussed. Chapter 5 presenLs a quantitative review of both our own stu-
dies and studies from the literature, Also in the separate studies the re-
levant literature is presented. Furthermore, the studies on health effects of
driving or more specifically exposure to vibration have been reviewed by
Wickstrdm et al. (1978), Griffin (1982), Sandover (1981), Dupuis and Zerlett
(1984), Seidel and Heide (1986) and most recently by Hulshof and Veldhuij-
zen van Z.anten (1,987). All authors indicate that many of the conducted
epidemiological studies can be criticized in several ways. Hulshof and
Veldhuijzen van Zanten used a scoring procedure to evaluate the studies
with respect to the quality of study design, exposure data and effect data.
No study reached an adequate score on all criteria of evaluation. Therefore,
the authors state that firm condusions are not permitted. However, because
most studies show a strong tendency in the same direction they conclude
that exposure to whole body vibration is harmful to the spine. This conclu-
sion is supported by most other authors of these review artides. Several
authors (Valentin and Rosegger 1966, Rosegger and Rosegger 7960, Dupuis
and Christ 1972 and Kohne et al. 1982) argue that degenerative changes of
the spine already occur at a rather young age under the influence of expo-
sure to vibration and/or shock. Both self-reported (low-)back pain, mor-
bidity data on back disorders as well as various roentgenological changes
of the vertebral structures were studied in relation to ride characterisLics.

In a recent study on occupational cluses of low back pain in the general
population (Walsh et al. 1989), the strongest relation was reported with
heary lifting and prolonged car driving. Heary lifting and car driving par-
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ticularly increased the risk of LBP with a chronic unremitting course. Sci-
atica was not associated with car driving. The relationship between LBP
and car driving kame weaker when allowance was made for other occu-
pational activities. The authors estimated the fraction of LBP attributable to
occupational driving of a car or van at 4% only. Driving of a truck, tractor
or digger was not associated with low back pain. However, the exposure
might be diluted because no minimum criterion for the duration of e.g.
tractor driving per day was employed. These results coincide rather well
with a similar study reported by Frymoyer et al. in 1980. They identified
repetitive lifting of 20 kg or more and driving of various vehides to be
associated with low back pain in a sample of men who had been seen in a
family health practice. Their data do not suggest that back pain increases
with increasing level of vibration (estimated from type of vehicle). In a
more detailed analysis of a sample of these data, Damkot et al. (1984) re-
ported truck driving to be related bo low back pain and in padicular severe
low back pain. In approximately the same sample Frymoyer et al. (1984)
did not observe a strong relation between roentgenologcally confirmed spi-
nal deformations such as osteophytes and disc space narrowing and
occupational factors like exposure to vibration, although the presence of
ostmphytes tended to be correlated to vibrational exposure (borderline
significance). Unfortunately the authors seem to have combined exposure to
vehicular and other forms of industrial vibration (hand-arm vibration).
Biering-Sorensen and Thomsen (1986) examined in a one year prospective
follow-up study several occupational history variables but only 'the dis-
tance to work' was an independent indicator of the first episode of low
back trouble. Distance to work corresponded bo more frequent use of
public transport and private cars.

The epidemiological studies of X-ray examinations of workers exposed to
vibration compared to reference workers do not show a specific phttern of
pathological dranges of the spine. More spondylolisthesis (Froom et al.
1984), spondylolysis (Fischer et al. 1980), spondylosis deformans, spondylo-
osteochondroses and 'all degenerative changes of the lumbar vertebrae and
intervertebral discs' (K6hne et al. 1982), herniated lumbar discs (Kelsey and
Hardy 1975, Kelsey et al. 1984) and hospitalization due to a herniated disc
or sciatica (Heliovaara et al. 1987) have been reported. All studies com-
bined seem to justify the condusion that driving and flying helicopters is
associated with enhanced and early onset of degenerative changes of the
Iumbar spine. Kelsey and Hardy (1975) reported also ttnt truck drivers
were four times more likely and commuters, traveling more than 20 miles
a day, more than 2 times more likely to have had a lumbar disc herniation.
In the 1984 study Kelsey et al. observed a relationship between the hours
spent in a motor vehide and the hours driven on local roads and the risk
for acute herniated disc. The latter suggesting a prominent role for expo-
sure to vibration and/or shocks. Both Kelsey et al. (1984) and Helidvaara
(1987) did not observe a relation between prolapsed disc and a sedentary
occupation other than driving. The relation between a sedentary occupatioir
and a herniated disc reported by Kelsey and Hardy in 1975 was in fact
mainly due to sitting while driving.
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Diagnoses extracted from registered morbidity data show that ankylosis of
the spine, 'vertebrogenic pain syndnome', displacement of the interverte-
bral disc, premature degenerative deformations of the spinal mlumn (Gru-
ber 1977) and all back disorders combined (Milby and Spear '1,974, Spear et
al. L977), were observed more frequently in vibration exposed workers than
in a group of non exposed workers. The most valid exposure contrast be-
tween index- and control group with respect to effects of vibration expo-
sure s€ems to be the study of Gruber (7977), contrasting morbidity data of
interstate truck drivers with air traffic controllers (confined sedentary work)
and busdrivers (less vibration exposure). Unfortunately, the reported re-
sults do not permit assessment of the magnitude of the observed effect.

Wickstr6m et al. (1978) cites a Finnish study in which vibration shows a
higher correlation with the prevalence of reported sciatic symptoms com-
pared !o hearny lifting, stmping and prolonged sitting. Prolonged sitting
turned out to be more weakly associated with back pain than heary lifting
and WBV. These results are supported by a more recent Finnish study;
Riihimiiki et al. [1989) report more sciatic symptoms in drivers exposed to
WBV compared to carpenters and office workers. Burton and Sandover
(1987) tentatively found fewer symptoms of the back amongst racing car
drivers when the suspension was made less stiff, presumably thus damping
the jerk component of tne vibration but leaving the posture unchanged. In
a Swedish study of musculoskeletal symptoms in several groups of profes-
sional drivers LBP complaints occurred more in drivers of local delivery
lorries and driving instructors compared to various other drivers (e.g. dri-
vers of longdistance lorries) although the differences were small (Hedberg
1988). The authors attribute the difference to material handling of the deli-
very drivers and poor posture of the driving instructors and indicate that
differential selection might play a role. These data do not seem to suggest
a relation between LBP and level of exposure to vibration or shocks. Walsh
et al. (1989) observed only weak and not significant associations with jobs
that entailed sitting for more than 2 hours per day, except among women
with prolonged exposure. The very often cited evidence of a relation be.
tween too mudr or too little sitting on the job and LBP by Magora (7972)
is only limitedly informative. In a population based study of Reisbord and
Greenland (1985) occupational physical demand (in broad categories)
showed very little residual association with back pain, upon controlling for
education, but sedentary workers had about 25% lower prevalence than the
remaining categories. Unfortunately no distinction is made between driving
and other sedentary occupations. It seems that there are only limited data
relating a non driving sedentary occupation to LBP. We do acknowledge
that the seating posture in vehides (and helicopters) and particularly the
continuous nature of the sitting may not be comparable to the sitting in
many sedentary occupations.

Summarizing we can condude that to date no unequivocal epidemiological
evidence of the relationship between WBV and LBP exists, other than tMt
driving (and flying of helicopters) is related to an excess risk of LBP. Be-
cause the epidemiologic evidence for prolonged sitting other than driving
as a risk factor for LBP is rather weak, we consider that it is justified to
condude that exposure to vibration and shock is under strong suspicion.
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However, few data that indicate a relationship between vibralion intensity
and LBP are available also. No strong evidence is available to relate WBV
exposure to any sign or symptom in particular.
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1.2 Low back pain and whole-body vibration; a review of
the literature on the pathological mechanisms

Paulien M. Bongers, Hendriek C. Boshuizen, Karin Monshouwer, Arthur
Stassen, Carel T.J. Hulshof

Summary

Spinal motion during exposure to vibration is complex. In res-
ponse to vibration in the vertical direction relative vertical but
also angular motions occur between vertebrae. Resonance data
suggest an inoeased load on the lumbar spine between 4 and 5
Hz. To date, an accurate estimate of the spinal load due to expo-
sure to vibration is speculative because of insufficient daLa. Esti-
mates based on the available data, suggest a vertical spinal load
with an order of magnitude between 0.2 and 3 kN in the most
sensitive frequency range. In addition few valid daLa are avail-
able to assess the risk of damage to the spinal system under
cyclic load of this magnitude and a frequency of about 5 Hz.
However, the risk of WBV induced fatigue failure of the endplate
and to a lesser extent the neural arch and pars articularis is not
improbable. Tentative evidence shows that reduced food supply
of the intervertebral disc and enhanced muscular fatigue may
occur during exposure to vibration. Evidence for accelerated
creep and increased stiffness of the intervertebral disc due to
vibration exposure is weak and conlroversial. Several experiments
show that some of the effects are most likely enhanced by the
combination of WBV exposure and prolonged sitting in a con-
strained posture.

Introduction

The aetiology of the low back pain related to driving is most likely multi-
factorial, and in order to establish whether long-term expostre to whole-
body vibration [WBV) is a risk factor for low back pain (LBP), epidemiolo-
gical evidence is of primary importance. However, to unravel the-pathologi-
cal mechanisms underlying this possible excess risk, data on the biomecha-
nical response of the body to exposure to vibration are also imporLant. In
this chapter emphasis is on the possible mechanisms by which exposure to
WBV may cause structural damage to the spine and related structures. We
have argued before that the relation between this structural damage and
low back pain is complex and not well understood. Nevertheless, we as-
sume that in the relation between WBV-exposure and LBP mechanical dam-
age to the spine is important. Insight in th-e mechanism that may cause this
damage adds to assess the contribution of WBVrxposure to LBP associated
with driving.
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In the literature several hypotheses on exlrcsure to WBV and the develop-
ment of structural damage to the lumbar spine and/or related structures
(ligaments and back muscles) have been proposed. These hypotheses are
presented in figure 1. These hypotheses refer to WBV-related direct effects
(1,2,3 and 4) and to indirect or conditional effects that drange the normal
condition of the spine so that it may be more at risk from other factors.

Exposure to vibration

Muscle activity

Decrease in
disc height

Endplate and
subchondral bone

WBV-exposure causes direct structural damage of
- (1) endplate and subdrondral bone
- (2) annulus fibrosus
- (3) facet |cints (and/or pars artiorlaris and neural arch)
WBV-exposure inter(eres with the food supply of the intervertebral discs
- (4) directly
- (5) indirectly; microfractures of the endplate induce callus formation and

quently decreased food supply of the intervertebral discs
WBV-exposure decreases the height of the intervertebral disc whidr
- (6) increases the load on the facet joints
- (7) increases stiffness of the intenertebral disc
WBV-expozure causes muscular activity that:
- (8) leads to muscular fatigue
- (9) this murular fatigue destabilizes the spine

Figure 1: Hypotheses on the mechanisms of exposure to vibration and structural spinal
damage (modified after Monshouwer and Stassen 1989)

Before we discuss the empirical data supporting these hypotheses, we first
present some data on the biomechanical response of the body to WBV-
exposure. From these empirical resulLs the relevant actual spinal load (on a
motion segment of the spine) that may be expected during exposure to
vibration is estimated. Whether this load is sufficiently high to cause dam-
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age to the spinal structures is discussed subsequently when each hypoth-
eses and the data supporting it are critically discussed.

Spinal r€slronse to WBV-exposure

It is difficult to measure the degree and direction of the actual force at the
spine during WBV-exposure. Direct in-vivo measurements of intra-discal
pressure during WBV-exposure would be a good indicator of the relevant
spinal stress but these measurements are invasive and high risks are in-
volved particularly with exposure to WBV. Therefore, studies on the hu-
rvtn response to vibration use several mechanical parameters on the
response of the spinal structures from which the actual stresses in the spine
may be estimated. These parameters are the seat-to-head transmissibility,
mechanical impedance and spinal motion of specific segments of the spine
(transmissibility of a spinal segment). Seat-to-head transmissibility of the
seated body (ratio of head acceleration to seat acceleration) and mechanical
impedance (ratio of force at the seat to the seat velocity) are studied at
several frequencies to establish the frequency of resonance of the trunk. At
this frequency the body vibrates with maximum excursion thus creating the
greatest possible strain. However, daba on seat-to-head transmissibility pres-
ent only information on the resonance of the trunk as such, induding also
the effect on the thoracic and cervical spine. The results on relative motion
and differences in phase of specific segments of the spine give information
on relative displacement between two motion segments from which the
actual load in the spine may be estimated. These studies also provide data
on the frequencies at which the maximal relative motion occurs and the
highest load may be expected. In the following paragraph the results of
these experiments are briefly discussed.

S eat - to -hend t ransmissibili t g

Many authors have reported seat-to-head transmission curves of seated
subjgcts under different experimenLal conditions sudr as position of the
accelerometer (distance to the center of rotation of the head), posture, use
of a backrest and characteristics of the vibration signal (harmbnic or sto-
chaslic, vertical or transverse direction, frequency and intensity) (Griffin
1975, Bastek et aL. 1977a, 1977b, Sandover 1978, Griffin 1978, Griffin 1.979,
Seidel et al. 1980, Wilder et al. 1982, 1985, Hinz and Seidel 1987). Accord-
ing to Griffin (1975), Sandover (1986) and Pope et ai. (1986) the differences
in experimental conditions account for many of the differences in results.
However, even under comparable conditions intra- and particularly inter-
individuat variabilities remain, influenced by e.g.body weight, bodi height
and form of the spinal column.

Nevertheless, there seerrrs to be consensus that the resonant frequency of
the trunk according to the seat-to-head transmissibility occurs at about 4 to
5 Hz with a maximum transmission factor (ratio of the acceleration of the
head and of the seat) of 1,.6 to 2. The transmission factor is greater than
one between 2 to 6 Hz and above 6 Hz it decreases rapidly. Some authors
also report a second resonant frequenry at about 10 to 12 Hz and some-
times a third, but the transmission factor at these frequencies is much lo-
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wer. Particularly at the higher frequencies near the resonant frequency of
the head, errors nuy be introduced due to head nodding, because the cen-
ter of gravity of the head does not coincide with its pivot point (Christ and
Dupuis 1966, Griffin 1975, Panjabi et al. 1986, Sandover L986, 1987, 1988).
Therefore, this second resorutnce frequency may be (parUy) due to measure-
ment errors rather than true resoruutce.

Several authors observed difference in transmissibility in different postures
(Griffin 7975, 1979 and Wilder et al. 1982, 1985). These differences are ei-
ther the result of changed damping characteristics of the body or the intro-
duction of measurement errors in various postures. The transmission factor
in case of a slumped or relaxed postue in contrast to an er€ct posture
increases at frequencies below 6 Hz and decreases above 6 Hz (Griffin
1979, Pope et al. 1986). Wilder et al. (1982) observed a decrease of trans-
mission at the first resonance frequency in case of a latero-flexed or rotated
spine relative to the upright posture (in males). These postures are as-
sumed to be unfavorable in several other aspects (muscular activity and
intra discal pressure). It is therefore remarkable that decreased transmissi-
bility at the frequency of resonance in these postures would appear to
reduce the risk of spinal damage.

Impedance

Measurements of impedance (ratio of force at the seat to the seat velocity)
present similar data on the frequenry of resonance as the seat-to-head
transmissibility studies (Coermann 1963, Wittman 1969, Miwa 1975, Sando-
ver 7978, Wilder et al. 1982, Hinz and Seidel 1987). Impedance measure-
ments are less sensitive to measurement errors. These measurements also
show large inter-individual differences. Coermann (1963) and Wilder et al.
(1982) report that the frequency of resonance and the amplitude at that
frequency are related to body posture and Hinz and Seidel (1987) reported
large inter-individual differences most likely due to difference in weight of
the subjects. Impedance measurements present better information of the
forces acting on the lumbar spine but present less information on resoruutce
of body parts remote from the input surface (".g. S" cervical spine) than
seat-to-head transmissibility (Sandover 1988, Meister bt al. 1984). The resulbs
of the impedance m@surement support the condusipn that the frequency
of resonance of the seated upper body is about 4 to 5'Hz.

Few of the experimenLal set-ups (both in impedance and transmission stu-
dies) do reflect the driving environment in praclice. In most experiments no
back rest was used and the input signal was sinusoidal and in the vertical
direction only. However, when a 'back rest' of horizontal straps and a sto-
chastic input signal were used, a resorutnce frequency at 4 Hz was ob-
served also (Sandover 1978). In an extensive test series of spinal response
in situations much like the practical enyironment Wilder et al. (1985) tested
the role of different supports. They reported decreased transmissibility due
to a lumbar support at the first resonant frequency. At the same time they
observed increased thoracic motion (with the thoracolumbar junction as a
pivot point). The authors condude that a lumbar support is favorable for
the spinal load under vibration exposure.
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Transmissibility of spurfu spinal segments

Vertical direction

The measurements of transmissibility of specific spinal segments, particular-
Iy the lumbar spine, serves two purposes: first, to determine the frequen-
cies with the largest relative motions between different spinal levels, thus
indicating at what frequencies the largest strain may be expected. Secondly
to present data on relative displacement between two motion segments
whidr may be used as an indicator of spinal load.
The motion of specific segments of the spine was first recorded with caps
tightly attached to the skin or with skin mounted transducers (Coermann
1963, Krause 1963, L,ange and Coermann 1965, Bhithner et al. 1986, Hinz
and Seidel 1987, Hinz et al. 1988a). Recently, also the movements of several
pins or Kirschner wires inserted in the spinous processes with accelerome-
ters or LED's1 attached to them were analyzed (Pope et al. 1986, Hagena et
al. 1986, Panjabi et al. 1986, Sandover and Dupuis 1987) (table 1). Pope et
al. (1986) demonstrated large relative displacement of skin mounted LED's
compared with a pin attached to the spinous process (L3). They showed
that the relative displacement of L3 compared to the pelvis was overesti-
mated by Coermann (1963) with a non invasive technique compared to the
invasive technique. Hinz et al. (1988b) developed a method (transfer func-
tion) to describe the relative movement of the skin and underlying tissue to
the vertebrae in order to predict spinal movements from skin m@sure-
ments. This method is still being developed, but is not suitable to take
bending into account. Therefore, to date the relative movement measure-
ments with invasive methods present the most reliable data.
These measurements showed a resonant frequency of the sacrurn (relative
to the seat) of 4.8 Hz (Panjabi et al. 1986) and 4 to 5 Hz (Hagena et al.
1986). Resonance measured at different spinal levels (relative to the acceler-
ation of the seat) occurred at 4.4 Hz (L1-L3, Panjabi et aI. 1986) and 4 Hz
(L1, Sandover and Dupuis 1987, Pope et al. 1986). The maximum trans-
mission factor was 1.6 for the lumbar spine (L1-13) and 1.9 for the sacrurn
(Panjabi et al. 1986). These studies do not show a marked second resonance
(relative to the acceleration of the seat) at higher frequencies. Transmission
of the lumbar spine [relative to the seat) shows a steep decline at about 6.5
Hz (Panjabi et al. 1985) although Pope et al. (1986) observed small peaks at
8 and 12 Hz (t3). The lag in phase between vibration at the seat and the
spine (L3) was almost absent up to about 2 Hz, increased considerably at
about 4 Hz (Panjabi et al. 1986) and was maximal between 5 and 6 Hz
(Pope et aL.1987).
Hagena et al. (1986) observed a slight increase of accelera[ion of the verte-
brae L1, C7 an Th12 in reference to the sacrurn between 7 and 10 Hz. The
authors argue that this phenomenon may be regarded as a resonance with-
in the spine, which goes along with a high mechanical load on vertebral
endplates and discs of the upper lumbar vertebrae. Panjabi et al. (1986) do
not report sudr an internal resorurnce phenomenon. Their data however, do

I tight emitting diodes
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show in agreement with Hagena et al. (1986), that from 8 Hz to about 11
Hz the spinal acceleration (L1-t3) exceeds the sacral acceleration, although
only very slightly.

Table 1: Vertical spinal motion at various spinal levels

authors nl mounting fre.
of trans- quency
ducers (Hz)

accele' remarks on resonant
ration fiequency (r0, trans-
(m/s2) mission factor (tf) and relative

displacement (rd)

non lnvasrve
Coermann 1953

Krause 1963

Lange and
Coermann 1965

caps tightly
strapped to
skin

idem 1G,10
12/L3,
t3/LA, tA/L5

idem 2-72
L3/L4
tA/L5

Hinz and
Seidel 1978

Hinz et al. 1988b

invasive
Pope et al. 1986

4 idem 2-L2

4 L3/LA 4.5,8 1.5,3

Hagena et aI. 1985

1 LEDs on 1-10
Kirstnerwires
l3,os ilium

11 accelero- 3.40
meters on
Kirscturerwires
head,C7,Th5,
L1,II,LS,sacrum

Panjabi et al. 1986 5 pins 2-15
Ll, L3
sacrurn

rf of pelvis at 5 and 9 Hz,
spinal column only at 5 Hz
relaxed posture

increases frequency range not
with in- relevant; agreement with
frequency lange at 12 Hz.

3 maximum rd at 4-5 Hz at
lA/15 ot 0.6mm , at 12 Hz
rd 0.05 mm, 10 me^surements;
upright posture

1.5, 3 rf 3.t5 Hz 6 2; rf at high
intensity lower than at low
intensify with smaller tf, non
linear behavior

relative motion similar
at 4.5 Hz and at 8 Hz

2 tf ca 4 Hz, maximum rd at
4 Hz of 0.4 mm t 0.07;
small peaks at 8 and 12 Hz
phasic difference dependant on
frequency, at 6Hz 130"

2 spine rf 4-5 Hz; in refe.
rence to sacrurn 7-70 Hz

0.98rms fi 4.4 Hz tl 7.6,at 7 Hz
2.94rms tf 0.5; rf sacrum 4.8

tf 1..9

1, rf ca 4Hz; rd at
3 to 7 Hz 0.4 to 0.8 mm

Sandover and
Dupuis 1987

1 pins,Th12 0.F,8
Ll. t/m r,4
recorded on film

number of subjects
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Between about 4 to 7 or 8 Hz the spinal acceleration (L1-Ui) is slightty
lower than the sacral acceleration in both studies. Panjabi et al. (1987) ar-
gue that due to high absorption and thus high relative motion the area at
risk is the lower lumbar spine (t4L5) around 4 to 5 Hz. The data of Ha-
gena et al. also show some energy absorplion at the lower lumbar level at
these frequencies.
Only Sandover and Dupuis (1987) present results on relative displacement
between.motion segments measured with an invasive method after analysis
of spinal motion in the time domain. They report frequency depencient
relative vertical displacement between 0.4 and 0.8 mm, bul according to the
authors measurement errors were too large for valid estimates of spinal
load.
Daba on relative displacement in the vertical direction, measured with skin
mounted transducers, have been provided by Lange and Coermann (1965)
and Krause (1963) (table 1). Lange and Coermann (1965) observed a maxi-
mum vertical peak displacement between lA and L5 at *5 Hz of 0.6 mm.
Since Krause (1963) studied spinal movement of vibration of 10 to 4S Hz
no relevant data on displacement at about 5 Hz cmt be obtained from this
study. The reported displacement at 72 Hz was similar to that of Lange
and Coermann (0.05 mm peak to peak) at that frequency. Measurement
eqrorg are likely due to relalive skin and tissue rnovements and possibly
phasic differences between skin and spinal processes (Pope et al. 1.98i,
Hinz et al. 1988a). Hinz et al. (1988b) predicted relative accelerations (in
vertical and for-aft direction) of vertebrae L3 and Ld from acceleration
measurements of the skin over the spinous processes of t3 and L4 during
exposure of 1.5 and 3 m/sz at frequencies of 4.5 and 8 Hz. The resulls
indicated complex internal loads with coupled bending, compression and
shear forces. The authors observed slightly larger
relative accelerations at 8 Hz than at 4.5 Hz, although the accelerations
were dearly higher at 4.5 Hz.

Horizontal and anguhr moaetnent of the vertebrae

Sandover and Dupuis (1987) observed a resonance frequency of 4 Hz for
horizontal and angular motion (one subject) in response to-vertical vibra-
tion. whereas, Panjabi et at. (1986) report that the transmissibility factor for
horizontal accelerations of the vertebrae (L1-L3 in response to vertical exci-
tation of the seat) increased from about 0.2 to 0.8 without obvious reson-
ance at frequencies between 2 and 75 Hz. Hinz et al. (1988b) predicted
significant rel_alive horizontal accelerations of the spinous processei of ver-
tebrae L3 and lA at 4.5 and 8 Hz, in response to vertical acceleration. The
rgtary accelerations of the vertebrae measured by Panjabi et al. divided by
the vertical acceleration of the seat varied significantly between subjects.
Sandover and Dupuis (1987) observed marked horizontal relative displace-
ment between motion segments. This distance could not be measured with
sufficient accuracy for the estimation of spinal load. At a vibration level of
1. m/s' the relalive angular displacemeni between adjacent vertebrae was
estimated to be about 1o. Krause (1963) reports a relative angle of 0.375" (at
high frequencies, measured at skin). He also reported 0.125"-of roiation. No
other studies report daLa on relative angular motion.
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Estimation of spinal load

With the empirical data of the measurements mentioned above theoretically
the relevant load on the spine under exposure to vibration may be esti-
mated. The relative vertical displacement is an indication of the compressi-
ve load on the endplate and in combination with the relative angular mo-
tion [and horizontal displacement) an indication of the shear and bending
stresses of the disc and vertebral body. Sandover (1988) stresses that for a
valid estimate of the forces involved, very accurate measurements of the
displacements are necessary.

Estimation of spinal load from relatiae moaemmt behaem motion segments

The force needed for deformation of material depends on the velocity with
which the force is applied. Several in-vitro studies present data on this
load-deflection function (Evans et al. 1959, Dieckmann 1957, Brown et al.
1957, Brinckmann et al. 1988a, Casper 1980). The forces needed for 1mm
deflection vary from 1.4 to 5 kN. However, the velocity of deflection ob-
served in most in-vitro experiments varied between 0.001 to 0.6 mm/s. This
is probably much lower than what occurs under exposure to vibration.
When a relative displacement of 0.5 mm is assumed fl-ange and Coermann
1965) and the parameters of these in-vitro studies would apply the spinal
force would vary between about 0.8 and 3 kN. Due to this large variation
in the load deflection relation and the fact that no valid data on relative
displacement are available, an accurate estimate of the actual compressive
spinal load at the place of injury is not (yet) possible. In the literature the
following estimates have been suggested: Based on a relative displacement
of 0.5 mm (under vibration of 5 Hz and 1m/s2) and stiffness of the in-
tervertebral disc of 4 MN/m, Sandover (1983) estimated the forces on the
intervertebral disc to be 0.1 to 0.5 kN. With an acceleration magnitude of 2

m/s2 this would result in a load on the disc of 1 kN. Seidel (1988a) states
that the estimated load most likely exceeds about 1.3 to 2.3 kN, which is
about one third of the static strength of a vertebral segment in in-vitro
experiments. Hinz et al. (1988b) estimated compressive spinal loads be-
tween about 0.2 and 0.5 kN during exposure to vibration of 3.0 m/s2 rms
and 0.05 and 0.2 kN during vibration of 1.5 m/s2. For these estimates op-
timal muscular activity is assumed in phase with the vibration. This as-
sumption is probably not right which would underestimate the load. How-
ever, in addition the authors indicate several additional assumptions that
would overestimate the internal load.

Hinz et al. (1988b) estimated maximum shear forces (13/lA) in response to
vertical vibration (g m/s2) of 0.5 kN and in response to 1.5 m/s2 of about
0.2 kN.

Estimation ol spinal load from eng measuretneflts

Seidel (1988b) observed that at 0.3, 0.6 and 7.2 Hz the timing of the myoe-
Iectric activity of the back muscle was similar to the phase of WBV. How-
ever, at 2.5 and 5 Hz this changed drastically and the muscle activity was

M



not effective in protecting the spine. On the contrary, myoelecLric reactions
of the back muscle at these and higher frequencies increased the load on
the spine. This reactive pattern of the back muscle during exposure to
WBV differs from the pre-programmed myoelectric activify during self-
generated vibration such as walking and jumping (Seidel 1988a).

Seidel and his co-workers estimated the load on the lumbar spine during
exposure to vibration from EMG measurements of the back musde, anthro-
pometric data and the acceleration of the upper trunk measured at the Th5
level. Bl0ther et al. (1986) estimated a maximal force of 3000 N under vi-
braLion of 3 Hz and 3 m,/s2 and Seidel et al. (1986) reached a similar esti-
mate with vibration oI 4.5 Hz. For vibration of 7.5 Hz they estimated a
maximal load of 7000 N. However, the authors indicated that this estimate
might be too high due to several possible errors. Nevertheless these experi-
ments show that due to the phasic difference with the vibration signal, the
muscle activity placed an increased load on the spine compared with the
load estimated under the assumption of in phase musde action. The
highest loads occurred at 4.5,7.5 and 8 Hz. Serbussi et al. (1989) and Ro-
bertson and Griffin (1989) were able to establish a similar time lag of mus-
cular response. Seroussi et al. showed convincingly a significant higher
activity in the EMG of the erector spinae at the L3 spinal level at almost
all frequencies between 3 and 10 Hz in a controlled flexed, slightly lordotic
posture under exposure to vibration (vertical, sinusoidal about 1m/s') com-
pared to a static environment. At 3, 4 and 5 Hz even a 2 fold increase in
the maximum torque at L3 was observed.
At the current slate of knowledge the quantitative estimates of the spinal
load based on measurements of EMG back muscle activity may be subject
to considerable error and only partly relevant for the true vibration envi-
ronment since in all studies the input signal was sinusoidal and no back-
rest was used. Nevertheless, it seems justified to condude that the timing
of the muscle activity in the back muscle at least paftly determines the
load on the lumbar spine due to \AIBV.

Biomechanicnl models

Various biodynamic models have been developed to simulate human re-
gponry to impact or vibration. First simple mass-spring-damper models
have been proposed, later various complex models *ere geneiated (over-
views are presented by Belytschko and Previtzer 7978, Sandover 1981, Ami-
rouche 1987). Most models however have been developed for impacts and
validated with cadaveric material. Validation of models with impedance
measurements has also been performed. In case of impacts it may be as-
sumed that no muscular activity is involved. For vibration this assumplion
is however most likely valse. To date it appears that more experimental
data are needed to successfully model the very complex motions of the
spine during WBV exposure (Amirouche 1987).

some debate on whether human response to vibration is essentially linear
or not is going on. Hinz and Seidel (1987) observed a significant non linear
behavior. Most other studies observed a non linear resp-onse also, however
no @nsensus exists on the significance of this non linearity. Griffin (lg71),
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Sandover (1986, 1988), Panjabi et al. (1986) and Pope et al. (1987) state that
within the relevant range of accelerations and frequencies the response can
be considered essentially linear. Others state that the spinal load will be
underestimated when linearity of the response is assumed (Hinz and Seidel
1987).

It may be dear that to date it is not possible to present an accurate eti-
mate of the spinal load during expostre to vibration or shock. Nevertheless
some very tentative indications of the range of this load can be obtained
from the presented daLa. The estimated order of magnitude of the maxi-
mum load during exposure to sinusoidal vibration in the vertical direction,
in the most sensitive frequency range, is 0.5 to 3 kN. Whether this estima-
ted load may be responsible for structural damage of the spine is discussed
below. Most authors agree that significant bending of the spine occurs in
response to mere axial excitation. Therefore also rotational and shear forces
are involved. Exposure to stochastic vibration and shocks in all three direc-
tions most likely increases the estimated forces. Due to insufficient data no
estimate of the spinal load in the other directions can be made.

Hypotheses

Each of the hypotheses introduced at the beginning of this chapter and the
empirical data supporting these hypotheses are discussed. The modifying
effects of posture will be implicated also.

1. structural ilamage to subdtondral bone and mdplate

Sandover (1981, 1983) raised the hypothesis that dynamic loading during
exposure to vibration may lead to fatigue fractures in subchondral trabecu-
lae, non-uniform compression of the cartilage and consequent degeneration.
From the fatigue of inanimate materials it can be anticipated that damage
will occur before final failure and that there is probably a simple relation
between the applied stress and the number of cycles to failure (Sandover
1988). This fatigue failure can occur with relatively small stresses compared
to those required for static stress failure (ultimabe compressive stressl). In
case of metals the number of cydes to failure (fatigue life) is proportional
to the ratio of the applied dynamic stress and the ultimate compressive
stress to a negative power. This ratio is called the relative stress. Various
studies have established this relationship in-vitro for several fbony) ma-
terials (LaIferty et a7. 1977, Carter 1981, Weightman 1976). Hansson et al.
(1987) established this relation for lumbar motion segments and reported
that the number of cydes to failure was proportional to the relative stress
raised to a power of about -14. The dynamic compressive forces needed for
failure of the cartilage of endplate and the underlying trabecular bone in-
vitro are summarized in table 2.

I Compressive stress required to produce failure.
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Table 2: Dynamic compressive load and failure of endplate in-vitro

authors number of frequency number of
specimen of load(Hz) cydes

Pe2k
load

fatigue
(%)

Adams and
Hutton (1983)

Liu et al. (L983)

Hansson et al. (1984 17

Brindcmann
et al. (1988a)

4\, wedged, 0.67
8.7-12.5"

11 0.5

0.25

< 9600
<4h

> 7fi0
ca 4tl

< 1000

< 5000

150G,6000N 27
mean 3075N anterior

37-N%t 45

5&100%1 95
+static
load

t2
11
22
13
11

20-N%l
3040%
40-fi%
fi-(o%
@-70%
+static load

8
27
68
92
100

' Relatire load in % of the ultimate compressive load. This ultimate compressive shength
of human vertebrae obtained in in-vitro erperiments varies between *- 3 to 72 kN ac-
cording to Brindcmann et al. (1988a), or even 0.8 to nearly 16 kN acrording to Hutton et
al. (1979). This large variation is partly due to variations in bone material properties and
bone dimensiqrs but also to variations in experimental conditions.

The experiments of Brinckmann et al. (1988a) with cadaveric material dear-
ly show that in-vitro the risk of fractures increases with increasing number
of cycles at a given load. At a given number of cydes the risk of fractures
increases with increasing relative load. The foregoing paragraph showed
that during exposure to vibration a compressive load of about 500 to 3000
N (order of magnitude) is conceivable during exposure to vibration. This
corresponds with about 20 to 30 % of the ultimate shength of a vertebral
segment. The experiments of Brinckmann et al. (1988a) show that in-vitro
this load would result in a 8% chance of fracture after 5000 cydes (i.e. less
than one hour vibration exposure of 5 Hz). The authors however indicate
that these experiments, designed to simulate e.g. repetitive lifting with for
ins[ance a loading rate of 0.25 Hz, may not be indicative for vibration ex-
po,swq. Hansson et al. (1987) sLate that the fatigue life (number of cydes to
failure) increases with increasing frequency. l-alferg et aL. (7977) 

-reports

however that below 30 Hz the number of cydes to failure is independent
of frequency. In vivo, repair processes and rest pauses may alter the prob-
ability of fractures at a specific dynamic load and a cerLain numbbr of
cydes, therefore these estimates of dynamic strength based on in-vitro ex-
periments should only be carefully extrapolated to dynamic loading of the
in-vivo spine. The validiry of these estimates for the spinal damage during
\AIBV exposure and shocks may be even more questioned. On the other
hand vibration exposure in vivo involves not only axial compression but
also bending both due to veftical excibation and vibration in the fore-aft
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and side directions. These additional loads may increase the risk of frac-
tures.

several characteristics of motion segments are related to the fatigue life of
these segmenLs under cyclic loading. Hansson et al. (1987) observed that
schmorl nodes mainly occtrr in vertebral segments with healthy interverte-
bral disc and fractures of the endplate (microfractures of the hyaline carti-
lage) mainly occur in segments with degenerabed discs. The-number of
cydes to failure not only decreased with increasing relative load but also
with increasing degenerative changes and age and a decrease of bone min-
eral content. Therefore large inter individual differences in spinal damage
due to fatigue fracture of endplate and subchondral bone may-be expected.

In animal experiments some evidence for the occurrence of fatigue failure
under vibration exposure has been observed. After 30 hours (3 hours a
day) of exposure to vibration 'of levels that are corunon in industry' mi-
crofractures in the subchondral bone of cavia's were observed by Fischer
(1984) and Radin et al. (1.973) observed fatigue fractures in trabecular bone
in the kneejoints of rabbits subjected to vibration.

The dinical relevance of these endplate and trabecular fractures and healing
micro-calluses as generators of pain or involvement in a degenerative pro-
cess is not dear (Hansson et al. 1987). Brinckmann (1988b) states that flac-
tures of the endplate are almost always accompanied by intrusion of the
disc material in the trabecular bone beneath the endplate and thus by in-
jury of the central part of the disc although the annulus remains iirtact.
Disc height than decreases and the radial bulge of the disc increases. The
former may increase the strain on the capsules of the facet joints. The latter
is undesirable in the presence of a narow spinal canal or foramen or in
case of advanced ostheophytes. Both may be related to back pain.

Conclusion: To date there is still little condusive evidence to show that
WBV can induce a strain liable to cause fatigue failure of the vertebral
body. The available daLa suggest however that fracture of endplate and
trabeculae due to compressive loading under industrial vibratory Conditions
are not improbable. Peak values and shocks may be of particular import-
ance. Experiments aimed at the simulation of exposure to vibration Ere nee-
ded.

2 structural darnage to the annulus fibrosus

Sandover (1983) argues that cydic compressive loads may lead to changes
i" Su end-plate, whereas torsion or bending of the intervertebral joint may
lead to annular failures. He postulates a two sLage process: endplite failur-e
leads to degeneration of the disc (induding annular tissue) and- shear, ben-
ding or rotational forces lead to tears in a weakened annulus with possibly
subsequent nudear prolapse.
Several authors support the view that fatigue applied in pure compression
damages the vertebral body rather than the disc. Therefoie, it seems likely
that in addition to axial compression, rotation or bending is necessary tit
make the annulus vulnerable. This is also shown in the experiments pres-
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ented in table 2, Liu et al. (1983) observed only two vertebral segments
with minor changes in the annulus and Hansson et al. (1987) observed no
injury to the annulus or any of the discs. These authors reported failure
after pure compressive loading whereas Adams and Hutton (1983) tested
the fatigue life of hyperflexed vertebrae. They observed distortions of the
lamellae of the annulus fibrosus in 23 of the 41 discs. In only a few com-
plete radial fissures were reported in the posterior annulus (11 failed by
endplate failure). The authors suggest that prolonged heavy activity may
produce distortions that gradually weaken the annulus so that eventually a
relatively minor movement or modest lift is sufficient to produce complete
fissure or prolapse and then pain. However, the distortions themselves
maybe responsible for symptoms at an earlier stage. Additional experimenLs
of Adams and Hutton (1985) showed that repetitive compressive loading of
a hyper-flexed disc causes a different type of disc lesion compared wrth
static compressive loading. Where static compressive loading of a disc wed-
ged in hyperflexion induces a sudden prolapse, fatigue compressive loading
leads to gradual disc prolapse, that occurs more readily in young non-de-
generated discs.
The experiments of Adams and Hutton were aimed at simulation of repeli-
tive loading in fully flexed postures such as repeated digging. The relative
angle of Lo observed by Sandover and Dupuis (1987), in response to verti-
cal exciLation, was much smaller than the fully flexed vertebrae tested by
Adams and Hutton. Exposure to vibration and shocks in industry however
often occurs while seated in a flexed posture (e.g. crane operation, flying
helicopters). It is probable that also with smaller flexion angles and de-
creased repetitive load but increased number of cydes the same effects may
be brought about. However, the authors state that, if the loading severity
decreases to a sufficiently low level, then failure can not be produced no
matber how many rydes are applied. There are no data to decide on the
minimal load or flexion angle that may be tolerated without accumulating
irreversible damage to the annulus. Most likely the inter-individual differ-
ences are large. In vivo repair mechanisms may influence the reported
phenomenon but little is known about the effectiveness. It is not known
whether fluid resorption ovemight may reverse the annular distortions.
Cellular repair mechanisms may be effective over month and years, but can
have little effect over days or even weeks.

The annulus may also be more vulnerable when cydic loading and rolation
occur simultaneously. To our knowledge no experiments simulating this
situation are reported. There is some controversy on the role of torsion in
degeneration of the disc under static compressive loading. The facet joints
restrict the torsional motion; in-vivo the maximum range of motion is about
1o to eadr side for each lumbar vertebral joint. This restriction of motion
effectively protecls the disc from torsion since discs are not damaged by
rotation of less than about 9" (Adams and Hutton 1981).
When combined rotation and flexion occurs the disc may be particularly
vulnerable because during flexion the facet joints bear less load thus in-
creasing the discal presstre. In addiLion it produces maximum stretching of
the posterolateral annulus (Panjabi 1980, Anderson 1985, Adams and Hut-
ton 1981).
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Conclusion: Although evidence is limited direct damage to the annulus fi-
brosus due to exposure to vertical vibration seems unlikely. However, there
are indications that axial compression combined with flexion and rotation
make the annulus more vulnerable. Exposure to vibration and shock in a
twisted (drivers of tractors and fork-lift trucks) or flexed (crane operators)
or combined twisted and flexed (helicopter pilots) posture may provide
therefore a high risk environment. The vibrations in the horizontal direc-
tions may add to this risk because for annular damage shear forces are
important. Insufficient data are available to validly assess these risks.

3 structural damage to facet joints andlor aertebral ardr and pars articalais

The facet irints stabilize the spine and protect the discs from both excessive
flexion and rotation. They play a major role in resisting shear and compres-
sive forces although this varies considerable with posture. The load on the
facet ioints under compressive loading depends not only on the angle be-
tween two vertebral bodies but also on the height of the intervertebral disc
(cf 6). The load on the facet joints is transferred to the neural arch and
pars arLicularis. Clinical evidence shows that fracture of the neural arch
(spondylolysis) occurs. Since the static strength of the neural arch is high,
this is most likely due to fatigue fracture. Experimentally, fatigue fracture
of the neural arch or pars articularis is observed after cyclic loading (1.6
Hz, 380 to 670 N) in the fore-aft direction of the inferior facets (Hutton and
Adams 1987) and after repetitive shear loading (2 Hz, 742 to 979 N) of
these facets (Lafferty et al. 1977). The number of cydes to failure were 536
to 54546 and 1039 to 19ffi20 respectively.

Fischer (1984) observed increased degenerative changes of the facet joints of
guineepigs after 30 hours of exposure to vibration. After 285 hours (75
days) severe changes were observed.

Conclusion: Little information is available on the magnitude of shear and
torsional moments during WBV exposure. In addiLion, the validity of the
experimental dala for human exposure to WBV may be questioned. Hence
the available evidence does not allow a conclusion on the relationship be-
tween WBV exposure and structural changes of the neural arch and pars
articularis (spondylolysis) or increased degenerative changes of the facet
joints.

4 direct reduction of lood supplg of the interaertebral disc

The lumbar intervertebral discs are avascular structures which are so large
that meLabolite transport is barely adequate. Nutrients reach the disc cells
by two routes: from the blood vessels that lie around the periphery of the
annulus fibrosus (the annular route) and from the vascular cavilies in the
central porLion of the vertebral endplate (the endplate route). The transport
processes are fluid flow and diffusion. Fluid flow due to pressure changes
in the disc is more effective for large molecules, such as proteins, while
diffusion is more effective for small molecules (Holm and Nachemson 1982,
Adams and Hutton 1986). Thus in order to maintain food supply and bio-
mechanical function the disc is dependent on pressure changes. It is how-

50



ever undear whether the rapidly changing pressure due to vibration will
have a function in this process. Seidel (1988a) hypothesizes that the normal
distribution of molecules with respect to their size might be affected if the
changes of the pressure alternate tm quickly. He suggests that only pres-
sure changes within the frequency range of natural movement are benefi-
cial.

Holm and Nachemson (1985) observed reduced nutrient supply and disc
height and increased water loss in the spine of pigs under vibration ex-
posure of 4 and 9 Hz during 1 to 6 hours. The authors conduded that
both chemical and physical characteristics of the disc were altered. In refe-
rence to hand-arm vibration they postulate that vasoconstriction of the
microvascular system might occur thus hampering the food supply. Troup
(1988) and Wilder et al. (1982, 1985) also raise the question whether the
pathomechanism of the hand-arm vibration syndrome (vasospastig periph-
eral and circulatory effects) have any bearing on the etiology of low back
pain under vibration exposure. Klein and Hukins (1983) suggested that the
blood flow rnay be directly impeded by vibratory load on the vertebral
column and thus hampering the discal food supply. It is possible that nu-
tritional deficiency can lead to disc degeneration (Holm and Nachemson
79821.

Postural variation inlluences the fluid flow component of the nutrient sup-
ply, outflow of fluid is larger in flexed postures compared to erect or lor-
dotic postures, any outflow is reversed when the spine is unloaded (lying
down). Therefore Adams and Hutton (1986) state that a flexed posture has
the overall effect of improving nutrient transport for the disc. After all each
night the spine is unloaded and therefore the outflow is reversed. Pro-
longed sitting in a constrained posture without interruptions however also
decreases nutrient supply of the disc and may disturb the balance of meta-
bolites.

Conclusion: The limited data available suggest that food supply of the inter-
vertebral disc may be reduced due to exposure to vibration. Since the nu-
trient condition at the center of the nudeus is probably precarious, increa-
sed degeneration of the disc may be a consequence. Prolonged sitting with-
out intermptions may enhance this effect.

5 indirect reductbn of food supply ol the interuertehral disc

Sandover (1983) postulated the following hypothesis: Dynamic compressive
loading of the intervertebral joint leads to fatigue induced microfractures at
the endplate or subchondral trabeculae. Callus formed during the healing
process (Vernon-Roberts and Pirie 1973) leads to reduced area for nutrient
diffusion. Alternatively the cartilage endplate may be disturbed and have
impaired diffusion capacity which leads directly to changes in nudear syn-
thesis. Acceleration of the normal degenerative process in the nucleus and
annular tissue is a consequence. No data are available to support this the-
ory on reduced permeability due to callus formation. Holm and Nachem-
son (1985) state that reduction of the permeability of the endplate has only
minor effect on the diffusion of oxygen to the disc. Urban et aL. (1977)
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suggest that a shortage of sulfate may occur due to reduced endplate diffu-
sion. Simon et al. (1985) estimated, based on a biomechanical model of the
disc, that diffusion through the endplate would increase due to microfrac-
tures in the endplate. This result is of course highly dependant on the
assumptions made.
The nudeus relies on nutrient diffusion through both endplate and 6rnnu-
lus. Each route is of primary importance for different molecules (size and
positively or negatively charged). Therefore both malfunction of the endpla-
te and annulus may increase degenerative processes.

Conclusion: Reduced diffusion capacity due to repair of microfractures of
the endplate may occtr. Evidence on the importance of this reduction for
the nutrient supply of the nucleus is not condusive. To date the hypothesis
of indirect reduced food supply as a consequence of WBV expo-sure and
subsequent reduced permeability of the endplate is therefore still specula-
tive.

6 decrensed disc height and increased load on facet joints

The disc height depends both on the applied load and on the degenerative
state of the disc. A decrease in disc height of 0.9 mm results in an increase
of the load on the facet joints with 16% (Adams and Hutton 1980). There-
fore the possible effect of vibration on disc height might render the spine
susceptible to fracture of the facet joints or pars articularis. The data on
(increased) height loss in vibratory environments however are conflicting.
Kazarian (1,972, 1,975) observed in-vitro that the creep effect of a given load
was accelerated by vibration. Brin&mann et al. (1988a) observed a monoto-
nous height decrease during in-vitro cydic loading of complete motion
segments. K6ller et al. (1984) conduded from in-vitro studies that the ab-
solute decrease in height under static load and sinusoidal vibration of 1 Hz
depends on the level of the spine, with increasing height loss in L2 to L5
and decreasing in Th5 to Th10. Kdller et al. (1981) observed a loss of disc
height of 0.8 to 1.6 mm after 6 hours of static and dynamic (7 Hz) loading
in-vitro. These latter two studies are not informative on the effect of vibra-
tion alone since no control observation for mere static loading was avail-
able. Although large inter-individual differences were observed, Klingen-
stema and Pope (1987) report greater height loss in seated (unsupported)
subjects exposed to vibration (30 minutes,2 m/s',5 Hz) compared to sea-
ted subjects without vibration exposure. However Bonney (1988) conducted
a similar experiment with vibration exposure of one hour (1 m/s') while
sitting in a car seat and observed increased height after exposure to vibra-
tion of 4 Hz relative to just sitting. After WBV-exposnre of 6 and 8 Hz less
height loss compared to the seated control subjects was observed. Seidel
(1988a) cites an unpublished study by himself indicating that intense (3.2
m/s') sinusoidal WBV of 4 Hz for 40 minutes did not cause any increased
creep of the lumbar discs compared to a constant sitting posttire without
WBV.

Conclusion: the evidence of accelerated creep and resulting decrease in disc
height due to exposure to vibration is conflicting. Most likely inter-individ-
ual differences are la1ge. No evidence for decreased disc height is observed
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in the human experiment most resembling the working conditions of pro-
fessional drivers. Therefore we condude that an increased load on the facet
joints as a result of decreased disc height due to exposure to WBV does
not seem likely.

7 derruseil ilisc height and incrased stffius of intentertebral dbc

Troup (1984) stated that when the height of the vertebral column is redu-
ced the tissue stiffens, energy is dissipated less efficiently under vibration
or jerk forces and the tissue is more readily injured. Several authors report
increasing stiffness of the intervertebral disc with prolonged vibration (in-
vitro) (K0ller et al. 1981, Kazarian 7972, Panag;otacopulos et al. 1987).
Others did not observe this (Hansson et al. 1987, Casper 1980).

Conclusion: Both the assumption of decreased disc height and increased
stiffness as a result of that are controversial. Therefore this hypothesis is
not given much credibility.

8 muscahr fatigue

Both vibration and constraint posture might reduce the blood supply of the
back musde, thus leading bo muscular fatigue. Kroghlund and Voss (1989)

have studied localized muscular fatigue as a result of exposure to \AIBV in
several groups, helicopter pilots, engine drivers, forklift truck drivers, mail
tractor drivers, caterpillar dozer drivers, bob-cat dozer drivers, laboratory
exposed subjects and controls. They observed only very low muscular ac-
tivity but nevertheless demons[rated signs of muscular fatigue detected
through test contraction performance (20% of maximum voluntary contrac-
tion) after about 3 hours of work in all exposed groups, except in the rela-
tively low exposed engine and caterpillar drivers. The high exposed bob-cat
drivers showed signs of muscular fatigue already after 2 hours of exposure.
The authors also observed a compression of the energy content in myoelec-
tric signals towards lower frequencies after periods of prolonged exposure
to \AIBV in seated posture in most groups (forklift truck drivers, mail trac-
tor drivers and laboratory exposed) and interpreted this also as an indica-
tion of localized muscular fatigue of the erector spinae musdes. Isolated
shocks (by far exceeding sinusoidal acceleration levels) seemed to inlluence
the EMG activity little.

When seating in constrained and often poor posture is continued for long
periods static loading of musdes will occur and lead also to muscular fa-
tigue, subsequent discomfort and possibly pain. Muscular fatigue in
response to WBV exposure is also reported by Bowden (1986).

Conclusion: Driving and flying helicopters is most likely associated with
increased muscular fatigue and subsequent discomfort and pain. Both expo-
sure to vibration and prolonged sitting in a constrained posture contribute
to this musde fatigue.
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9 muscular fatigue destabilizu the spine

Trunk musde activity is needed to stabilize the spine and prevent it from
buckling. Several studies have suggested that muscutar fatigu" not only
may caus€ back trouble in itself but also in turn renders the spine more
susceptible to injury (i.e. Pope et al. 1984).

Conclusion: Muscular fatigue due to WBV exposure is regarded a condition-
ing effect, which may increase the risk of structural damage of the spine.

Discussion and condusion

The biomechanical evidence provides us with a better understanding of the
possible mechanisms by which vibration exposure will lead to low back
pain. However to date, data on the spinal load under exposure to vibration
and validated data on the possible effect of this load are scarce. Therefore
most of the hypotheses can neither be accepted or rejected with any cer-
tainty and the pathogenesis of back disorders related to WBV exposure re-
mains an open question. Several of the hypotheses however seem promis-
ing in order to explain the relation between \AIBV exposure and back dis-
orders. It should be emphasized that this relation is most likely complex
and that the observed effects are related to each other. Reduced food sup-
ply of the intervertebral disc due to WBV exposure may accelerate the
degeneration of the intervertebral disc and leave it more susceptible for
mechanical fatigue failure. Moreover all spinal motions are coupled and
damage at one level or structure may induce subsequent damage at other
spinal levels or structures. Several data show that in particular the com-
bination of prolonged sitting and exposure to vibration may increase the
risk of spinal damage. In our opinion repetitive (compressive) loading is
however an essential element in several of the possible explanations for
spinal damage related to driving. Therefore we consider it not very proba-
ble that prolonged sitting by itself would account for the excess in spinal
damage related to driving.

Future research effort should be directed at darification of the many mea-
surement difficulties and uncerLainties that still exis$ such as the true rela-
tive and angular motion of specific spinal segments, the validity of dyna-
mic strength of cadaveric material for the in-vitro human spine, the in-vivo
dynamic strength of cadaveric material under exposure to vibration with a
frequency of about 5 Hz, the true influence of muscular reactivity on the
spinal load especially under stochastic vibration, the linearity of the human
response to vibration, the magnitude of the bending under axial vibration,
the effects of simultaneous vibration in all three directions and the intra-
but moreover the inter-individual variability of most of these measure-
ments.
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1.3 Evaluation of the present standards for whole-body
vibration with respect to long-term health effects

Paulien M. Bongers, Hendriek C. Boshuizen, Carel T.J. Hulshof

Summary

To date,_exposure to whole-body vibration at the work place is
evaluated according to the current intemational standard ior eva-
luation of human exposure to whole body vibration (150-2631/1,
1985). The limits of this sLandard depend on the frequency range
of exposure and the duration of exposure within Z4 trotirs. fhe
contours of these relationships and the level of the exposure limit
are not based on health effects but primarily on su6jective dis-
comfort after short-term exposure experienced by laboiatory sub-
jects or by passengers of trains and aircrafts. In'the recent draft-
proposal (ISO/DP-2631, 1989) some changes have been intro-
duced, that are again based on subjective (dis)comfort rather than
on protection of health effects at the work place. The standard
combines limits of exposure to vibration at the work place in
order to prevent health impairment with information ori design
gui$gnce fol 

"rg. 
optimal passenger comfort. In an occupational

health standard however, only data on health effects aia aata
that allow inference with respect to health or well being at the
work place should be considered. In view of these data-the fre-
quency- and time-dependence of the current standard and the

-recjnt proposal are discussed. Since health impairment at or
below the current exposure limit does occur, a-higher (upper)
exposure limit as recently proposed is strongly opposed from-the
view point of health protection of workers.

Introduction

To date, the most widely used standard is the international standard ISo-
2631'/1. of the International olganization for standardization (rso), titled
'Evaluation of human exposure to whole-body vibration, (ISO 1985). The
standard consists of four parts. Part 2 to 4 deal with vibrations in buildings
and with motion sickness and vibrations on board of ships. For exposure -of

seated. subjects at llg workplace only 150-2631 part 1 'General require-
ments' is relevant. This standard is adopted by thb Dutch organizatioir for
standardization (Nederlands Normalisatie Instituut) and published as Dutch
standard NEN-lso 2631 (NEN, 1984). Presently, long-term revisions of the
ISo-standard have been issued with most recently the second draft propo-
sal ISO-2631/DP -Guide to the evaluation of hirman exposure to iartrote-
body mechanical vibration- (ISo 1989). This draft propoial is still under

59



discussionl. Moreover an European standard (CEN) is in preparation.

The concepLs introduced in 150-2631, in 1974 have become very central in
vibration research and evaluation of exposure to vibration at the workplace.
Since the research presented in this thesis should also provide data on
which the govemment can base future guidelines, the scientific data under-
lying the present standard and the recent proposals are discussed. First a
short reconstruction of the history is presented. Secondly an overview of
the content of the standard and the recent proposal is given and critically
reviewed. Finally, a different approach for the guidance of exposure to
whole-body vibration (WBV) from the view point of health prevention is
advocated and the data on which such a standard should be based in the
opinion of the authors are presented.

The history

The following reconstruction of the history of 150-2631/1 (1985) is largely
based on a report of A.|. Francken (Francken et al. 1987) who was involved
from the start with the development of 150-2631. Emphasis is on the deci-
sions that were made in the early stages because we think that these deter-
mine to a large extent the current standard. The data underlying these
concepts are introduced in the next paragraph.

The first meeting of the ISO working goup responsible for the preparation
of a standard for exposure to vibration was in 196/. An english translation
of the German guide for evaluation of vibration (VDI richtlinie 2057, 1963)
formed the basis for the development of the ISO-standard. In this docu-
ment the vibration magnitude was expressed in K-values. These K-values
represent the equal sensation contours on a vibration intensity/frequency
graph (figure 1a). At that time VDI 2057 did not indude a timedepend-
ency. In 1965 Coermann proposed a frequency weighting that deviated
slightly from the frequency curves of VDI 2057 (figure 1b). In this draft
proposal the curves for the frequency-dependence varied for different K-va-
Iues. However, at the meeting in 1965 it was decided that these curves
should be independent of the K-value (and therefore of the acceleration
levels). At this meeting also a lime'dependence was proposed (a decrease
of the weighted acceleration proportional to a double log of the time). The
draft proposal on the agenda in 1966 was prepared by Coermann and Von
Gierke. In this proposal the acceleration in the z-direction between 1 and
2.8 Hz decreased with 1/f. Von Gierke added another propoel in which
this slope was adapted to 1/{f (a compromise between the ireviously pro-
posed slope of '1./f and no slope at all). The proposed most sensitive fre-
quency range was between 2.8 Hz (lower limit of the 4 Hz octaveband)

A third draft is in preparation but not yet officially published. This draft will be
published in the near future as 'third committee draft- Guide to the evaluation of
human erposure to whole,body mechanical vibration- revision of ISO 2631'.

60



and 11.2 Hz (upper limit of the 8 Hz octaveband) ffigure 1c)'.
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Figure l.Development of the frequency weighting in the verti-
cal direction, a) VDI-2057 (1953) b) Coermann (1955)
c) Von Gierke (1965) d) weighting ISO 2631 (1967).
Copied from Francken et al.1987

In this proposal by von Gierke a new curve for the lime-dependence of
hgman response to vibration was induded (figure 2). The data underpin-
nilg this curve, that became the current curve for the time dependence,
will be discussed later on. At this point it was decided that the shape of
the timedependenry curve was constant over frequency range and acieler-
ation levels. Whether the standard actually had to contain numerical limits
was subject to extensive dispute. In the meeting in 1967 the proposed fre-
guency weighting in the vertical direction was adapted. The lowei point of
flexion was situated at 4 Hz (instead of the proposed 2.8) and for the sake
of symmetry the upper point was situated at 8 Hz (instead of the proposed
11.2) with a slope between 1 and 4 Hz of 7/.,1f (-3 dBloctave). Thii adapta-

I Figure 1d also shows the crrrcnt weighting in the horizontal directions (dashed lines).
This weighting will be disctrssed later on.
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tion was a compromise between no slope at all at the lower frequencies as
in the VDl-standard, favored by aviation researchers, and the proposed
slope of l/t (-6 dBloctave) between 1 and 2.8 Hz, favored by experLs from
the automobile industry. The committee thus reactred consensus on the
current weighting curve in the vertical direction (figure 1d).

The frequency weighting curves in the horizontal directions originated from
the Union International de Chemin de Fer (UIC). The same shape of the
frequency weighting and timedependence as in the vertical directions was
proposed. However,. the level of vibration in the most sensitive frequenry
range was a factor {2 below that in the vertical direction.
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The proposals formulated above were documented in a first DraIt Proposal
for 150-2631 which was circulated among the ISO members and discussed
in 1969. Subsequently the frequency weighting curve in the horizontal di-
rections was alfered.'No slope'bet#een 1-ar;id,L Hz (at a level of 3 dB ({2)
below the horizontal part of the vertical weighting curve) and an increasing
slope of 1./t (6 dBloctave) above 2 Hz (figure 1d). These revisions were
incorporated in a working document in 1970 and eventually accepted as
international standard in 1974, titled: 'Guide for the evaluation of human
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exposure to whole-body vibration' USO-2637, 1974).
ln 7978 the standard was reaffirmed after a minor change of the time-de-
pendence (the 1 minute exposure time allowed to preserve performance
and prevent fatigue was lowered from 3.4 m/s' to 2.8 m/s'). Moreover, in
1982 several amendments were added. Before 1982 only acceleration levels
with crest factors below 3 were allowed, whereas from 1982 onwards levels
up to 6 were permitted. In the amendment of 1982 also methods were
introduced to assess multi-axial vibration (vectorsum) and multi-frequency
vibration (frequency weighting instead of rating method). The amendment
also provided a new approximation of the complex time-dependency curves
(a't=constant between 10 minutes and 24 hours). In 1985 the same standard
was re-issued in a different form (150-2631./1, 1985)

The standard and the data supporting it

Outline of the content

The standard has been prepared first to facilitate the evaluation and com-
parison of data from research and secondly to give provisional guidance to
acceptable exposure to WBV. The limits are set acc&ding to three criteria:
preserving comfort, working efficienry and safety or health. These limits
are called respectively: reduced comfort boundary (RC), fatigue decreased
proficiency boundary (FDP) and exposure limit (EL). It is argued that hu-
man tolerance to vibration differs for vibrations of different frequencies and
that it decreases with increasing exposure dura[ion within 24 h. The limits
are therefore a function of frequency (between 1 and 80 Hz) and exposure
time (1 minute to 24 h). Table 1 presents all characteristics of 130,-2631/7
(1985). The supporting scientific data for the time-dependence and fre-
quency-dependence are surmurized and critically discussed.

The frequmcy-dependmce of human response to WBV

The frequency weighting in the vertical direction is different from that in
the horizontal direction (figure 1d). The tolerance for horizontal vibration
below 2.8 Hz is lower than in the vertical direction and higher from 2.8 Hz
onwards. The main basis of the frequency weighting curves were equal
sensation and equal comfort contours, which indicate points of equal sub-
jective intensity (comfort) plotted on a vibration intensity/frequency gaph
(Reiher and Meister 1931, Dieckmann 1958a, 1958b, basis of VDI-2057). In
addition tolerance curves were established at extreme acceleration levels
(Magid and Coermann 1960), whereas also results of studies on biodynamic
responses (measurement of impedance and transmissibility and relative
movement of spinal segments measured at the skin) of the sitting (and
standing) body exposed to vibration were considered [Magid and Coer-
mann 1960, Coermann 1962). The tolerance study of Magid and Coermann
(1960) is reflected very well in the frequency weighting with minimal tole-
rance between 4 and 8 Hz, although the authors show that their data are
quite different from other studies on tolerance during extreme accelerations.
They also show that symptoms of pain and unbearable sensations occur in
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- persons in normal health i.e. to travel, perform leisure time activ-
ities and a nornal work day or shift

- persons sitting, standing or lying down (the latter only provisionally)
- fiequencies between 1 and 80 Hz
- three criteria: preservation of cornfort, working efficiency and health or

safefy
- vibrations in the three orthogonal dfuections; angular movements are

not included; eadr direction is primarily considered independent of the
other directions

- sinusoidal, harmonic and stochastic vibrations
- vibrations with a crest factor below 6 (few shocks or impacts)

Frequency dependent
- different frequency-weighting curves in longitudinal and transverse

plane
- constant over exposure time, level of acceleration, outcome criteria (co-

mfort, working efficiency and health or safety) and poshrre (sitting,
standing or lying down)

- the effects of vibration of one frequency might be considered indepen-
dent of that of other fiequencies

Time dependent
- for exposure times from 0 to 24 hour
- constant over frequency, outcome criteria (comfort, working efficiency

and health or safety), direction, level of acceleration and postue (sit-
ting, standing or lying down)

Limits
- limits for each criterion
- limits for the weighted signal in transverse direction {2 below verti-

cal direction
- the limit for vibrations simultaneously in more than one direction is

open to different interpretations (vectorsummation)
- the limit for vibrations simultaneously in more than one frequency

range is open to different interpretations (weighting or rating method)

Table 1: Features of ISO 263111 (1985)

a wide range of frequencies up till 20 Hz, with maximal lumbar pain be-
tween 8 and 12 Hz.
The shape of the frequenry-dependence contour in the aerticnl direction
roughly reflects the equal sensation contours and data on transmissibility
and impedance available at that time, although it ignores the small peak
observed at 8 to 72 Hz by some authors.
The contour shape for the hoizontal directions is based on very few data.
Oborne (1983) suggested that research of Dieckmarur in 1958 (basis of VDI
2057) supplemented by data of Miwa (1967) on ten subiects formed the
basis of this curve. They established the lateral equal sensation curves us-
ing psychophysiological tectrriques. Miwa also established the relationship
between the vertical and the lateral sensation (response) curves by 'accurabe
psycho-physical cross matching' with the same 10 subjects. Oborne (1983)
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states that in 1966 Bryce (1966) reviewed the available studies and arrived
at a different weighting with constant acceleration between 3 and 8 H4 a
reduction of 6 dB/d.ave above 8 Hz en 2 dB/atave between l and 3 Hz.
No data of biodynamical studies in the horizontal directions were available
at that time.

Conclusion: The frequency weighting in the vertical direction is based on
equal sensation, equal comfort and tolerance contours and biomechanical
daba obtained in the laboratory. The response to horizonbal vibration is
based on sensitivity contours (two studies). The fact that the most sensitive
part in the horizontal directions is {2 below that in the vertical direction
has been derived from only one laboratory study with 10 subjects. The
contours seem roughly to reflect the available da[a, although an extension
of the maximal sensitivity to higher frequencies in both vertical and hori-
zontal directions is also in agreement with the data. The evidence for a
different weighting for horizontal and vertical vibration is rather weak and
only based on equal sensation.

Time-dqendence of human response to WBV

It is argued in the standard that human tolerance for vibration decreases
with increasing exposure time within 24h. The longer a person is exposed
to vibration, the lower should be the vibration intensitl in order to pre-
serve the appropriate criberion (whether it is EL, FDP or RCB). The ISO-
standard does not dearly state the references on which the shape of the
time-dependence curve was based. From publications by von Gierke (1965
and 1975) and subsequent discussion of the standard (Clarke 1981, Obome
1983, Francken et aI. 7987) it can be derived that the data originated from
curves by Mauzin, Sperling and Notess (figure 2). Each of these sources
has been extensively criticized. In addition it is not apparent from which
original publications these data originate. In l,oach (1958) reference is made
to several reports of Sperling and others (1956, 1958) and to an estimated
fatigue time by Mauzin (no original publication of the data of Mauzin is
available). These data seem to have been combined to one fatigue-curve
(figure 2, Mauzin-Sperling curve). Most likely the data of Mauzin and Sper-
ling reflect estimates of railroad passengers, who were asked after a short
exposure time after how long they thought they would become fatigued
(Oborne 1983, Francken et al. 1987). Notess (1963) established the decreased
proficimcy of pilots at an actual exposure period of 2 hours. These data co-
incide only for the first 20 minutes with the data of Mauzin and Sperling
on fatigue. Together they formed the fatigue/decreased proficiency bound-
ary (figure 2). Both thq data of Notess and Mauzin and Sperling apply to
very low frequency vibration in the vertical direction of less than 

-1 gz
(Notess) and 1.4 Hz (Mauzin and Sperling). However, the time-dependenry
curve of 150-2631 is applicable for seated and standing persons in the frd-
quency range of 1 to 80 Hz.

The data on estimated passenger comfort after a cerbain duration of train
ride (Mauzin) and aircraft flight (Notess 1963) form the basis of the RC.
The curve slopes down after 4 hours exposure-time, because the boundary
for comfort had to coincide with the ttreshold of vibration perception after
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24 hours of exposure in order to preserve comfort at night at home, al-
though vibration in buildings was eventually dealt with in a separate part.

Notess (1963) also asked pilots, exposed to vibration during high speed
aircraft flight in turbulent weather, to judge how long they would be able
to tolerate this vibration. The actual data on which this estimate was based
were not presented. It has even been suggested that the estimated limit of
tolerance for short duration of time (1 to 4 minutes) originates from the
pilots fear of damage to the aircraft rather than their subjective response to
the molion (Allen 1975, cited by Oborne 1983). The level of the tolerance
curve for very short exposures was based on laboratory experiments. Ac-
cording to von Gierke (1965) the subjective short-time exposure limit is
based on actual pain limits determined in the laboratory for pilots exposed
to extreme vibrations. The intercept is established at 0.5 times this thresh-
old of pain or tolerance (Temple 1964, Magid and Coermann 1960). These
daLa form the basis of the EL.

Conclusion: The shape of the time-dependency curve (applicable over 24
hours, constant over acceleration, frequency and direction) is mainly based
on subjective estimates of fatigue after exposure to short duration of very
low frequency railway vibration, supplemenbed with data on decreased
proficiency of pilots (FDP); estimated reduced comfort for airoaft and rail-
road passengers (RC) and estimated intolerable duration of very low fre-
quency vibration of pilots, supplemented with short time tolerance limits in
laboratory subjects (EL).

Current revision and the data supporting it

Outline of the content

Table 2 presents an overview of the aspects of the most recently published
revision (Revised Draft Proposal ISO/DP 2631 -Guide to the evaluation of
human exposure to whole-body mechanical vibration- 1989) with respect to
health. Emphasis is on the differences with 150-2631/1 (1985) as far as
health is concerned. The curent proposal is still in the stage of a Draft and
under discussion and it will very likely be altered in the near future. How-
ever, with this new proposal major changes and several new concePls have
been introduced that might be incorporated in future standards and there-
fore warrant a discussion'. The recent proposals will be discussed in view
of the data on the frequency-dependence and time-dependence reported in
the literature after the issue of 150,-2631./1. (1974). The data before that time
are discussed above and form the basis of the current standard.

I A discussion of this proposal has taken place in a meeting in april 190. Several propo-
sats to change the proposed standard have been accepted in resolutions. These resol-
utions will be inoorporated in a new draft proposal (third committee draft). This draft
has not yet officially been published. The majrx changes that will be incorporated in the
new draft proposal in the near future are indicated in foohrotes. There is a maicr chance
that this next draft proposal (third committee dmf$ will be accepted as a revised stan-
dard.
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General features
- the standard applies to frequencies between 0.5 and 80 Hz instead of

1 to 80 Hz.
- working efficiency has been removed as criterion, perception and mo-

tion sickness have been added; the expostre limit is replaced by the
health guidance caution zane (HCZ); this zone is no part of the stan-
dard but is presented in an Annex. No limits are presented for the
other criteria, qualitative guidance for evaluation according to these
criteria is presented in separate Annexes.

- the frcquency weighting method is favored over the rating method.
* evaluation of the effects of vibration is structured in separate sections

aocording to the outcome criteria (health, comfort and perception and
motion sickness). The frequency weighting time dependence, point of
mea$,rrement and evaluation method for WBV in more than one direc-
tion and at more tlnn one point may vary according to the criterion
which has to be evaluated.

Health
- applies to seated persons and only provisionally to persons standing,

redining or recumbent (although this is ambiguously stated)
- applies to vibrations entering the body thrcugh the seat pan. It may

also apply to fore.and-aft motions of the backrest of a seat (optionally)
- the vibrations in one direction are considered independent of those in

other directions and strould be evaluated independently; however, a
procedure for vector summation (without multiplying the horizontal
frequencies by 1.4) is presented; angular motiors are still not included.

- the frequency weighting in the vertical axis has been altered and two
weightings have been proposed (Wb and Wi). Weighting in the hori
zontal directions remains the same. A frequency weighting for the
horizontal movenrent of the backrest has been added (optionally).

- the EL has been replaced by the HCZ; the time dependence is a
fourth power relationslrip wNdt is different from that of ISO 2631
(slope of -1.5 dB instead of -3 dB). Vibrations in the x and y direc-
tions are to be evaluated with the same HCZ; apparently no increased
sensitivity for vibrations in these directions is assumed any longer.

- similarly to ISO 2631 the standard applies to vibrations with a crest
factor less than 6; a procedure based on the fourth power is presented
in the Annex for vibrations with a oest factor greater than 6.

- with the removal of working efficiency as a criterion also the fatigue
decreased proficiency boundary is removed.

- introduction of a dose-value.

Table 2: Feahres of the revised draft proposal ISO/DP 2531 (1989)

Frequency-depanilmce of human resrynse to WBV

Two different frequency weightings in the vertical direction have been
presented (Wi and Wb, figure 3). The weighting in the horizonLal directions
remained the same (although extended between 0.5 and 1. Hz). No refer-
ences are presented to indicate the data on which these new weigh[ings are
based. In several publications (Griffin 1988, Griffin 1989) it is suggested
that weighting Wb in the vertical axis (which is the same as the weighting
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in the British Standard, BSO 1987) is mostly based on an extensive study
prograrrune conducted by Griffin and his colleagues on subjective discom-
fort and transmissibility (e.g. Griffin et al. 1982a, 7982b, 1982c, 1985). Prob-
ably supplemented with other data on subjective discomfort (Oborne 1976a,
1,976b) and transmissibility (Wilder et al. 1982) published after the issue of
the ISO-standard in 1974. These contours have trcen established with more
sensitive methods than the early studies on whidr the contour of the stan-
dard in 7974 was based. Weighting Wi seems to be derived from data on
health effecs collected by Seidel (unpublished report 1988)1.
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Griffin et al. (1982) and others (e.g. Oborne 1983) conduded that the shapes
g{ mg equal comfort contours vary largely between and within persons.
Significant correlations were found between personal characteristics (such as
size and posture). When the frequency weighting of the ISO-standard in
the vertical direction is compared to the equal comfort contours established

I One of the resolutions accepted to change ISO 2631/DP concerrrs the frequency
weighting in the vertical direction. As a compromise a new weighting Wk has been
actepted whidr oombines Wi and Wb. This weighting resembles weighting Wi at the
lower frequency range and Wb in the higher range. This weighting Wk is also indicated
in figure 3.
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by Griffin et al. (1982) the lSO-curve falls above the interquartile range of
the curves of Griffin et al. at frequencies above about 12.5 Hz when they
are zuranged so that they agree well at 70 Hz. This suggests that the ISO-
curve underestimates high frequencies. When the two curves are arranged
to coincide at 1.6 Hz, the ISO-contour would overestimate the verLical vi-
brations between 2 and '].,6 Hz as far as comfort is concerned. Griffin et al.
(1982) suggest a simple equivalent comfort contour that matches the data,
with equal maximum sensitivity in the vertical direction between 1 and 20
Hz. Several other authors reported empirical data on equal comfort or
equal sensation, produced in a variety of ways. They suggest maximum
sensitivity between 5 and 7 Hz with a reduction in sensitivity above about
7 Hz arrd another possible reduction in sensitivity above 13 Hz (Dupuis
1984, Wasserman 1987).

Equal comfort contours established by Griffin et al. (1982) in the horizonbal
(x and y) a1o match very well with the horizontal weighting of the ISO-
standard: with the lSO-contour falling within the interquartile range over
much of the frequency range. Only below 2 Hz the ISO<urve suggests
greater sensitivity than the curve determined by Griffin et al. The contours
established by Griffin et al. do not seem to support the higher sensitivity in
the x an y direction compared to the z direction as indicated in the ISO-
standard. The authors suggest that for horizontal vibration a frequenry
weighting with maximum sensitivity between 1 and about 3 Hz matches
their data best.

The weighting Wi is primarily based on data of spinal motion reported by
Panjabi et al. 1986, Hagena et al. 1986 and Hinz et al. i988) and on data
on back muscle activity reported by Seidel et al. (1986). These data are
much more relevant for health effects than the data on which Wb is based
and will be discussed in more detail later on.

Conclusion: The Wb weighting in the vertical direction for health in the new
draft proposal is primarily based on equal comfort contours. There is little
justification to alter the frequency weighting of 150-2631 for the prevention
of health effects on the basis of laboratory experiments to assess comfort.
For ins[ance the shift of the most sensitive frequency range in the vertical
direction from 4 to 5 Hz is not acceptable from a heatth point of view.
This is also reflected by the Wi weighting. This weighting expresses the
culTent evidence relevant for health protection rather well. Therefore, apart
from the fact that it is not practical to indicate two possible weightings in
the standard, the weighting Wi is strongly favored over Wb with regard to
health effects.

Time-ilependena ol hurnan response to uibration

The statement in 150-2631./1 (1974) about the effect of the duration of ex-
posure on the response between 1 minute and 24 hours has aroused the
largest controversy. This influence of exposure duration in the original
standard is particularly large up to 4 hours of exposure. The inlluence of
duration of exposure on human response has been extensively reviewed by
Clarke (1979) and Kjellberg and Wikstr6m (1985a). Von Gierke (1975) sug-
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gested that data on subjective discomfort published shortly after the final
preparation of 150-2631 by Miwa et al. (1973) and Simic (1970) support the
time-dependence concept of the standard. However, the results of Miwa are
based on estimates of maximum comfortable duration, instead of actual
experience with longer duration, by 10 subjects. Only a vffy slight increase
of the subjectively rated discomfort was observed and no control run rvr/as

induded. The results of Simic appear to be based on very short exposures.
Therefore these studies do not pres€nt sufficient evidence for the time-de
pendence relation of 150-2631.

Maslen (1972) reiewed several perfomwnce studies and conduded that in
experiments where proper controls had been used, perforrulnce under lab-
oratory conditions is almost independent of the duration of the vibration
exposurle. Griffin and lewis (1978) have conducted several studies and
reviewed the effect of WBV on visual acuity and tracking tests and did not
observe that performance detoriated over time. No effect of vibration on
lasks dependent on the central nervous function (reaction time, problem
solving) has been found by several authors and consequently no changes in
the effects over time. Kjellberg and Wikstr6m (1985a) point out that from
these tests it may not be conduded that vibration does not increases the
(mentat) load of the worker because it is possible that an operator main-
tains perfornuutce level through increased effort. These condusions apply
only for the conditions tested in the laboratory. An extensive study by
Guignard et al. (1,976) did not show any difference in performance or phy-
siological state (heart rate and urine analysis) of three types of vibration
situations (low frequenry-short term, low frequencyJong term and midfre-
quency-short term) at the level of the FDP. It is generally concluded that
the influence of vibration on performance is highly dependent on the task,
but no effect of exposure duration on performance is observed. However it
should be emphasized that the environments studied do not reflect occupa-
tional exposures.

After the issue of 150-2631 several authors have studied the effect of expo-
sure duration on comfort with different techniques in the laboratory (e.g.
semantic tests, subjective rating, matching, cross modality matching) and in
field studies (subjective rating). Each of these experimenLal designs has its
drawbacks. Semantic methods are rather insensitive. The fact that changes
over time have not been found in semantic scale tests is not a sufficient
basis to condude that changes do not occur since the method is probably
too insensitive. Most authors agree however that a change at the rate of the
curve of 150-2631 should have been measurable with raLing methods also.
Almost all rating methods suffer from the drawback that the subjects ob-
lain a clear picture of their own rating, which may therefore reflect the
subjects' assumption about the development of discomfort over time rather
than the actual course of the events (Kjellberg and Wikstr6m 1985a). The
matching methods have this disadvantage to a lesser extent and have the
advanbage that the development of discomfort is described in terms of
vibration intensity. However, with these methods it is difficult to investi-
gate the effect of pnolonged exposures. Two studies have shown an in-
crease of discomfort as an effect of exposure time at the very beginning of
exposure with matching techniques (Griffin and Whitman 1980, Kjellberg

70



and Wikstrom 1985a). However, the longest actual exposure duration in
these experiments was 2 minutes! Kjellberg and Wikstr6m (1985b) showed
(with cross modality matching) a linear increase in subje<tive discomfort up
to at least t hour. This increase means that the increase observed during
very short exposures (Griffin and Whiunan 1980, Kjellberg and Wikstrom
1985a) could be extrapolated for the first hour of exposure. The studies
reported in Griffin and Whitman (1980a) on the influence of exposure dur-
ation on the subjective intensity of sinusoidal vibration of. 4,8,16 and 32 Hz
with a maximal duration of 32 sec (!) form the basis for the proposed
fourth power time-dependence for 1 minute to 24 hours for the preserva-
tion of health (Griffin and Whitman 1980b). The authors state that the ex-
periments were directed at the evaluation of short duration motions, never-
theless they condude that it may define the time dependence for longer
durations.

Conclusion: It can be conduded that also after the issue of the ISo-standard
in 1974 no evidence is reported in the literature to support the concept of
time-dependence as it is provided in this document in so far as it relaies to
comfort and performance. However, three studies suggest a slight effect of
expostrre time at the very beginning of exposure on comfort and perform-
ance- Data on long-term exposure and health effects and performance re-
lated to long lasting occupational exposures were not considered during the
preparation of the present standard and also not during the preparation of
the current proposal. Hence the fourth power timedependence is not based
on data relevant for the prevention of health effeas during occupational
exposure of 4 to 8 hours. Some daba, to be discussed later on, suggest
however that this relation may be better than the originally proposed curve
(=a2t=constant between 10 miriutes and 24 hours) witfr resfe& t6 health.

A different approach

Philosophy of standard xtting

In view.-of th" strong general desire to agree on a uniform procedure for
rating vibration, exposure criteria for general use were deve-loped. In the
beginning there was little choice but to base them on a compromise be-
tween the various subjective rating curyes and the biomechanical data. Data
on long term health effecLs were hardly available. Therefore, the ISo-stan-
dard is based on subjective discomfort and the ability to perform lasks
rather than on health. Most of the data originated either fr6m hboratory
experiments or were directed at comfort of passengers. Few of these data
are good predictors of performance or subjective discomfort in a work
environment, where a mixture of vibration frequencies is present in all
three orthogonal directions with in addition also angular m6tion and im-
pacts. In addition, the drivers are not necessarily young physically fit per-
sons and the work environment conbains for instance a combiiration of
vibration, often poor and constrained working postures (with use of a back-
rest) and noise and cold for 8 hours per day- d-uring many years. Therefore,
these experimental data should be used riery cautiously 

-with 
respect to

preservation of performance and comfort in occupational situations.



The fact that the standard is not based on data suitable to prevent health
impairment in the work environment, is in part because these data were
not available at that time. However, recent proposals show that to date the
same approach is still followed in most inslances.

The standard for occupational exposure to \AIBV has quite a different origin
compared to occupational exposure limits (OEL) for dremicals at the work-
place (WHO 1980). The principal aim of the OEL has always been preven-
tion of health effects at the work-place due to occupational exposures. Er-
gonomic standards however originally regulated the production of equip-
ment and materials (e.g.bolts and screws use standardized thread profiles).
This difference in origin is illustrated by the following quote from Sando-
ver (1979): 'Although standards were first inbended as means of reducing
variety in materials and equipment, they can include considerations of the
people using materials and equipment'. The requirement of quantitative
and qualitative information on the effects of WBV on workers may be met
by standards limiting vibration to preserve health (healtlx limits), limiting
vibration in situaLions where it could lead to accidents, giving information
and guidance for designers in regard to operator performance and passen-
ger needs (design guidance), and presenting agreed methods of measure-
ments and assessment. One of the problems is that it is difficult to be dear
on where measurement ends and where assessment begins (e.g. frequency
weighting). But it is obvious that the aim must be to establish a dear dif-
ference between the standard giving design guidance, and enforceable stan-
dards on health and safety in order to protect people (Sandover 1979). ln
fact only health and safety need to be dealt with in an occupational health
standard. From the tradition of occupational health standard setting it may
be added that also the prevention of annoyance and severe discomfort
should be considered one aspect of health maintenance. It should be obvi-
ous that in this respect annoyance during long-term occupational exposure
is meant and not subjectively perceived discomfort in the laboratory setting
or discomfort of passengers. In the following we will discuss several as-
pects that need to be considered when an occupational health standard
aimed at the prevention of health impairment is developed.

Zielhuis and Wibowo (1989) argue that system-alien factors, such as \AIBV
in a seated posture, need to be minimized as far as practicably possible
below the occupational exposure sLandards. Criteria on health ariil adverse
effects should be explicitly discussed and documented in a critdria docu-
ment. Zielhuis and Wibowo [1989) state that since the average 'standard'
person does not exist, the issue of differential risk should be assessed in
standard setting and should be explicitly discussed in the criteria docu-
ment. The standard should aim to protect nearly all workers. They advo-
cate a three step approach for standard setting: in the first step a health
based recommended occupational exposure limit is developed by a working
group of experts appointed i titre personnel. Their task is to evaluate the
existing data base only from the viewpoint of health protection in a criteria
document. This committee does not take into account potential socio-econo-
mic and technological constraints. This evaluation results in a health based
risk assessment and a health based occupational exposure limit HB-OEL. In
the Scandinavian countries and Great Britain such criteria documents are
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prepared also, but no HB-OEL is proposed. The second policy-making step,
representatives of industry, workers and govemmental departments propose
an operational OEL, that should have to be accepted. The third step the
responsible govemmental departments decide on the administrative 

-OEL.

The European Economic Commission recently started a similar three-step
procedure for setting EEC-standards for chemical expostre at the
workplace. It should always be dear where the scientific health based eva-
luation ends and where the policy-decision making begins. In our opinion
the ISO+xpert committee should concentrate on the first step and evaluate
and explicitly document the data on possible health impairment on which
an occupational exposure limit for WBV should be based. From these data
a health based exposure limit muld be proposed which is considered ac-
ceptable from the viewpoint of health protection of workers. The choices
and decisions made in deriving this oEL should be explicitly discussed and
documented.
The ISO is a world wide organization of national standard bodies (ISO
member bodies). The work of preparing a standard is carried out through
ISO technical committees. All members have a right to be represented on
these committees. International organizations, goverrunental and non gov-
ernmental, in liaison with ISO, can also take part in the work. Draft inter-
national standards adopted by the committees are circulated to the member
bodies for approval before their acceplance as international sLandards (ac-
geptance by 75% approval of member bodies; each country has one vote)
(150-2631/1, 1985). This procedure illustrates that the activities of evalua-
!!ng gogn{fic _data by experts and formulating the standard are dosely
linked. It is also interesting to see that both standardizing measurement
procedures, presenting design guidance and preparing health limits have
been done by one and the same committee. The decisions and data sup-
porting the proposed standards are not indicated nor documented.

From the above it rnay be evident that, when formulating an OEL, we
consider adverse health effects due to occupational exposure of primary
importance (1), followed by nuisance and severe discomfort and fatigue
during occupational exposures (2). In addition other effects such as bio-
mechanical response, physiological effects and performance effects may be
considered with less priority to the extent thaf inference regarding hiat*r
protection and maintenance of safety is possible (3). The frequency depend-
ence, time-dependence, evaluation of shocks and multi-axis vibiation and
the limits of the present standard and recent proposals will be discussed in
view of the data from the literature according to the priority indicated abo-
ve. Epidemiological studies reported in the literature and in the studies of
this thesis show that exposure to WBV is primarily related to disorders of
the lower back (Seidel and Heide 1986, Hulshof and Veldhuijzen van Zan-
ten 1987). Therefore emphasis is on daLa relevant for low-back disorders.

Frequatcy<lepanilatce of human response to WBV

The majority of the vehides measured in the present studies show a domi-
nant frequfncy range between about 2 and 6 Hz. The dominant frequency
range of the helicopters measured in the present study is higher wru*r i-s

in agreement with the literature. The high back pain prevalence in the
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present study in helicopter pilots (d drapter 4.2) presents tentative evidence
for a stronger weighting of vibrations above 8 Hz. The staternent of Seidel
and Heide (1986) in their review of the epidemiological liberature that the
long-term effects in helicopter pilots (exposed to a very broad-band WBV
with variable intensities) did not differ distinctly from those in drivers
seems to support this suggestion. As pilots differ in several other aspects
from drivers (e.9. posture) this suggestion is presented very cautiously. The
present study shows that about 40% of the pilots indicate that they have
difficulty reading their instruments due to vibrations. This is probably due
to the higher frequency range which may cause resonance of the head
arrd/or eyeball.

For the estimation of the mectranical strain of vertebral segments during
WBV, relative motion between two neighboring vertebrae is important. The
most informative data concerning this motion come from invasive studies
that measured the motion of pins inserted in the spinous processes and
sacrum during exposure to vertical vibration (Panjabi et aL 1986, Hagena et
al. 1986, Pope et al. 1986 and Sandover and Dupuis 1987) and from a
study from Hinz et al. (1988) in which the relative accelerations and dis-
placement of the vertebrae L3 and [l were calculated from accelerations
measured at the skin. Because none of these studies presents all relevant
data, it is not evident at which frequencies the strain in the lumbar spine
due to these motions is maximal (see also drapter 1.2). Most authors sug-
gest a maximal strain at the lower lumbar level at 4 to 5 Hz (Panjabi et al.
1986, Sandover and Dupuis 1987). However, Hagena et al. (1986) observed
an increased transmission of the spine in reference to the sacrum between 7
and 10 Hz and argues that this resonance wittrin the spine goes along with
a high mechanical load on the vertebrae. The data on relative displacement
both in the vertical and for-and-aft direction of Hinz et al. (1988) suggest
complex intemal loads with coupled bending compression and shear forces
both at 4,5 and 8 Hz. These studies combined suggest complex relative
motions in the spine between 3,5 to 10 Hz.

Seidel (1988b) observed that between 0.6 and 1..2 Hz the myoelectric activ-
ity of the back muscle is in phase with the WBV: this changed drastically
at 2.5 and 5 Hz. This is supported by impedance measurements showing
that below 2 Hz rhe human body behaves like a pure mass (Magid and
Coermann 1960, Sandover 1981). Seidel et al. (1986) observed unfavorable
muscular reaction to WBV causing a high load on the spine at 4.5, 7.5 and
8 Hz. These data were supported by the results of Seroussi et al. (1988)
who observed increased muscular activity in reaction to WBV between 3
and 10 Hz, with a maximum increase at 3, 4 and 5 Hz. Therefore, also
these studies on increased load estimated from EMG measurements support
a frequency weighting with maximum sensitivity between about 3 to 10
Hz.

Measurements of changes of stature (as indicator of spinal load) after vibra-
tion exposure of different frequencies compared to just sitting at different
frequencies yielded contradictory results (Klingenstirna and Pope 1987,
Bonney 1988; see also drapter 1.2).
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Few data, other than subjective ratings of passengers or laboratory subjects
are available on the frequencydependence of human response to hoizontal
vibrations. Wikstrdm et al. 1989 observed that an alternative weighting
filter in the y-direction, with attenuation starting at 4 Hz instead of at 2
Hz, yielded slightly higher corelations with subjective rating of discomfort
under occupational exposure conditions than weighting with the ISO-filter
(or a linear weighting). This indicated that the ISO-filter may give too little
weight to the higher frequenry components. This was also suggested by
Donati et al. (1983) and Griffin et al. (1982) in an experimental setting.
Hansson and Wikstrom (1988) also conduded that, although the vibration
energy measured under L Hz was considerable, no significant improvement
in correlation with subjecLive rating of discomfort (during occupational
exposure) was obtained when the 0.5 to 1 Hz frequency range was indu-
ded.

Conclusions: There is no reason to extend the frequency weighting below 1

Hz. Tentative data suggest that the frequencies between 8 and about1,.0 Hz
should receive more weight. The proposed weighting Wi reflects the avail-
able data rather well and much better than the weighting Wb'. There is no
convincing evidence to assume a higher risk in the x and y direction than
in the z direction. Only data concerning subjective rating of (occupational)
exposure in the horizontal direc[ions were available. These data suggest an
extension of the most sensitive frequency range in the horizontal direction
up to 4 Hz.

Time-dependence of human response to WBV

The timedependence of 150-2631 deals with expostres up to 24 hours.
With respect to effects on the spine (with most likely a rather long dura-
tion of repair) it is assumed that exposure to vibration may have a curnu-
lative effect extended over more than a day. This suggests that some con-
cept of dose over time is related to health impairment (d limits). The hy-
pothesis on WBV-related vertebral damage suggests a relation proportional
with the exposure duration when repair mechanisms can be neglected.

In addition, acute effects of exposure duration may occur within one day
with recovery in pauses or ovemight. Krogh-Lund and Voss (1989) were
able to show signs of muscular fatigue after prolonged exposure to vibra-
tion in laboratory and in field conditions. All occupational groups tested
showed signs of muscular fatigue within 0.5 working day except engine
driver (0.22 m/s'; no decrease) and caterpillar drivers (0.30 m/s'; significant
decrease only after a whole work day). For the Bob-cat drivers (t|12 m/s')
a significant muscular fatigue was detected already alter 2 hours of expo-
sure (see also chapter 1.2). Wilder et aI. (1982) observed increased fatigue
of both the erector spinae and the oblique musculature of laboratory sub-
jects during exposure to WBV for 30 minutes. The fact that auditory evo-

' Lr the third cornmittee fuaft weighting Wk will be proposed. Since this weighting is
similar to Wi in the frequerrcy range most relevant for health effects, this weighting is
also acceptable with regard to health protection.
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ked potentials are reduced during exposure to vibration might also be in-
terpreted as an increase in fatigue (Kjellberg and Wikstr6m 1985a). Physio-
togical effects on circulatory and respiratory functions (ECG, heart 

'rate,

blood pressure, oxygen upbake, regulation or ventilation, frequency of
breathing and volume of ventilation) have revealed either an 

-incr&sed
activity at the beginning of exposure followed by a regression towards
Iqtiry values or a constant level dose to or slightly above the resting level
(Kjellberg and Wikstrom 1985a). The dinical relevance of these effects is
limited.

Conclusion: For long-term health effects, sudr as spinal damage, a cumula-
tive effect during a working life may be assumed-. Therefors a concept to
prevent health effects during long-term exposurle is needed and will be
discussed later on (limits). For more acute effects, such as musde fatigue,
an effect of daily exposure duration is plaugible. The scarce data available
suggest that low level vibration (0.2-0.3 h/s'1 quring 6 hours exposure has
an effect comparable to =2 hours of 1.0-1.1 m/s').

Eualuation of shoe!,s and impacts

The ISO-standard applies to vibrations with crest factors up to 6, although
several authors have argued that only vibrations with cresi factors of 3 br
less can be adequately dealt with (e.g. Francken et aL. 1987, Ramaekers
1986). This restriction was introduced to guarantee the validity of the
measurements. In principle the standard does not prcs€nt a method to eva-
luate shocks with respect to health. In the recent-draft-proposal an evalu-
ation based on the root mean quad (rmq) value is introduced for vibrations
with a crest factor greater than 5; most likely based on experiments report-
ed by Griffin and Whitman (1980a, 1980b)'.

Both the magnitude (peak value and rise-time) and the number of shocks
are relevant for health effects. Sandover (1981, 1985, 1988) has hypothesized
that tissue fatigue failure may occur during WBV (see also chhpter 1.2).
This failure is an exponential function of the load and proportional to the
number of cydes applied. This means that an increase in load (shock) has
a much larger effect than an increase of the duration of exposure (number
of shocks). This suggests that the current method of vibration evaluation,
based on weighted root mean sqwre (rms) acceleration, underestimates tjrc
risk of health impairment if the vibration contains significant peaks. Sando-
ver suggests a procedure to establish a dose which is proportional to the
number of peaks of the weighted signal and an exponential- function of the
level of acceleration. The exponent may be estimaied from in vitro data of
strength of vertebral tissue under rydic loading. Sandover (1988) suggests
an exponent of 5 or more. He also suggests not to take roots to obtain an

t ln the next draft proposal will include the following new compromise for the assessment
of strock: Two methods are indicated for vibrations containing repeated peaks and transi-
ents 1) the rmq value should only be applied if the crest fictois o<cedls 12 and if the
ratio between the fourth power calorlation and the second power calorlation is greater
than 2 and 2) as an altemative method a running rms analysis with an integration time
of one second may be applied.
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Euivalent accelerations but to obLain a dose value without taking roots.
The proposed rmq value is also a method to give extra weight [o peak
values.
Dupuis suggested already in 1963 that some method of counting peak ac-
celerations was needed. Dupuis et al. (1985) employed simple empirical
ttslriqrur based on peak counting of the weighted'acceleration sigiral to
differentiate between vehides (and seats) with similar rms values and yet
quite different subjective ride characteristics. They computed the m&n,
standard _deviation, and maximum of the peak acceleration of a periods of
10 seconds.
Several authors (Ramaekers 1986, Francken et al. 1987) advocate that the
impulse-response method is very suitable to compare the effects of different
shocks and that this is the only correct method available to analyze shocks.
This analysis can be used also for stationary signals without ihocks and
can be compared to the limits of 150-2631. Ramaekers (1986) observed that
in practice the impulse-response analysis allowed shorter exposure times
compared to analysis with rms (rating method). A disadvantage of the im-
pulse-response analysis is that no time-dependence can be issumed and
that only a single shock and not the cumulative effect of shocks or the
number of shocks per time period can be assessed.
wikstrom et al. (7987, 1989) studied the relation between shocks evaluated
with different technical assessment methods such as impulse extended dose,
thggk response spectrum, vibration dose value, root mean square values
and simple peak values and rated discomfort of the regular diivers under
field conditions. The rms and rmq or dose values yielded higher correla-
tions with the discomfort ratings than the peak valui:, impulse-and respon-
se analyses. Although the differences in correlation were small the authors
conduded that rms and rmq and their corresponding dose values best
reflect the experience during the shock. They did not observe a better cor-
respondence between discomfort and rrnq values. The authors indicated
that extrapolation from discomfort studies to methods for the evaluation of
health effects is tempting but should be done with great caution. The au-
thors also suggest tlrat a distribution of shocks, measured over a certain
period of time, could be compared to guideline values for the maximal
number of shocks that may occur up to a certain level. Dqpuis (1985) sho-
wed that in the laboratory stationary vibration of 1,.7 m/sr rms was rated
less uncomfortable compared to vibrition of '!.7 m/s2 rms with impacts.

Conclu-sions: The present standard and recent proposal do not provide a
suitable method to evaluate shock. The appropiiate technical assessment of
shock has been controversial from the very start of the preparation of the
standard and ever since. However, it is very likely that shocks will increase
the health risk. Assessment of shocks is therefore of major significance in
r,espgct to health prevention. The proposed rmq value complicates the slan-
dard considerably and little benefit seerns to be gained. A iimple and sLan-
dardized method to register the number of. peaks above a certain level and
+" p*k values over a certain time period may be a simple start to assess
the impact draracter of vibration exposure foi lack of anything better. It
should be considered to introduce a lower health-based iimit ln case of
vibrations with significant shock. Although there seems to be a need for
sudr a reduction factor no daLa exist to assess its magnitude.
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Eaalwtion of multi-axis aihration and multi-frequency aibration

There is @nsensus that the weighing method for evaluation of multi-fre-
quency vibration is preferred over the rating method. Since the inter and
intra-variability in response to vibration of different frequencies is large and
evidence shows that a rather broad band of frequencies is relevant for
health effects it is justified to assess the effect of all vibrations and not only
that in the most severe frequency band. It is not very plausible that the
response in each frequency band is independent of the resPonse to vibra-
tions of other frequencies.

Researdr shows that exposure to vibration resul[s in complex motions of
the spine. In response to pure vertical excitation also shear and bending at
different spinal levels occurs. It seems very plausible that movement in x
and y directions will increase these spinal motions. Thus the spinal load
increases when vibrations occur in more than one direction. Therefore, the
evaluation with respect to health should combine vibrations in all directi-
ons. Hansson and Wikstr0m (1981) compared vibration measurements ana-
lyzed in 13 different ways of several off-road forestry machines with the
subjective evaluation of discomfort of the drivers in a variety of driving
situations. They conduded that the weighted sum of vector method yielded
the best correlation with subjective ratings in these occupational conditions
(as opposed to separate evaluation of eadr direction and each one-third-
octave frequency band).

Conclusion: The preference for the frequency weighting over the rating me-
thod as indicated in recent proposal is supported. In contrast to the culTent
proposal, guidance for evaluation of vibration should be based on the vec-
[orsum for vibrations in all three directions, and only additionally methods
for evaluation in one direction should be indicated.

Limits for hunun rsponse to WBV

Seidel and Heide (1986) conduded from an extensive epidemiological sur-
vey that WBV near the EL of. 263'I is not completely safe. Occupational
gr6ups exposed in a sitting position to WBV nezu or beyond the EL mani-
fested an increased health risk of the musculoskeletal system. The authors
state that their survey provided arguments in favor of a lower limit. No
quantitative exposuretffect relationships could be derived and thus no ad-
verse effect level or differences of exposure-effect for identical doses with
different crest factors either. According to Seidel and Heide the EL for 4 to
8h should in no case be exceeded at work places. Dupuis (1989) indicates
also that 'Belastungen unterhalb der Richtwertkurve (EL) nicht unbedingt
risikolos sein mussen'. In view of these remarks it is surprising that the
recent draft proposal allows even higher levels during 4 to 8 hours since
the proposed upper boundary of the HCZ is dearly higher than the current
EL (figure 4). The draft states that above the zone disorders are probable,
that within the zone disorders can occur and below the zone there is insuf-
ficient evidence to indicate any disorders. As the vector summation of vi-
brations in all three directions is no longer allowed in the draft, the vibra-
tions in many vehicles may not even exceed the lower limit of the pro-
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posed HCZ, whereas the vectorsum would exceed the limit of the present
standard (with the weighting method). In the proposed limit it is stated
that the 4 to 8 hour range of the zone has been influenced by available
epidemiological evidence, which is in sharp contrast to the quoted refer-
ences above. In addition, the added remark in the current proposal that a
representative period of the work of the driver should be evaluated, often
considerably decreases the average acceleraiion values measured. It should
be realized that many of the measurements reported in the literature are
obtained during test track rides or otherwise pure driving time (no repre-
sentative working period) and are therefore relatively high. For an update
of the epidemiological literature and a quantitative relation between the
available data on health effects and exposure levels one is referred to chap-
ter 5. The studies presented in this thesis clearly show an increased risk of
back pain and back disorders at exposure levels at but mostly below the
current EL. A no effect level could not be indicatedt.

o25 05 I 2 r 6A
Erposur. limo lhours)

- %A a.arh eu,d.nco c'utio. !o.s

Erpo!u!. Lrmrl ISO 2631 11978)

Figure 4: Health guidance caution zone as proposed
in ISO/DP-2631 (1989)

The OEL should not only prevent somatic health effects but also annoyance
at work. In the present studies more than 50% of all drivers report to ex-
perience annoyance due to vibrations and an even larger percentage annoy-
ance because of shocks. The exposure levels were on average below the 8
hour EL, adding support to the slatement that the present 8 hours expo-
sure limit is not a suitable health-based EL.

' In the next proposal the HCZ width will be reduced from 6 dB to 3 dB by lowering the
upper boundary. The proposed weighting Wk gives less weight to vibrations between 1
arrd 4 Hz, whidr occur frequently in most vehicles. This means that vibrations of many
vetrides evaluated according to the cu.rent ISO standard (ISO 1985) would exceed the 8
h erposure limit, whereas they would not exceed the 8 h lower boundary of the HCZ
due to the proposed difference in weighting procedure. It has been proposed to lower
the lower boundary in order to compensate for this effect.
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The fatigue life of tissue is determined by magnitude of acceleration, num-
ber of loads applied, strength of the vertebral structures and mechanisms of
biological repair. The current EL allows high rms accelerations (and even
larger peak values) for short durations. It has been argued that these high
accelerations (together with shocks) present a disproportionate risk com-
pared to exposure duration. Therefore to evaluate the risk of level and dur-
ation of occupational exposure a dose value incorporating aat instead of a2t
rnay be more appropriate. Since epidemiological data indicate that a con-
siderable health risk exists at the current EL at 8 hours exposure duration,
this level should not be exceeded. When the present EL for 8 hours is
taken as starting point and an exponential relation is assumed, high accel-
eration levels during short durations are not allowed. For some dremical
exposures a time weighted exposure limit for 8 hours and a short time
exposurre limit (STEL) for 15 minutes exposure is established. To reduce the
risk due to very high exposure levels a STEL for 15 minutes of exposure to
vibration may be appropriate, whereas some reduction of the allowed expo-
sure limit in case of large or frequent shocks should be considered.

Conclusion: The evaluation of exposure to vibration during work should be
based on the vectorsum of the vibrations in each direction. As yet it is not
possible to establish the level of exposure that prevents healttr effects du-
ring 8 hours per day during a working-life. Data do suggest that the cur-
rent EL does not present such a level. Therefore the 8 hour exposure limit
should be lowered and an increase as recently proposed is nof acceptable.
In addition, extreme exposures of short duration are not acceptable in occu-
pational standard setting and it may be appropriate to establish a short
term exposure limit. The health risk of vibration exposure most likely in-
creases with increasing frequency and intensity of shock. Hence a lower
limit in case of vibrations with a high shock character is proposed.
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Chapter 2: Preliminary studies
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2.1 Study design

2.2 Permanent work disability due to back disorders in drivers in
public senvice

2.3 An explorative ealq-referen-t study of disability due to back
disorders ilr relation to driving
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2.1 Study design

At the start of the vibration-prorect data on disability pensioning of drivers
were collected from two of the three disability pensioning schemes that exist
in the Netherlands. The first and largest sdreme (WAO; Work Disability
Insurance) covers all employees from the private sector. Its administrative
authority is the GMD (Communal Medical Service). The second scheme covers
all workers employed by the local or national governments and its adminis-
tration is carried out by the ABP (National Civil Pension Fund). The third,
relatively new scheme (AAW; General Work Disability Insurance) is mainly
relevant for the self-employed and unemployed and not used in this study.

Both the GMD and the ABP did not register any useful data on the insured
population. Using data from the registers of the pension schemes therefore has
the disadvantage of giving only proportional rates. Figure 1 depicts the
selection mechanisms by which someone from the insured population is
selected for a disability pension and after that for participation in our studies.
The odds ratio observed in our studies is shown at the bottom of figure 1.
This odds ratio can be interpreted in two ways:

1. as pbt.pd/p.r.p6s [imes ir/i., times the incidence rate ratio of a back
disorder for a driver relative to a non-fuiver.
This means that the odds ratio observed in the study is equal to the
incidence rate ratio of a back disorder in drivers under the assumptions
that a) the ratio:

probability tgetting a disabiliry pension when having illness X.l for a driver
probability (getting a disabilify pension when having illness X) for a non-driver

is the same for all illnesses (back disorders and referent disorders), i.e.
pur/puo = prt/pro, and that b) all referent disorders occur independently
of WBV-exposure and driving (i,o = i.r),

2. as p,e.i,e/p.r.ir, times the incidence rate ratio of a disability pension due
to a back disorder for a driver relative to a referent worker. This means
that ttre odds ratio observed in the study is equal to the incidence rate
ratio of a disability pension due to a back disorder in drivers, under the
assumption that drivers and non-drivers have the same incidence of
disability pensioning for the referent disorders (p,o.io = p.r.\r).

The assumptions made in the first interpretation are considered more credible
than the assumption in the second interpretation. Therefore, the odds ratio
observed will reflect the rate ratio of getting a back disorder more than that
it \^dll reflect the rate ratio of getting a disability pension due to a back
disorder. Nevertheless, also for the first interpretation the assumptions to be
made are rather strong, so the studies have to be interpreted with caution.
Another reason for caution is that when an illness is known to be related to
a certain job, this diagnosis may be allocated more often to workers with this
job than to workers with other jobs. At the time of these studies however, the
relation between exposure to WBV and back pain was not widely recognized.
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2.2 Permanent work disability due to back disorders in dri-
vers in public service

Paulien M. Bongers, Hendriek C. Boshuizen, Carel T.|. Hulshof

Summary

In this study an explorative analysis was made of the distribution
of diagnoses underlying the permanent work disability of male
drivers in public service compared to that of other disabled state
employees. The data show that the proportion of disability due to
back disorders in disabled drivers is of equal magnitude compared
to that in disabled workers with physical strenuous work such as
craftsmen, road laying and excavation workers and public garden
and sanitation workers and much larger than in all other state em-
ployees. A more detailed analysis, which permitted a more careful
selection of the study population and allowance for age, showed a
larger proportion of disability due to back disorders in drivers com-
pared to that in a reference group of caretakers, porters, messengers
and warehousemen also. The drivers disabled due to back disorders
$/ere on average significantly younger than other disabled workers
in public service. Although the study deals with proportional data
it is argued that the observed results most likely reflect a true
excess risk of disability due to back disorders in drivers compared
to the reference workers and a similar risk compared to workers
with more sLrenuous physical working conditions.

Introduction

In cooperation with the Dutch State Employee Pension Scheme we have con-
ducted an explorative study on occupational exposure to whole-body vibration
(WBV) and permanent disability according to registered diagnoses. This study
is part of a national research progtamme on health effects of exposure to
vibration and shocks. A review of the literature showed that long-term ex-
posure to WBV and shocks is related to back pain and back disorders (Huls-
hof and Veldhuyzen van Zanten 1987). Particularly more pain or stiffness in
the back, early degeneration of the vertebral column and hemiated discs were
reported in vibration exposed workers. Some studies in the United States
reported high prevalences of back complaints in bus and truck drivers com-
pared to a reference population (Gruber and Zipermarn 1,974, Gruber 1.977,
Kelsey and Hardy 1975). These data were an incentive for an explorative in-
vestigation of the distribution of the medical diagnoses registered by the pen-
sion scheme for disabled drivers and the registered diagnoses for other (male)
state employees declared incapacitated for their job. The hypothesis of this
study is that among drivers particularly disability payments due to back dis-
orders were awarded. Since 7967 in the Netherlands a disability pension is
awarded to each worker not able to carry out his or her job for hlaicat rea-
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sons during a year or more, irrespective of the diagnosis and whether the
disease is causally related to the working conditions.

Material and methods

This study consists of two parts. First the automated data of the registered
diagnoses underlying permanent work disability of drivers are compared to
those of several other !rbs. For this analysis the data of all male disabled
workers newly registered in 1982 were used (n=8336). Second, additional in-
formation was extracted from the medical files of a random sample of 200
disabled drivers and a reference group of 200 disabled state employees who
had been employed as messenger, caretaker, porter or warehouse men. These
additional data allowed a more detailed analysis of the disability pensions of
these two groups.

In part one the diagnoses underlying the disability pensions of workers of the
following dusters of job titles were compared: (1) public garden and sanita-
tion workers; (2) road laying and excavation workers; (3) trade and craftsmen
(e.g. mechanics, fitters, carpenters, painters, plumbers); (4) drivers and conduc-
tors; (5) messengers, caretakers, porters and warehousemen and (6) the remai-
ning occupations (induding teachers, nurses, physicians, musicians, ad-
ministrators, policemen, firemen, domestic staff, security stalf and welfare
workers). In the first three dusters we expect a relatively high proportion of
disability due to back disorders because of frequent heary lifting and back
straining postures in these jobs. The work in duster 4 involves prolonged
sitting in often poor postures and exposure to vibration and shocks. In duster
5 the work is less strenuous and exposure to vibration is not likely to occur.
The occupations in group 6 are rather diverse. Cluster 4 comprises conductors
and drivers of trams, busses, metro, trucks, dustcarts, tractors and ambulances.
The majority of the drivers has been bus driver and only a small percentage
has been conductor. No information on the actual workload and work en-
vironment in the various jobs was available.

Results

Part 1; Diagnoses underlying dixbilitg in 6 clusters of job-titles

Table 1 shows that the proportion of disability pensions due to back dis-
orders of professional drivers (duster 4) is about similar compared to that in
the sanitation workers (1) the road laying and excavation workers (2) and the
trade and craftsmen (3). This proportion is significantly larger than in duster
5 and 5.

In studies on the relationship between health and occupation that use propor-
tional mortality data, the ratio of the total death or the number of death in
one of the diagnosis categories not related to occupation is often used as an
estimate of the ratio of the populations at risk. Since only data for a specific
selection of the diagnoses were collected, data on e.g. cancer diagnoses ttnt
would meet these criteria were not available. Kompier (1989) presented a
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crude relative risk of 1.1 for disability due to ischemic heart disease in city-
bus drivers in comparison to that in all state employees between 1978 ta 1985
based on data of the same pension scheme. Therefore it seems justified to
assurne only a weak association between occupation and disability due to
ischemic heart disease, and use the numbers in this diagnosis category as an
estimate for the population at risk. This procedure to estimate the ielative
risk for back disorders amounts to the calculation of crude odds ratios (OR)
with disability pensions due to isdremic heart disease as reference series. This
crude OR for disability due to back disorders in drivers compared to that in
duster 5 is 2.4 with a 90% confidence interval (ci) of 1.6 to 3.6. When all
other diagnoses are used as a reference series the OR is 1,.9 (90% ci 1.4 to
2.6). In reference to clusber 6 these ORs are even larger: 3.1 (90% ci 2.3 to 4.3)
and 3.2 (90% ci 2.5 to 3.9) respectively. The crude ORs for clusters 7,2 au,;rd

3 in comparison to cluster 5 or 6 are about equal to those in duster 4 and all
are significantly larger than one, when computed with either the ischemic
heart disease or all other diseases as a reference series.

Table 1. Proportional distribution of medicat diagnoses for all registered disability pensions
in 6 dusters of job-titles (1) public garden and sanitation workers; (Z) r6ait lalng
and excavation workers; (3) trade and craftsrnen; (4) drivers and conductors] (5J
messengers, caretakers, porters and warehousernen and (6) the remaining ocorpa-
tions

ICD-9
code
(1e81)

medical diagnosis ocanpational category

723
(n=236) (n=186) (n=807)

456
(n=372) (n=456) (n=62801

40L-4JJ,5
47M74
M3
53G.537

72A-724,737
71,G719,725
7W7%,7fi,
739

hypertensive disease 1.7 3.8
isdremic heart disease 13.1 8.5
peripheral vascular disease 5.1 1.6
diseases of oesophagu.s, 1.2 2,1
stomml and duodenum
back- and neck disorders 28.8* 26.5'
arthropathy and other 5.9 72.4
muscrrloskeletal diseases

remaining diagnoses, 43.5 M.3
induding mental disorders

1.4 1.9 1.3
10.9 11.3 76.2
1.1 1.1 1.3
1.1 0.8 0.2

?3.9* 25.8* 15.4*
8.8 6.7 4.6

2.0
13.5
1.1
0

9.8
4.7

68.060.551.9

total 100

I p ( 0.05, Chi-sqtrare test, in reference to cluster 5

100 100

Figue 1 illustrates the distribution of the.main diagnoses and the sub-diag-
noses for back and neck disorders. This figure shows that neck disorders are
only a small part of this diagnosis ctegory. The crude ORs for disability due
to intervertebral disc disease in drivers compared to duster 5 with ischemic
heart disease as a reference series is significantly larger than 1 (OR=2.8, 90%
ci 1.64.6), this is also true when all other diseases are taken as a reference
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Figure 1. Proportional distribution of diagnoses for disability pensions due to back and ned<-
disorders in 6 clusters of jobtitles

series (OR=2.2,90% ci 1.43.4). These ORs are slightly larger than those calcu-
lated for all back disorders. The crude ORs for disability due to these disor-
ders in duster 1 and 3 in comparison to cluster 5 are very similar to that in
drivers. Only the crude OR for intervertebral disc disorders in duster 2, the
road laying and excavation workers, is slightly larger (OR=3.7, 90% ci 1.8-5.3)
than that in duster 4. Table 2 shows that the drivers incapacitated for the job
because of back and neck disorders were on average younger (51 years) than
the disabled workers because of these disorders in most other occupations,
except the road laying and excavation workers. However, all drivers in-
capacitated for their job are on average somewhat yotrnger than those incapa-
citated for other jobs. Due to this difference in age the calculated crude ORs
might be an overestimate of the OR adjusted for age.
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Table 2. A-'vgage agq fo1 all registered disability pensions due to several disease categories in
6 clusters of icb-.titles (1) public garden and sanitation workers; (2) road laying and
excavation workers; (3) hade and craftsmen; (4) drivers and conductors; (5) messengers,
caretakers, porters and waretrousemen and (5) the remaining occupations

ICDl
code

medical diagnosis ocorpational category

123
(n=236) [n=186) [n=807)

456
(n=372) (n=456) (n=6280)

401-405
41.0-41.4
M3
720-724
710-719,725,
7*7U,7%,
7*,739

hypertensive diseases
ischemic hart disease
peripheral vascular diseases
back- and neck disorders
arthropathy and other
muruloskeletal
diseases
remaining diagnoses,
including mental disorders

57il5658
57 56 58 58
59 53 58 58
il515555
545255s4
5550%55

52 55
57 57
58 !fi
53 51

fi52
53il

55

Part 2; diagnosa underlying disabilitg in diaers snd a refererce group

In this analysis additional daba on a sample of about 200 drivers and 200 refer-
ence workers have been collected. In fact it concerned 198 disabled workers from
duster 4 artd 213 from duster 5. The medical files contained information on the
duration of the last job, the job before that and the type of vehicle driven or the
type of work done. When the data in the medical fiies were consulted it turned
out that quite a few were assigned erroneously to cluster 4 or 5. These workers
who in fact had another jobtitle were exdud'ed from the analysis (14 'drivers'
and 28 reference workers). The reference workers who had been driver before
entering their last job (n=28) were also exduded from the analysis. In addition,
drivers (n=3) and reference workers (n=4) who were assigned to their last job
for medical neasons were exduded. After this selection the data of 181 disabied
professional drivers and 153 disabled reference workers were compared. The ref-
erence $oup consisted of caretakers (50%), messengers (10%), warehousemen
(26%l.andporters (14%). Sirye half of this group were carebakers (mostly of pub-
lic schools), this group will be called caretakers. the disabled drivers irad 6een
drivers of busses (49%), metro or trams (12%), dustcarts (19%), trucks [12%), arn-
bulances (6%) and tractors (1%).

Table 3 lhoys a significantly larger proportion of disability pensions due to
back and neck disorders in drivers compared to caretakers. fni average age of
the disabled drivers (a9 years) again is cbnsiderably lower than that of the care-
takers (56 years). After adjustment for age (Mantel-Haenszel) the difference re-
mains significant. The proportion of disability pensions awarded due to ischemic
heart disease is considerably higher for the caretakers than for the drivers; how-
ever, after adjustment for age this difference was not significant. The crude oR
for the drivers compared to the caretakers for back disorders in reference to is-
chemic heart disease is 3.8 (90% ci 2.0-7.0), in reference to all diagnoses except
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back disorders this OR is 2.4 (90% ci 7.6-3.7). After adjustment for age (5 year
categories) these ORs are 2.1 (90% ci 1.14.8) and 2.5 (90% ci 1.&3.6) respectively.
Since no disability due to isctremic heart disease occurs below 40 years of age
the adjusted OR in reference to this disease applies to the disabled workers of
40 years and older. Comparison of the crude and age adjusted ORs for back dis-
orders, with ischemic heart disease as a reference series, shows that the crude
OR is a considerable overestimate of the adjusted OR. Nevertheless, also the age
adjusted OR is significantly larger than 6ne. The incapacitated drivers wde
younger (average age of 49 versus 56 of the reference workers) and in almost
all age groups the proportion disabled due to back disorders was higher among
drivers than among caretakers. The disabled bus and tram drivers were on aver-
age the youngest. This is most likely at least partly due to more frequent and
strict medical examination of drivers of public transport for safety reasons.

Table 3. Proportional distribution of diagnoses for the registered disability per,sions of disabled
drivers and disabled caretakers.

ICDl
code

medical diagnosis fuivers caretakers

290-319
401-405
470-4L4
M3
531-5341

720-724,7971
7t0-719,
725,7W7%,
738,739

total

mental disorders
hypertensive disease
ischemic heart disease
peripheral varular disease
diseases of oesophagus,
stomadr and duodenum
back- and neck disorders
arthropathy and other
other muruloskeletal
diseases
remaining diagnoses

20.3
7.2

n

40
3

27
4
1

31
11

%

23.8
7.7
8.8

n

43
3

16
0
3

69
11

35 19.9

181 1m.0

%

26.1
2.0

77.6
2.6
0.7

36 23.5

153 100.0

1.7

38.1'
5.7

' L, both groups either the first or the second diagnosis belorgs to this category
* p < 0.01, Chi-square Mantel Haenszel

Discussion

Because no actual inlormation was available on the population at risk (the num-
ber of workers insured by the pension scheme in each duster of job-titles), no
condusions can be drawn on the ratio's (or differences) of the true risks of be-
coming disabled due to back disorders in these jobs. For eadr occupational dus-
ter the proportion of disability pensions due to a specified disease depends on
the number of disability pensions registered in other categories of diagnoses.
Because several other diseases are also related to occupation, a,comparison of
these proportional data becomes even more difficult. In this study little informa-
tion was available on total occupational history and validity of the diagnoses. In
the first part of the study only the average age of all dlsabled workers in eadr
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occupational ryoup was knov/n. Therefore, only in the second part of the study
the age specific proportional distribution of diagnoses could be calculated.

Verbeek and Geurts (1987) presented data on the risk of disability due to several
categories of diagnoses in all municipal officials of the city of Amsterdam. They
reported an age adjusted relative risk (RR) of 1.8 (90% a 1,.7-1,.9) for overall dij-
ability in the public transport company (drivers and other staff) compared to
all other municipal officers between 1978 and 1984. This RR was largei than in
any other branch of the public service; only in the cleansing service and sanita-
tion workers a significantly increased RR of similar magnitude was observed.
This excess risk for disability in the public transport company was reflected in
{l major categories of diagnoses wirh a RR of 1.9 (90% ci t.i-z.t) for disability
due to mental disorders, 7.6 (90% ci 1.&2.0) for ischemic heart disease, 7.7 (90*o
ci 1.F1.9) for musculoskeletal disorders arrd 2.2 (90% ci 1.6-2.5) for neurological
disorders compared to disability in all municipal officers. Only the sanitation
workgrs showed a significant RR of almost equal size for disabiiity due to mus-
culoskeletal disorders. The dassification of the diagnoses in the study of Verbeek
and Geurts was slightly different from that in the present study. The diagnoses
herniated disc, lumbago and scjatica were dassified under the neurologial dis-
orders and not under the musculoskeletal diseases. No RR for disability due to
back disorders was presented. Kompier (1989) reported an estimated ciuae Rn
of.2.2 (90% a 2.0-2.4) for disability of city bus drivers in the 9 largest cities of
the Netherlands in comparison to the disability among all state employees be-
tween 1978 and 1985. He reported an estimated crude non significani RR in
these city bus drivers of about 1 for disability due to ischemic heart disease, can-
ce1 and lung disease. In all other categories of diagnoses the crude RR was sig-
nificantly larger than 1; with a crude RR of 3.9 (90% ci 3.44.5) for disability due
to all musculoskeletal disorders in ciby bus drivers compared to all stat6 em-
ployees. No data on disability due to back disorders were presented. From these
data it can be conduded that the crude RR due to ischemic heart disease for
drivers compared to all other sLate employees is about 1 and that the age ad-
justed RR is most likely even larger than one. In addition the overall RR for dis-
abiliry in drivers is about 2. Therefore it seems justified to use the data on dis-
ability due to ischemic heart disease as an estimate of the population at risk. The
odds_ratios prgrynted in part one indicate that drivers in public service run a
significantly higher risk of disability due to back disorders-, compared to care-
takers, porters, messengers and warehousemen. In addition the risk seems to be
comparable to that in workers with physical strenuous work conditions. Due to
the lower average age of the drivers the crude oR might be an overestimate of
the age adjusted OR. However, the estimate of the population at risk was based
on the assump[ion of an equal crude risk of disability due to ischemic heart dis-
ease in drivers and other s[ate employees, while the data of verbeek and Geurts
(1987) suggest that drivers might have an increased risk of these disorders also.
Therefore the observed crude oRs presented in part 1 may be a good indicator
of the relative risk of disability due to back disorders in drivers compared to
other state employees.

These data are supported by the results of part two in which additional informa-
tion permitted a more careful selection of drivers and reference workers. These
data show that also after allowing for differences in age the odds ratio for dis-
ability due to back disorders was significantly larger than 1. If the true age ad-
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justed RR for disability due to ischemic heart disease is in fact larger than 1, the
risk of disability due to back disorders is underestimated by the presented odds
ratio. The proportion of disability due to back disorders in drivers observed in
part two is higher compared to part 1. This may be due to the difference in se-
lection criteria which increased the contrast and to the fact ftat in the analysis
in part 2 in both groups also the secondary diagnoses were considered.

Condusions

This study shows that among Dutch state employees the proportion of disability
due to back and neck disorders in drivers is as large as in craftsmen, public gar-
den and sanitation workers and road laying and excavation workers and much
larger than in caretakers, porters, messengers and warehousemen. For other di-
seases less remarkable differences have been observed. The average age of the
disabled drivers due to back disorders is low compared to disabled workers be-
cause of back disorders in other occupations.

The quality of the data do not permit any firm condusions on exposure to vibra-
tion in relation to disability due to back disorders. However, the conclusion is
justified that prolonged sitting while driving in often poor postures together
with exposure to vibralion pose a considerable load on *re back comparable to
that of heary manual labor. Driving may be causally related to back trouble
but this excess risk of disability due to back disorders may also reflect the fact
that driving exacerbates symptoms and prevents drivers to carry out their job.
The fact that the work conditions of drivers may prolong or exacerbate symp-
toms can be also regarded a work related health effect.
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2.3 An explorative case-referent study of disability due to
back disorders in relation to driving

Hendriek C. Boshuizen, Paulien M. Bongers, Carel T.f. Hulshof

Summary

An explorative case referent study of disability pensioning due to
back disorders in drivers was carried out. The reference series
comprised workers applying for a disability pension because of
another disorder.
Workers whose last job was driver have an increased risk of inter-
vertebral disc disorders other than hemiated disc (odds ratio 2.9).
The risk of all intervertebral disc disorders combined tends to be
increased in young drivers (age < 35 yr) only.
Total life.time exposure to whole-body vibration (WBV) increased
the risk of a bacli disorder (odds rati5 per 10 year m'/sn 7.5; 90%
confidence interval [1.1-2.0]), but not that of a herniated inter-
vertebral disc. However, WBV-exposure before the age of twenty
increased the risk of a back disorder and particularly the risk of a
herniated intervertebral disc and idiopathic back pain more than
WBV-exposure at later age.

Introduction

Oortman-Gerlings et al. (1987) estimated that in the Netherlands about 300.000
workers are daily exposed to whole-body vibration (WBV) exceeding the expo-
sure limits of the international standard 150-2631. Drivers of trucks or vans
form a substantial part of this population at risk. DaLa on the long-term health
effects of WBV+xposure are scarce and not very conclusive (Hulshof and Veld-
huijzen-van Zar:feen, 1987). Existing data suggest that drivers may get more
back disorders.

An exploratory case-referent study of back disorders in drivers was carried
out, using data of disability pensioning of workers in the transportation indus-
try. In this study the following hypotheses were tested:
1. WBV+xposure of drivers increases the incidence of disability due to back

disorders.
2. WBVcxposure of drivers particularly increases the incidence of disability

due to intervertebral disc disorders (ICD<ode 722.1'-722.3,722.5-722.9), but
not so much that due to unspecified back pain (ICD<ode 724.0'724.9).
This hypothesis is suggested by our study of disability in cranedrivers
(Bongers et al. 1988) and of long-term sick leave of tractor drivers
(Boshuizen et al. 1990) and by the study of Kelsey (1975). Kelsey (1975)

studied patients who visited a radiologist for lumbar pain. She observed
more professional drivers among the patients who showed signs of a herni-
ated lumbar disc.

95



3. \ArBVrxposure of drivers mainly increases disability due to back disorders
at young age. This hypothesis was suggested by our study of disability of
tractordrivers (Boshuizen et al. 1990).

Subjects and Methods

The study uses data on disability pensioning of workers insured in the tran-
sportation in4*t"y, registered with the central board of the disability pension
scheme (GMD). Next to working as a driver, most workers in thid industry
do office work, load and unload trucks or work as mechanics.

An application for a disability pension is made afber one year of sick leave,
when sick pay is discontinued. Diagnoses of the disease underlying the disabi-
lity are supplied on the application form by the insurance physician, who usu-
ally contacts the treating physician(s) for information. Coding of the diagnosis
according to the ICD is carried out by staff members of the GMD. Diagnoses
registered thus are not generated by uniform diagnostic criteria. with older
workers the decrease of general fitness and capacity for adaptation resulting
from aging often plays an important part in disability pensioning, and is often
hidden behind the official medical reason. Therefore,-the studt is limited to
workers yotrnger than 50 years.

Of .a]l?38 males aged 20 to 49 from the transportation industry, who applied
in 1980 for a disability pension due to a dorsopathy (ICD codes zzo.0 to-224.9)
and of 238 randomly sampled applicants for a disiUility pension due to other
disorders (between 20 and 49 years of age and of the same gender and indus-
tr)r), the GMD supplied the age, whether the last job held was driver, the dia-
gnosis and in case the last job was driver, a irb history. Unfortunately no job
histories were abstracted for the non-drivers.

The case series of the study (N=222) mmprised all disorders of the spine, ex-
duding cgyrcal {iqgrders. The case series was divided in the following groups:
- spondylosis (lCD 727.2-721..9)
- intervertebral disc disorders, with the subgroups herniated disrc. (lCD 722.1,,

722.2 and 722.8) and other disc disorders (tCD 722.*7221 and 222.9
(mainly consisting of degenerated intervertebral discs) ).- back pain (cause unspecified) (lCD 724.2-724.5).

- other back disorders. This goup comprised inflammatory disorders (ICD
720.0-720.9, n=8), psychogenic pain (ICD 306.0, n=1), Sctreuermanns dise
ase (ICD 732.0, n=2), spondylolisthesis (ICD 7ffi.1, n=5) and unspecified
back disorders (lCD 724.9, n=3).

Because of the small numbers the intervertebral disc disorders other than a
herniated disc were in some analyses combined with spondylosis into the
group "non-hernia degenerative disorders'.

The reference series (N=254) comprised all other (non-back) diagnoses.
As a first exposure contrast, we used whether the last job had been driver
or not. As job histories of non-drivers are lacking, it is possible that some
nondrivers are former drivers, or are driving lift-trucks for loading or
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unloading trucks, which might weaken the contrast. Even more important,
the general process of disability pensioning might be different for drivers and
nondrivers, whictr could bias the results in an unpredictable way.
Therefore we focussed the study on a less biased contrasL that of more or
less WBV-exposure, in casu driving years, during the entire working life. This
analysis was restricled to those whose last iob was driver and of whom a job
history was known (N=325). For those workers a cumulative WBV-dose was
calculated from the job history:

WBV-dose = ) ai2.ti

In this formula a, is the estimated vibration level of job i and t, is the number
of years worked in job i. Based on vibration m@surements carried out in other
studies, we estimated 4 as 1.0 m/s'? for driving of trucks or busses and 0.45
m/s2 for cars or small vans.

Results

Driaets aersus non diuers

Table 1 shows that drivers are not disabled significantly more often due to
a back disorders compared to nondrivers, although the odds ratio is slightly
larger than 1, as predicted by our first hypothesis. When looking at sub-
diagnoses within the back disorders, an increase is seen for the non-hemia
intervertebral disc disorders. Our second hypothesis predicts a higher number
of intervertebral disc disorders, but we had expected them to be herniated
discs also.

Table 1: Number of workers whose last jobs was driver, and age adjusted odds ratio with
90% oonfidence interval, according to diagnosis

clrrrent
driver

no current unknown
driver

age adjusted
odds ratio'

all back disorders
spondylosis
intervertebral disc disorders
- hemiated disc
- other
back pain, cause unspecified
other bac* disorders

non back disorders

7.73 10.77 - 1,$51
0.82 [0.33 - 2.07]
1.35 [0.83 - 2.20]
1.09 [0.65 - 1.85]
2.9 [1.05 - 8.1]
1.0s [0.61 - 1.82]
o.ffi l0.u - 2.t7)

1.00

47
5

2t
18
3

16
5

58

171
r3
9-t
u
27
53
't4

776

4
0
2
2
0
2
0

20

1) Maximum likelihood odds ratio (Rothman & Boice 1979, program 1)

The third hypothesis is that drivers retire earlier due to back disorders than
nondrivers. Table 2 shows for intervertebral disc disorders some trend
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towards a higher relative risk in the youngest age categories. This trend is not
statistically significant. For all back disorders no trend with age is seen.

Table 2: Odds ratic for different age categories of orrrent drivens relative to cnment non-
drivers acr:ording to diagnosis. ln brackets: the number of cases from whidr the
odds ratio is calculated

2G29

all back disorders

intervertebral disc disorders
- hemiated disc

back pain, cause unspecified

7.2 (26) 1.2 (51) 1.1 (49) 0.9 (42) 1.6 (50)

(24)
(1e)

(1e)

2.0 (13) 7.9 (221 1.3 (32) 1.0 (21) 1.4
1.6 (11) t.4 (17) 1.3 (21) 0.5 (1s) 1.2

0.5 (11) 0.6 (1s) 1.s (12) 1.2 (r2l

Contrasting high and low WBV exposure (in current ilrivers only)

The highest odds ratio for a high versus a low received (life-time) WBVdose
is observed for the other back disorders and the lowest odds ratio is observed
for intervertebral disc disorders, especially for herniated disc (table 3).

Table 3: Age-adjusted odds ratio per 10 year m2lst received vibration dose with 90%
confidence interval according to diagnosis. Only drivers (last iob) included in
the analysis

odds ratiol per
10 year m2/s{

all back disorders
spondylosis
intervertebral disc disorders
- hemiated disc
- other
bacl pain, cause unspecified
other back disorders

non back disorders

1) age adjusted odds ratio calculated with logistic regression (Dixon 1988, program BMDPLR)

Within the other back disorders high WBVdoses are noted for the 4 drivers
who were disabled for spondylolisthesis, but this number is too small to be
of more than casuistic significance. Spondylolisthesis was found in excess by
Froom et al. (1984) in helicopter pilots exposed to WBV.
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1.s0 u.12 - 2.00I
t.st 10.72 - 3.Ll
1.36 [0.9s - 1.93]
L.28l0.f$ - 1.921
l.ss [0.87 - 2.8]
1.54 U.01 - 2.41
3.3 U.23 - 8.el

1.00

158
13
82
58
24
51
72
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When adjustment is made for the number of years that one had held a job
involving hear.y lifting (estimated from pb title) all odds ratios in the logistic
regression except that for non-hernia intervertebral disc disorders become
slightly higher. Only for 'other back disorders" the effect of having had a job
with heavy labor is significant. The effect is about equally strong as that of
a job with severe vibration.

The cumulative (life-time) WBVdose used above, may not have been the
most relevant measure of exposure. One muld speculate for instance, that the
damage to the spine caused by WBV might be repaired, making past exposure
irrelevant. Another possibility is that exposure in early life may be particularly
damaging. At present, almost no knowledge exists on this issue. Therefore we
also exploratively studied the timing of the WBV-exposure. To this end, the
age adjusted odds ratio for eadr year before 1979 (when the sick leaves pre-
ceding the disability pension started) was calculated, contrasting those who
had worked as a driver in each year with those who had not worked as a
driver during that same year. In figure 1 these odds ratios are plotted.

E.
LJ

E.
o 8.0

zoz
) u.o
lrJ

Eo
o 4.0
tr
v.

8 ,.o
oo

! herniated disc
A other degenerative disorders
Q back pain, cause unspecified
Q all back disorders
black symbol: significantly

larger than 1

0.0

YEARS
-zv

BTFORE FINAL
0

SICK LEAVE

Figure 1: Age-adjusted odds ratios according to diagnosiq for being a driver
in each year before the sick leave initiating disability pensioning

It should be kept in mind that the odds ratios on both the left and the right
side of this graph are rather instable: on the left side due to the small number
of workers, and on the right side because just before the final sick leave al-
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most no nondrivers are left (since the study-population comprises only
workers that were drivers in 7979). Furthermore exposure in a particular year
is highly correlated with exposure in the previous or in the next year. There-
fore the odds ratios are also correlated.
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Figure 2: Age adjwted odds ratio for being a driver in each calendar
year before the si& leave initiating disability pensioning
aaording to diagnosis. a) drivers < 35; b) drivers > 35
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Surprisingly, driving during the 15 years before disability pensioning doe_s_not

lead to moie aisaUility due to herniated disc, but earlier exposure does. Non-
hernia degenerative disorders of the spine are increased by driving, irrespective
of the timing. For disability due to back pain (cause unspecified) both recent
driving (last 5 years before disability pensioning) and early exposure seem
to be relevant.

To study the role of age as a modifier, figure 2 shows the odds ratios separa-
tely for young [< 35 yr) and older drivers (> 35 yr). Driving in recent years
debease3 ths risk of 

'a 
herniated disc in older drivers, and increases it in

young drivers. This agrees with the trend towards higher odds ratios in
younger drivers, observed in table 2.
Looking at the timing of the exposure in terms of the age on the moment of
exposure (not shown), it is seen that driving before the age of 30 increases
fufure disability due to all three types of back pain, while after this age it only
increases disability due to non-hernia degenerative disorders.
These data suggeit that exposure at young ages may be important. It is often
suggested that exposure in the period that the body is still developing is espe-
cially prone to cause damage. To test this hypothesis, we split the WBVdose
into tlie dose received before and after the age of 20 (when the development
of the body is practically completed).

In this analysis we induded only those drivers whose early job histories see-
med reliab[e enough (N=275). Table 4 shows that for herniated discs and
back pain (cause unspecified) such early exposure seetns to be most impo_rtant.
In,int-erpreting this table it should be kept in mind that a WBV-dose of 5 year
m'lsn ii aUorit the maximum dose that-can be received before the age of 20,

while it is only halve the mean dose received after the age of 20.

Table 4: Age-adjusted odds ratio with 90% confidence interval for received vibration dose
before and after the age of 20 acoording to diagnosis

Nl odds ratio per 5 year m2lsa
before age 20 after age20

all back disorders
spondylosis
intervertebral disc disorders
- hemiated disc
- other
back pain (cause unspecified)
other back disorders

2.6 U.03 - 6.81
0.89 [0.11 - 6.9]
1.17 10.97 - 1,.411

7.24lL.oL - r.521
7.72 10.22 - 5.71
2.80 lr.M - 7.51

r.7410.23 - 9.5)

7.77 10.97 - r.42)
1.45 [0.91 - 2.3]
r.2410.76 - 2.01

0.97 10.5s - 1.721
l.U 10.95 - 2.21

1.14 [0.88 - 1.5]
7.60 10.72 - 3.61

727
13
53
45
18
43
8

1) numbers are lower than in table 3 as workers whose early job histories seemed not reliable
were excluded
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Discussion

The contrast made between last job driver/ last job non driver is subject to
several biases.

Firstly, -when-a worker acquires an illness, the probability of continuing work
or finding other work instead of being pensioned off may differ for -drivers
and non-drivers; and this may depend on the illness involved.
The odds ratio observed only reflects the relative risk for the illness when the
ratio:
probabilitv fgetting a disability pension when having illness X) for a driver
probabiliry (getting a disabiliry pension when having illness X) for a non driver

is the same for the reference diseases and for back disorders. As this is
probably not the case, bias results.
secondly, the odds ratio observed only reflects the relative risk for a driver
on a back disorder when the illnesses used for the reference series occur inde-
pendently of wBV-exposure and driving. As the reference disorders comprise
a multitude of disorders, some of them might be associated with driving or
wBV, while others might be associated with some non-driving occupations.
The direction of the resulting bias therefore c;rn not be predicted, but because
a mixture of disorders is used, the resulting biases might partly cancel out.
Thirdly, no job histories of the current non drivers are known, so some of
them might be former drivers and some of them might be lift-truck drivers.
This would cause Eu1 underestimation of the effect of wBV-exposure. Further-
morg th9 group of non-drivers will include mechanics, who may be exposed
to other back straining factors as heavy lifting and working in stooped potture.

The analysis 9f the driving history of only workers whose last job was driver
suffers from less bias. Firstly, it is not very likely that disability pensioning
depends strongly on pb history (while having the same current 16bJ, although
it is possible that those with a short driving history (who changed their &-
cupation recently) are relatively healthy. Secondly. it is less likely that the
incidence of many of the reference diseases depends on driving hiitory: only
diseases tlrat are a long-term health effect of driving can play this role.
Thirdly, this analysis relies on the job histories extracted-from tlie iecords filed
by insurance physicians. This information may not have been very accurate,
but differential misdassification for different disorders is unlikely. However,
the resulting non-differential misdassification could weaken the obierved relati-
on between driving (or WBV-dose) and a back disorder.

In this study a diagnosis originally registered for another purpose was used.
The validity of the diagnosis can be questioned: Insurance physicians may tend
to supply diagnoses that are easily acceptable for the GMD. In cases were the
real cause of disability pensioning is of psychological or social nature, back
pain present fbut not of a disabling level) might be used as a more easily
acceptable official diagnosis. we tried to avoid this bias as much as possible
by limiting the study to workers younger than 50.
Furthermore in this study different subdiagnoses of bad< disorders have been
studied. The validity of this subdivision can be questioned, because no uniform
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diagnostic criteria have been used. Nevertheless, diagnoses like herniated disc
or spondylolisthesis are likely to result from consultation of medical specialists
during S" y*, of sick leave. In contrast, the diagnoses of 'back pain (with
unspecified cause)" may reflect the failure of a medical specialisf to find a
cause of the pain, or may reflect that no diagnostic effoit was made. The
increase of the odds ratio of back pain (no cause specified) with age could
reflect an increase of using this as substitute diagnosis, used to label disability
more due to loss of productivity and other social or psychological problems
connected with ageing.

Qur firsl hypothesis predicted more back disorders in drivers. Contrasting
drivers (last Fb) with non-drivers, only a very slight, non significant increase
was observed. However, within the drivers the risk of a back disorder increa-
sed with increasing wBV-dose received. Further analysis showed that especial-
ly exposure in early life may have been important.

the ryco$ hypothesis predicted that among the back disorders especially
the risk of intervertebral disc disorders is increased in drivers. These disorders
were increased most in drivers (last job) compared to non drivers and this was
due mostly to non hernia intervertebral disc disorders. In our study on disabi-
lity pensioning of crane drivers, also the non-herniated disc disorders were
increased more than hemiated disc (Bongers et al. 1988). whether the almost
not increased risk of a herniated disc contradicts the findings of Kelsey (1975)
is not dear, as she induded as cases not only confirmed herniated discs but
a,lso cases with only symptoms, which in the present study may have been
dassified elsewhere. Mor@ver, in a second study by Kelsey et al. (1984) no
dear difference in driving habits was observed between patients with a (possi-
ble) herniated disc and patients with other back pain. No special increase of
intervertebral disc disorders is seen in the present study when contrasting
drivers \/ith high and low received WBV-dose.

A possible, but only spectrlative explanation (suggested by the data of table
2) is that the damaging effect of vibration is seen mainly at young age, when
the nudeus pulposus still has a high water content and high hydroshtic pres-
sure. Drivers whose spine is damaged, subsequently stop driving, while drivers
who have passed the critical age without pncUtemi go bn accumulating WBV-
exposure. This would cause the relation between total received vibration dose
and herniated disc to dissolve. However, this does not explain why exposure
a! young age seems to be relevant for disability pensioning some decades later
(figure 2).
Another explanation of the different results from comparing drivers (last job)
versus non-drivers and comparing high and low WBV-dose, would be lhat
intervertebral disc disorders are not so much caused itself by vibration, but
lead more often to disability in vibrating jobs. This explanation would also
explain our finding that the incidence long term sick leave due to interverte-
bral disc disorders was not much increased in crane drivers, while disability
pensioning was (Bongers et al, 1989).

The third hypothesis was that disability of drivers due to back disorders is
increased mainly at young age. The data do not support this hypothesis in
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general, but for herniated intervertebral discs (and for all intervertebral disc
disorders together) a trend towards younger age is observed.

Besides testing the hypotheses formulated, the study also explored the
influence of the timing of the exposure. It was seen that for herniated disc
and back pain of unspecified causation exposure at young age might be impor-
tant, while no special risk period seerns to be present for other degenerative
disc disorders. In the literature no similar observations were found.
KOhl (1975) found that tractor drivers starting driving before the age of 14
had a higher risk of back disorders. As data on expoflre before the age of
1,4 are scarce in the present study, this finding could not be tested. Whether
the inlluence of exposure before the age of 20 seen in this study reflects the
same phenomenon, is questionable. Rosegger and Rosegger (1960) studied x-
ray abnormalities of the spine in relation to tractor driving between the age
of 14 and 20. In tractor drivers who already drove tractors at that age mone
juvenile kyphosis was observed, but less other degeneration of the spine.
Our observations therefore need confirmation by further studies.

In this study being a driver is compared to having an other occupation. Dri-
ving is not only associated with WBV+xposure but also with prolonged sitting
in a fixed and possibly poor posture, physical inactivity, high perceptive wor-
kload etc. The differences observed therefore can not be ascribed completely
to the WBV, but might have been due to those other factors. Nevertheless we
think that WBV is at least one of the more likely causes for the increase of
back disorders in drivers.

Conclusions

Back disorders are increased in drivers with higher received WBV-dose. Expo-
sure at young age s€ems to be important, particularly in increasing the risk
of hemiated intervertebral discs and back pain of unspecified causation. Other
degenerative disorders of the spine do not seem to be influenced by the timing
of WBV-exposure, but the numbers on which this is based are small. However,
the findings of an influence of the timing of exposure needs further investigati-
on.

Whether intervertebral disc disorders are particularly implicated is not clear.
There is an overall increase seen in drivers (last iob) compared to non-drivers,
caused mainly by an increase of non-herniated disc disorders. When G)ntras-
ting high and low received WBV-dose in drivers, the risk of herniated disc
was only increased for young drivers and due to exposure at young ages.

References

Bongers PM, Boshuizen HC, Hulstrof CIJ and Koemeester AP. Back disorders in crane opera
tors elposed to wholebody vibration. Int fuch Environ Health 1988;60:,72*137.

Bongers PM, Boshuizen HC, Hul*rof CIJ, Koemeester AP. tong-term sickness absence due
to backdisorders in crane operators erposed to whole.body vibration. Int Ardr Omrp
Environ Health 1989;51:59{4.

104



Boohuizen HC, Hulshof Cfl, Bongers PM. Iong-term sick leave and disability pensiuring in
tractor drivers, orposed to whole body vibration. lnt Arictr Environ Health 199Q52:117-
722.

Dixon WJ (ed). BMDP statistical software, vol 2. Berkeley: Berkeley press, 1988.
Frocn P, Froom J, Dyk D van et al. Lytic spondylolisttresis in helicopter pilots. Aviat Space

Environ Med 1984;55:55&557.
Hulstrof CTJ, Veldhuiiz€n van Zanten OBA. Whole body vibration and low back pain - a

review of epidemiological studies. Int Ardr Ocup Enviror Health 1987;59:10*220.
WHO. Intemational dassification of diseases, 9th revision. Csteva: World Health Organization,

1975.
Kelsey, IL. An epiderniological study of the relationstrip between ocupations and aorte hemia-

ted lumbar intenrertebral Discs. Int J Epidemiol 1975;4t197-205.
Kelsey ]L, Githens PB, O'Connor T, Weil U et d. Aorte prolapsed lumbar intervertebral disc.

An epidemiologic study with special refenence to driving automobiles and cigarette
srnoking. Spine, 1984;9:60&613.

K0hl U. I*s dangers en@urus par les conducteurs de tracteurs. Ardt Md Ptot 7975;%:1,4*
1&.

Oortrnan Gerlings P, van Drimmelen D, Mussm Y. Exposure to vibratiqr and strock in the
work; populatiqr at risk in the Netherlands (In Dutch with English summary). Voor-
burg: Interdepartementale commissie geluidhinder, L987.

Rosegger R, Rosegger S. Health effects of tractor driving. ) Agrioil Eng Res 196t5:,241-275.
Rothman KL Boice Df. Epiderniologic analysis with a programmable calculator. Washington

DC, Govemment Printing Offie, 1979. NIH publ no 79-1649.

105





Chapter 3: Disability pensioning and sickness absence
due to low-back disorders

Contents:

3.1 Disability pensioning due to back disorders in crane operators
exposed to whole-body vibration
Has been published with the title "Back disorders in crane
operators exposed to whole-body vibration" in International
Archives of Occupational and Environmental Health, volume 60,
pp.729-137, 1988

Long-term sickness absence due to back disorders in crane
operators exposed to whole-body vibration
Has been published in International Archives of Occupational and
Environmenlal Health, volume 61, pp. 59-64, 1989

Long-term sick leave and disability pensioning due to back
disorders of tractor drivers exposed to whole-body vibration
Has been published in International Archives of Occupational and
Environmental Health, volume 62, pp.117-122, 1990

Disability due to back disorders in crane operators in a me[al
construction company; Short communication

3.2

3.3

3.4

t07





3.1 Disability pensioning due to back disorders in crane
operators exposed to whole-body vibration

Paulien M. Bongers, Hendriek C. Boshuizen, Carel T.J. Hulshof,
Agaath P. Koemeester

Summary

In The Netherlands so far little research has been carried out to
investigate the health effects of exposure to whole-body vibration
at work. In a retrospective (10-year) follow-up study, the inci-
dence of permanent work disabilities in cftu-re operators exposed
to vibration was compared to ttrat of a control group. The em-
phasis in this presentation is on disablement because of back
disorders. Among the oane operators with more than 5 years of
exposure to vibration, more disability due to back trouble oc-
curred than in the control group. The incidence density ratio
(IDR) exceeded 2 for disability because of degeneration of the
intervertebral disc, after adjustment for age, nationality, shift
work and calendar year. With increasing years of exposure, the
risk ratio for disability because of intervertebral disc disorders
also increased. The risk ratio for a disability pension due to dis-
ease of the intervertebral disc for crane operators with more than
5 yearq of exposure was almost 3 compared to the control group.
A combination of exposure to whole-body vibration, an unfavoi-
able posture, and dimatic conditions is responsible for the deve-
lopment of these health effects.

Introduction

In The Netherlands, research on health effects regarding occupational expo-
sure to whole-body vibration started in 1984. A recent estimate of the po-
pulation at risk showed that in The Netherlands 300,000 professional dri-
vers are exposed to vibration levels above 0.63 m/s'? (weighted root mean
square (RMS) acceleration a-); another 10,000 industrial workers (such as
crane operators) are exposed to vibration levels above O.32 m/s2 a_ (Oort-
man Gerlings et al. 1987). In the international standard for evaluation of
human exposure to whole-body vibration (lSO 2631/1,/1985), a fatigue-de-
creased proficiency boundary 0.32 m/s2 a- and Ern exposure limit of 0.63
m/s' U are mentioned. However, neither limit is based on valid dala on
the health effects of long-term exposure.

Reuiew of the literature

In the international literature, numerous studies have been reported on the
adverse health effects of whole-body vibration. However, in several review
papers it is conduded that many of these studies show several short-
comings (Heide 1978; Griffin 1982; Helmkamp et al. 19M; Dupuis and Zer-
lett 1984). Recently, two up-to-date and comprehensive literature surveys
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have been published in which the health effects related to whole-body
vibration have been critically discussed (Seidel and Heide 1986; Hulshof
and Veldhuijzen v.ur Zanten 1987). Seidel and Heide conduded that there
is an increased risk for disorders of the spine and peripheral nervous sys-
tem to occur after intense long-term whble-body vibrition. Although the
probability is lower, the digestive system, the peripheral veins, the female
reproductive orga.ns, and the vestibular system may also be affected. As a
rule, the risk to health increases with greater intensity or duration of expo-
sure to whole-body vibration. Hulshof and Veldhuijzen van Zanten also
conduded that there is positive evidence that whole-body vibration is
harmful to the spinal system. The adverse effects most frequently reported
are: low back pain, early degeneration of the lumbar spine, and herniated
lumbar disc. However, they also mentioned that only a few of the studies
reviewed met the quality criteria set by the authors.

Some of the more inlormative studies are discussed with special emphasis
on longitudinal studies. In 1961 Dupuis and Cfuist established a 'pre-expo-
sure" Ievel of physical and radiological abnormalities of the back in 21.1

young tractor drivers (mean age 17 years) in the Federal Republic of Ger-
many (Christ and Dupuis 1968; Dupuis and Christ 1972). After 5 and L0
years of exposure, these examinations were repeated. By means of a ques-
tionnaire, informaLion on workload, sports activities and driving experience
was collected. Of the tractor drivers, 106 were examined in 1951 as well as
in 1977 (only 88 of this group responded in 1966). The investigations sho-
wed a dear inoease in unfavorable radiological changes of the spine (57%
in 1961 and 80% in 197L) for this subgroup. The X-ray examinations in
1971 revealed a prevalence of degenerative diseases of the spine of 25%.
These abnormalities were not detected at previous examinations. An in-
crease in back pain complaints was also observed from 20% in 196L
(n=211) to 57% in 1971. (n=106). The authors postulated that endogenous as
well as exogenous factors (such as vibration exposure) were likely to cause
the observed effects. As no control goup was used, the effects of age
could not be controlled for. The tractor drivers who also participated in the
1971 examinations did have slightly more radiological changes of the spine
in 1961 (57%) than the original starting population (50%). No other infor-
mation on the loss to follow-up was available. In 1966 as well as in 1971,
the authors observed a positive relationship between three increasing cat-
egories of hours of tractor driving per year and radiological changes of the
spine, as well as complaints of low back pain. It should be mentioned,
however, that few observations were presented in the highest exposure
group (16 in 1966 and 4 in 1977). No statistics were presented, but if the
results of the 1971 study are tested with a test for trends in proportions
(Armitage 1971), the observed relationships are dearly nonsignificant.

Gruber and Zipermann (79741 investigated the long-term effects of whole
body vibration on the health of l,MB interstate busdrivers on the basis of
the morbidity information extracted from periodic physical examination
records from 1953 to 7974. Various disorders of the spine and supporting
structures, induding displacement of the intervertebral disc, ankylosis of
the spine (ICD 8th revision, cr:,de 7271, and vertebrogenic pain syndrome
were observed to be significantly more prevalent among experienced dri-

110



drivers between 35 and 54 years old in comparison to a control group of
drivers with less than 5 years of professional driving experience and a
control goup of office workers employed at an insurance company. The
authors conduded that the combined effect of working posture, off-balance
movements of a fatigued driver, and whole-body vibration may very well
be operative in causing these disorders. In a following study, Gruber (1977)
compared the morbidity data available in periodic examination records of
3,205 interstate truck drivers with those of a control group of 1,137 active
air traffic controllers (a sedentary occupation) and the bus drivers men-
tioned in the previous study over a period of 25 years (1952-1976). The
incidence of the vertebrogenic pain syndrome (ICD 8th revision, csde 728)
was significantly higher for the truck drivers compared to both control
groups. Truck fuivers also had a significantly higher incidence of prema-
ture degenerative deformations of the spinal column (ICD 8th revision,
code 735) than the air traffic controllers and bus drivers (who are con-
sidered to be less exposed to vibration than truck drivers).

A study in 1974 by Milby and Spear revealed that heavy equipment oper-
ators exposed to vibration displayed an increase in the number of medical
daims for several major diseases (e.g., ischemic heart disease and cerbain
musculoskeletal diseases, such as displacement of the intervertebral disc);
however, this trend did not increase consistently with the duration of expo-
sure. An initial increase of morbidity was followed by a decrease in
long-term exposure. It was thought that dnnging jobs based on health
might have been responsible for this morbidity pattern. In a later study,
Spear et al. (1977) found evidence that there was more risk that jobs would
be left as a result of exposure to vibration by workers who had filed a
daim for ischemic heart disease and bone and i:int diseases. In addition to
this differential selection process, it was suggested that there might be
some disease conditions, the onset of which is hastened by exposure to
whole-body vibration, whereas the overall incidence differs little between
exposed workers and unexposed control workers. However, it seems as
though the condusions in this study are based on relatively few data on
job dropouts (e.g., for "other bone and joint diseases', only two left due to
permanent work disability and five because of job rotation).

Kelsey and Hardy (1975) conduded from a case-control study of workers
with acute herniated Iumbar intervertebral discs that workers in occupa-
tions requiring prolonged driving of motor vehides such as truck drivers
appear to be at particular high risk of acquiring this disease. In a later
case<ontrol study, these results were confirmed and it was also found that
the greater the number of hours spent in a motor vehicle, the higher the
risk for prolapsed disc (Kelsey et al. 1984).
In the Western literature no studies have been published on spinal dis-
orders in crane operators.
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Hypothais and study design

In accordance with these findings in the literature, the following hypothesis
was formulated: exposure to whole-body vibration causes adverse health
effects, especially back disorders. Because a considerable number of indus-
trial workers may withdraw from the work force because of back trouble, a
longitudinal study design was chosen. In this retrospective cohort study,
the incidence of crane operators, exposed to whole body vibration, receiv-
ing disability pensions due to back trouble is compared to the incidence in
a control group. The crane operators and control goup workers are em-
ployed by a large steel company. In The Netherlands, workers who are
partially (15%-80%) or fully (80%-100%) unable to perform their work be-
cause of health and who cannot perform any other available tasks are a-
warded a disability pension after 1 year of absenteeism as a result of ill-
ness. For each disability pension, a specific diagnosis is registered.

Methods and nnterials

Period of obsmntion The observation starled on 1 January 1975; by then, the
registration of disability pensions and employment records had been auto-
mated. All disability pensions were uniformly and systematically coded by
the same (social insurance) physician. The period of observation ended on
31 December 1984.

Cohort selution. The index group consisted of all male crane operators em-
ployed in several selected departments of the steel company on 1 January
1975 arrd those hired between the beginning of 1975 and the end of. 1979
(n=743).

The control group consisted of all male 'floor workers' employed in the
same departments as operator, maintenance worker or crane help on 1

fanuary 7975, as well as all those hircd for the selected functions between
the beginning of. 1975 and the end of 1979 (n=662).

Thus, workers in the index group already employed on 1 fanuary 1975 had
been exposed to vibration before the observation period started. Potential
"conlrols" who had been exposed to wholebody vibration in their preced-
ing job were not induded in the control goup (information was not avail-
able on vibration exposure in jobs before that). Welders were also excluded
because of the expected increased risk of disability due to disorders of the
locomotor system (Zielhuis and Wanders 1984). The preemployment physi-
cal examinations for the index and control groups were similar. This was
also true for the level of education and job dassification. Since little infor-
mation was available in the literature on the duration of exposure associ-
ated with adverse health effects, no minimal duration of exposure was
used as a selection criterion for the cohort. The duration of exposure will
be treated separately in the data analysis.

Wo* lmd of index and control groups. Table 1 summarizes the relevant differ-
ences in workload between the index group and control group. The crane
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operators work in so<alled bridge cranes with a daily exposure of at least
6 h. They have no other tasks. The cranes vibrate when lifting and lower-
ing heavy loads, as well as during sudden stopping and starting and when
driving along the uneven bridge. From 1970 on, several measurements of
vibration levels have been carried out, after complaints had been received
from the crane drivers. The results varied from 0.20 to 1.00 m/s' RMS
acceleration a*. However, it was not until 1983 that these measurements
were carried out in agreement with the current ISO guidelines (ISO 2631,/1,
1982,1985). These recent measurements with a seat transducer revealed RMS
acceleration levels between 0.25 and 0.67 m/* 4. The vibration levels of
the individual cranes vary with maintenance conditions, work lasks, con-
struction etc. In addition to vibration, there are other workload factors that
Tay be harmful to the musculoskeletal system. In order to keep an eye on
their work and avoid collisions with other cranes, the operafors have to
bend forward and turn backward. This strained sitting postur€, along with
ternperature changes and shift work, are concomitant occupational stress
faclors for the index group, which may be associated with bad< trouble.

Table 1. Stress factors in the workload of index group and crcntrol group

Index group Control group

Vibratiqr

Static work posture

Physical work demands Little

Climate

Psydrological stress

Minimum5hperday

Sitting posture during at least
5 h per day, often bending
forward

Dependant on location,
cold or heat and dangmg
temperatures

Quite high in the steel
industry because of the
high safety risks

33% of the group for
about 20% of the worktime

Sitting and prolonged
standing; for several
workerq bending forward
and standing for about
20% of the time

Walking, pulling, twisting,
and lifting for most
workers

For several workers,
considerable heat stress

Little

The control workers work underneath the bridge cranes. They conduct a
number of different tasks involving lifting, pulling and twisting. About 30%
of the control workers operate a cr;ule foi about 20% of their working time.
Most of the work involves more standing and walking and less sitting
compared to the crane operators. For some control workers, the stress due
to high temperatures may be considerable.
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Diagnosis. The diagnoses underlying permanent work disability are set ac-
cording to the International Classification of Diseases (ICD, 9th revision
1975). Sometimes one or two subsidiary diagnoses are established. Al-
though several company physicians were responsible for the medical treat-
ment, the final diagnosis was coded by the same physician after evaluation
of the social insurance medical records. No other information on the valid-
ity of the diagnosis was available.

End ol follow-up. For all cohort members, the first occrrrence of one of the
following events was a reason to end the observation:
- Date of disability pension awarded
- Rotation to another job because of health-related reasons without a dis-

ability pension being awarded
- Rotation of control workers to a job with vibration exposure
- Leaving the company

- at own request without a medical reason
- at own request because of a medical r@son
- at request of the company without a medical reason
- at request of the company because of a medical reason
- reason unknown
- at request of the company at age 57.5 (reorganization)
- early retirement on own request
- retirement at age 65
- death

- End of observation period 31 December 1984.

Confounding factors. In the analysis, adjustment was made for a combination
of the following potential confounding facbors: age, shift work, nationality,
and calendar year. No individual data (e.g., dimate and posture) were
available; therefore, adjustrnent on an individual basis for these factors was
not possible. Since education and job dassification were similar in the in-
dex and control group, the socioeconomic status is considered to be com-
parable. No data on potential confounders ouiside the work environment
(e.g., smoking habits, sport activities) were collected. As an adjustment was
made for age and as the socioeconomic status was similar, we c:u-l assurne
that these factors did not cause substantial bias.

Analysis. First, the person time of observation (in days) for the index and
control groups was calculated after stratification by age and one of the
other potential confounders. The stratum-specific incidence densities of
disability pensioning (for specific diseases) were computed and compared
for the index and control gxoups (the incidence density ratios, IDR). A
summary incidence density ratio was computed over all strata. Statistical
significance was determined using the Mantel-Haenszel Chi-square test for
follow-up data (Kleinbaum et al. 1982; Rothman and Boice 1979). In the
sarne way, the IDRs of four exposure-time categories compared to the con-
trol group \{ere G)mputed, adiusted for age, and one of the other confoun-
ding factors. The incidence densities for disability pensioning of crane oper-
ators with more than 1, day,5 years', 10 years or 15 years' time on the pb
were compared to those for the control group and tested with the Chi-
square Mantel Haenszel statistic. When there were small numbers, the exact
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test (Boshuizen 1987) was applied. The maximum likelihood estimates of
the IDRs were also calculated. Because they were very similar to the Man-
tel-Haenszel IDRs, these are not presented in this paper.

With the Cox proportional-hazards model a comparison was made between
the incidence of disability pensioning due to back disorders in the index
and contrcl group, simultaneously adjusted for all potential confounders
(Cox and Oakes 1984). Age and calendar time were induded in the model
as time-dependent covariates, with shift work and nationality as fixed cova-
riates. A graphic technique was used to verify the proportional hazard
assumption of the model (Kalbfleisch and Prentice 1980). The survival cur-
ves for disability pensioning during a professional lifetime were based on
the age-specific survival curves during the period of observation (actuarial
life table method).
Analyses were conducted using SPSS, BMDP and a self-adapted computer
program based on a program of Coleman et al. (1986).

Results

Ouracteistics of irulex and control group.

Table 2 presents the age distribution of the person years of observation in
the index and control groups. More control workers were less than 25
years old during the observation period. The crane operators were some-
what older and employed longer. Almost all crane drivers (98%) work in
three or four shifts, as opposed to 68% of the control workers. The mean
person time of observation in the index and control groups is about the
same, 6.0 and 5.8 years, respectively.

Table 2. Distribution of person years of observation in relation to age

Control group
abs. %

Age
(years)

lndex group
abs. %

<25
2*34
3*M
 ril
5S.59
>60

total

188.1
1,108.6
7401.4
1089.0

309.3
57.8

4.2
31.6
31.5
24.4

6.9
1.3

594.8
1252.7
942.8
676.4
2U.1

74.9

15.6
32.9
24.8
17.8

6.9
2.0

100

Withdrawal from the wo*force

Table 3 gives the distribution of events resulting in the end of the
follow-up. On the cut-off date of the study period, M% of the index group
and 48% of the control group were still employed, while 8% of the index

100
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group and 9% of the control group readred the end of their professional
c;reer (normal or early retirement resignation at age 57.5, or dAth). A dis-
ability pension was awarded to 79% of the exposed workers as opposed to
1,4% of. their unexposed fellow workers. Except for 16 control woikers who
changed to jobs with vibration exposure, all others were in fact lost to
follow-up because they left the steel company during the observation per-
iod; the majority resigned at their own request. During the exit interviews,
financial reasons, dissatisfaction with the work environment, and shift work
were often mentioned as grounds for leaving the job.

Table 3. Distribution of events resr.rlting in the end of follow-up presented in absolute
numbers and the incidence per 100 person years and the age adjusted IDR's

Control IDR 95%

Inci-
dence

Abso-
lute

Inci- Abso-
dence lute

confidence
limits

Disability pension
Job rotation, medical reason
Resignation at own request,

medical reason
Resignation at own r€quest,

no medical reason
- Material grounds
- Dissatisfied with work environment
- General r€asons
- Personal reasons
Resignation at request of the cnmpany,

msflinel leason
Resignation at request of the company,

no medical reason
Resignation, re;uon unknown
Rotation of controls to a job

with vibration"
Resignation at age 57.5
Early retirement
Retfu€ment at age 65
Death
Still employed on 31-12-1984

Total

138
2

J

199
115
42
16
29

1

17
1

0
30
20
2
6

324

743

3.1 95
0.05 4

2.5
0.11

0.13

4.0
2.4
0.8
0.4
0.5

0.03

0.6
0.03

0.4
0.3
0.7
0.2
0.2
8.3

r.17 0.90-1.52
0.41 0.0G1.89

0.66 0.19-2.33

|,il, 1.24-7.90
1.52* l.t*2.02
1.76* l.t*2.76
0.99 0.47-2.08
1.45 0.81-2.57

9.r, 0.4F1.53

2.82' 1.39-5.71
1.00 0.ft-7.78
0.43 0.@-2.M
0.77 0.2G2.33
0.77 0.55-0.90

4.5 752
2.6 92
0.9 31
0.5 1.4

0.7 20

0.4 24
0.02 1

-15
0.7 10
0.5 26
0.05 5
0.1 6
7.3 315

* p < 0.01, Chi-square Mantel Haenszel, one sided test' Of these 16 control workers, 3 resigned from their jobs after the job rotation; the other
13 were still employed in lrbs with vibration on 3l-L2-19M

In the index group, 77% of. those who left did so within 5 years of em-
ployment; in the control group this figure was Z8%. L"eavin! the job at
tleir 9wn- request and resignation at age 57.5 occurred significantly more
often in the index group than in the control group (p S 0.01). There was
no clear difference between the index and control groups in disability pen-
sions awarded (tDR = 1.2, p > 0.10). However, 1f onty totat didaUitity

11,6



(80%-100%) is regarded, a significant difference was observed (IDR = 1.5,
p s 0.01).

Dixbility ilue to ba&, disorders

A selection of back disorders was made that may be associated with expo-
sure to whole-body vibration. In Table 4 the incidence densities and the
IDRs adjusted for age and shift work for several categories of diagnoses of
back diseases are presented. Adjustment for any of the other potential con-
founders did not substantially affect the IDRs. Disability due to back dis-
orders in general was not significantly higher in the index group than in
the control group. The crane operators, however, were twice as likely to
receive a disability pension due to intervertebral disc disease as the control
workers (p < 0.05). The adjusted IDR for disability due to degeneration of
the intervertebral disc (lCD 722.6) is almost 3 (p < 0.01).

Table 4. The absolute numbers of disability pensions due to back disorders, the incidence
per 100 person yea$, and age and shift work-adjusted IDR's

Diagnosis Index Control IDR 90%
confidence

Abso- Inci- Abso lnci- limits
lute dence lute dence

All selected back disorders
Spondylosis and allied disorders

(tcD 727.2-721,.91
Intervertebral disc disorders

(tcD722.O-722.9)
- Displacement of interuertebral disc

(rcD 722.2)
- Degeneratiur of intervertebral disc

(rcD 722.6)
Low back pain (ICD 724.1-724.6,724.9)
Other back disorders

(rcD 732.0, 733.1,, 737 .0-737.9,
7X.4, 738.5, 7fi.9)

38 0.85 L8 0.47
11 0.25 5 0.13

1,.32 A.U-2.07
1.51 0.e-3.59

0.2t 2.w 1,.07-3.74
0.13 1,.41, 0.58-3.42

0.08 2.95*" 7.20-7.25

0.13
0-

27
13

74

0
0

0.61 8
0.29 5

0.31 3

05
00

* p < 0.05, Chi-square Mantel Haenszel, one'sided test* p < 0.01, Chisquare Mantel Haerrszel, one-sided test

Table 5 shows that crane operators with F15 years of exposure appear
particularly to be at high risk of disability due to spinal disorders, especial-
ly intervertebral disc damage. Crane operators with more than 5 years of
exposure are almost 4 times as likely to be disabled due to degeneration of
the intervertebral disc. If the registered subsidiary diagnoses are also con-
sidered, the association htween back disorders and crane operating experi-
ence is even stronger. This also applies when total disability (80%-100%) is
considered separately. The IDR for toial disability because of back disorders
is 2.5 (p S 0.01). The IDRs computed with the Cox-proportional hazards
model were similar to the IDRs obtained in the stratified analysis (Table 6).
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Because all persons medically unfit for the job due to dislocation of the
intervertebral disc were employed in shift work, and all those declared
medically unfit due to degeneration of the intervertebral disc were of
Dutch origin, no adjustment could be made for these factors in those diag-
nosis categories. Except for the diagnosis category 'all selected back dis-
orders", some discrepancy from the proportional hazards assumption was
observed in all diagnosis categories.

Table 5. Age and strift work adjusted IDR's for disability due to back disorders of cat-
egories of duration of expozure compared to the control group

Control
gouP

lndex group
Years of exposure

<4 *9 1&14 1.5-191. > m

AII ba& disorders
Spondylosis allied disorders
Intervertebral disc disorders
Displacement of intervertebral disc
- Degeneration of interuertebral disc

2.55n 0.67 1,.78

3.68* 1.05 0.91
5.4q* 1.22 5.84*
4.86* - 16.87
6.il* 2.M 5.73n

1.00
1.00
1.00
1.00
1.00

1.51
2.03
2.t9'
1.72
3.23'

0.23

0.32
0.23
0.52

Control Total Minimal duration of exposure
gro'rp index (years)

grcuP
>5 >10 >15 >20

All ba&. disorders
Spondylosis and allied disorders
brtervertebral disc disorders
- Displacement of intervertebral disc
- Degeneration of intervertebral disc

1.00 1.32 1.50* 1.91i 1.31 1.78
1.00 1.51 1.65 1.84 1.00 0.91
1.00 2.w 2.74* 4.90** 4.45** 6.U*
1.00 1.47 2.03 3.99" 3.13 16.90
1.00 2.95* 3.81* 5.77** 4.W', 5.73*

* p ( 0.05, Chi-square Mantel-Haenszel, one sided test* p ( 0.01, Chi-square Mantel-Haenszel, one sided test

Table 6. The IDR's for disability pensions due to back disorders adjusted for nationality,
shiftwork (fixed covariates), and age and calendar time (time dependent covaria-
tes)

Diagnosis IDR 90% confidence
limits

p (one.
sided)

All selected bac-k disorders
Spondylosis and allied disorders
Intervertebral disc disorders
- Displacement of intervertebral disc"
- Degeneration of intervertebral discb

1,.37

1,.75
2.U
2.46
3.28

0.82- 2.27
0.u- 4.78
1..11.- 4.72
1.1G12.5
1.01- 5.98

0.15
0.18
0.03
0.05
0.03

' Not adjusted for striftworko Not adjusted for nationality
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When the duration of exposure is induded in the model as a timedepend-
ent covariate, a 1.$fold increase in risk of disability due to intervertebral
disc disorders is found for each 10 years of additional exposure (p < 0.05).

Figure 1 presents the cumulative hazard function (disability due to interver-
tebral disc disorders) for the index and control groups during their pro-
fessional careers.

control

Figure 1. Cumulative percentage disability pension due to
intervertebral disc disorders during a professional

The curves are based upon the agespecific hazard functions during the
period of observation (actuarial life table method). This figure illustrates the
difference in the cumulative percentage of workers medically unfit for the
job due to intervertebral disc disease between exposed workers and their
nonexposed fellow workers if the current incidences of disability pension-
ing are applicable for a longer period and no one leaves for other reasons.
Because of the small numbers, the survival curve for the age group less
then 20 years old was not taken into consideration, and the survival curve
of the age goup over 60 was represented by a dotted line.

Discussion
I

Loss to follow up

As mentioned before, about 29% of the cohort was, in fact, lost to follow-
up because they left the company before the end of the study period. All
others reached a final endpoint [disability pensioning retirement or death)
or were still employed on 3L December 1984. If the process that leads to
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resignation from the job is related to the worker's health and is of a differ-
ent nature for the index and the control group, this loss to follow-up could
serigusfy bias the results. However, since more crane operators left their job
partly because of the heary workload, it is unlikely that the observed IDRs
present an overestimate of the true IDRs because of this loss of follow-up.
Since few data are available in the international literature on the relative
health of workers leaving their job compared to those who stay in the job,
we cannot exdude the possibility that there is some bias. At present, the
addresses of those lost to follow-up are being sought in order to establish
whether or not they received a disability pension at the end of 1984.

Preaious vibrational sposure

The same reasoning can be applied to possible selection processes before
the otservation period started. In addition to withdrawals from the irb, a
health-based selection because of awarded disability pensions before the
starting date might have been responsible for an underestimated relative
risk during the study period. If this gpe of preselection had taken place,
the IDRs for the subcohort hired between 1975 md 1979 should be ex-
perted to be higher than the IDRs for the subcohort of workers already
employed before 1975. However, the small numbers of disability pensions
awarded in the newly hired subcohort did not permit such an analysis.

Dixbilitg pmsion as a morbiditg Wrameter

In this study the disability pensions were used as a health-effect parameter.
However, in addition to the health status of the worker, the type of work
itself may be of considerable influence on the disabling process. In this
regard, the physical work demands, the work environment, and the possi-
bilities of changing j,obs within the department are of interest. However,
because of the fixed sitting posture of the crane operators and some heavy
lifting and twisting of the control workers, it seems unlikely that workers
with serious back trouble (whether caused by the job itself or not) would
be able to function in either the index group or the control group. There-
fore, it is felt that the differences in work conditions and its influence on
the disabling process in a comparable health status may not fully explain
the excessive risk established for disability due to back diseases in the
index group. In the next phase of this project, long-term sickness absentee.
ism will also be analyzed and compared in both the index group and con-
trol group.

Diagnosis

After 1 year of sickness absenteeism, a disability pension is awarded and a
disability diagnosis is established. Several social insurance physicians wene
involved in this process, so some interobserver bias might be presenL As
stated before, the job demands may be an important conditional factor.
However, the finat diagnosis that was registered was established on the
basis of the medical records and coded by the same social insurance phys-
ician, independent of the worker's iob. It rnay be questioned whether a
detailed diagnosis code, such as 722.6 from the ICD, degeneration of the

120



interverbebral disc, was appropriate. However, disability due to a broader
diagnosis category, disease of intervertebral disc (ICD code 722), was also
more prevalent in the index grcup than the control group.

Exposure-response relationship

Because complete information on the history of exposure and individual
data on vibration levels was not available, an exact dose-response relation-
ship could not be established. Also, the selection processes mentioned and
the slight exposure to vibration of some of the control workers make it
difficult to establish the exact relationship between exposure to vibration
and back trouble. However, it can be conduded that exposure to vibration
with acceleration levels ranging from 0.20 to 1.00 m/s' is at least paftly
responsible for serious back disorders. Also, climatic factors and fbrced
posture Tay have contributed to these disorders. In particular, disability
due to intervertebral disc disease appears to be the result of long-term
exposure of crane operators to whole-body vibration. A relationship be-
tween the duration of exposure and the incidence of disability due to lnter-
vertebral disc disorders was dearly established. Crane operators with more
than 5 years of exposure are at risk of incurring a disability due to inter-
vertebral disc disorders that is almost 3 times as high as their fellow con-
trol workers. Crane operators with more than 10 years of exposure experi-
ence a relative risk of almost 5 for this diagnosis category. By means of
regression analysis, it was found that a 1O-year increase in exposure to
vibration results in a l.Ffold increase in risk of disability due to interverte-
bral disc damage. The incidence density ratios observed for crane operators
with 15'20 years of exposure, compared to the control group, sugg,est that
crane operators are not only at a higher overall risk, but that the onset of
spinal disorders may be hastened by exposure.

Condusions

In view of the slight vibration exposure of the control group and the po-
tential health-based selection of the index group before the start of the
follow-up period, it is likely that the IDRs observed in this study are an
underestimate of the true IDRs. The possible health-based selection con-
necbed with leaving the job during the observation period may also lead to
underestimating the true health risks of exposure. On the other hand, the
fact that disability pensioning is also influenced by the occupation of the
worker may lead to overestimating the relative risk, although exacerbation
of a preexisting health effect not primarily caused by the loU itsef might
also be regarded a health effect of exposure. Because of these uncertainties
and the fact that it was not possible to adjust for a strained sitting posture,
adverse dimate, and lifting and pulling on ru-r individual basis, ii is not
possible to draw any definite condusions about the quantitative excess risks
of health effects due to exposure to vibration in crane operation. However,
the dgarly established relationship between the duration of exposure and
the effects on health and the striking similarities between these findings
and the literature available on this subject make it very likely that the com-
bination of long-term exposure to whole-body vibration, an unfavorable
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posture, and adverse dimatic conditions are strongly associated with spinal
disorders, particularly intervertebral disc disorders.
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3.2 Long-term sickness absence due to back disorders in
crane operators exposed to whole-body vibration

Paulien M. Bongers, Hendriek C. Boshuizen; C-arel T.|. Hulshof, Agaath P.
Koemeester

Summary

In a retrospective (1.O-year) follow-up study, the incidence of at
least one spell of sickness absenteeism of.28 d or longer in crane
operators exposed to whole-body vibration and a control group
was investigated. In contrast to a previous study on permanent
work disability in the same groups, no difference was observed
in long-term sickness absenteeism because of lumbar disorders.
Spells of sickness absence due to intervertebral disc disorders did
last longer in the index group and also more disability pensions
with this diagnosis were recorded in the index group. This indi-
cates that these disorders particularly interfere with the work of
a crane operator. Exposure to whole-body vibration and strained
posture are considered to be responsible for this situation.

Introduction

In a previous study the effect of exposure to whole body vibration on
permanent work disability due to back disorders in crane operators was
investigated (Bongers et al. 1988). Crane operators appeared to have a hig-
her risk for permanent work disability due to back disorders, in particular
disorders of the intervertebral discs. In this paper the relationship between
exposure to whole-body vibration and long-term sickness absenteeism be-
cause of back disorders in crane operators is discussed. For an overview of
the health effects of occupational exposure to vibration we refer to the two
extensive literature reviews recently published in this journal (Seidel and
Heide 1986; Hulshof and Veldhuijzen van Zanten 1987).

Materials and methods

The full study design is described in detail in a previous paper (Bongers et
al. 1987); however, it will be presented briefly here.

Hypothais and studg ilesign

The "hypothesis' of this study was: exposure to whole-body vibration cau-
ses adverse health effecls, particularly back disorders.
It was expected that this would result in excessive sidcness absenteeism
due to lumbar disorders. Because of the large number of dropouts due to
lumbar spine disease in industry a longitudinal study design was chosen.
The incidence of at least one spell of long lasting sickness absenteeism due
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to back disorders between 7975 and 1985 was established and compared for
the crane operators and a control group.

Periotl of obseruation

The period of 'observation. started on 1 January 1975; by then the regis-
tration of spells of sickness absence and employment records had been
automated. The period of observation ended on 31 December 1984.

Selection of the cohort

The "index-group' consisted of all male crane operators in several selected
departments of a large steel company on 1 January 1975 and those hired
between the beginning of 1975 and the end of 7979 (n=743).
The "contrcl group' consisted of all male 'floor workers" employed in the
same departmenbs as operator, maintenance worker or cranehelp on 1 )an-
uary 7975, as well as all those hired for the selected functions between the
beginning of 7975 and the end of 1979 {n=662).

Workers who had been exposed to whole-body vibration in their previous
job were not included in the control group. Preemployment physical exarn-
ination, level of education, job dassification and socio-economic status \^/ere
similar for the index group and the control group. Table 1 summarizes the
relevant differences in workload between the index grcup and the control
group. The acceleration levels of the vibrations (measured in agreement
with guidelines of ISO 2631) varied from 0.25 to 0.67 m/s' aw,.

End of follow-up

The main endpoint was the first occurrence of a spell of sickness absence
due to lumbar disorders lasting 28 d or longer. The observation also ended
if one of the following events occurred:
- leaving the company (resignation, early retirement, retirement at age 65

or death);
- change to another job because of medical reasons;
- change of conLrol workers to a job with exposure to vibration;
- a disability pension awarded;
- end of observation period at 31 December 1984.
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Table 1. Stress factors in the workload of the index and cnntrol group

Ladex group Control group

Vibration

Static work posture

Physical work demands Little

Climate

Psychological stress

Minimum of 6 h per day

Sitting poshrre during at least
6 h per day, often bending
forward

Dependent on location,
oold or heat and drangrng
ternperatures

Quite high in the steel
departrnent because of the
high salety risks

33% of the group for
about 20% of the
worktime

Sitting and prolonged
standing; for several
workers bending forward
and standing for about
20% of the time

Walking, pulling twisting,
and lifting for most
workers

For several workers,
considerable heat stress

Little

Diagnosis

Each spell of sickness absence and the data about the beginning and the
end were systematically recorded. AIter 10 to 14 d of sickness absence, one
of the paramedical employees of the social insurance departrnent of the
company established a provisional diagnosis based on self reported symp-
toms. In the large majority of sickness absenteeism lasting 28 d or longer
one of the social insurance physicians of the company had also established
a diagnosis after a personal medical check-up. The diagnoses were coded
as a rule according to the International Classification of Diseases (lCD-9
1975)(three digits). However, several codes of diagnoses were adapted and
specified otherwise by the company. Because of the procedtrre, diagnoses of
sickness absence shorter than 28 d were often lacking or not reliable; there-
fore, it was decided to indude in the analysis only absenteeism of 28 d or
longer. The insurance physicians were assigned according to the living area
of the worker and not according to the job at the company; thus a system-
atic observer bias of the coded diagnoses between index and control group
because of different social insurance physicians is not likely.

Analgsis

In the analysis, adjustment was nude for age, shiftwork, nationality and
calendar year. The person years of observation were calculated alter stratifi-
cation for age and one of the other potential confounders. For each stratum
the incidence density ratio was computed by dividing the incidence of a
certain endpoint in the index group (per 100 person years) by the incidence
in the control grcup. A summary incidence density ratio (IDR) between the
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index group and the control goup was also computed (Kleinbaum et al.
1982). Statistical significance was determined using the Mantel-Haenszel
Chi-square test for follow-up data. The maximum likelihood estimates of
the IDRs were also calculated, but since they were similar to the Mantel
Haenszel IDRs, these are not presented in this paper. With the Cox-propor-
tional hazards model an analysis with simultaneous adjustment for all po-
tential confounders was conducted. Since these results were also very simi-
lar to the results of the previous mentioned analysis, the data are not pre-
sented.

Results

ln 12.8% of all spells of sickness absenteeism of. AJ d or longer no diag-
nosis was recorded. The proportion of these long-term spells of sickness
absence without a diagnosis was 12% in the index group and almost 14%
in the control group. Particularly for workers originating from foreign
countries was the proportion of sickness absence without a registered diag-
nosis high, 17% in the index group md 23% in the control group. The
incidence of the first occurrence of a period of medical absence of 28 d or
longer without a recorded diagnosis was similar in the index group and
the control group (2.9 and 3.0 per 100 person years respectively).

Table 2 shows that there is no significant difference in the occurrence of at
least one spell of long-term sickness absence due to lumbar spine disorders
between the index goup and the control group (adjusted for age). The
same results were found when the IDRs are simultaneously adjusted for
age and one of the other potential confounders (not shown). When all
spells of long-term sickness absence were considered and not only the first
occurring period, similar results were observed (not shown). In addition, no
difference in sickness absenteeism due to back disorders was found if only
the absenteeism of ctane operators with five or more years of exposure is
compared to that of the control workers (Table 3).
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Table 2. The absolute number of at least one spell of sickness absence of 28 d or longer,
the incidence per 100 person years and the age adiusted IDR

Diagnosis lndex Control IDR 90%
confidence
limits

mc.

All back disorders" 110

Spondyloarthrosis (ICD 721) 9

Intervertebral disc disorders 28
(rcD 722)

- Discopathy uith or without 't2
compllcanons

- Hemiated disc; dinical or 17
X-ray confirmationD

Other, unspecified back 84
disorders (lCD 724)

2.70

0.20

0.54

0.27

0.38

2.03

86 2.43

6 0.15

16 0.43

8 0.21,

9 0.24

73 2.03

0.77-1.'E

0.4&2.38

0.7+2.U

0.*2.26

0.&2.6

0.7G1.79

0.98

L.01

1,.23

1.06

1.35

0.91

In this analysis eadr person can conhibute a first ocorrring sickness absence period in
several diagnosis categories, e.g. one can be absent first with the diagnosis 'other and
unspecified back disorders" and a year later because of a hemiated disc. In the catego-
ry 'all back disorders' only the first ocorrring period is accounted for

Subdivision made by the coding system of the company

Table 3. Age adjusted IDRs for at least one spell of sickness absence of 28 d or longer of
the crane operators with 5 or more years of exposure

IDR 90% cpnfidence
limits

All back disorders

Spondyloarthrosis

Intervertebral disc disorders

- Discopathy with or without
complications

- Hemiated disc, dinical or
X-ray confirmation

Other unspecified back
disorders

0.88

1,.02

L.37

7.27

1.60

0.75

0.58-1.15

0.M-2.%

0.7*2.07

0.49-2.57

0.79-3.27

0.70-'t;t9

In several instances of long-term absenteeism no diagnosis was registered,
therefore an analysis was also conducted wittr the following endpoinE the
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first occurrence of a period of sickness absence lasting 28 d or longer "or' a
disability pension due to back disorders (first event). In this analysis a
significant difference is found for the diagnosis category "disease of the
intervertebral disc'. For crane operators with five or more years of expo-
sure, these differences are even mone pronounced (Table 4).
Table 5 presents the average duration of a spell of sickness absence of 28 d
or longer due to back disorders in the index group and the control group.
The absence because of disorders of the intervertebral discs lasts longer in
the index group than in the control group.

Table 4. Age adjusted IDR for at least one period of sickness absence of 28 d or longer or
disability pension

All crane operators > 5 years of exposure

IDR 90% confi-
dence limits

IDR 90% confi-
dence limits

All bad< disorders

Spondyloarthrosis

Intervertebral disc disorders
- Discopathy with or without

complications
- Hemiated disc; dinical or

X-ray confirmation

Other, unspecified ba&
disorders

1.05 0.84-1.33 0.98 0.7Gt.26

1.33 0.72-2.45 1.r() 0.7*2.il
1.50* t.0o-2.57

1.81 0.9t3.45

t.70 0.92-3.17

1.87' 1.14-3.08

z.ty 1.10-4.35

2.03* 1.0S.3.94

0.86 0.611.18 0.70 0.524.95

* p ( 0.05, one sided test
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Table 5. Average number of days per long-term spell of absenteeism from work because
of bad< disorders for three age categories

Age (years) <35

[rdex Control lndex Control Index Conhol

All ba*. disorders

Spondyloartluosis

Intervertebral disc disorders
- Discopathy with or

without complications
- Hemiated disc, dinical

or X-ray ocnfirmation
Other, unspecified back

disorders

63.7 79.L

t06.7 167.4
57.7 41,.5

132.8 249.8

55.4 55.3

69.1

219.2" 91.8
124.8 118.0

313.5* 113.7

63.9 65.1

85.8 60.8

52.3 99.2

228.3 65.0

@.4 54.5

784.7 59.7
125.7 57.0

'P'0.05* pS0.01
(Student's-test two-sided)
(Student's-test two-sided)

Discussion

In order to test the hypothesis that exposure to vibration is related to ad-
verse health effects, it was necessary to investigate the persons with serious
back disorders. The incidence of the first occurring period of sickness ab-
sence due to lumbar spine disorders of 28 d or longer was considered to
be a good approximation of this incidence of back disorders. This assump-
tion was based on arguments concerning the validity of the diagnosis (after
28 d the majority of absentees had had a physical examination) and on the
fact that, in particular, absence of long duration is related to morbidity
(Taylor 1967, Chevalier et al. 1987). The information on the validity of the
recorded diagnosis was limited. It is possible that in several cases the re-
corded provisionary diagnosis, set after several days of absence may not
have been replaced by the more accurate diagnosis alter a physical examin-
ation. This is illustrated by the fact that for several long-term periods of
sickness absenteeism the recorded diagnosis was "a cold".

The limitations of the use of disability pensioning as a measure of morbi-
dity have been discussed previously (Bongers et al. 1988). Disability pen-
sioning is not merely a measure for medical problems, but also for social
problems and for factors inherent to the job (such as workload, but also
other aspects of employment). In other words, the same degree of disease
has a different impact on the working capacity in different jobs [Jeune et
al. 1980; Mikkelsen 1980). Although sickness absence of long duration may
also be subject to these influences, long lasting sickness absence due to
specific back disorders may be less sensitive to these differences in the
workload and environment than disability pensioning. For example, in the
case of surgical treatment for a herniated disc a sickleave period of at
least four weeks is required irespective of the type of job: therefore,
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sickJeave exceeding four weeks in this situation might be regarded as a
valid parameter for morbidity. Unfortunately the registration of this
long-term sickness absence proved to be less reliable as the registration of
the disability pensions. Failure to register a diagnosis may have been due
to one of the following reasons:
- Because of the living area, the medical supervision of some absentees

did not fall under the social insurance department of the company, but
rather under a regional office for the control of sickness absenteeism.
Little information about these absentees was recorded at the company.

- The medical supervision of foreign workers who became sid< while out-
side the country was also not carried out by the insurance department of
the company.

In almost 13% of the long-term sickness absenteeism no diagnosis was
recorded. In the control goup the proportion of sickness absence without a
diagnosis was slightly larger than in the index group. It turned out that,
especially for foreign wcrkers, more often no diagnosis was registered in
comparison to Dutch workers. However, when the data of the Dutch em-
ployees were analysed separately, no difference in the incidence of sickness
absenteeism due to back disorders was observed. There are no signs of a
selective underregistration of absenteeism due to lumbar disorders in the
index group.

All workers employed before 1 ]anuary 1975 could have had a period of
sickness absence lasting four weeks or longer before the start of the obser-
vation. In the analysis the assumption is made that the probability of the
occurrence of the first period of sickness absence is the same as the prob-
ability of the occurrence of a second long lasting period of sickness ab-
sence. This assumption can be disputed. If one has been absent for back
trouble for longer than 28 d, then it may be more likely that this will hap-
pen again. Since more index than control workers were already employed
on 1 january 1975 this may have overestimated the IDR. However, it
should be mentioned that only in the diagnosis category 'other and unspec-
ified back disorders", did more than one spell of long-term sickness absence
per person occur during the observation period. On the other hand the pre-
vious paper presented some evidence for a health based selection in the
index group because of leaving the company or disability pensioning before
1 January 1975. Because of this selection the IDRs may have been under-
estimated. The combined effect of these two selective processes could not
be assessed.

As a rule eadr disability pension awarded is preceded by a sickness ab-
sence period of one year. In several cases the diagnosis recorded for the
disability pension was different from the diagnosis recorded for the preced-
ing sickness absence period (sometimes no diagnosis at all was recorded
for one sickness absence period). This explains why the results of the ana-
lysis of the occurence of a long-term sickness absence period 'or' a dis-
ability pension differ from the results of the analysis of the sickness absen-
teeism only.

The fact that a difference was observed in disability pensioning due to
back disorders in the previous study, whereas in the present study no

130



difference in periods of long-berm sickness absence due to lumbar spine
disorders was found, can be accounted for in various \ /ays:
- A selective underregistration of absence because of back disorders in the

index group cannot be exduded, although it is not very likely.
- The disorders resulting in long-term sickness absence in the index group

may have been more sevene, and consequently may have led to more
permanent incapacity for the work and to more disability pensions awar-
ded.

- The same degree of back disorders may have had a different impact on
the working capacity of the cr;Ine operators compared to the control
group workers, because of demands dependant on the type of work (e.g.

exposure to vibration, strained posture and less opportunities to drange
jobs within the department). This may have resulted in more disability
pensioning.

- It is possible that only after more extensive examination (e.g. X-ray exa-
mination of the vertebral column) disorders of the vertebral discs are
diagnosed.

The data do not permit a conclusive answer as to which of these reasons is
the most valid. The fact that the spells of sickness absence because of inter-
vertebral disc disorders did last longer in the index group and that more
disability with this diagnosis has been established, indicates that particular-
ly this type of lumbar spine disorders can be caused by or interfere with
the work of a crane operator.

Exposure to whole body vibration and a strained working posture are the
two major differences between the workload of the crane operators and the
control workers. Therefore these two factors can be considered to be re-
sponsible for the above described effects.
The finding that mainly disorders of the intervertebral disc are associated
with exposure to vibration is supported by previous findings in the litera-
ture. In several studies (early) degeneration of intervertebral discs is associ-
ated with exposnre to whole body vibration (Gruber arrd Zipe.rmanrr 1974;
Gruber 1977). Kelsey et al. (1975) conduded from a czlse control study that
people in occupalions requiring prolonged driving of motor vehides, such
as truck drivers, appear to be at a particularly high risk for acute herniated
lumbar intervertebral discs. In a later case control study, Kelsey et al.
(1984) observed a relationship between the hours spent in a motor vehide
and the risk for acute herniated lumbar discs. Another recent case control
study (Heliovaara 19871 also showed that the risk of being hospitalized due
to herniated lumbar intervertebral disc or sciatica proved high among mo-
tor vehide drivers.

Condusions

In the present study no difference in the incidence of at least one period of
sickness absence of 28 d or longer due to back disorders between the crane
operators and the control workers was found. The previously established
excess risk for permanent work disability because of lumbar spine dis-
orders for the crane operators is not confirmed. However, in agreement
with the previous study, the present study also indicates that in the index
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group relatively more and longer absenteeism due to the intervertebral disc
disorders.was presenf whereas in the control goup relatively more un-
specified back complaints and back disorders were mentioned.

References

Bongers PM, Boshuizen HC, Hutshof crJ, Koemeester Ap (198s) Back disorders in crane
oPgrators orposed to whole.body vibration. Int Ardl Oatrp Envirqr Health @:129-132.

Chevalier A, Luce D, Blanc C, Gold-berg M (1987) Sickness ab3ene at the Frenctr National
Electric and Gas Company. Br ) Ind- Med 44:iO1-UO.

Gruber Gl o97n Rehtionships uulryg whole body vibration and morbidity pattems
_ _amolg interstate truck drivers. NIOSH, Cincinnati; Ohio.
Gruber..G|, Zipermann H (1974) Relationstrip_beqlgeq.whole body vibration and morbidity
-- ..pattems among motor coadr operators. NIOSH, Cincinnati, Ohio.
Heliovaara M (1987) Occupation ind risk of herrriated lumbir intervertebral disc or sci-
atica leading to hospitalization. J Chron Dis 40:E*264.
Hulshof crJ, vgldhuiizen Jan Zanren oBA (1987) whole body vibration and low back
,^^ B3f _-. 1 review. of epidemiological studies. Int Ardr Ocorp Environ Health 59:20F220.
ICD (1975) lntemational dassification of diseaseq 9th revisioni World Health Organization,

Geneva.
ISO 2637/7 (1982) Guide for the evaluation of human exposur€ to whole body vibration.

IS0, Geneva
Jeune B, 

-Mikkelson S, Olsen J, Sqbroe S (1980) Epiderniological researdr in disability pen-
sioning. Scand I Soc Med. [Suppl] 16:$7.
Kelsey JL, Hardy Rf (1975) D;-ving of motor vehicles as a risk factor for actrte hemiated

lumbar intervertebral disc. Am-J Epidemiol 102:6}73.
Kelse_y JL. Githens PB, o'connor ro, ealogero |A, weil U, Holford TR, white AA, walter

SD,-Ostfeld AM, Southwick W (1984) Aorte prolapsed lumbar intervertebral disc an
epidemiologic^study with special reference to drivfig autornobiles and cigarette smok-
ing. Spine 9:60841.4.

Kleinbaum. D_G, Kupper I L, Morgenstem H 0982) Epiderniologic rcsearch; principles and
quantitative methods. Van Nostrand Reinhold, New york.

Mikkelsen S (1980) A cohort study of disability pension and death among painters with
special-regard to-disabling prdsenile aementia as an ocotpational diseaie] Scand I Soc
Med. [Suppl] 15:3443.

Seidel H, Heide R (1985) Long+erm effects of who-le.body vibration: a critical suwey of
the literature. Int Ardl Occup Environ Health 58:1-26. '

Taylor P| (1976) OccuPational and regional associations of death, disablement, and sickness
abs€nce among Post Office staff 7972-1925. Br J Ind Med 33:23&235.

132



3.3 Long-term sick leave and disability pensioning due
to back disorders of tractor drivers exposed to
whole-body vibration

Hendriek C. Boshuizen, Carel T.J. Hulshof, Paulien M. Bongers

Summary

In a historical 1,1,-year follow-up study disability pensioning and
the incidence of the first sick leave of 4 weeks or longer due to
back disorders has been investigated in a group of drivers exposed
to whole-body vibration (WBV), mainly of agricultural tractors. The
reference goup comprised workers not or only slightly exposed
to WBV from the same and another company. The vibration
exposure of the tractor drivers was roughly around the 150-2631
fatiguedecreased proficiency limit.
The incidence of a first long-term sick leave due to back disorders
was 3 per 100 person-years in tractor drivers and 2 per 100
person-years in the entire reference group. However, the incidence
was not substantially increased in tractor drivers when the
referents comprised only those working at the sarne company,
suggesting selection bias. The highest relative risk (ca 3) was found
for long-term sick leave due to intervertebral disc disorders and
this risk seemed to increase with the received WBV dose. That
especially the incidence of intervertebral disc disorders increased,
agrees well with findings in other studies.
Data on disability pensioning due to back disorders are to scarce
to be condusive, but a trend towards younger disablement in
tractor drivers is evident. Exposure to WBV, together with twisted
posture and prolonged sitting, are considered to be responsible for
the increased incidences observed in tractor drivers.

Introduction

It is estimated that in the Netherlands over 5% of the workingpopulation is
exposed to whole.body vibration (WBV) exceeding the exposure limit of the
ISO-standard 2631, [19]. Epidemiological evidence oflong-term health effecls of
exposure to WBV is scarce, but most findings suggest adverse effects on the
spine 112,24]. Drivers of agricultural tractors constitute an imporLant popula-
tion at risk because of exposure to WBV and shocks.

Some previous studies have found Eu-t excess of several spinal X-ray abnor-
malities in tractor drivers 17,73,20,221. However, due to defects in study design
or analysis, the evidence is not condusive.
Some other studies have reported a relation between back pain and tractor
driving [18,23]. However, ]tirgens et al. [13] did not observe more backpain
in those who had driven on tractors for more than 10 years compared to
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those who had driven less. Kohl [17] reported more backpain in those who
had started driving tractors before the age of 14.
Dupuis and Christ [7] followed a group of young tractor drivers for 12 yars
an! saw the highest increase in the prevalence of backpain in tractor drivers
with the highest annual hours of driving. This result, however, was not
statistically significant.
Except for the study of Dupuis and christ [7] all studies done were cross-sec-
tional; as those with backpain may leave jobs straining the spine, cross-sectio-
nal studies may be severely biased. For the present sfudy therefore a
longitudinal design was chosen. The incidence of long-term sick leave and
disability pensioni'_rg due to back disorders in an 11 year historical follow-up
pelio{ is compared between tractor drivers and a ref6rence group. tong-term
sick leave and disability pensioning were chosen because those data are
reliably recorded and because both have a gregrt social and economical impact.
Another part of the study, to be published separately, will examine curient-
ly experienced back pain in the same study pbpulatibn.

Materials and methods

The study investigates the incidence of a first long-term (> 28 d) sick leave
and the risk of full disability pensioning in a prevalent cohort of workers
from two state companies during an 11-year hiitorical follow-up. To assess
eTposure all workers that could be contacted were sent a questionnaire in
1986 and vibration measurements were conducted of current agricultwal
vehides.

Study base

The study population is comprised of:
1. AII male workers (N=689) employed on fanuary 1,, 1975 in a division of

company A (a state company charged with the development and subse-
quent initial cultivation of newly reclaimed land). Agricultural tractors and
some other vibrating vehides are regularly used. In 1985 the division
owned 280 tractors, 110 selfpropelled farming machines (mostty combine
harvesters and reapers), 21 bulldozers, 9 trucks and 30 other heavily vibra-
Ling vehides.

The workers were dassified as being in the index or the reference group
according to their history of driving vehides. Most employees assigned io
the reference goup worked in technical seryice as mechanics or main-
tenance workers. Some were involved in the storage of agricultural
products or in catering services. Socio-economic status of all subjects was
approximately equal.

2. All male workers (N=109) employed on January 1, 19ZS in company B,
another state company, whose job was to inspect the condition of roads,
dykes and canals or work at building sites. These subjects were added to
the- study population because the reference group froh company A was
rather small. They had a similar socio<conomii status as the'workers
selected from company A. More than half of these workers drove small
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pickups or cars as part of their job. Thus, like the tractordrivers they were
sitting, but exposed to less \AIBV.
The observation period sbarted on Ianuary 7, 1975 and continued up to
October 10, 1985, when the data<ollection started. The observation period
of an individual worker ends when he leaves the division or the company,
is awarded a disability pension or after a sick leave period of 4 weeks due
to the disease being studied.

Assessment ol exposure

To assess exposure, job titles could have been used. However, only job titles
held after 1958 were available and job titles are not always inlormative as to
whether a person had to drive vehides on the job. Therefore a questionnaire
was sent to all workers who could be contacted in order to obtain more
accurate information on exposure. The questionnaire was also used to obtain
information on confounding factors such as working postures, dimatic
conditions, lifting and smoking habits.
The questionnaire asked detailed information on the types of vehides driven
- both while working with the company and before joining it - the periods
of driving, the number of weeks driven yearly and the number of hours
driven daily. From the questionnaire, data the duration of exposure was cal-
culated, both before follow-up and during each calendar-year of the follow-up
period. WBV with an estimated magnitude < 0.4 m,/s" (vectorsum of the
frequency weighted r.m.s. accelerations in x-, y- and z-directions) was not
counted as exposure.

When no information on exposure from the questionnaire was available
(non-respondents (N=166) and those who could not be contacted (N=66)), the
job title was used to assess exposure. The questionnaire data were used to
estimate exposure for each job title. Sorne job titles were not informative as
to WBV-exposure. Workers for whom no questionnaire dala were available
and who had held non-informative job titles were omitted from the analysis
(N=67).

Besides studying sick leave as related to duration of exposure, we also
studied sick leave as related to the tobal received WBV-dose, calculated from
both the duration of exposure and the tlpes of vehicles driven as:

received total \AIBV-dose = x q'ti

where a, = the estimated vectorsum of the frequency weighted r.m.s.
acceleraLion in x- y- and z-directions for vehide i, measured
according to ISO 2631 (1985)

t - the total number of weeks of driving vehide i.

To estimate a., vibration, measurements were conducted of the vehides most
regularly used in both companies. Vibration measurement was ca:ried out by
the Institute for Mechanical Constructions-TNO. Table 1 gives a summary of
the results of the vibration measurements.
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Table 1: Results of vibration measurements

Vehide and qrndition Number of Range of measured E
measurements (vectorsum of the weighted

aceleratiqt in the x-, y-
and z-directions) [m/s')

Normal tractor in the field (< lm kW)
Heavy tractor in the field (> 100 kW)
Tractor on asphalt road
Tractor on asphalt road with hailers
Tractor on brick paved road
Bulldozer with standard seat
Bnlldozer with vibration absorbing seat
Combine harvester
Truck
Pid<-up van
Car

4
1
4
L

3
3
4

0.50{.s9
1.47
0.674.98
7.77
1.7G2.03
0.524.u
0.43-0.80
0.28
0.78
0.37
0.2s

Because the estimation of the type of vehides driven from the job titte
involved too many uncertainties, wBV-dose was only calculated f6r those
workers who completed the questionnaire.

Assessment of longlerm sidt.leaue arul dixbilitg pmsioning

The dates of long-term sick leave and the diagnoses of the illnesses causing
the sick leaves were extracted from the medicat records of the s[ate occupa--
tional Health service. only spells of sick leave lasting 4 weeks or longer are
induded in this study, because alter 4 weeks almost always this medical
examination _bI th" occupational physician had taken place, so a reliable diag-
nosis is available. The diagnoses were coded according to the ICD-9 [26-].
sometimes a sick leave could be attributed to several diagnoses. In that case
more codes (with a maximum of three) were assigned to each sick leave.
When studying back-disorders, disorders of the cervical spine, inflammatory
diseases, tumors of the spine and congenital disorders were excluded.

Records on sickness absence were available for only 84% of the selected
population, because records of workers who had rr.a*rea the end of their
ivgrking life sometimes had been destroyed and records of persons who had
left the company without having been on sick leave were sometimes not
stored. Loss of records was not associated with exposure.

Analysis

The.analysis is based on calculation of the incidence density of a first period
of sick leave in the observation period. Person-years weie calculated with
|Y_RS t5l, adapted by the authors to allow for chinging exposure during the
follow-up period.

The maximum likelihood point estimates of the Incidence Density Ratio (IDR)
were calculated after stratifying for age when the IDR did not show
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significant heberogenity over the strata [21]. For testing whether an IDR was
larger than unity, the Mantel-Haenszel Chi-square test for density follow-up
studies without continuity correction [21] was used when the expected
numbers of cases in both index and reference group exceeded five. Otherwise
an exact test was performed [3]. Test-based confidence intervals are presented
when the Mantel-Haenszel test was used; in the other case Fisher exact type
intervals [8] are presented. Alternatively, a relative risk was calculated using
the Cox Proportional Hazard model with exposure being a time-dependent
variable [6]

The analysis of disability pensioning was carried out by calculating the risk
of being fully pensioned off at a certain age, on the condition of not having
left the company for other reasons. The product-limit estimator \^/as calculated
using age as time-axis and the age of 30 as zero time. When using this time-
-base, the data must be regarded as left-truncated as well as right-censored.
Tsai [25] showed that the product limit estimator, as well as the formula of
Greenwood for its variance, can be applied in such cases.

Results

Confounding lactors

In the group without exposure before 1975 both workers under 35 and over
55 are overrepresented. Because of this, and because some workers became
exposed during the observation period, the reference experience comprises
relatively more person-years in the youngest age-category.

Information from the questionnaires shows that the exposed workers, not
surprisingly, spent much more time sitting in the last job held with the
company. The non-exposed group tends to do somewhat more lifting. The
mean weight of the exposed group was 2 kg higher than that of the
nonexposed group, although both groups had the same mean height.
Furthermore the exposed goup complained more about unfavourable dimatic
conditions. Smoking habits did not differ substantially between exposed and
nonexposed.
The association between sitting on the job and exposure is mainly due to the
fact that driving involves sitting. Therefore sitting on the job and driving are
inextricably associated and so it is not possible to adjust for sitting on the job.
As weight and climatic conditions are not strong determinanls of chronic
backpain 12,91, no adjustment for them was carried out. Therefore, in the ana-
lysis, adjustment is made for age only. However, because the incidence of
long-term sick leave might depend on company-related factors, the resulLs are
presented both for the entire study population and for company A separately.

Sid< leaae

Table 2 shows that the overall incidence of long-term sick leave is higher in
the index group than in the reference gloup; this is due to an increase of the
incidence in several disease categories, induding musculoskeletal disorders.
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Table 2: Crude incidence densities per 100 person years (in brackets number of cases) and
the age adjusted tncidence Density Ratio's (IDRs) for all fhst sick leaves > 4 weeks
and for those due to the major categories of disease. The reference group
comprises those who have not Uirn erpo:sea to WBV > 0.4 m/sz for more ttin S)
weeks

Index Reference
incidenae incidence
(n) per (n) ps
100 py. 100 pyr

Age-adjusted IDR

for entire
population
(90% cD

foronpany
A only
(e0% CI)

All si& leaves > 4 weeks

Sid< leaves ) 4 weeks due to:
V Mental disorders

(rcD 29G319)
VI Disease of the nervous system

and sense organs
(rcD 32G389)

VII Diseases of the cirorlatory system
(rcD 39G4s9)

MII Diseases of the respiratory system
(rcD 39G459)

IX Diseases of the digestive system
(rcD 52G579)

X Diseases of genitourinary system
(rcD 58G529)

XIII Diseases of the musculoskeletal
systern and connective tissue
ucD 71G739)

XVII Iniury and poisoning
(rcD 80G999)

74J en) e.e (12s)

1.3 (3s) 2.1 (33)

0.7 (19) 0.4 (7)

1.s (40) t.3 (22)

r.8 (47) 1.1 (18)

7.7 (4s) 1.3 (2r)

0.8 (22) 0.3 (6)

s.3 (123) 3.1 (49)

2.6 (6s) L.4 (23)

1.35
(t.12-r.62)

0.60
(0.41-0.89)

1.8
(0.8r3.5)
0.98
(0.64-1.5)
7.4
(0.91-2.3)
1.3
(0.82-2.0)
1,.9
(0.88-3.e)

1.6
(7.2-2.r)
1.8
(1.2-2.61

1.36
(1.11-1.68)

0.56
(0.364.88)

1..2

(0.s7-2.7)
1.1
(0.66-1.9)
L.4
(0.80-2.3)
1.3
(0.77-2.r)
2.5
(0.92-6.5)

1.3
(0.9G1.8)
7.9
(1.2-3.0)

lable 3 presents the crude incidence densities and the Incidence Density
Ratios (IDRs) for tobal and specific back disorders. The incidence of h
longterm sick leave due to a back disorder is about 50% higher in the tractor
drivers. In the analysis of only workers employed by company A no sig-
nificant increase was seen. The incidence of spoidytodr*rotic disorders and
of other disorders of the spine was increased in 

-the 
index group but the

numbers were too small to warrant calculation of age-adjus[ed IDRs.
Intervertebral disc disorders showed a high IDR, although not stitistically sig-
nificant in the analysis of company A only.
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Table 3: Crude incidence densities of a first long-term sick leaves due to a back disorder
(in brackets the number of cases) for index group and reference goup, and the
age adjusted IDR (Incidence Density Ratio) (in brackets the 90% conlidence
interval) for the entire study population, and for workers of company A separately.
The geference group comprises those who have not been exposed to WBV > 0.4
m/s' lor more than 52 weeks

Index Reference Crude
incidences incidences IDR
(n) (n)
per 100 pyr per 100 pyr

Age-adjusted
IDR for entire
population
(90% cD

Apadruded
IDR for
company A
(90% cD

All selected disorders 3.03 (76)

Spondyloarthrotic dis-
orders 0.29 (8)

(rcD 72t.2-9)
Intervertebral disc
disorders 0.53 (17)

(rcD 722.r-3, 722.*9)
Unspecified disorders
of the back 2.35 (60)

(rcD 724.14,724.0)
Other disorders of the
spine (ICD 732.0,733.7, 0.25 (7)

737.G9, 738.4-5, 78.8)

1.94 (31)

0.r2 (2)

0.18 (3)

1.74 (28)

0.06 (1)

1.47
(1.0+2.10)

3.1
(1.16-8.3)

1.29
(0.88-1.89)

t;t6
(0.80-1.70)

2.02
(0.7&s.5

1.05
(0.70-1.59)

1.56

2.5

3.5

1.35

4.3

. Not calculated because of small numbers

Table 4 presenLs the IDRs for back disorders as dependent on total received
WBV-dose. Because WBV-dose is calculated from questionnaire data, this lable
is based on respondents of the questionnaire only. It shows some increase of
the intervertebral disc disorders with total received vibration dose. The
incidence of long-term sick leave due to all selected back disorders i^s higher
in workers who have received a vibra[ion dose of over 2.5 year m'/s", but
this increase is only of borderline significance.

Table 4: Age.adjusted Incidence Densify Ratio of a first sick leave due to a bad< disorder
(in brackets the 9-0%_ confidence interval) according to total received WBV dose
(4a,2t,J h yeap m'/ sn . The reference group compriGs those with a vibration dose
< 0.5 year mt/s"

Total received vibration dose in years m27sn

0.*2.5 2.U5.0 > 5.00-0.5

AU selected back
disorders

Disorders of the in-
tervertebral disc

Unspecified back
disorders

1.0

1.0

1.0

0.97
(0.s9-1.61)
4.1
(0.53-10)
0.96
(0.57-1.U)

L.51 t.45
(0.92-2.s) (0.e2.s)
L1 7.2
(1.7-',267) (0.92-179)
1,.42 1.13
(0.83-2.40) (0.62-2.7)
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Table 5 shows that the relative risk for intervertebral disc disorders increases
both with duration of exposure and with vibration dose. only for vibra-
tion-dose does this increase reach significance.

Table 5: Results of a regression on exposue time (1) and on vibration dose (2) with the
Cox PrcPortional Hazard Model str. atified for age; RR is the relative risk for 520
weeks of exposur€ or 5 year p2/s{ yifua1ion dose

(1) RR for 520 weeks o(
exPosure

(2) RR for a dose of
5 year m2/s4

Enttue po- Only mm-
pulation pany A

Entire po- Only com-
pulation pany A

All selected disorders

Intervertebral disc disorders

Unspecified back pain

7.14
(0.88-1.!A)
t.il
(0.87-2.7)
1,.02
(0.7G1,.37)'

0.99
(0.7+L.31)
1.16
{0.62-2.2)
0.92
(0.67-1.26)

1.13
(0.8F1.s0)
2.47
(1.F4.1)
0.94
(0.67-1.31)

r.03
(0.7*1,.42)
2.17
(1.20-3.9)
0.77
(0.62-r.28)

Dixbility pmsioning

Figure L shows that the risk of being fully disabled is higher for the tractor
drivers than for the reference goup below the age of 55. The same trend
towards earlier disability is found for the risk of being fully pensioned off
because of a back disorder or because of a disorder of the intervertebral disc.
However, because of the small number of cases with back disorders these
trends are far from statistically significant.

Discussion

For most diseases, the incidence of long-term sick leave does not only reflect
the incidence of sickness, but also the speed of return to work within + weeks
after falling il], 94y for diseases where return to work within 4 weeks is very
unlilely in all jobs, does the incidence of long-term sick leave reflect thl
incidence of the disease. In our opinion, based on the questionnaire data and
on some visits to the workplace, the work of the tractor drivers seems both
mentally and physically slightly less demanding than the work of the
r.eferenqg group from,_the same company and -physically slightly more
demanding and mentally less demanding-than th-e work bf tlie r6ference
group from the other company.
we therefore think that the differences in the incidences of long-term sick
leave found are not entirely due to an earlier retum to work by tht reference
workers, but also reflect a higher incidence of sickness.
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Figure 1: Risk of fully being pensioned off for the tractor drivers and the reference
group. The dotted lines hdicate the standard deviation

The comparibility of the work of the tractor drivers and the work of the
reference group might be questioned. About half the reference workers from
company A were maintenance technicians. Their work involves heary lifting
and frequent twisting of the spine. This might explain the higher incidence of
back disorders in the reference workers of company A compared to that of
the reference workers from company B and the almost equal incidence of back
disorders in tractor-drivers and reference workers of company A.

Not only the incidence of sick leave due to back disorders, but also the
overall incidence of long-term sick leave was increased in tractor drivers
(Table 2). This increase in overall incidence is mainly due to the higher
incidence of long-term sick leaves because of musculoskeletal disorders and
accidents. The excess of injuries is due to an excess of distorsions (mainly of
the ankle) and contusions. The excess of musculoskeletal disorders comprises
not only back disorders but also disorders of the extremities.
It muld be argued that these excesses are mainly work-related and the
increase in overall sick leave incidence therefore is not due to more ill health
or longer sick leaves of tractor drivers in general. Because this suggestion
cannot be fully substantiated, those IDRs which are not noticeably higher than
the IDR for overall sick leave should be interpreted with caution.
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For the non-respondents to the questionnaire exact exposure information was
lacking. Also respondents could have failed to recall their exposure accurately.
This leads to some misclassification of expostrre, which causes the IDR to be
biased towards unity. About 25% of the selected population could not be used
in the analysis because of incomplete information on either sickness
absenteeism or vibration exposure but there is no reason to assume that this
will have caused fundamental bias. Approximately 20% of the study
population left the company before reaching the end of their working lives.
Those who had not experienced a long-term sick leave because of a back
disorder during the period of study should be considered as 'lost to
follow-up" in a dassical follow-up study because they still might experience
such an event in their next job; the number of person years lost to follow-up
was approximately 12%. Tractor drivers left the company more frequently
before having reached the end of their working life than the reference goup.
As usual the less healthy workers leave the company, and this can only lead
to an underestimation of the actual risk.

The main finding of this study is that there exists an elevated incidence of
long-term absenteeism because of intervertebral disc disorders in the group
of WBVexposed tractor-drivers compared to the reference group. This
incidence also seems to increase with WBV-dose and with duration of
exposure. As exact information on how this diagnosis was established was not
always presenf its relevance might be questioned. Maybe this finding -
together with the higher incidence of spondyloarthrotic disorders - reflects
mostly a higher incidence of back pain cases that were severe enough for
radiological investigation or other dinical investigations by orthopaedics or
neurologists. Nevertheless, these findings agree with the results of a similar
study we carried out on crane-drivers [2]. These findings also agree with
several case-control studies on prolapsed lumbar discs, which all reported an
increased risk for drivers, and especially for truck-drivers 14,10,11,141.
The question remains whether the observed adverse effecbs of driving, in this
study and elsewhere, should be contributed to exposure to vibration or to
poor posture, prolonged sitting or, in tractor drivers, the twisted posture.
Kelsey et al. [16] extensively studied driving as a determinant of prolapsed
lumbar discs in a case-control study. They reported that persons driving old
cars and spending more time driving on local roads had an increased risk
(ttre last finding was not statistically significant), Both the time spent driving
on local roads and driving old cars are usually associated mostly with more
exposure to WBV and less with a more strained posture.

Other studies [1,15] have suggested that twisting alone is not detrimental to
the intervertebral disc. However, the possibility that twisting could aggrevate
the adverse effects of vibration remains.

SummarizinB, the present study provides some evidence of an association
between driving agricultural tractors and other vibrating vehides and
long-term sick leave because of back disorders and particularly intervertebral
disc disorders. Due to the small numbers, no firm condusions can be drawn
on the association between tractor driving and disability caused by back dis-
orders, but the daLa show a tendenry of tractor drivers to be disabled at a
younger age than the reference goup.
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3.4 Disability due to back disorders in crane operators in
a metal construction company; short communication

Paulien M. Bongers, Hendriek C. Boshuizen, Carel T.f. Hulshof

Summary

In an explorative retrospective follow-up study no increased risk of
disability due to back disorders in crane operators compared to a
reference goup of metal workers, (bendr)fitters and meihanics has
been observed. Crane operators with a minimum of five years on
the_ pb did also not have an excess risk of permanent work dis-
ability due to back disorders compEued to the reference workers.
These data do not support the results of a previous study on crane
operators. However, small numbers of crane operators and the
probably high load to the back of the reference group may have
masked a relationship between crane operation and back diiorders
in the present study. The risk of disability due to back disorders in
crgng operabors who work in a seated posture with exposure to
whole-body vibration was similar to thaf in the reference workers
with a static and dynamic workload.

Intrcduction

nF{t" of a previous study suggested that crane operators run a higher risk
of disability due to back disorders compared to a reference group of bench
fitters and maintenance workers in a large steel company (Bongers et al.
1988). However, no significant excess risk of long-term sid< leave because of
these disordens was observed anlong the crane operators in the same study
grou-ps (Bongers et al. 1989). In the present retrospective follow-up study th'e
incidence of back disorders leading to permanent work disability between
1966 and 1986 was analyzed in crane operators exposed to whole-b-ody vibra-
tion (wBV) and a reference grcup of metal workers, (bench)fitters and mech-
anics. These workers were employed in a large metal construction company.
D-ata {o1the p:ese1t study were initially collected for a study on health eirec-ts
of welders (Wanders 1989).

Material and methods

Selection of the colnrt

Not gnly crane operators but also several other transport functions were selec-
ted for the index group. The group of exposed worliers consisted of full-time
operators of industrial b_rdgg cranes (74%), mobile or top crEules (8%), part-
time crane{perators with additional tasks (10%) and drivers of other vehicles
e.g. forklift-trucks or cars (8%). Thus, all workers of the index-group were
more or less exposed to vibration but not all were actually crane operator.
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This group is called 'crane operators'. Vibration measurements of the cruures
were not available. Vibration levels of bridge cnules reported in the literature
are on average about 0.Q m,/s' in the vertical direction (Bongers et al. 1988,
INRS 1989) ana O.S m/s2 three-axial v^ectorsum (Bongers et aI. 1989) 4nd for
top cranes and mobile crtu.tes 0.1 m/s2 vertical direc[on and 0.3 m/s2 three-
axial vectorsum (Oortman Gerlings et al. 1987). The following definition for
cohort selection was used:

The inilex-group comprised all male workers employed as crane-operator du-
ring at least L day between january 1, 19M and january 4, 1986 and born
after 1901 (n=341). Those already employed as crzule operator at january 1,

1946 were not included.

The refrence-group comprised all male workers employed as metal worker,
(bench)fitter or mechanic during at least 1 day between january 1, 1946 and
january 4,1986, born after january 1, 1901 and who had never been employed
as a crrule operator during their professional career (n=3130). Those already
employed as fbench)fitter, me[al worker or mechanic at january L, 1.946 were
not induded.

Several time and motion studies of working postures fbroad categories) were
available for the reference workers. Between 1960 and 1985 the reference wor-
kers spent on the average 4% of their working hours in a static posture, 48%
in static or dynamic postures confined to one work place, 13% walking with
load and 35% walking or sLanding without load. The construction work is
done on variable work sites both indoors and outdoors. The index group and
the reference group had similar SES, management conditions, pre-employment
health examination and occupational health care.

Analyses have been conducted in the sub-population of workers with a mini-
mum of 5 years of employment as a crane{perator (with at least 1 day with-
in the company under study) and in addition less than 5 years employment
in a function selected for the reference goup (n=163). These oane operators
were contrasted with reference workers satisfying the same criteria (a mini-
mum of 5 years employment as metal worker, (bench)fitter or mectranic with
at least 1 day within the company under study) (n=1398).

Ptiod of obsentation

Endpoint was permanent disability due to back disorders (ICD 721,722 arrd
724; dinrders of the cervical spine (ICD 723) were exduded). In 1966 the cur-
rent Dutdr workers compensation system was introduced in the company of
this study. Therefore the analysis of disability endpoints was confined to
1966-1986. This means that in this analysis only the workers who were still
employed in 1966 were induded (a reduction of person-time with about 35%).
With the introduction of this Work Disability Act in 1966 each worker who
is not fit for the job due to medical r@sons after at least 1 year of sickness
absence, whether due to occupational or non-occupational diseases or acci-
dents and irrespective of the diagnosis, is entitled to financial compensation.
Other reasons to end the follow-up were: other medical discharge such as dis-
ability due to other diagnoses and certified job transfer for medical reasons,
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non-mdical discharge, (early) retirement, death or end of the observation pe-
riod.
In two additional analyses the endpoint was more broadly defined as (1) all
disability pensioning (irrespective of the underlying disease) between 1966 and
1986 and (2) total medical wastage which induded disability pensioning, cer-
tified job-transfer within the company because of ill health, discharge for me-
dical reasons other than disability pensioning and death between 1946 and
1986.

Diagnosc

The diagnoses underlying the disability were extracted from the medical files
of lhe occupational health service. The principal diagnosis and up to 5 sub-
sidiary diagnoses were coded by two medically trained research assistants ac-
cording to ICD-1975 (9th revision). They were blind for occupation unless
the occupation was mentioned in the file. The diagnoses for pb transfer for
a medical reason were also extracted from these medical files and coded in
the same way. No additional data were available on the validity of the diag-
loses. In general rather extensive medical examinations have taken place be-
fore granting a disability pension.

Data analysis

The person-years in the index group and reference group were calculated,
stratified for age (10 year categories) and calendar period [2 categories, 1962-
1981 and 1982-1986). The ratio of the incidence density (per 100 person-years)
of disability (ID) in both groups adjusted for age and for calendar period was
calculated (IDR") and tested for significance with the Mantel-Haenszel Chi-
squarc test for stratified follow-up data. The IDR for total medical dischalge
between 1946 and 1986 was adjusted for two broader calendar periods namely
from 1946 to 1966 and from 1967 to 1986.

Results

Comparability of index wo*os and reference wo*ers

Table 1 presents the distribution of person-years over categories of age and
calendartime. The creme operators are older than the reference workers. The
cftrne operators older than 4CI years contribute,2/3 of the person-time, while
in the reference grcup this is true for those younger than 40 years. Relatively
few crane operators are younger than 30 years. This difference in age distribri-
tion is partly due to the selection of the cohort, all workers who had been
loth_gane operator and reference worker were induded in the index group.
In addition, the crane operators apparently start at older age or transfer-to the
crane at older age.

Dixbility due to ba&, disorders

Before the introduction of the current compensation system in 1966 no regis-
tered end of pb due to back disorders has occurred. After 1966 almost-all
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registered medical wastage because of back disorders was due to disability
pensioning.

Table 1: Distribution of person-years over categories of age and calendartime in crane opera-
tors and reference workers

crane-operators
(n=341)

metal workers,/fitters
(n=3130)

age

<20
20-29
3G.39
4049
sG.59
>60

calendar period
19M-196r
196&1981
1982-79t36

total

n

4.9
3fi.7
830.2

1095.9
963.1
218.2

%

9.2
30.0
26.5
19.5
12.5

2.4

39.9
M,9
15.2

100

Yo

0.1
10.1
?l.0
31.6
27.8
5.3

v.3
53.2
t2.5

100

n

2:/55.7
9039.0
7973.8
5869.5
3750.8

712.7

12005.3
13514.1
4581.6

30101.0

1187.0
1u7.4
4y.6

1826.0

Table 2 presents the incidence and the age adjusted IDR for disability due to
several sub-categories of back disorders with the principal diagnosis only (A)
and the principal diagnosis supplementd with the subsidiary diagnoses (B).
The course of the incidence of disability due to back disorders (principal diag-
nosis) with age is presented for workers with a minimum exposure of 1 day
(figure 1) and 5 years (figure 2). Table 2 and figue 7 and 2 show that no dif-
ference in disability due to back disorders between the crane operators and
the reference group has been observed. With similar results for the workers
with a minimum of 5 years of employment, with an age and calendar period
adjusted IDR" of 0.81 (90% di 0.33-1.96) for back disorders as a primary diag-
nosis and 0-92 (90% cfi 0.49-1..74) when also the subsidiary diagnoses were
induded.

Total disabilitg pensioning and total medical wastage

The overall age adjusted IDR. for disability pensioning (all diagnoses) of the
crane operators compared to the reference workers is significantly larger than
L (IDRa=1.4, 90% di of 1.1 to 1.8). The largest relative increase was observed
for crane operators between 30 to 40 years old (IDR"=2.5, 90% di of 1.3 to
4.8) and those exposed 10-15 and 20-25 years with IDR 2.0 (90% cfi 1.1 to 3.6)
and IDR 2.3 (90% di 1.3 to 4.0) respectively. Between 1966 and 1986,96% of.
the crane operators and 81% of the reference workers who left their job be,
cause of medical reasons, did so due to disability pensioning, therefore these
results are similar to the data on total medical wastage between 1965 and
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1985 (ID&=7.2, X)% di 1.0-1.5). The excess disability in oane operators is
mainly due to mental disorders (ICD 290-319, IDR"=f.$, 90% di 1.5 to 4.6)

and diseases of the nervous system and sense organs ICD 320-389, IDR.=1.[,
90% di L.2 fo 7.5). The latter might be due !o the fact that crane operators
might be declared incapacitabed for their job more often for safety reasons
because of reduced vision.

Table 2: Incidence and absolute numbers of disability (A: principal diagnosis B: principal and
subsidiary diagnoses) in index and reference group and the incidence density ratios
adjusted for age and calendar period

index reference
FouP gouP
(n=341) (n=3130)

IDR"

rnc n lnc n

A. orincioal diaenoses
spondylosis (ICD 721)
intervertebral disc disorders (lCD 722)
unspecified back disorders $CD n4)

atl back disorders

B. principal and subsidiary diaSnosis
spondylosis (ICD 721)
intervertebral disc disorders (lCD 722)
unspecified back disorders (ICD 724)

all back disordersl

0.22 40 0.90 (0.411.88)

1.09 (0.4*2.$l
1.43 (0.7T2.N)

1.04 (0.6&1.73)

0.03 6
0.12 2t
0.07 13

0.04 1

0.09 2
0.13 3

0.26 6

0.04 7 0.07 13
0.22 5 0.15 29
0.35 8 0.15 28

o.57 13 0.37 67

I a subsidiary diagnosis in more than one of the cabegories of back-diagnoses might have oc-
ctrrred (lx in the crane operators and 3x in de reference group)

5'0 l.- crone op€rotors (n=541
l.--. referencbs (n=5150)

2.O

i.o

.'I,'-
0-0

ogC (yeors)
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No statistically increased risk of either total medical wastage or disability due
to all musculoskeletal disorders combined (lcD 770-739) has been observed
in the craneoperators compared to the reference workers (with IDR"=1,.4,90%
di 0.8 to 2.3 and IDR"=1.2, 90% di 0.8 to 2.0 respectively). When also the sub-
sjdiary diagnoses were induded or when the analysis was conducted within
the sub-population of workers with 5 or more year3 on the irb, similar results
were obtained.

Discussion

Selection of the index group

Unintentionally several workers selected for the index group turned out to be
exposed for only a part of their time or at low levels of WBV (drivers of top-
cranes, mobile-cranes and cars). It was not possible to exdude these workers
afterwards. In addition only half the crane operators were exposed for 5 years
or longer (while less than 5 years employed in a reference job). Therefore only
part of the index group was full-time exposed to WBV for many years, which
decreases the sensitivity of the study. No additional information was available
on the actual workload of the crane operators.

According to the physicians of the occupational health service, workers with
health problems were in the past often transferred to the crane. Whenever a
transfer due to medical reasons was registered in the medical files before a
worker became a crane operator, he was not selected for the cohort. Howe-
ver, not all job-transfers to the crane because of health problems may have
been registered in the medical files. This would seriously bias the results and
overestimate the health effect related to crane operation. The slightly increased
incidence of total medical wastage and permanent disability pensioning for all
diagnoses combined and for mental disorders and diseases of nervous system
and sense organs in particular, might be influenced by this health based selec-
tion of workers to the crane within the company. Nevertheless, no increased
incidence due to musculoskeletal disorders or back disorders was observed.
Certified job transfer for medical reasons from the crane occurred in less than
1,% (of all end to follow up) which was similar to the registered medical job-
transfer in the reference group.

Selection of the relerotce group

Although the reference workers are not exposed to vibration their working
conditions probably pose a considerable load on the musculoskeletal system.
Therefore, they might be at a rather high risk for back trouble. No individual
daba were available to allow for possible differences in load on the back in
index and reference workers. This makes the study rather insensitive to the
effects of WBV exposure on the back.'Unfortunatefy, no other suitable refer-
ence group was available. Office-workers wer€ not considered adequate refer-
ences due to the large differences in the process leading to permanent work
disability and the probable difference in SES.
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Loss to follow-up

A considerable number of workers did not reach an endpoint but left their
job because of other reasons. Different possibilities to transfer to another job
inside or outside the mmpany for index and reference workers might bias the
results. Of the crzu"re operators 22% was still employed in 1986. For the refer-
ence group this was 27%. The data on loss to follow up between 7946 and
1986 for non medical reasons show tlnt from the crane operators who left
their job 1.4% did so because of (early) retirement, 29% because of voluntary
discharge, 9% because of non-voluntary discharge and 25% because of medical
reasons. Among the reference workers who left their job almost half did so
because of voluntary discharge (47%), 6% because of (early) retirement, 6% of
non voluntary discharge and 11% because of medical reasons. These data
show that reference workers left their job more often because of voluntary
discharge and less because of retirement and medical wastage. The large dif-
ference in age distribution is mainly responsible for these differences. The cra-
ne operators start their job at an age at which voluntary discharge is limited.

Interpretation of the results

In a previous study (Bongers et al. 1988) a significant difference was observed
between disability due to back disorders in crane operators (n=7431 of a large
steel company compared to the reference group (maintenance workers, metal
workers and bendr fitters, n=662) in 1975 to 1986. The physical workload of
the reference group of the present study might be higher than in the steel
factorlr, because part of the construction work is done on location often in
confined spaces. The disability due to back disorders in this reference goup
was similar also to that of welders working on variable work sites in often
constrained postures (Wanders 1989). However, figure 3 shows that the inci-
dence of disabilify due to back disorders in the reference groups in this study
and the previous study was rather similar. The incidence in the crane opera-
tors in the steel factor/, particularly between 40 and 55 years old, was higher
than in the present study in the same perid. The crane operators of the steel
factory did start at a younger age and had on average a longer duration of
exposure and all of them were full-time employed as crane operator. In the
previous study the risk of disability due to back disorders w6ls only signifi-
cantly increased after 5 years of exposure and increased with exposure dura-
tion. In the present study also no increased risk of disability due to back dis-
orders was observed in crane operators with a minimum of 5 years of ex-
postrre. The numbers were boo small for further analysis of exposure duration.
In the previous study the difference in disability due to back-disorders was
primarily due to a difference in disability because of intervertebral disc dis-
orders. The numbers in the present study were too small for separate analy-
sis of this subdiagnosis.

In the present study the reference workers work in both static and dynamic
postues probably with additional lifting. The crane operators work in a seated
postue and are exposed to WBV. Both work conditions have a similar risk
of disability pensioning due to back disorders. The data of the present study
do not add to the evidence of a relationship between expostrre to vibration
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and back disorders. However, the information content of the present study is
limited.

Fisure 3: l#trE$"t#:ly.HiffiJ"*:.?* fl ?:
presglt study and a previous study (Bongers et al.
1988) both between 1975 and 1986.

Conclusion

Although an increase in total discharge due to medical r@sons and total dis-
ability has bgen observed in crane operators compared to reference workers,
no excess risk of disability due to back disorders in crane operators has been
observed. The limited information content of the study does hot permit strong
condusions.

References

Bongers, P.M., H.C. Boshuizen, C.T.J. Hulshof, A.P. Koemeester. Exposure to vibration and
back disorders in crane operators. ht. Ardl. Ocorp. Environ. iteatfr.eo (f988) 129137.

Bongers, P.M., H.c. Boshuizer!, c.TJ. Hulshof, A.p. Koeheester. Longterm si&nesi absene
due to ba* disorders in crane operators exposed to whole-body vibration. Int. Arctr.
Oocup. Environ. Health. 61 (1989) 59-64.

INRS, Vibration at work. Paris, 1989.
oorhnan.-Gerlings,-P., D. van Drimmelen, Y. Musson [1987). Measurements of whole body

vibration of several vehicles (in Dutch, summary in Englistr, Ccrman and Frenctri.
ICGrapport I,A-DR-10{4,'s Gravenhage.

Wanders, S_.P., Medical discharge of welders working at a metal cqrstruction plant (in Dutc},
english summary). Academic Dissertation, cbronel Laboratory, Amsterdam; 19s9.

752

-{'--i

o
o
o
tr
8e
o
o.

oo
2

o
Uc
o
Po
.s



Chapter 4: Self-reported back pain in relation to exposure
to vibration
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Sellreported back pain in fork-lift truck and freight-container
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Self-reported back pain in drivers of wheelloaders

4.2

4.3

153





4.1 Self-reported back pain in tractor drivers exposed to
whole-body vibration

Hendriek C. Boshuizen, Paulien M. Bongers, Carel T.l. Hulshof

Summary

A postal questionnaire on symptoms of ill health and exposure to
whole-body vibration was completed by 577 workers fresponse rate
79%) who were employed in certain functions by two companies
11 years before. The relation between the occupational history of
driving vibrating vehides (mainly agricultural tractors) and back
pain has been analyzed. The prevalence of reported back pain is
approximately 1,0% higher in the tractor drivers than in workers
not exposed to vibration. The increase is mainly due to more pain
in the lower back and more pain lasting at least several days.
A vibration dose was calculated by assigning each vehide driven
a vibration magnitude, estimated on the base of vibration measure-
ments. The prevalence of back pain increases with the vibration
dose. The highest prevalence odds ratios are found for the more
severe types of back pain. These prevalence odds ratios do not
increase with the vibration dose. This might be due to health-
related selection which is more pronounced for severe back pain
than for back pain in general. The two components of the vibration
dose, duration of exposure and estimated mean vibration mag-
nitude, have also been considered separately.Back pain increases
with duration of exposure but it does not increase with the
estimated mean magnitude of vibration. This is probably due to the
inaccuracy of this estimate. The higher prevalence of back pain in
tractor drivers might be (partly) caused by whole-body vibration,
but prolonged sitting and posture might also be of influence.

Introduction

Low-back pain presents a common problem in occupalional health. Neverthe-
less, there exists little consensus on the various risk factors and the magnitude
of their causal impact on back pain. A risk factor, whose importance has only
been recognised during the last decades, is driving vehicles involving ex-
posure to whole-body vibration. Five case-control studies on hemiated lumbar
disc [5,14,15,19,21.1 have reported that professional drivers or truck drivers
show an increased risk for herniated lumbar discs. In their study on medically
reported low-back pain Frymoyer et al. [9] found that occupalions that involve
driving automobiles, motorcycles, buses, tractors, trucks and heavy conslruc-
tion equipment were present more frequently in patients with low-back pain
than in a reference group without back pain. The excess of back pain in
drivers is often considered to be at least partly due to exposure to
whole-body vibration [16].
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This study investigates the prevalence of back pain in drivers of agricultural
vehides (^qny Eactors) inielation to past exp6sure to whole-body-vibration.
The study i_r. p-ult of an l1-year follow-up itudy in which long-term sick
lTJu.r and.disability pensioning_ have ahobeen sludied. Results 5r urat pa.t
will be published separately [a]. The prevalence of back pain was studied
through self-reported symptoms in a postal questionnaire as^we did not think
that inclusion of a diniq4 investigation *ould add any validity to the
assessment of back pain. Clinical signs are absent in a larg-e numbei of back
pain-sufferers, while 

-th9y _are ssrnetirnes present in those free of pain ta0l.
Besides only a few dinical tests achieve a level of inter-observer reliaUitity
high enough tor use in an epidemiological study 1261. In contrasl,
self-reported pain is a valid and relevant effect m"asure-thal cin ue measured
with sufficient reliability [42].

Materials and Methods

Study population

The study population consisted of workers employed on January 1, 1975 by
two. state companies. In company A the study population c6mprised ail
workers emoloyed- in the department in charge bf the developinent and
cultivation g,f neryly reclaimed land. In company B the study'population
comprised all workers who performed inspectioni of roads, dilies, cinals or
at building sites and who worked in the same district as the workers of
company A. The selected study population comprised 798 workers. of these
workers, 51 had died before the end of the follow-up period; 15 workers
could not be located because of incomplete identifiiation, emigration or
because no address was available. The workers {n=zl2) received. iquestion-
naire in 1986, which was returned by 5zz workers fresponse 79%).'Because
the study population comprises both i,lrorkers who are presently employed by
the.companiT ald workers who left the companies'during'the ?otfow-ui
period, selection bias resulting from workers leaving the comlany will partly
be- prevented. However, some bias might still be present due to (eatttr-ritatei
selection before Ianuary 1, 1,975.

The quationnaire

The questiolllye contained items on exposure to whole-body vibration,
symptoms of ill health (focussing on symptoms of the musculoskeletal systemj
and potentially confounding factors. -

Exposure to whole-body-vibration was assessed by asking for the types of
vehides driven (both while yo*i.g with the comfany anl before jo'iriing it
or after.leaving it); period of driving (specified per v-ehicle), the numbeiof
weeks tiat were driven yearly (specified per vehide) and the number of
hoursdriven daily (for tractorsj or weekly (fbr cars, vans and trucks). Drivers
of agricultural tractors were also asked *hich pafr of the time they drove on
roads and which part of the time they drove in the fields.
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Table 1: Questionnaire items on back complaints

1.
2.
3.
4.
5.
6.

7.

Do you regularly have pain or stiffness in the back.
Can you tid< the place in the back where you have pain or stiffness?
How long do the back complaints usually last?
How often do you have back complaints?
Do you have or have you ever had a prolapsed disc?
Have you been treated for this?
If yes, what kind of Eeahnent?
Have you been treated for back pain, other ttlan a prolapsed disc?

The most important questions on back pain are presented in Table 1. Based
on these questions 'frequent or long lasting back pain" is defined as back pain
lasting several weeks or longer, or back pain occurring more than five times
a month, which lasted several days or longer. The prevalence of "prolapsed
disc' also indudes workers with no present back pain but with a history of
prolapsed disc.
The items on potentially conlounding factors included smoking behaviour, age,
dimatical conditions, experienced mental stress and part of the working day
one was walking, sitting, sitting with a twisted spine, stooping or kneeling,
standing or lifting.

Construction of exposure measures

For the calculation of a vibration dose both the duration of exposure and a
magnitude of vibration are needed. The duration of driving was calculated
from the questionnaire per type of vehide, and for tractor drivers separately
for driving on the road and in the fields. For each type of vehide a mean
magnitude of vibration was estimated based on measurements made at the
two companies in 1985. The measurements were carried out by the Institute
for Mechanical Constructions TNO according to the international standard
150-2631 [17] on measuring vibration.
Tractors, especially in the field, vibrate in all three directions with about equal
intensity. Therefore we decided to use the vector sum of the root mean square
(r.m.s.) of the frequency-weighted accelerations in x-, y- and z-directions as
measure of vibration magnitude.
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Table 2: Estimates of vibration level per vehicle used in the analysis (only the most
commonly used vehicles are listed)

Vehide i Zi
(in m/s')

No. of workers
who used this
vehide

Tractor on the road

Tractor in the fields
Caterpillar tractor (only
used in fields)
Combine hawester
Other reapers
Trendrer
Bulldozer
Van
Car
Excavator
Shovel (Wheelloader)

1.1

0.5

217
197
18
38
40
29
15
27
10

0.6
0.3
0.3
0.5
0.6
0.4
0.3
0.4
1.1

Table 2 presents the estimates of the vibration magnitude for the most
colrunonly driven vehides. These estimated vibration magnitudes per vehicle
were used to calculate an 'equivalent vibration magnitude" and a vibration
"dose" for each worker.
The equivalent vibration magnitude is calculated as:

u* = G(ufoyil
where ! is the time (in full-time \ /orking years) driven on vehide i and q is
the estimated vectorsum of the r.m.s. acceleration in X-, y-, and z-direction
(table 2).

Vibration dose is calculated as:

vibrationdose = P,'q,
using the same time-dependence as the ISO-2531 uses for exposure "within"
a single working day.
other dose m@sures suggested in the literature are the vibration-Dose-value,
lougpy proportionate to \{t, proposed by Griffin [11]; Xa,10q, derived by
Sandover, assuming that recovery processes are absent, from data on fatigu-e
failure of bone 137,321; and the abiorbed energy [13] roughly proportionate
to >a,'!. Since no supportive epidemiologic evidence exists for any of these,
we used the commonly applied energy equivalence principle. Although the
vibration dose does not incolporate shocks explicitly, recent research has
shown that this dose predicts the discomfort cau-sed by shocks as well as, or
even better, than shock oriented measures [41].
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Analgsis

For initial inspection of the data, the smoothing algorithm proposed by Fowles
[10] was used to plot the prevalence of a complaint for each exposure
category as function of age. When no important interaction with age was
spotted, asymptotic maximum likelihood point estimates of the odds ratio
were calculated for different categories of exposure after stratificaLion for age
[30]. The Mantel Haenszel extension test [25] and logistic regression were used
to test for a trend with vibration dose.

Logistic regression (BMDP LR) was also used to adjust for several con-
founders. Not all potential confounders could be used in the regression.
One set of covariates was selected for all types of back pain other than
prolapsed disc, small enough for the type with the smallest prevalence.
Selection was based on the literature 12,9,20,'38,397, on data of a group of
(non-vibration exposed) military officers who completed a similar
questionnaire for another study by our laboratory and on analyses of the data
of this study. Age was induded as a quadratic term as studies [3,12] have
shown that the prevalence of low-back pain initially increases with age but
dedines after the fifth or sixth decade.
To study the relation between exposure and the prevalence odds ratio
unrestricted by assumptions of the model, the exposure measure was entered
in the model as a categorial covariate [6]. When a monotonic trend was
observed, its significance was assessed by testing the coefficient of the
exposure measure entered in the model as a continuous covariate.

Results

Figure 1 shows the smoothed prevalence of pain or stiffness in the back for
different exposure groups as a function of age. It does not show consistent
interaction between age and vibration exposure. Of the tractor drivers younger
than 40 years,61J6 had left the study company at the time the questionnaire
was selt, against only 46% of the referent workers younger than 40 years.
Most of the tractor drivers lyho had left the company had received a vibiation
dose less than 2.5 years m'7sn. Figure 2 shows th6 smoothed prevalence of
pain or stiffness in the back for only those workers who no longer worked
at the study companies at the time the ques[ionnaire was sent. Itlhows that
tractor drivers who had left the company after a short exposure had a high
prevalence of pain or stiffness in the back, which indicatei significant heal-th
based selection.
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Figure 2: Smoothed prevalence of back pain as a
function of age for only those workers who
had left the company
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Considering confounding factors, it was noticed that the age of the tractor
drivers increases with received vibrationdose, but the mean age of the tractor
drivers was lower, although not significantly, as that of the reference group.
There were no significant differences in height between tractor drivers and the
reference group, but tractor drivers weighed significantly more, maybe due to
their less active jobs. Tractor drivers spent more time sitting and sitting with
a twisted spine than the reference group, and lifted and carried less. Tractor
drivers found the dimatic conditions on the job (and especially the cold) more
often disagreeable than the reference group. Smoking behaviour did not
substantially differ between the groups.

Table 3 shows that the prevalence of back pain was higher in the tractor
drivers than in the non-vibration exposed reference group. This difference was
most pronounced for the more severe 'frequent or long lasting' pain. In the
tractor drivers the pain was located more often in the Iower back. The
complaints in this table are not independent: someone with low back pain also
has back pain in general and could have had medical treatment. When the
non-exposed workers are exduded from the analysis (not shown), a significant
(p < 0.05, both Mantel-Haenszel extension test and logistic modeling) increase
with vibration dose is observed only for the three most common types of back
pain (numbers 1,2 and 6). When duration of exposure is used instead of
vibration dose to form exposure categories (results not shown) the trend of
increasing prevalence with increasing vibration exposure becomes weaker for
all types of back pain with the exception of treated back pain. However, all
associations except that for back pain radiating to a leg, are sLill significant
according to the Mantel-Haenszel extension test.
The odds ratios found from logistic regression, adjusting for more confounders
than age (results not shown), are similar but have wider confidence intervals.
When the duration of driving is used instead of vibration dose as measure of
exposure (not shown), this association becomes weaker. When the non-exposed
workers are again exduded from the analysis (results not shown) no
significant increase of back pain prevalence with vibration dose is observed.
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In addition to the relation between vibration-dose and back pain, the
separate contributions of equivalent vibration magnitude and duration of
exposure were also studied. Table 4 shows the odds ratios for equivalent
vibration magnitude and Table 5 shows those for duration of exposure.
When studying equivalent vibration magnitude (as a categorical variable),
adjustment was made for duration of exposure (induded in the model as
a continuous variable) and vice versa. Table 4 shows no association between
the equivalent vibration magnitude and the prevalence of back pain. Table
5, however, shows some association between duration of exposure to
vibration and the three most conunon types of back pain. The association
observed between vibration dose and back pain prevalence therefore is
mainly due to the association between duration of exposure and back pain.

Table 4: Odds ratios resulting from logistic modelling using equivalent vibratio4
magnitude (a*) categdries, wNle-correcting for d-uratioriof 6xposure, age, age',
height, smoket/non-smoker, twisting, lifting, experienced mmtal workload,
employing company. (For prolapsed lumbar dir only age, smoker/non-srnoker,
lifting twisting and duration of exposure)

Type of back pain Odds ratio (90% confidence interval)

a.q in m,/s2

0.3-0.55
n=66

0.5s-0.7
n=l21

0.74.9
n=177

>0.9'
n=22

1 Back pain

2 Back pain, lasting
several days or longer

3 Bad< pain, treated

4 Back pain, radiating

5 Fr€quent or long

6 [ow-bad< pain

7 Frequent or long last-
ing low-back pain

8 Has had a prolapsed

L.22
(0.62-2.42)
1.39
(0.e2.9)-t.il
(0.69-3.4)
1.68
(0.704.0)
3.9*
(1.19-13)
1.98
(0.974.0)
5.8
(1.48-23)
3.9
(0.94-77)

1.33
(0.7v2.il)
1.84
(0.97-3.7)
1.73
(0.82-3.7)
1.61
(0.6e-3.7)
5.2*
7.*16)
1.6
(0.82-3.4)
6.3
(7.63-241
3.5
(0.81-15)

't.46

(0.78-2.71)
1.60
(0.81-3.1)
7.52
(0.7+3.2)
1.60
(0.71-3.6)
6.1*
(r.e7-1e)
2.Lo',
(7.074.7)
8,4s4
(2.2+32)
3.9
(0.91-16)

1,.27
(0.51-3.14)
2.03
(0.80-5.2)
't.52

(0.ss-4.2)
3.0*
(1.07-8.3)
5.3*
(1.38-20)
1.38
(0.52-3.7)
7.4*
(1.s8-34)
2.1.

(0.3s13)

*p ( 0.05 (one,sided)*p < 0.005 (onesided)**p ( 0.0005 (oresided)
" In ttre logistic regression only respondents without any missing covariates could be

induded (n=395)
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Table 5: Odds ratios resulting from logistic modelling using categories of duration of
exPosure (t) while c,orrecting for equivalent vibration (a). Model contains also as
covariates: ?Se, ?Ee', height, smoker/non-srnoker, twisting, lifting, erperienced
mental workload, employing company. (For prolapsed h,rmbar disc 6dy age,
smoker/non-smoker, lifting, twisting, equivalent viblation magnitude)

Type of back pain Odds ratio (90% confidene interval)

t in years of full time exposure

0-5
n=125

110
n=94

>10
n=107

1 Back pain

2 Back pain, lasting
several days or longer

3 Back pain, treated

4 Bad< pain, radiating
to a leg

SFrequent of long
lasting back pain

6 Low-bad< pain

7 Frequent or long last-
ing low-back pain

8 Has had a prolapsed disc

t.M
(0.524.0)
1^58
(0.s7-5.0)
t.79
(0.*s.7)
't.25

(0.364.4)
4.4*
t1.00-19)
2.M
(0.u-7.1)
5.4*
(1,.02-29)
4.0
(0.63-2s)

r.69
(0.59{.8)
1.91
(0.6&s.8)
t.79
(0.*s.e)
1.15
(0.314.2)
4.4
(0.97-20)
2.5
(0.8r7.5)
5.7"
(1.e31)
5.3
(0.81-34)

2.U
(0.83{.6)
2.40
(0.79-7.31
1,.77
(0.5&s.9)
7.42
(0.40-5.1)
4.1
(0.92-18)
3.6*
(1.21-11)
4.3
(0.79-24)
6.8.
(1.0r.44)

*P < 0.05 (one-sidedl

Discussion

In Table 6 the prevalence of (low) back pain observed in the present study
is compared to that in 11 other studies of tractor drivers. The differerit
methods of data acquisition and the different age distributions of the study
populations make it difficult to compare these prevalences. only schulz-e
and Polster t34l used a reference group n-ot exposed to vibration
{agricultural workers, mean age 38 years); this reference goup had more
back pain than the tractor drivers. ln contrast with the resutti of Schulze
and Polster [34], the present study shows an increased prevalence of back
pain in tractor drivers compared to the reference group not exposed to
vib3tion. In agreement with the data of Rosegger ana nosegger 

-[29] 
and

seidel and rrOster [35], but in disagreement with the results of lrirgens et
al. [18], the prevalence of back pain increases with the numhr of driving
years, although this increase is not s[atistically significant in all analyses-.
The present study also shows that health-bas6a setection is an impoitant
factor. In the present study bias by this selection was partially prevented by
studying workers employed 11 years before the time of th6 ituoy. In the
other studies health-based selection might have influenced the results more.
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Table 6: Prevalences of low-back pain found in shrdies on hactor drivers

Year of Complaint
publica-
tion

No. of
tractor
drivers

Mean Preval- Source
age %

1960 Back pain
196[ low-bad< pain
7970 Back pain
7972 Back pain, 1961
L972 Back pain, 1971
1966 Back pain

1975 Back pain
7979 Back pain
1982 Back pain, sometimes,

often or always
1982 Back pain, often of

always
1984 Back pain
1984 Iow-back pain
t7l
1986 low-back pain
1988 Back pain
1988 l,ow-back pain

310
t400

60
211
106

13000

26 29.9
?%
3442
t7 20.4
28 56.5
?43
35 6-t

39 24

75.5

36.1.
31.3
48

47
38.4
31.3

52t 39
5044
85 43
4fi 52

Ros€gger and Rosegger [29]
Ktibik [23]
Seidel and Troster [35]
Dupuis and Christ [8]
Dupuis and Christ [8]
Zimmerman: cited by
Dupuis and Christ [8]
K6N [22]
Sdrultze and Polster [34]

Sjoflot [37]

Sjoflot [37]
Jtirrgens et aI. [18]
Cabanas Espero and Gil Ribes

Perleau et al. l27l
This study
This study

561
103

281

The present study examines prevalence at the end of follow-up and not
incidence of back pain. The implicit assumption made using this design is
that damage by vibration, once present, will continue to cause complainbs.
When repair mechanisms or pain-reducing adaptions exist, the effect of
vibration will be undereslimated in this design and the observed
dose-response relation will be distorted. However, the results do not suggest
such a distortion very much.

The response in this study was 79%. We used sickleave data to explore the
possible influence of the non-response. The rate ratio of a first back related
Iong-term sick leave for tractor drivers ve6us referents is '1,.4 for
respondents and 1.5 for non-respondenLs. This suggests that the effects of
tractor driving on back pain might be slightly underestimated due to the
non-response.

The increase of the prevalence of back pain with the number of driving
years and accumulated vibration dose suggesls that back pain is caused by
tractor driving. The absence of an association between vibralion dose and
the more severe types of back pain might be due to selection. Workers with
severe back trouble may have stopped working on tractors, and therefore
have stopped accumulating vibration dose or driving years. This causes the
dose-effect relationship to dissolve.
If vibration causes the higher prevalence of back pain in drivers, an
association between the equivalent vibration magnitude and the prevalence
of back pain is expected. Such an associa[ion was not observed. However,
the validity of the equivalent vibration magnitude as used in this study can
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be questioned in several ways.
Firstly, vibration magnitude as used here might not represent the actual
harmful entity. The concept is not based on long-term health damage but
stems from experiments on all sorts of short-term effects. Secondly, the
estimate of the vibration magnitude is based on measurements in a limited
number of situations of vehides used in 1985, while most exposure took
place in earlier years on smaller tractors with less comfortable seats,
diagonal tyres, less power, driving at lower speeds, etc. Thirdly, the
vibration magnitude of a vehide depends on the type of soil or surface that
is driven on, the state of maintenance of the vehide, the style and velocity
of driving, the type of tyres, the type of seat, etc. The vibration magnitude
of one type of vehide will therefore show considerable variaLion; thus the
vibration magnitude will be subjected to considerable misdassification.
The lack of association between the vibration magnitude and back pain is
most likely due to these inaccuracies. Because of this no extensive evalua-
tion of the vibration dose used in this study was possible. Nevertheless, the
resulLs show that the vibration dose measure performs slightly better as a
measure of exposure than the number of fuiving years.

In the same study population the long-term sickness absenteeism (> 28 d)
was also investigated [ ]. The incidence of a long-term period of sickness
absence because of a back disorder was 50% higher in tractor drivers who
had received a vibration dose of more than 2.5 years m'/so than in workers
with almost no exposure. Although this difference was not seen when
analysing the workers of the largest company separately, it supports the
results observed in the present study. A high incidence rate rhtio was
observed for long-term sickness absenteeism of disorders of the
intervertebral discs (induding prolapsed lumbar disc). This agrees with the
increased risk of self-reported prolapsed lumbar discs observed in this
study. In the present study the existence of back pain, as stated in the
questionnaire, is seen to exist in lower exposure categories than in the study
of long-term sickness absenteeism. This ls not surprising, as symptoms of
ill health may develop long before they result in absenteeism.

Whether the difference in back disorders and back pain observed in both
studies should be contributed to exposure to vibration or to other factors
connected with driving cannot be inferred from this study. Tractor driving
also involves, in addition to exposure to whole-body vibration, prolonged
sitting in a fixed and often poor posture and frequent twisting of the spine
when looking backwards.
The epidemiological data on sitting as a risk factor for back pain Eue con-
flicting, possibly because both workers who sit for most of the day and
workers who sit very little, have a higher prevalence of back pain [24].
Sitting is often said to harm the spine due to a higher intradiscal pressure
and compressive stress on the annulus when sitting than when standing
[28]. However, Adam and Hutton [1] have pointed out that the stress on
the most vulnerable part of the annulus (the posterior part) and on the apo-
physeal joints is reduced. The importance of prolonged sitting as a cause of
back pain therefore is still questionable.
Kelsey et al. [21] showed that twisting alone did not present a risk factor
for prolapsed lumbar discs, but that twisting while lifting did.
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Sandover and Dupuis [33] estimated that 6 m/t r.m.s. harmonic vibration
may lead to fatigue-induced failure of the annular fibres. In our
measurement" p*[ values of 8 to 1.3 m/sz were observed in tractors
driving on asphalt roads. These peak values are the maximum peak values
within a 10 min period, whereas the calculations of Sandover and Dupuis
[33] are based on a 5 Hz vibration containing 3000 peaks in a L0 min
period. Although the calculations of Sandover are based on biomechanical
data that contain many shortcomings and some of the assumptions can be
questioned [36], these calculations suggest that vibration-induced fatigue
failure of spinal structures is possible by the actual occupational exposure
in our study.

From the biomechanical and epidemiological data discussed we condude
that the excess of back pain, suffered by the tractor drivers, is likely to be
partly due to the whole-body vibration and shocks to which tractor drivers
are exposed. The twisting of the spine and the static posture may also have
contributed to the development of this back pain.
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4.2 Self-reported back pain and exposure to whole-body
vibration in helicopter pilots

Paulien M. Bongers, C:rel T.J. Hulshof, Hans J.M. Groenhout, Lyanne Dijk-
stra, Hendriek C. Boshuizen, Eric Valken

Summary

In a questionnaire survey the prevalence of back pain in 163
helimpter pilots has been compared to that in a control group of
297 non flying air force officers, who underwent the same pre-
employment medical examination. Since pilots document their
hours of flight in a personal flight log, an accurate estimate of
duration of exposure could be made. In addition, also vibration
levels of the helicopters were measured and an accumulative
vibration dose was calculated for each pilot. In particular the
'transient' back pain of short duration was more frequent in the
pilots compared to the control group. But the prevalence of
'chronic' back pain with a persistent nature was also higher in
the helicopter pilots. Transient back pain seemed to be most
strongly related !o the average hours of flight per day, whereas
the chronic back pain was more dosely related to total hours of
flight or the accumulative vibration dose. A significant higher
prevalence of this chronic back pain was observed only after
2000 hours of flight or a vibration dose of 400 m'h/so. The ob-
served health effects may be due to vibration or constrained
posture but are most likely due to concomitant exposure to both
factors.

Introduction

As part of an extensive research project on adverse health effects of long
term exposure to whole body vibration, a questionnaire survey was con-
ducted among almost all helicopter pilots in the Netherlands, both military
and civilian flight crew.

Helicopter pilots form a unique group to study the relationship between
exposure to whole body vibration and adverse effects on the spinal system.
Many studies reported high prevalences of back pain in helicopter flight
crews, but due to a high motivation the number of medical drop outs is
small. Helicopter pilots have also little prior exposure to vibration or other
physically demanding work environments. In addition, the duration of
exposure is systematically documented in a flight log and measurements of
vibration levels of the current helicopters can be used to estimate zrn ac-
cumulative vibration dose, since most pilots spent the majority of their
flying career in these helicopters. Moreover, the design of these helicopters
has changed little over the last decades. Therefore, in contrast to most
other occupations which involve exposure to whole body vibration, a rela-
tively accurate estimate of the accumulative exposure dose can be made.
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The assessment of a dose-response relationship between exposure to vibra-
tion and long-term health effects is complicabed by the poor postue of
pilots dtuing flight. Helicopters require for the majority of time active input
from all four extremities of the pilot in order to maintain full control of the
aircraft. The seat often lacks sufficient lumbar support and the control con-
figuration often forces the pilots to assume a slightly asymmetrical position.
They have to bend forward and lean slightly to the left. This typicl postu-
re, "the helicopter hunch' and the exposure to vibration are the facbors
most widely implicated in the etiology of back pain in helicopter pilots.
However, most modern helicopters are equipped with auto.pilots which
improve postue while cruising.

Literature

Ep i duniolo gical s tu di es

In several epidemiological studies on back pain in helicopterpilots a distinc-
tion has been made between transient back pain and chronic back pain
(Shanahan et aI. 1986, Froom et al. 1986). These terms are used to discrimi-
nate between temporary back pain, associated with actual flight and bad<
pain not directly associated with actual flight. The transient pain is general-
ly described as a typically dull pain without radiation and is confined to
the lower back, whereas chronic back pain is described in several ways,
e.9., as sciatic pain that radiates to a leg, as pain that leads to bedrest or
the incapacity to fly, or as pain lasting several days or longer. According to
Bowden (1987) this 'chronic' back pain might be compared to idiopathic
low back pain in the general population.

Back pain prevalences in helicopter pilots reported by several authors vary
from 21 to 95% (Delahay et al. 1982, Schulte-Wintrop and Knoche 1978,
Fischer et al. 1980, Braithwaite and Vymwy Jones 1986, Shanahan et al.
1986, Froom et al. 1986). The prevalence of back pain during or shortly
alter flight ranges from 34 to 64%. Back pain not primarily associated with
flight is reported in 11 to 27% of the respondents (Shanahan et al. 1986,
Froom et al. 1986). Two studies show an increase of lumbar r6ntgenologic
abnormalities in helicopter pilots compared to jet pilots (Fischer et al. 1980,
Froom at al 1984).

Experimental studies

In a mock-up of a UH-1H helicopter seat and control configurations 11
subjects were asked to indicate when they experienced back pain and with
what intensity (visual analogue scale) (Shanahan and Reading 1984). Each
pilot was asked to adopt the slumped and slightly asymmetrical posture
which he assumed in normal flight and was tested for two separate peri-
ods of 120 minutes, one with simulated helimpter vibration and one with-
out. All 11 subjects reported pain identical to the discomfort when actually
flying a UH-1H helicopter for similar periods. No significant difference was
found between the vibration and non-vibration condi[ions for either time of
onset or intensity of pain. The pain was uniformly described as a dull ache
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or nurnbness confined to the lorver back and/or buttocks without radiation
into the legs. The authors conduded that for the transient back pain expe-
rienced by these aviators, posture is the most important etiologic factor.
They hypothesized that the slumped asymmetrical posture assumed for
extended periods of time leads to spasm of the paraspinous musculature
and increases the pressure sensitivity of the buttocks. The authors do not
extend this condusion to more chronic back pain.

Pope et al. (1986) tested the change in muscle response (measured as a
shift in the centre frequency of the EMG spectrum) due to sustained pos-
ture and vibration in a simulated UH-1H cockpit. Marginally significant
fatigue occu:red only as a result of the sustained static posture. In contrast,
all tests both with and without vibration produced subjective discomfort
both in the buttocks and the lower back.

Froom et al. (1987) compared the onset and intensity of back pain between
aviators occupying the pilots seat and the gunner's seat of a helicopter. In
the gunner's seat the aviators maintain an upright position whereas in the
pilot's seat they have to lean forward and to the left in order to operate
the controls. Vibration levels were similar in both positions. Most pilots
experienced pain or discomfort in both positions. However, the intensity
was greater and the onset of the pain quicker in the pilot's seat.

Voss and Krogh-Lund (1986) compared the occunence of a shift towards a
lower frequency EMG signal between a group of ten civilian helicopter
pilots and a group of 10 office workers. They conduded that the helicopter
pilots working conditions caused significantly higher localized muscular
fatigue in the lumbar compartrnent of the erector spinae muscles compared
to the control group.

Material and methods

The popuhtion

A questionnaire was submitted to 100 army helicopter pilots, 51 civilian
helicopter pilots and 12 army observers. The control group comprised 297
non-flying air force officers. The response rate was 83% for the helicopter
aircrew and 78% for the control group (table 1). Eight pilots, observers or
controls, who had been exposed to vibration prior to their current job or
during their current job (controls), were exduded from the research popu-
lation. Air force officers with a physically demanding job, e.g., sports in-
structors, were not induded in the control goup. The major part of the
job of the controls consisted of office work comparable to the activities of
the pilots between flights. Both the army pilots and the control group of-
ficers underwent the same medical examination of the vertebral column
upon entry to the military service and were recruited from the same age
categories. The majority of civilian helicopber piloLs were trained and for-
merly employed by the army. They are currently in charge of transport to
and from the off shore oil platforms.
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Table 1. The response

researctr
population

retumed question-
ruures

analysis

lndex group
- civilian pilots
- airforce pilots
- observers

control group

133
39
87

7

228

135 (83%)
39 (76%)
8e (8e%)
I (67%)

163
51

100
t2

297 233 (78%)

The quationrwire

The questionnaire was similar to those used in two other studies on the
healttr effects of occupational vibration in The Netherlands (Musson et al.
1987, Boshuizen et al. 1989). It included items on accumulative exposure,
potential confounding factors and health. Data mllected were hours of
flight for each type of helimpter ever flown and the average daily and
weekly hours of flight. The potential confounding factors investigated were
age, height, weight, dimatic conditions and experienced tension during
work. The respondents were also asked to assess the time spent in a bent
forward or twisted seating position (5 points scale). Table 2 presents the
questionrnire items on back pain. The last column gives the labels used in
the tables with the results. As indicated in table 2 transient back pain is
defined as back pain lasting several hours (hours) with a varying pattern
(alternating). In agreement with the literature on back pain in helicopter
pilots, dronic back pain is defined as all back pain lasting several days or
longer (days, > weeks, > 2 weeks) or back pain that radiates to a leg (scia-
tica) or that needed medical treatment (treatment). In addition questions
were asked to establish the prevalence of back pain directly associaied with
flight (table 3).

Vibration measuremmts

Three axial vibration measurements \ /ere conducted in agreement with the
ISO 2631/7 guidelines (1985). The air force pilots fly in the Alouette III and
the Bolkow 105, the civilian pilots in the Sikorsky S61N and the Sikorsky
576,4'. The vibration levels of two helicopters of each type were measured
under representative flight conditions (van Wijk and van der Weiden 1989).
The acceleration levels of the vibration depended on the type of flight, e.g.,
hovering, starting and cruising. These flights wene m@sured separately and
the range of these data are presented in table 4. The peaks in the frequen-
cy spectrum are due to the frequencies of the main rotor system and the
rotor blades and to multiples of these frequencies. The majority of these
predominant frequencies are higher than the first resonant frequency of the
_spinal iystem of a seabed subject (4 to 5 Hz in the vertical direction (Panja-
bi et al. 1986)). The vibration signal was evaluated in relation to the intir-
national standard for evaluation of human exposure !o whole-body vibrati-
on, ISO 2631./1, (ISO 1985). In this standard [wo methods are indicated to
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Table 2. Questionnaire iterns on back pain

Questionnaire item: label:

0 Do you regularly experience pain or stiffness in the back?
0 Where do you erperience pain or stiffness in the back?

- the upper part of the ba&
- the middle part of the back
- the lower part of the back
- the entire back

O How long does the back pain usually last?
- several hours
- several days
- several weeks
- several month

I How often do you experience back pain? ....per year
0 Do yotr have or have you ever had lumbago?
0 Do you have or have you ever had a prolapsed disc?
0 Did you reeive medical treahnent for your back pain?
0 Does the back pain radiate to one of your legs?
t) Have you experiened back pain for a continuous period

of two weeks or longer in the last year?
a What is the pattem of your back pain?

- bact pain that varies from day to day
- back pain for long unbroken periods altemated with

periods without ba& pain
- badr pain that is almost always present

The following back pain parameters combine frequency and
duration of back pain:
O Back pain lasting several hours for less than 50 times

a year or back pain lasting several days for less than
10 times a year

0 Back pain lasting several hours for more than 50 times a
year or bad< pain lasting several days for more than 10
times a year or back pain lasting several weeks or longer

back pain

low back pain

hourpl
davs'
> ir".k.'

lumbago
hnp
treabnent'
sciatica"

> 2 weeks2

altematingl

periodi^cal2
always'

mild

long or frequent

I 'Transienf back pain
' 'ChrcniC back pain

Table 3. Questions on back pain directly associated with flight

Do you experiene back pain in one of the following situations:
- during or shortly after every flight (independent of flight time)
- during or shortly after a flight of less than 2 hours
- during or shortly after a flight of more than 2 hours
- during or shortly after a flight with high mental concmtration
- during or shortly after a period of intensive flying (e.g. more than 20 hours of flight

per week)

evaluate broad-band distributed vibration. With the rating method the rms
acceleration level of each one-third octave frequenry band is evaluated
separately in respect to the fatigue/decreased proficiency boundary at that
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With the weighting method the overall vibration signal for the
frequency range 1 to 80 Hertz is weighted according to the frequency de-
pendence curves of the standard and expressed in one value. In the present
study the evaluation with the weighting method gave quite different results
from that using the rating method. In order to calculate the accumulative
vibration dose the average of the vector sums of the weighted acceleration
levels was used. The acceleration level of the UH-1D helicopter flown in
the past was derived from literature data (Theiler 1986). If no literature
data were available the average value of all other levels (0.5 m/s2) was
substituted.

Table 4. Vibration measurements

fre. lquency
(hz)

rating method
affi " expofure
(m/s') time'(h)

weighting method
a,*"
(m/s')

exPolsure
time'(h)

Alouette III

vectorsum
average

Bolkow 105

vectorstrm
average

Sikorsky 51

vectorsum
average

Sikorsky 76

vectorsum
average

0.w.21 tG>24
0.91-1.31 t4- 2t
0.391.08 + 78

0.0ffi.90 >24
0.H.21 >24
0.52-0.93 9-20

0.04-0.39 >24
0.0&1.01 79->24
0.08-0.58 7->24

0.w.07 29>24
0.0&1.05 2r>24
0.094.24 9->24

x16
Y16zt6

0.t24.17
0.174:25
0.*0.67
0.fi4.75
0.60
0.09-0.13
0.1!0.18
0.294.49
0.36-0.s8
0.45
0.05-0.11
0.rG0.21
0.174.4
0.2+4.55
0.35
0.074.14
0.1G0.19
0.t74.x
0.28-0.45
0.38

ty20
7-23
$5
2-4

'tv>24
72-21,
4-9
3-7

zu>24
9->24
5-20
+13

17->24
'L0->24

7-20
5.10

x25
Y6
225

x16
Y16
Z8

x20
Y20
Z8

' Centr" frcquency of the one-third octave band with the highest acceleration level in re
, lation to the ISO fatigue,/decreased proficiency limit.
' Duration of expozure before readring the fatigue decreased proficiency limit of ISO

2637/1.

Few data are available to decide upon how to calculate a vibration dose
value for more than 24 h. Two vibration dose values were calculated Dose,
() a,2.ti m2h/sn) and Dosg, (> aio.q mh/s6). In which a, is the estimated
level of acceleration (m/s') in helicopter i and t, is the total flight time (h)
in helicopter i. Dosel approximates the time dependency relationship propG'
sed in ISO 2631/7 for daily exposures, following the energy equivalence
principle. In Dose2 the more recent suggestion of a time dependence of
daily vibration exposune as a fourth power relationship has been followed
(lSO 1988, Griffin 1982). Since neither of these dose values are applicable to
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exposures of more than 24 hours, their choice is somewhat arbitrary.

Statistical analysis

A multivariate logistic regression analysis (e.g. Breslow and Day 1980) was
conducted to investiga.te the relationship between the exposure variables
and the health effect parameter. In this analysis odds-ratios were computed
for back pain parameters and exposure variables adjusted for several poten-
tial confounding factors, with the control group as reference. In addition,
pooled maximum likelihood odds-ratios after stratification for age in 10
year categories were computed (Rothman and Boice 1979). The Mantel
Haenszel Chi-square test was used to determine whether these odds-ratios
significantly exceeded 1. Since the pooled odds-ratios did not differ from
the odds-ratios obtained by the multivariate analysis these odds-ratios are
not presented. The logistic model was fitted with all potential confounders
unless the number of cases was less than four times the number of vari-
ables in the model. In this case only the variables that considerably chan-
ged the odds-ratio of the exposure variable were induded in the model.
Multiplicative interactions between the exposure variables and potential
effect modifiers were studied. In order to clarify the interrelationship be-
tween the various back pain variables a facbor analysis of these variables
was also conducted.

Results

Table 5 presents the arithmetic mean and standard deviation of several
personal characteristics for the different categories. Due to the small num-
bers, no separate data for the observers are presented. The age of the pilots
ranged from 21 to 56 yr. The officers of the control group were on average
slightly older with an age range of 20 to 67 yr.

Table 5. Personal dnracteristics

anny
pilots
(n=87)
m€Eu1 sd

civilian
pilots
(n=39)
mean sd

index
gouP
(n=133)t
mean sd

control
grouP
(n=228)
mean sd

33" 8 35 10
182.e 7 787 7
7787710

8394
77827
8789

age (yrs)
height (on)
weight (kg)

31.2
782
77

* p . 0.05 T-test, two sided
l* p < 0.01
' observers induded
1 *y pilots tested against civilian pilots
" index group tested against control group
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The- civilian pilots had experienced significantly more flight hours both in
total flight and in hours of flight per day than the army pitots (taUte O).

Table 5. Duration of erposure and exposure dose

army
pilots
(n=87)
mean sd

civilian
pilots
(n=39)
mean sd

aIl
pilots
(n=126)
meau:l sd

total flight time (yr)
total flight time (h)
hours offlig\t per day
doset (mihlsl)
dose, (mhls')

:* p < 0.01 T-test two sidedI army pilots tested against civilian pilots

Figure 1 and 2 show that the pilots indicate spending significantly more
time in a twisted seating pgstue than did the controls. The tim6 spent
bending forward did not differ significantly. The pilots also reported more
draught and cold (77% vs 33%). Almost half @s%i ot borh arrny and civili-
an piloLs_ and 34% of the control group indicated to feel tense during their
work, whereas 63% of the army pilots, 80% of the civilian pilots anE Z2%
of the control workers experienced mental stress during theiiwork.

7.9 nr 5.8
1985 *r 1324

2.4 *r o.z
652*r M8
228 181

9.9 6.2
2974 192
3.2 1.5
774 477
273 76

14.6
il73

5.3
1081
179

4.0
7594

1.0
314
720

1oI,

96

80

?a

6A

(zt 56

4A

38

26

1A

a
i ndex

Figure 1. Part of the time of work sp€nt in a forward bent
pootule
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Figure 2. Part of the time of work spent in a twisted posture

Table 7. Back pain prevalences, and odds-ratios adjusted for age, height, weight, dtunate,
bending forward, twisted posture and feeling tense during work

back oain Darameter index
souP
(n=133)'
% abs

control
grcup
(n=228)'
% abs

(90% confi-
dence
interval)

OR

back pain
low back pain
> two weeks last year
lumbago
sciatica
tP'
treahnent
duration
hours
days
> weeks'
Dattern
altemating
periodical
mild
Iong or frcquent

77
11
7
9
6
5

15

4
9
4

68 (91)

. ss (6e)
(c)' 27 (25)

13 (16)
(c) 12 (1s)

5 (6)
(c) 77 (22t

(r) 36 (4s)
(c) 21. (25)
(c) e (11)

(r) 4r (s2)
(c) 20 (2s)

4 (ss)
22 (27)

(39) 8.0* (4.t14.3)
(24) 9.0* (4.9-75.4)
(16) 3.0* (t.+ 6.4)
(20) 2.6* (1.1- 6.0)
(14) 3.3. (1.& 8.s)
(10) 7.e (0.6 s.e)
(37) 1.3 (0.G 2.6)

( 9) 11.3** (5.2-24.8)
(20) 2.4* (1.1- 5.0)
( 9) 7.4 (0.r 3.8)

5 (13) 9.5* (4.&18.9)
8 (17) 2.5* (7.2- s.4)
11 (25) 5.6* (3.1-10.2)
5 (13) 3.4n (1.r 7.6)

* p<0.05* p < 0.01 one sided test
i*'p < 0.001

I number of respondents varies between items due to missing values

I duotic back pain (C), transient back pain (T)
' only adjusted for age, height and twisted posture
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Table 7 presents the prevalences of back pain and the adjusted odds-ratios
for the back pain parame0ers in the index and control goup. Although the
odds-ratios for the transient pain parameters were particularly high, also
the odds-ratios for the more duonic pain parameters were significantly
gteater tlnn 1. From figure 3 it can be conduded that, particularly in the
younger age group, back pain prevalences for the pilots were relatively
high. An illustration of the duration of the back pain is given in figure 4.
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()4,) 46
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Figure 3. Prevalence of bad< pain stratified for age
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The factor analysis showed four different back pain dimensions in the
pilots: (1) low back pain that lasbed several hours with syrnptoms varying
from day to day; (2) back pain lasting several days with extended periods
with symptoms and pain free periods sometimes with radiation to a leg;
(3) back pain lasting several weeks; and (a) lumbago or back pain that
needed medical treatment.

In addition to the impact of flying helicopters, also age, experienced mental
stress and reported time sitting in a twisted posture were of significant
influence on the prevalmce of back pain after allowing for exposure vari-
ables and other potential confounders. The pilots with back pain had sig-
nificantly more total hours of flight, hours of flight per day, experienced
more often mental stress and tension and were sitting more often in a bent
forward and twisted posture than those without back pain. On the other
hand personal clnracteristics such as age, height and weight were not sig-
nificantly different between the two groups.

Table 8 presents the prevalence of bad< pain directly associated with flight.
From table 8 it is obvious that particularly high back pain prevalences are
reported after a flight of more than 2 h duration or after a period of inten-
sive flying.

Table 8. Prevalence of back pain directly associated with flight

army pilots
(n=87)
% [abs)

civilian pilots
(n=39)
% (abs)

after or during each flight
aflight<2h
aflight>2h
a flight with high concentration
period > 20 h/week

14
33
72
53
74

11 (e)
11 (e)
3s (28)
30 (24)
48 (38)

(s)
(11)
(26)
(18)
(26)

Table 9 presents the odds-ratios for back pain of pilots with increasing
hours of flight compared to the control group. From table 9 it is evident
that transient back pain, e.g., pain lasting only several hours, often started
before 1000 h of total flight time. Additional analyses also showed a sig-
nificantly higher prevalence of transient back pain compared to the control
group before 500 h of total flight time. However, the prevalence of back
pain lasting more than several days only increased after 2000 h of total
flight time. As expected, the prevalence of back pain of short duration did
not increase with increasing exposure time.

Due to the similar flight career of most pilots, exposnre time in hours of
flight and accumulative dose (doser) are highly correlated (R=0.87 within
the group of pilots). Therefore, the relationship between categories of ac-
cumulative dose and the prevalence of back pain is similar to the relation-
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ship between tobal hours of flight and prevalence of back pain (table 10).
The threshold of 2000 h of flight time corresponds with a dose of ca 400
m'h/*. The correlation betwee-n dose, and do^sq is also very high (R=0.81
within the group of pilots). No dear relationship between dose, and the
back pain prevalences was observed (not shown).

Table 9. Odds-ratios and 90% confidence intervals for back pain for categories of total
flight time adjusted for age, height, weight, climate, bending foiward, twisted
posture and feeling tense during work compared to the crcntrol group.

total flight time (hours)

back pain
parameter

<1000
(n=25)r

2000-4000
(n=32)t

>4000
(n=29)r

100G2000
{n=27)l

bad< pain
Iow ba& pain
> 2 weeks
lumbago
sciatica
h.P'
treaknent
duration
hours
days
> weeks'
pattem
altemating
periodical

mild

12.8*(5.1-32.6)
13.8*.(5.1-37.4)
0.8 (0.1- 5.3)
7.4* (1.138.0)

tz.T*(4.1-36..7)
3.6 (0.9-73.7)

r9.2*.(6.3.58.4)
1.4 (0.9 5.8)

17.1*"(5.$33.2)
0.6 (0.1- 4.1)

8.1*(3.4-19.5)
7.5*(3.0-18.7)
l.e (0.r 5.8)
1.e (0.913.4)
9_.4*(2.M3.5)

15.3*(5.6-41.9)
0.5 (0,1- 3.9)
1.1 (0.1- 7.7)

15.8*(4.7-29.7)
1.4 (0.F 6.3)

17.8*(4.7-29.7)
1.0 (0.2- 4.s)

5.0* (2.+17.4)
6.0* (2.9-14.6)
4.6* (1.&12.1)
2.0 (0.G 6.2)
2.3 (0.7- 8.1)
2.0 (0.s 9.9)
2.3 (1.G 5.6)

5.8* (2.1-15.9)
2.4 (0.+ 6.4)
2.1, (0.G 7.0)

4.2* (7.G10.6)
2.8* (1.2- 6.51

6.7* (2,2-20.7)
5.0* (1.&13.5)

t],.\n (4.4-28.9)
13.4* (5.7-32.0)
3.7' (1.+ 9.2)
3.1* (1.2- 8.4)
3.3* (1.G10.4)
3.4 (1.G11.8)
1.7 (0.7- 3.9)

11.6* (3.&34.2)
3.4" (t.+ 8.2)
1.5 (0.* 4.7)

9.3* (3.8-23.5)
3.0. (7.1- 6.7)

2.4 (0.9- 7.3)
5.2* (2.G.r3.3)

(c)2

(c)

(c)

(r)
(c)
(c)

(r)
(c)

long or frequent

1

2

J

p < 0.05 one sided test
p < 0.01
due to missing values for either the back pain parameters or the confounders the num-
bers in the four categories do not add up to 133.
dronic back pain (C), transient back pain (T)
only adjusted for age, height, and twisted posture
point estimate very unstable due to small numbers in that category

The data suggest that back pain of short duration evolves in more serious
back pain with increasing hours of total flight time or vibration dose. The
comparison of the odds-ratios for 'mild' and 'long or frequent' back pain
gives some support for this hypothesis. 'Mild' back pain decreased with
increasing expostrre time, whereas 'long or frequent' back pain inoeased as
total flight time decreased. This is also illustrated in figure 5 and figure 6,
which show the relationship between age and the prevalence of ba& pain
lasting only several hours (figure 5) and lasting several days or longer (fi-
gurg 6) for the control group and the three categories of increasing vibrati-
on dose.
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Table 10. Odds-ratios and 90% confidence intervals for back pain for categories of total
vibration dose adjusted for age, height, weight, dimate, bending forward, twisted
posture and feeling tense during work compared to the control group.

back pain
parameters

<400
(n=33)r

>1200
(n=15)r

vibration doser (m2h/s1

400-800
[n=36)r

80G.1200
(n=29)r

back pain
low back pain
> 2 weeks tC)'
lumbago
scia[ica (C)
tnp'
treatment (C)
duration
hours (T)
days (C)
> weeks" (C)
Dattem
altemating (T)
periodical (C)

mild
long or frequent

13.2*. (5.G31.3)
72.W (4.V29.8)
0.6 (0.1- 3.8)
7.9* (1.&34.3)
,: (0.2-11.0)

15.1* (5.G40.1)
1.1. (1.G 1.1)

22.4* (8.14r.6)
0.6 (0.1-14.3)

M.r* $.642.0)
1.3 (0.+ 5.7)

6.0* (2.7-13.2)
5.6* (2.5-72.5)
43* (1.6-'t1,.7)
r.9 (0.4- 8.4)
1.s (0.$ 7.1)

1.4 (0.1 3.9)

6.2* (2.4-16.4)
2.s (1.0- 6.s)
1.8 (0.4- 7.5)

5.3* (2.1-13.4)
3.6* (1.F 9.0)

6.1* (2.6-14.2)

5.2* (2.T71,.4)
6.6* (2.9-15.1)
2.7* (1.G 7.3)
2.5 (0.9-7.40)
3.3* (1.1-10.0)
6.1* (t.6-22.8)
1.7 (0.7- 4.2)

11.2"" (3.9-31.5)
1.8 (0.7- 4.2)
0.8 (0.2- 3.2)

7.1* (2.9-77.4)
1..e (0.8- 4.6)

4.5* (2.0-10.1)
2.5. (1.G, 6.1)

17.8* ( 4.6-@.4)
39.5* (10.8-15.6)
4.9* ( 1.6-15.1)
2.7 ( 0.8- 9.1)
5.6* ( l.*21..2)
1.3 ( 0.2- 8.3)
1.6 ( 0.5- 4.5)

13.5*
4.2*
3.2

lz.5*
3.1*

2.3
L2.5n

3.4- s.3)
1,.4-71,.9)
1.0-10.5)

3.940.0)
1.2- 8.1)

0.7- 7.0)
3.9-40.0)

p < 0,05 one sided test
p < 0,01
due to missing values for either the back pain parameters or the confounders the num-
bers in the four categories do not add up to 133

c-hronic back pain (C), transient back pain (T)

only adjusted for age, height, twisted posture
point estimate very unstable due to small numbers in that category
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- 
control group (N-223)

.-- vibration dos6<400 m2h/s. (N=34)

---- vibration dose ilo0-8oo m2h/s4 {N=37)

----. vlbtation dose>8oo m2h/s4 (N=49)

Figure 5. freva,lence of back pain lasting only several hours
in rclation to age in the control gi,oup and three
vibration dose categories

Figure 6. Prevalence of back pain lasting several days or
lgnger .1n rylation to age in the control groui and
tfuee vibration dose categories

- 
control group (N-223)

--- vibration dos6<400 nPh/C (N=34)

---- vibralion doso 400-800 m2h/C (N-37)

'........- vlbration doss>8OO rFh/C (N-itg)
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Table 11" shows the relationship between daily exposure time and back
pain. Although daily exposure time and accumulative exposure time corre-
lated also (R=0.64, within the group of pilots) some different relationships
can be observed in table 11 if compared to tables 9 and 10. The prevalence
of transient back pain seems to increase with increasing daily exposure
time. The increase in the prevalence of more chronic back pain parameters
with daily exposure time is less pronounced than with total flight time and
accumulative vibration dose.

Table 11. Odds-ratios and 90% confidence intervals for ba& pain for categories of hours
of flight per day, adjusted for age, height, weight, climate, bending forward,
twisted pcture and feeling tense during work compared to the control group

hours of flight per day

back pain
parameter

< 2 hours
(n=52)r

2-4hours >4hours
(n=37)t (n=21)t

back pain
low back pain
> 2 weeks
lumbago
scia[ica
tnp'
treatrnent
duration
hours
davs
> inuuk"3
pattem
altemating
periodical

5.3**(2.7-10.4)
5.6**{?.7-tL.6)
2.0 (0.7- s.3)
1.7 (0.G s.3)
2.1, (0.G 4.4)
1.4 (0.! 6.1)
1.6 (0.G 4.41

6.8*"(2.8-15.7)
2.5* (1.0- 6.1)
1.2 (0.T 4.4)

5.6""(1.t 2.1.)
2.0 (0.9- 4.6)

4.1**(2.G. 8.5)
3.2* (1.2- 8.8)

8.9* (4.G.19.9)
10.3* (4.6-23.1)
3.7* (L.4- 9.8)
3.0 (0.9-10.1)
5.2. (1.+19.4)
1.1 (0.2- 7.6)
1.8 (0.7- 4.71

24.5* (9.2-65.2)
0.9 (0.! 2.e)
0.7 (0.2- 3.3)

12.8* (5.}.30.8)
1.8 (0.7- 4.4)

7.7* (3.*17.t)
2.s (0.9- 7.2)

17.3*(5.3-fi.2)
14.4*(5.4-X.4)
3.6* (1.2-10.4)
4.v (7.+12.9)
2.9 (0.& 9.9)
2.3 (0.Fl1.0)
1.3 (0.r 3.4)

15.6*(4.9-50.1)
4.6* (1.9-11.3)
0.5 (0.1- 2.8)

21.9*(7.8-67.3)
1.5 (0.G 4.3)

7.8* (3.2-t9.3)
3.1* (1.0- 9.3)

(CF

(c)

(c)

(r)
(c)
(c)

(r)
(c)

mild
long or frequent

" p .0.05 one sided test
i p<0.01
' due to missing values for either the back pain parameters or the conlounders the num-
. bers in the four categories do not add up to 133

i duonic back pain (C), transient back pain (T)
" only adjusted for age, height, twisted posture

These results suggest that the prevalence of transient back pain increases
with daily exposure time and more chronic back pain increases mainly
with total flight time and total vibration dose. Some support for this hypo-
thesis is found when the daily exposure time and the total flight time were
both included in the model. Due to the rather high correlation between
these variables the point estimates of the odds-ratios become more impreci-
se, but the odds-ralios for 'transient' back pain increase significantly with
hours of flight per day also after adjustment for total hours of flight. The
elevated odds-ratios for categories of more than 2000 h of flight for 'chro-
nic' back pain become smaller, but are still greater than unity after
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adjustment for curent daily exposure time.
Since the civilian pilots have flown significantly more hours in total and fly
more hours per d9l than the army pilots and since they also experience
more back pain, the otserved positive trend of back paiir with increasing
gxposure time might be due to the difference in prevalence of back pain
between tle army pilots and the civilian pilots. Therefore, the relationihip
between the prevalence of back pain in different categories of exposure
(total dose and hours of flight) in each subgroup was compared to the con-
trol group separabely. Analysis of the data of army pilots shows an increase
in the prevalence of 'chronic' back pain paramebers after 2000 h of total
flight time. Due to the small numbers the confidence intervals are rather
wide and sometimes indude 1. The prevalence of 'transient' back pain in
tle army pilots decreased with increasing total exposure time compared to
the control group and increased with daily exposure time. Although the
group.of civilian pilots was rather small for separate analysis the prevalen-
ce of 'transient' back pain appeared to increase with bolh daily exposure
and total exposure time. The odds-ratios for the 'chronic, back 

-pain 
para-

meters were well above 1 for all exposure categories. All civilian pilots
have more than 2000 h of total flight time.

The multiplicative interactions between exposure time or accumulative dose
an! subjectively assessed posture or experienced tension were not sig-
nificant; with odds-ratios very dose to 1.

No relationship was fognd between the current acceleration levels of the
vibration exposure fu/A and back pain prevalence.

Discussion

Leaels of aibration

The results of the two measurements of vibration levels during starting,
cruising and lanrling for each type of helimpter were very similar. Howe-
ye., qe.average level of gxposure during a specific mission depended on
the relative contribution of each of these fupes-of flight. Because no measu-
rements or literature data were available'ior serreril helicopters flown in
the-past, some- inaccuracy of the estimate of vibration magniiude might ha-
ve been introduced. The levels of vibration measured were on averige be-
low- the exposure limit and in some cases also below the fatigue/dedeased
proficiency-boundary of ISo 2631,/l.In the new draft proposal of ISo 2631
it is argued that the vibration levels of frequencies from I to 16 Hz are of
more relevance to the adverse health effects than is expressed in the cur-
rent weighting procedure of the lso 2631,/1. The weighted acceleration le-
vels according to this new proposal would therefore have been much hig-
her. This new document also provides guidelines for the measurement 5f
vibration transmitted t\p"g!, the backrest of the seat. Griffin (1982) repor-
ted. that in- helicopters the vibration transmitted through the backrest might
add considerably_ to the total absorbed energy. However, the pilots stafed
that they often did not use the backrest because the vibration- transmitted
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through this backrest cause resorurnce of the head which affect visual per-
formance.

Posture

In this study the respondents were requested to estimate the part of the
work time they were seated in a bent forward or twisted posture. Al-
though the questionnaire was completed accurately this subjective estimate
was not validated. In both index and control group a positive relationship
was found between the prevalence of back pain and posture. However, it
is possible that the subjective assessment of duration of strained postue
was influenced by the presence or absence of back pain. In addition, the
helicopter pilot has less opportunity to shift posture whidr leads to a hig-
her static musde load than similar postures during office work. Therefore,
no adequate allowance for the difference in strained seated posture be-
tween the index and control group could be made.

Preualmce of bad< pain

The question 'do you regularly experience pain or stiffness in the back?' is
part of the standardized questionnaire used in almost all occupational he-
alth services in The Netherlands (van Putten and Oversloot 1984). The
phrasing of the other questions was chosen to facilitate comparison with
our previous studies and with the literature on back pain in helicopter pi-
lots. Because other diagnostic methods for back pain (X-ray and medical
examination) each have their own limitations with respect to the assessment
of back pain, and due to a lack of manpower and a limited budget no va-
lidation of the questionnaire was possible.

In this study a very high prevalence of back pain was found for a relative-
ly young and carefully selected population. Similar high prevalences of
back pain in helicopter pilots have also been found in several other studies.
Shanahan et aI. (1986) reported a 73% prevalence of back pain in US army
helicopter pilots. In figure 7 the prevalences of back pain for different age
categories of the helicopter pilots and control goup are compared to the
back pain prevalences (same question asked) obLained in a study of tractor
drivers (Boshuizen et al. 1989) and a reference population of 700 office
workers under surveillance of a regional occupational health service in The
Netherlands (Broersen and Weel 1989). The present study showed that the
prevalence of back pain of a transient nature in particular was much higher
in the pilots than in the control grcup. Froom et al. (1985) also observed a
significantly higher prevalence of back pain associated with actual flight in
helicopter pilots compared to fighter and transport pilots. Dupuis and Zer-
lett (1987) reported a prevalence of back trouble during or immediately
after work of 75% of earth moving machine operators who were also ex-
posed to prolonged sitting and vibration. Froom et al. (1986) did not ob-
serve a significant increase in the prevalence of chronic back pain in heli-
copter pilots compared to fighter pilots. In the present study the prevalence
of back pain of chronic nature was significantly increased in the helicopter
pilots. In contrast to Froom et al. (who did not find any difference in the
prevalence of back pain radiating to a leg in helicopter pilots compared to
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fighter pilots) the odds ratio for this sciatic back pain in this study was
significantly greater than 1. In agreement with the results of Froom et al.,
no difference between the index and control group was found for back
pain that needed medical treatment. However our data suggest that the
pilots sought treatrnent for their back trouble at an earlier age than the
control group. An increased prevalence of a history of a prolapsed disc
was not observed (the numbers wene rather small). Shanahan et al. (1986)
reported that most non-aviators reported acute intermittent episodes of
back pain of variable duration separated by extended periods of time when
they are completely asymptomatic. In contrast, according to Shanahan et al.
helicopter pilots' back pain appea$ to be rather predictable. The results of
the present study support this statement in so far that helicopter pilots
with back pain more often indicated ttlat their back pain varied from day
to day, whereas the respondents with back pain in the control group suffe-
red relatively more back pain for extended periods separated by pain free
periods. But of all respondents the pilots did also suffer more back pain for
extended periods.
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Figure 7. Prevalence of back pain in helicopter pilots and control
workers and two referenae populations

Onset of symptoms

The total hours of flight which elapsed before the onset of pain as reported
by several authors ranges from 300 to 1500 hours (Delahay et al. 1982). In
contrast Shanahan et al. (1986) found that one-third of the pilots had alrea-
dy experienced back pain before 100 h of total flight time. The time of on-
set of symptoms is reported to be between 1.5 and 4 h total for several
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flights per day. Shanahan et al. argued that the onset of back pain on a
particular mission is a tfueshold phenomenon requiring, on average, a mi-
nimum of 88 minutes of flight time. In the present study no threshold in
total flight time for transient symptoms of back pain was observed. Howe-
ver, the odds-ratios for chronic back pain were only significantly higher
than 1 after 2000 h of total flight time or a vibration dose of ca 400
nJh/s4. The prevalence of back pain after a flight of 2 h was considerably
higher than after a flight of only t h duration. However, also after flights
of t h a high percentage of pilots already reported back pain.

Dose-response rehtiotrship

Because the helicopter pilots have a very similar professional career, the
different aspects of exposure, namely duration and magnitude of vibration,
are conelated and also the calculated dose, daily exposure and the postural
stress over the years are interrelated. This complicates the assessment of
the impact of specific exposure parameters on the prevalence of back pain.
However, the data appear to warrant the following interpretation. The oc-
currence of transient back pain seemed to be dependent on the duration of
a particular flight and increased as daily exposure time increased. The
present study supports the hypothesis presented by Shanahan et al. (1986)
that transient pain will progress to persistent pain with continued exposure
to helicopter flight conditions. Whether the respondents with chronic pain
were individuals on a continuum progressing towards permanent pathologi-
cal changes in the spine cannot be conduded from these data. It is remar-
kable that the prevalence of a herniated disc or back pain that needed me-
dical treatment was not higher in the pilots compared to the control group.
Although less drop outs occur in this group compared to in industry, it is
possible that selection has taken place among pilots with severe back trou-
ble. No quantitative data were available on this selection but the airforce
occupalional health service stated that to their knowledge none of the army
helicopter pilots had left their job permanently because of back trouble in
the last few years. At least two civilian pilots did become permanently in-
capacitated from work due to back trouble recently. However, no data are
available on the possible health based selection of army pilots transferring
to a civilian flight career.

Etiologg

In several epidemiological studies a relationship was observed between
sevene low back pain (Boshuizen et aI. 1989, Frymoyer et al. 1983, Damkot
et al. 1984, Bongers et al. 1988), sciatica (HeliOvaraa 1987) or a herniated
disc (Kelsey and Hardy 1975, Kelsey et al. 1984) and driving of cars,
trucks, tractors and other vehicles, which also involve exposure to vibralion
and prolonged sitting. Only a few studies present data suggesting a rela-
tionship between sedentary occupations, other than driving, and an in-
creased prevalence of low back pain (Magora 1970). Several differences in
the postural and vibratory environment between helicopter pilots and
drivers can be mentioned. In helicopters the vibration is of a somewhat
higher frequency, the weighted vibraLion level is on average Iower and less
shocks occur, alttrough high peak values may occur during the translational
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lift. The pos-ture of pilots appears to be more constrained, although this
varies considerably with the type of helicopter due to the differences in
seat and control configuratrll and systems of automation. Besides, helicop-
ter pilots spent only part of their working hours in the helicopter. Also, the
army helimpter pilots spend only part of their working hours in the heli-
copter.

Various hlpotheses exist concerning the role of vibration and posture in
the etiology of back pain. Troup (1978, 1984) states in an excellent discus-
sion on back pain in drivers that postural stress, vibratory stress and mus-
cular effort are interrelated. A susLained awkward posture will increase
muscular fatigue, associated impairment of the blood 

-circulation and pain.
But exposure to vibration may also add to muscular fatigue. Several au-
thors have shown that activity in the back muscle occurs in response to
exposure to vibration. This response is not effective in attenuating the vi-
bration. The already limited protection of the muscle against the influence
of vibralion nuy even decrease due to muscular fatigue caused by postural
and vibrational stress. According to sandover (1983) exposure to vibration
and shocks result in dynamic loading of the spinal column whidr stresses
the intervertebral discs and end plates, whicli mny cruse fatigue failure
lea-ding to impairment of the nutrition of the discs tfuough the endplates.
A bent forward posture increases the pressure in the spinal column which
may have the same effects (Nachemson and Morris 1964, Andersson et al.
1975). In addition both exposure to vibration and a bent forward posture
can result in acceleration of creep (Troup 7978, Eklund and Corletl 1984)
and in ruptures of the annulus fibrosis (Andersson et al. 1975). The tension
and mental stress of drivers and particularly of helicopter pilots will form
an additional stress factor on the spine. Troup (1978) states that these dif-
ferent stress factors interact because the dynamic r€sponses of the spine to
load vary with the mechanical conditions to whidr the spine was sublected
before the load was applied. Several authors have observed, for instance, a
significant decrease in height during flight. Bowden (1986) stressed the role
of muscular fatigue in the etiology of transient back pain. He argues that
postural fatigue, rather than specific injury bo the spine, is the cause of
much of the reported back pain in helicopter pilots. Stranahan et al. (1986)
and Bowden (1986) propose that repeated exposure to these conditions
Tght account for the more severe symptoms of back pain. The present
data seem to support this statement. However, whether this persisteirt pain
must be associated with muscular fatigue or spinal damage is not dear.-

Conclusions

The prevalence of back pain in helicopter pilots is very high and con-
siderably higher than in the control group of airforce oriicerJ who under
went the same pre-employment examination. Although transient back pain
was particularly more frequent in helicopter pilots, the prevalence of back
pgrn 

-of_ 
persistent nature was also higher in the group of helicopter pilots.

The helicgpter pilots also had more lumbago or ba& pain which radiated
to_a leg. The prevalence of a herniated disc or back pain that needed medi-
cal treatment was not different for helicopter pilots and the control group.
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A high prevalence of transient back pain was already observed in pilots
less than 30 years old and with only few hours of tobal flight time. The
prevalence of 'chronic' back pain was only elevated after 2000 h of flight
time.

Transient back pain seemed to be most strongly related to increasing daily
exposune, while more dronic back pain v/as more related to the total flight
time.

The data suggest that with increasing exposure to helicopter flight transient
back pain develops into more chronic back pain. It is not dear whether this
persis0ent pain is primarily associated with muscular fatigue or with spinal
damage.

Both health effects may be due to posture or vibration, but are most likely
due to concomitant exposure to both factors.
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4.3 Self-reported back pain in fork-Iift truck and freight-
container tractor drivers exposed to whole-body
vibration

Hendriek C. Boshuizen, Paulien M. Bongers, Carel T.f. Hulshof

Summary

A mailed questionnaire on symptoms of ill health has been
submitted to 242 drivers and a reference group of 2lO workers from
6 harbour companies (response 81%). Vahides driven are fork-lift
trucks and freight-conLainer tractors. Vibration level during a
representative working period (vector sum of the frequency
weighted acceleration in x-, y- and z-direction) is 0.8 m/s, fbr th-e
lift-trucks and 1.0 m,/s2 for the freight-container tractors.

.Of -tLr" 
young .(<35), short-term exposed drivers 68% regularly has

back 931 against oriy 25% of the reference group of Jomp#able
age. With increasing age the difference in prevalence of back pain
between fuivers and.reference group disappears. Driving durinj the
5 y*ry preceding the onset of symptoms seems to increaseJ the
risk of back pain, whereas earlier exposure does nol

Introduction

In 1982 the Dutch ministry of social services and Employment initiated a
research-project on long-term health effects of whole-bohy'vibration (wBV),
yi4 go_rptusrrs 9n the dose-response relgtionship. A survey of the literature
(Hulshof and veldhuijzen-van Zarien') indicated that fo date the data
awailable do -not permit to establish such a relationship. As a sequel we
therefore studied the health of workers in several occupa^tions with eiposure
to whole-body vibraLion.

l"t .of. this -project are studies carried out on self-reported symptoms of ill
heall-!. in helicopter pilots (exposed to low to moderale wnv-levils; Bongers
9t 4.") and dnvers of agricultural tractors (moderate to high wnv-leiets;
Boshuizen et al."). The series of studies is co:npleted with thE present study
on fork-lift truck drivers, exposed to high vibration levels.

Subjects and Methods

A mailed questionnaire has been submitted to a group of drivers of fork-lift
trucks and-freight-container tractors (the index group; 

'n=242) 
and a reference

group (n=210), employed by 5 transshipmenf companies and a container
repair company in the Rotterdam harbour.
The wBVexposed group comprises drivers of small fork-rift trucks (loading
capacity !-to 3 ton) transporting parcel goods, large fork-lift trucks (loadin[
capagty 10 to 40 ton) transporting and stacking freight-containers and freightl
container tractors (also called terminal tractors oi tugmasters) transporEng
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freight-containers. The reference goup comprises liaison men (n=99) (who
instruct the drivers by radio where to fetdr and deliver their goods and who
operate the computer-system for the cargo logistics), tallymen (n=69) (who
check and tally the cargo and in some companies also instruct the drivers
where to fetdr or deliver their loads), security guards (n=22), stevedores (n=7)
and workers with other jobs outside the office (n=13). The distribution of
index and reference goup over the different companies is approximately
equal.

The questionnaire asks for symptoms of ill health (focused on back pain),
history of driving (duration of driving per type of vehide and per calendar
year) and for potential confounding factors (especially lifting, as nuuly
workers (index and referents) are former stevedores).
The questions on back pain are aimed to differentiate between types of back
pain. Furthermore, both the question widely used by the Dutch occupational
health services (do you regularly have pain or stiffness in the back?) and
questions used in the Nordic countries are induded, with the additional aim
to assess their correspondence. Table L shows the main questions on back
pain and the terms used for these in the result section.

Vibration measurements were carried out at all companies, using the Bruel
and Kjar human-response vibralion meter type 2512 with a Bruel and Kjrer
seat transducer type 4322, containing a triaxial accelerometer. Measurement
with a duration of about 5 minutes were conducted in all three directions
during one or more representative working-cydes (fetdring and delivering a
load). At one company more detailed measurements \^/ere carried ouf
induding a frequenry spectrum analysis.
The vibration measurements together with the questionnaire information on
duration of exposure permits estimation of the total received lfBV-dose,
defined as:

WBV-dose=lai2.!

where a1 is the estimaled level of the vibration of vehide i (vectorsum of the
frequency weighted acceleration in x-, y- and z-direction in m/s2) and q is
the number of full-time working years driven on vehide i.
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Table 1: Questions on back pain asked and terms used to refer to those questions in the
result section

Question Answer referred to as:

Do you regularly have pain of stiffness in back pain
the back?

If yes, if answer 'in the low back":

work-related transient

group) ?
if yes, how long does this back pain usual-
ly last? (less than 24 hours; 24-48 hours;
more than 48 hours);

Do you have back pain today? back pain today

Did you have back pain in the past 12 bad< pain, 1 yr prevalence
months?
if yes, have yorr been absent from your if 14 days or more absence from work: 14d
work because of this back pain? sick leave
if yeq how many days?

Have you experienced pain in your back sciatica, 1 yr prevalence
radiating to a leg in the past 12 months?

Did you ever have a prolapsed disc? hemiated disc

nid you ever have lumbago?* lumbago
If yes, in what year?

Were you ever treated for back pain? treated ba& pain

Do you have regularly numb or tingling tingling legs
legs?

- Where in the back do you have pain or low-ba& pain
stiffness?

- How long does the pain in your ba& several hours
uzually last? (several hours; several days; several days or more
several weeks; several month; always pre. always present
sent)

- In what year did the back pain start?

- Do you regularly get bad( pain during or if answer "less than 24 hours":
shortly after driving a vehicle (index group)
/ during or shortly after work (reference

') The dutdr (layman) term used ('spit'), refers to a sudden acute attack of severe lumbago,
whidr usually disappears within a few weeks.
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Results

Response

The response on the questionnaire is 78% in the index group (the drivers)
and 83% in the reference group. Of the 18 non-respondents who give a reason
for not responding, 4 (from the index group) say they no longer work on
fork-lifts or freight<ontainer tractors; the other 14 give reasons not connected
with health or expostrre.
After leaving out all workers who started in their present job because of back
pain (n=16) and all former drivers in the reference group (n=45) an index
group of 796 drivers and a reference group of 107 never exposed workers
remains.

Exposure to WBV

Table 2 summarizes the WBV-exposure of the drivers. The total exposure time
is much higher than the sum of the exposure time on fork-lift trucks and
freight<ontainer tractors, because 43 % of. the drivers had held a previous jobs
with WBV-exposure, mostly as a truck driver. The frequency-weighted
acceleration levels of the lift _trucks exceed the 4 hours fatigue-decreased
proficiency limits of ISO 263110; the levels of the freight-conEiner tractors
exceed the 2.5 hours limit.

Table 2: Elposure of the drivers

exposue time
in ftrll-time yrs
mean tS.D.)

n*x ?*y 4"ln ln ln
m/s' m/* m/*

a*, number of
in ve-hicles
m/st measured

Small fork-lift tru&
Large fork-lift trud<
Freight-container tractor
Total exposure (including
other exposure)

The mean received WBV-dose is 10.5 year rrt/s4 (S.D. 7.8 year m'ls'). The
dose is strongly correlated with the duration of exposure, because a; of the
vehicles used mostly (lift-trucks, freight-container tractors and trucks) are all
0.8 to 1.0 m/*. 22 % of the drivers drive a vehide with an air suspended
seat. 53 % find the vibrations a nuisance, and 71. % report the same of shocks.

Surprisingly, there is little difference in the vibration level of small and large
forkJift trucks. However there is a large difference in the distribution of the
vibration over time: small fork-lifts have a high vibration level when moving
forward or backward but compensate this with low vibration levels during
the relatively long pericds of manipulation with the loads. Large forkJifts and
freight<ontainer tractors on the other hand have a lower vibration level when
moving, but spent less time on manipulation.
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The center frequencies of the dominant 1/3 octave bands in the x- and z-
directions are 3.15 Llz for the small fork-lift trucks, 2.5 Hz for the large lift-
trucks, and 1.6 and 2.5 Hz for the freight-container tractors. The dominant
frequencies in the y-direction are usually lower. Crest factors during a 5
minute measurement period usually exceed 6, indicating that the vibration
contains important jerks. There is no dear difference between the tlpes of
vehicles in this respecq usually high peak accelerations go together with high
r.m.s.-vibration levels. The highest peak-accelerations are measured for small
fork-lifts while driving.

Confounding factors

The mean age of the drivers and the reference group is almost the same (41.7
versus 41,.4 year); within the reference group the liaisonmen however are
younger (37.4 year). The drivers weigh 2.5 kilo more than the reference
workers, while at the same Lime they are slightly shorter. Drivers smoke more
often (58% versus 47%) al rd experience more mental stress on the job (55%
versus M%) than the reference workers.

The drivers and the non drivers differ in their working-postures. The drivers
sit more, and also longer without any intermption: 58% of the drivers report
that they regularly sit 2 hours or more without interruption versus only 57o

of the reference goup. Drivers are kneeling, stooping, walking and standing
less. Driving also involves frequent looking backward.

Drivers lift slightly less on the job (51% lift never more than 10 kilo versus
43% of. the reference group), but more drivers have held previous jobs with
frequent hearny lifting (81% versus 59%); however, they have carried out these
jobs on the average for a shorter time (8.6 year versus 10.0 year). Of the
drivers N% he'd worked as a stevedore, against 36 % of. the reference group.
All workers, drivers and reference group, complain about the dimatic
conditions; only the drivers complain more about heat discomfort compared
to the reference workers. Half of both drivers and reference group have jobs
induding night-shifts.

So except for working posture, the drivers and the reference goup differ only
marginally in the confounding factors measured.

Preualence of ba&. trouble

Table 3 shows that drivers report significantly more back pain, particularly
short lasting and transient back pain, whereas they have less back trouble of
pexmanent nature.
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Table 3: Crude and directly standardized prevalence of different types of back pain. The
standard is the age distribution of the total study-population (induding the workers
exduded from the analysis, eg. the former drivers)

Type of back pain Prevalence
Reference group
crude standardized

Drivers group
crude standardized

Bad< pain
Low-bad< pain
Several hours
Several days or more
Always present
Work-related transient
Back pain today
Back pain, L-yr prev.
Sciatica, 1-yr prev.
14d sick leave
Hemiated disc
Lumbago
Treated bad< pain
Tingling legs

,tti 48"
41, 41'
15 15"
33 33
811
t9 20,
1,6 15
5L 51
13 13

tl

44
19 19'
31 31
21 Z'1.*

3534
31 30
44
31 30
1,4 15
12 72
22 2l
42 4l
12 t2
87
55
88
26 26
13 12

": p < 0.05 (Cochran-Mantel-Haenszel dri-square test, one.sided)

Table 4 presents the odds ratios for drivers when compared to the reference
group, adjusted for age only, and for age together with several other potential
confounders (lifting, experienced mental stress, smoking, body height, looking
backwards, prolonged sitting). Climatic condition, body weight and shift work
turn out not to be actual confounders. For the most frequenfly occurring
types of back pain (except for treated back pain), there is a strong interaction
between age, being a driver and these types of back pain. Figure 1 illustrates
this interaction. Therefore computation of a single odds ratio is meaningless
for these types of back pain, and only crude age specific odds ratios are
presented, together with the odds ratios from a logistic model including the
interaction term.
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Table 4: Odds ratios and their 90% confidence intervals of different types of bacl< pain

Type of bad< pain

age stratum
(age used for cal-
culation from the
logistic model)

Odds ratio

age adjusted
by stratification

adjusted for multiple
confounding factorsr
(logistic regression)

Back pain
2F34 (30)
3il4 (40)
4154 (50)

Low-back pain
2134 (30)
3F44 (40)
4F54 (50)

Several hours
Several days or more

2134 (30)
3144 (40)
4rs4 (50)

Always pres€nt
Work-related transient
Back pain today

2134 (30)
3UU (40)
4154 (s0)

Back pain, 1-yr prev.
2134 (30)
3144 (40)
4F54 (50)

Sciatica, 1-yr prev.
Lumbago
Treated back pain
Tingling legs

1) In the logistic regression adjushnent is made (or age; experienced mental stress; number
of years one has been lifting more than 10 kilo more than 25 times a day while twisting
the spine; number of times per day one orrently lifts a weight of 10 kilo or more with
a twGted spine; body height; orrent smoking; part of the time one has to look backward;
number of hours one sits unintem:pted

2) due to the srnall numbers no adjustrnent was made for smoking, height and looking
badcward

3) due to the small numbers no adjustrnent was made for smoking and height

4.s [1.80 - 11]
1.56 [0.81 - 3.0]
1.31 10.67 - 2.6)

6.1. [2.3 - 15]
1.39 [0.71 - 2.71

1.06 [0.53 - 2.1]
4.s [1.93 - 11]

2.3 l0.se - 9.2)
0.s7 10.27 - 1.23)
0.46 [0.19 - 1.11]

2.3 [0.e3 - s.4]
1.s0 10.77 - 2.9)
1.31 10.6 - 2.5)
7.75 10.62 - 2.21

2.8 [1.40 - s.4]
1.28 [0.80 - 2.0]
7.87 [1.05 - 3.3]

12.2 - 1,41

[1.03 - 3.7]

[0.32 - 1.+6]
10.90-7.7)'

11,.2 -7.7)

[0.68 - 2.s]
10.26 - t.zz)
10.26 - 7.47)
[0.45 - 2.33]

[0.8s - 8.8]

[0.48 - 2.3]

[0.16 - 1.03]

10.73 - 3.7)

[0.s6 - 1.87]
[0.30 - 1.36]

10.43 - 2.61

[1.08 - 6.e]

10.76 - 2.8)

[1.02 - s.7)

4.2
1.83
0.80

5.5
L.96
0.68
2.6

3.0
1.30
0.56
0.622
1,.02

2.73
r.05
0.40

1.64
LA2
0.64
1.063
2-73

1,.46
2.4

1t.77 - 70)
[0.e9 - 3.4]
[0.38 - 1.67]

2.7 [0.76 - 5.5]
1.11 10.% - 2.21

0.92 [0.45 - 1.9]
0.79 [0.30 - 1.05]
7.82 11..02 - 3.2)

1.97
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Figure 1: Prevalence of back pain as function of age.-= drivers;
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fh9 faagrs sitting uninterrupted and looking backward are correlated with
being a driver (correlation coefficients 0.6 and0.5). Adjusting for these factors
therefore can be thought of as overmatdring. If thes6 factdrs are left out of
the _regression model, the odds ratios foi all types of back pain except
lumbago become doser to the only age adjusted oiis ratios and e'specially io
fo1 thg short lasting complainbs (si:vera h5urs becomes: 3.9 [1.53 - iO]); w'ort-
related transient 1.65 [0.91 - 3.0]); tingling legs (1.81 t0.96 -- 3.41).
The logistic analysis p.ermitr the conclus=ircn*that the potential-conrounding
factors measured in this study do not cause a major bias when ignored.

!:p*i4ty ypung drivers have a relatively high prevalence of back trouble.
This might be due to some form of treaittr-blsei selection of older drivers.
To reduce such selectiol bias, we repeated the analysis with only those
drivers who never had driving jobs with previous emfloye.s, and therefore
were not yet ,selected on suscepLibility fof driving induced back pain when
they started their curent employmerit. Naturalli*rir does not .educe uny
bias due to selective leaving the job due to baclc trouble.
The exclusion of former drivers aiso increases the comparability of index and
reference gl9up, 

-as former drivers are already excluded from the reference
group: In this subpopulation the interaction bi:tween age and being a driver
turned out to be reduced and no longer significant. Tabre 5 frows the
resulting odds ratios.
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Table 5: Odds ratios and their 90% confidence inter:vals for the types of back pain showing
interaction in the entire study population, for only those workers who never had
a driving job with previous employers

Type of ba*. pain Odds ratio
age adjusted
by stratification

adjusted for multiple
confounding factorst
(logistic regression)

Back pain

Low-bacl pain

Several days or more

Back pain today

Back pain, L-yr prev.

1.85 [1.13 - 3.0]

1.83 [1.12 - 3.0]

0.96 [0.57 - 1.621

0.s8 [0.30 - 1.12]

r.73 [1.06 - 2.8U

2.3

2.2

1,.22

1.17

r.28

11,.09 - 4.71

[1.03 - 4.7]

10.fi - 2.71

10.47 - 2.91

10.62 - 2.61

L. In the logistic regression adjushnent is made for the same crcnfourding factors as in
table 4

Both the interaction between age and being a driver, and the fact that the age
of the drivers is correlated with the WBV-dose received (comelation coefficient
0.6), make it difficult to establish a dose response relationship. Stratification
for age offers a partiat solution, but is hampered by the small numbers per
stratum. Figure 2 shows the course of the prevalence of back pain with the
received WBVdose for three age straLa.

drivors <35 years drivers 35-44 ysars drivers>= 45 years

60

40
prev
(%)

20

o o- >2.5
2.5

24 20 23

@ n
o- 25 1(, >15 o o- 2.5

2.5 -10

10 >15

15

20 35

10 'r5

vibration dose (yr m**2/s**4)
N= 41 13 19 23 19 429 11

FiSure 2: Prevalence of bad< pain for different categories of received WBVdose. Only
1 person <35 yr had reeived a WBVdose > 10 yr m2lsr

Within the age straba however residual confounding by age might still be
present. After having received a vibration dose of 15 year rrt / s*, all back pain
decreases. Young drivers, also those with a low received \AIBV-dose, have a
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much higher prevalence of both short and longer lasting back pain than the
reference group. With increasing age this higlr-er prevalence disappears. The
oldest workers with little exposure even have less longer lastinf back pain
than the reference workers of similar age. With increasing WnV-doss the
lolgg lasting back pain seers to increase up to a WBV-dose of 15 year
m'/ s".

In order to establish a dose response relationship one should really study the
frequency of back pain as related to the dose received at the moment the
back pain develops. Because we asked in which year the back pain started,
ye c4! arelyze our data this way. To do so we have to ignore both the
health-based selecLion of the population and the possibly inaccurate recall by
the respondents (on which we have no data). Because ignoring these
phenomena is not really justified, the following analysis has only explorative
value.

b

yeors in occupotion

Figure 3: Hazard ratio predicted by model II for a driver
receiving a constant WBV-dose of 0.6 year m,/s{
per year. a) back pain; b) lumbago

For this analysis we applied cox regression, studying age at the onset of back
pain {as the failure time) in relation to WBVdose (as a time dependent
covariate). _In this way we contrast the wBV-dose accumulated by all workers
who got their back pain at age T with the WBV-dose accumutated by all
workers who did not (yet) have back pain at age T. we stratified for current
age, to avoid confounding by differences in recall by old and young workers.
In this analysis we also induded the former drivers (n=45) who have been
exduded in the rest of the study.
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Table 6 shows that no significant effect of botal WBV-dose received before the
onset of back pain is observed. The analysis is repeated with the WBV-dose
split up - rather arbitrarily - into the dose received in the last 5 years before
the onset of back pain and into the dose received earlier. A division of the
period of 5 years in shorter periods was not successful due to a high mutual
correlation between the WBVdoses in the shorter periods. The WBV-dose in
the 5 years before onset of back pain significantly increases the risk of back
pain (table 6), while earlier exposue decreases it. To add to the interpretation
of this model, figure 3 shows the hazard ratio that this model predicts for a
driver who is exposed to a constant WBV-dose of 0.6 year m'is' per year.

If health-based selection is present, and especially if drivers with back pain
in the past have left their jnbs more often than reference workers with back
pain, the hazafi rabe ratio will be underestimated.
This analysis shows that the highest risk seems to occur in drivers who are
exposed only shortly to WBV.

Table 5: Hazard, ratio (= incidence rate ratio) for bad< pain and lumbago per S year r* / sa

WBV-dose (reeived before the onset of back pain) using Cox-regression (see text).
Model I: the exposure variable is the total received WBV-dose. Model II: the
expo$re variables are 1) the WBV-dose in 5 years before the onset of back pain
and 2) tlte earlier reoeived WBV-dose

Hazard ratio per 5 yeat rxi / sl vibration dose

Complaint
Model I
total life
WBV-dose

Model II
WBV-dose received WBV-dose received
< 5 years before > 5 year before

onset of back pain onset of back pain

Ba* pain

Lumbago

o.ts [0.85.1.16]

1.14 [0.91-1.43]

2.417.3H.2)

3.r 11.2U7.9)

0.70 10.s34.94)

0.82 [0.55-1.21]

Discussion

Compaison with othq stuilies

The point prevalence of back pain, the 7-year prevalence, and the l-year
prevalence of sickness absence due to back trouble observed can be compared
wittr a Danish study by Brendstrup and Biering-Sorensens, who in'their
survey of a group of fork-lift truck drivers posed the same questions as in
this study. However, their population comprises both more younger drivers
(<35 yr) and more older drivers (>55 yr). This last finding agrees with the
relatively low labor market participa.tion of older workers in the Netherlands
compared to other countries (OECD'J.
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furthglmore, the Danish fork-lift truck drivers most likely only drove small
fork-lifts, while the drivers of the present study also spbnd much time on
freight<ontainer tractors and large fork-lifts. The most striking difference
however is the driving history: our drivers have been working as fork-lift
truck drivers much longer: only 27% of them started as a fork-liff truck driver
less than 5 years ago against 58% of the drivers of Brendstrup and Biering-
Ssrensen. The turnover of their population is very high: in the lollow-up year
21% of. the drivers lef.t, '1,/5 of them because of back-trouble. The turnover of
workers in our study population is expected to be rather low, as for harbour
workers equally well paid jobs are hard to find.

55-4rt 45-54
Age

I drivers,
this study

@ driverq Brendstrup
& Biering-Sorensen

I reference group,
this study

Z all other occupa-
tions, Brmdstrup
& Biering-Sarensen

tr unskilled workers,
Brendstrup &
Biering-Sorensen

Figure 4: Comparison of the 1-year incidence of a sick leave due to back trouble in
our study and that of Brendstrup and Biering-Sorensen"

In the young drivers (2*34, years) there is an excellent agreement of the
prevalence rates in the present study and that of Brendstrup and Biering-
Sorensen, which is illustrated in figure 4. In older drivers however, we
observed a much lower prevalence than Brendstrup and Biering-Sorensen. This
might be due to the fact that older drivers in our study mostly also have long
driving histories and therefore were subjected to more health based selection,
where in the Danish study a large part of the older drivers must have had
a rather short driving history. Furthermore Brendstrup and Biering-Sorensen
found an odds ratio of 7 for drivers with 3 to 5 driving years cohpared to
drivers with less fuiving years, while the prevalence increased only gradually
with increasing driving years. This agrees with our finding thirt exposur'e
during the first 5 years of driving seems to have most effect. lt both itudies
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however this finding might partially be caused by health based selection of
the population.

In a Finnish cross-sectional questionnaire survey, RiihimAki and coworkersla
studied 541 longshoremen - operating machines - and 311 earthmoving
equipment drivers, age 25 to 49 years. As there were no significant differences
in back pain prevalence rates between those groups, they only presented
combined prevalence rates. The mean number of driving years (15) was of the
same order as in the present study. Both the 1 year prevalence of back pain
and the 1 year prevalence of sciatica were very much higher in both their
drivers (82% and 34%) and their reference groups (carpenters: 79% and 29%
and municipal office workers 61% and 19%). We observed much lower
prevalences (table 3). Apart from cultural differences, the difference might be
partly explained by the difference in wording of the questions (they asked
workers how much days they had had back pain in the past year, with none
as one of the options, whereas we asked whether they had had any back
pain). In agreement with their study we found that sciatica increased with age
both in drivers and referents, while lumbago decreased with age in drivers.
Riihimaki and coworkers claim that the 1 year prevalence of sciatica performs
best in discriminating work-related effecLs. Alnother Finnish study also reaches
this conclusion (Wi&strom and HanninenrT). This is not conJirmed by our
study. This might be due to health-based selection, as sciatica is seen mostly
in older workers, where a selection effect will be largest.
From our study the "Dutch' question on back pain - although it can be
criticized because the word regular might be interpreted differently - seems
to discriminate better than the 'Nordic" question on one-year prevalence.

We carried out a similar cross-sectional study in a small goup of lift-truck
drivers (n=37) of a chemical company. The reference group comprised all male
workers of the same division (induding office workers). The lift-truck drivers
of this chemical company report more back pain (57%) than the drivers from
the harbour. The prevalence of back pain in the lift-truck drivers of the
chemical company significantly increases with increasing WBV-dose. The
resulLs of this study however are most likely biased by other work-related
factors such as heary lifting.

Another^ study on health symptoms of freight<onbainer tractor drivers
(Nakata") did not ask questions comparable enough for comparison with the
present study.

Selection bias

In this cross-sectional study the relations observed may have been strongly
deterrnined by health-based selecLion of the study population in the past.
As figure 1 illustrates, the prevalence of back pain in the reference group
increases with age, whereas it decreases in the drivers.
The most likely explanation we could think of is differential health-based
selection: drivers with back pain leave their job more often than non-drivers
with back pain. This is also indicated by the higher prevalence in the
reference group of back pain that is almost always present (table 3). So severe
back pain might be less compatible with working as a driver than with the
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jobs_from the reference workers. This is consistent with clinical experience:
workers with back pain shifted to 'light' work on a fork-lift truck often suffer
from exacerbation (Troup'o).
other indicators for health-based selection are not observed. The age
distribution of the driver and the reference goup is virtually the samle.
Payment by the companies in the harbour is relatii,ely high, so turnover is
expected to be relatively low. However, during reorganizitions in the past
supgrnunerary workers were transferred to a pool of workers that work for
all harbour companies, which is not induded ln this study. Transfer to this
pool might have been influenced by reasons of health. Furthermore, a low
general tumover does not necessary mean that the health-related turnover is
also low.

Inferences from the raults

re 9f_.y"-a, higlr pre_valence in drivers younger than 35 years and exposed
to a wBV-dose of less than 5 year m'/s*: the prevalence of back pain ii 6g%
against 25% in reference workers of comparable age. This high pievalence is
difficult to account for otherwise than by-the job of driver. TEe non-response
01 th9 questionnaire could not lead to such high differences, even if extrimely
selective. Moreover, extreme selectivity is unlikely. The unexpected higher
response in the reference group rnay be due to thti less job-sp&fic quesEon-
naire (less non-response due to perceived non applicability) and to the
reference workers being more used to paperwork.
Differences in self-assessed current and-past lifting even when related to the
prevalence of back pain, did hardly cause any confounding. References had
about the- same back pain prevalence as a large reference goup of blue collar
workers from industry (frg* 1), so the difference is not due [o an extremely
healthy rgfgreye grggp. Bias due to drivers exaggerating their symptoms out
of dissatisfaction with their work is a possi6iiity. Htwerre.j we do not
consider this very i*p9.8"! because the prevalence-of some other complaints
investigated (e.g. headache) were not tiigher in the drivers. we therefore
believe-that F9 high prevalence of back pain in young drivers is related to
their j,ob as driver.

The lack of effect found in older or more experienced drivers can be ascribed
to health-based selection. we consider this more likely than the existence of
habituation or of a modifying effect of age on ttre effect of wBVrxposure.
The. probable health-based selection of bur study population makes the
esLablishment of a dose-response relation difficult. Th-e fattern that emerges
nevertheless is that drivers who start working on d [ft-truck have 1n
increased. risk of getting back pain in the next five years. what happens
afterwards is not dear. The data suggest (table 6) lhat the drivers who
"surwive'. this first period are more 'back-pain proof, than the group of
starting drivers. However, interpretation of table-6 is difficult because the
selection in.the populaiion and errors in recall are ignored in the analysis.
Cohort studies are urgently needed in order to -identify the selection
mechanisms.
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Causes of the excess of ba&. pain

Whidl factor in driving causes the excess risk in young drivers can not be
derived from this study. Whole-body vibration is only one aspect of the
drivers job, whidr also includes prolonged sitting, possibly in an awkward
posture and frequent twisting of the spine.
In respect to prolonged sitting, it is well known that the interdiscal pressure
measured in healthy volunteers is 20 to t(). % higher in unsupported sitting
than in standing (Nachemson and Elfstr6m"). nrinckmann6 suglests that due
to the bending present in sitting, the difference in compressive force between
standing and-si'tting postures ..iitt Ue smaller. Adams and Hutton2 argue that
flattening of the lumbar spine, which occurs in sitting, although increasing the
intradiscal pressure, reduces the pressure on the - weaker - posterior half of
the annulus and the stresses on the apophyseal joints and improves the
nutrition of the intervertebral disc. As drivers usually are sitting supported,
we crcnsider the biomechanical disadvantage of unsupported sitting relative
to standing not to be of major practical relevance. Prolonged sitting however
means physical inactivity which might cause bone mineral loss and disturb
the nutiiti'on of the intervertebral discs (Hanssons). It is still an open question
whether these changes do occur also when one is simultaneously exposed to
vibralion and whether these changes ruly cause lasting damage. Maintaining
a posture for a long period will cause muscular fatigue, which may cause
(transient) back pain (Shanahan'"); Whether this causes permanent damage to
the spine on the long-term is not known. So prolonged sitting might be an
adverse factor, but indications are not very strong.

Lift-truck fuivers often have to look backward, which involves twisting of the
spine. Twisting the spine while standing causes only a relatively minor
increase of the intradiscal presstrre (Nachemson and Elfstrdm"). This agrees
with the fact that the intervertebral disc is not the structure at risk when
twisting: the apophyseal joint is damaged first (Adams and Hutton';. The
rotation angle needed for damaging the apophyseal joint is only slightly larger
than the rotation angle that can be produced by voluntary musde activity
(Adams and Hutton'), $ d maximally rotated spine might be especially
susceptible to damage by sudden jerks. That twisting itself, without lifting or
vibration, could cause damage is rather unlikely.

In the present study the variable "sitting uninterrupted" contributed only
significantly to the 1-yr prevalence of back pain and to transient work-related
back trouble. The latter finding agrees with the idea that postural fatigue
leads to transient back pain. The variable "looking backward" was of
borderline significance only for back pain lasting several days or more and
for the l.-year prevalence of sciatica.
Both variables are based on the assessment by the worker in the question-
naire. Particularly the frequency of looking backward seemed difficult to
assess and its validity therefore probably is poor. Furthermore the assessment
may have been influenced by whether one has back pain or not: A worker
perceiving back pain after sitting for more than an hour, will notice a period
of prolonged sitting sooner.
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So in our data no convincing evidence for a major role of either sitting
unintemrpted, looking backward or WBV-exposure ane present.

Conclusion

Young drivers of fork-lift trucks and freight<ontainer tractors with less than
5 years exposure report a higher prevalence of ba& pain than a reference
group of comparable age. In older drivers no dear differences are observed,
most likely due to health based selection. There are some indications that
drivers get back pain especially during the first 5 year of driving.
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4.4 Self-reported back pain in drivers of wheelloaders

Paulien M. Bongers, Hendriek C. Boshuizen, Carel T.J. Hulshof

Summary

The prevalence of self reported back pain in 47 drivers of wheel-
loaders in employment of a transshipment company is compared
to that in 52 reference workers of the same company (response
64%). The drivers are exposed to frequent shocks and high levels
of whole-body^vibration (WBV), not only in the vertical direction
(mean 0.5 mfs'), but also in the fore-and-aft (mean 0.4 m/s2) and
the left-to-right (mean 0.5 m/s2) direction. ihe reference goup
comprised mechanics and workers in charge of the other outdoor-
activities besides driving. All workers of the company (except for
the mechanics) start out with heary physical labor and later be-
come driver of a wheelloader, operator or supervisor. The preva-
lence of back pain was high in both the drivers (51%) and the
reference workers (a4%). The back pain prevalence in young dri-
vers is slightly lower (for most symptoms but not for e.g. back
pain with a duration of several days or more) than in the referen-
ce workers of comparable age, also after adjustment for several
other risk factors for back trouble. This is probably due to the fact
that these referents are (still) employed in physical strenuous
work. In the older age groups the (low) back pain prevalence in
the drivers is clearly higher than in the reference workers. The
majorily of the older reference workers have physically less de-
manding jobs. The prevalence of regular pain or stiffness in the
(low) back increased with increasing exposure dose (after adjust-
ment for age) among the drivers.

Introduction

Wheelloaders are used in various industries like (road) construction and
transshipment. Several studies have reported an association between back
trouble and exposure to vibration in drivers of earth moving equipment
(Kunz and Meijer 1969, Milby and Spear 1974, Flilfe-rt and Kohne 1981,
Musson et al. 1990, Riihimeiki et al. 1989 and Mrisch 1990). The aim of this
study was to evaluate the severity of the vibration exposure of wheello-
aders used for transshipment of coal, ore and scrap in the Rotterdam har-
bour and to investigate whether drivers of wheelloaders experience more
back pain than comparable workers without exposure to high levels of
whole-body vibration (WBV) and frequent shocks.
It is estimated that in the Netherlands some 5 a 10,000 drivers of heavy
terrain-vetrides (like wheelloaders, shrankloaders and terrain forklift trucks)
are employed (Oortman Gerlings et al. 7987a). In contrast to most road
vehides, measurements of wheelloaders show not only high vibration levels
in the vertical direction, but also in the fore-and-aft and left-to-right direc-
tions. Therefore the three-axial vectorsum values are considerably higher
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than their single-axis components. Extensive meuurements of wheelloaders
in use in the Dutch road constrgction showed average values of 0.9 (a-,),
0.6 (a*r),0.8 (a*") and 1.8 m/s2 for the three-axial-vectorsum (Oortniin
Gerlings et al. 1987b, Bosman 1986, Bosman 1987). The dominant frequency
range of the vibration signal of wheelloaders is between 1 and 2.5 Hz and
often high crest values are reported (van Drimmelen et aI. 1986, Bosman
1.986, Bosman 1987, INRS 1989). Because the majority of these drivers are
exposed for the gleater part of their working day, they are one of the high-
est exposed occupational groups (Oortman Gerlings et al. 1987a).

Material and methods

Study design

In the literature some evidence of a health based selection of drivers of
heary machines such as wheelloaders has been presented (Milby and Spear
7974, Kvl:z and Meijer 1969). However, for practical reasons only a cross-
sectional study design was feasible in the present study.

Selection of stutly population

The drivers and the reference workers were employed at a large transship-
ment company in the Rotterdam harbour. Almost all (90) drivers and also
90 reference workers not exposed to WBV received a questionnaire. The
reference goup comprised workers responsible for the remaining activities
other than driving and office work. The drivers of the wheelloaders have
few additional tasks. Eighty percent of the shovel operators started at the
company with heavy manual labor (such as dearing the ship's hold or the
terrain with a shovel). This is true also for 50% of the reference workers.
At present some of the reference workers are still in charge of this work
(26%), others became supervisor (28%), warehouse men (6%) or operator of
the conveyorbelts or the sieve unit (9%). Maintenance men, engine fitters
and metal workers (30%) are also induded in the reference group. The
latter group works in a day shift, while almost all other workers work in
day and night shifts. Unintentionally not a random sample of the available
reference workers received a questionnaire but only those who, when as-
ked, indicated that they were willing !o complete the questionnaire.

Measurements

WBV measurements were conducted with a B & K 2572 acceleration meter
in accordance with the international standard ISO 2637/7 (1985). Vibrations
in x, y and z directions were measured separately and in duplicate, each
with a duration of approximately five minutes. Care was taken to measure
working periods representative of the normal daily work. A second series
of measuremenLs was conducted by the regional occupalional health service
shortly after our measurements.
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Quationnaire

Questionnaire items were: cument and historical exposure, health (in par-
ticular back pain) and potential confounders or effect modifiers (e.g. pos-
ture, heavy lifting, climatic conditions).

Table 1. Questionnaire iterns on back pain (label)

0 Do you regularly have pain or stiffness in the back? (back pain)
O Do you have back pain back today? (ba& pain today)
O Did you have back pain in the past 12 months? fback pain, 1 year prevalence)
0 Where in the back do you have pain or stiffness

- upper back?
- lower back? (low back pain)

0 Does the pain in your back radiate a leg? (sciatica)
f _H9"9 you experienced pain in your back radiating to a leg in the past twelve months?

(sciatica, 1 year prevalence)
O Did you ever have a prolapsed disc? (hemiated dir)
O Did you ever have lumbago? (lumbago)
O Were you ever treated for back pain? (treated back pain)
O Do you regularly get bad< pain during or strortly after ddving a vetride (after work/re-

ference group)? (during/after work)
0 How long does the pain in your back usually last?

- several hours (several hours)
- several days (several days) 1 (several days or more)
- several weeks 1 (weeks or more) I

- several month I I

- always prcsent I I

This questionnaire has been used in previous research on vibration and
health (Boshuizen et al. 1990, Bongers et al. 1990). Some parts of a ques-
tionnaire used in a study on fork-lift truck drivers and low back paiuuy on rorK-llft [rucK qrrvers ana low oacK parn were
added (Brendstrup and Biering Ssrensen 1987). In table 1 the phrasing of
the questions on back pain is presented with in D;rentheses the labels usedthe questions on back pain is presented with in parentheses the used
in the tables with results.

Histoical aibration dose

For all workers a total historical WBVdose was estimated based on the
meas-urements supplemented with data from the previously mentioned
Dutch measurement programme (Oortnxan Gerlings 7987b) and question-
nairg data on exposure (calendartime, duration of exposure and type of
vehide). In formula: E E'q in which a, is the vibration level of vdhicle i
(m/s'), and q is duration of driving in vehide i in fulltime years. A full-
time year is defined as driving for 38 hours per week during a year (e.g.
19 hours of driving per week dwing 2 yars is one fulltime year of expo-
sure).

Statistical analAsis

The pooled maximum likelihood odds ratio's for reported health complainLs
of the wheelloader operators compared to the reference workers are
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computed, after stratification for age (ten year periods). In case of inter-
action between age and the exposure variable (index/reference group) the
age specific odds ratio's are presented. In addition, the relationship between
several dose categories and self reported health effects has been analyzed
(stratified for age). For all odds ratio's the test-based 90% confidence inter-
vals have been computed.
By means of multiple logistic regression the odds ratio's for the back pain
in the index group compared to the reference group simultaneously ad-
justed for several confounders have been computed. Due to small numbers
only a limited number of potential confounding variables could be included
in the model. The literature presents some evidence of a positive relation
between lifting in a twisted posture and back pain (Kelsey et al. 1984).
Therefore, age, frequent lifting in a twisted posture in the current !:b and
frequent lifting in a twisted posture in a previous pb are induded. If less
than 30 workers reported a specific symptom adjustment was made for age
and frequent lifting in a twisted posture in a previous job only.

Results

Magnituile and iluration of exposure

The results of the vibration measurements of the wheelloaders are surnruu-
ized in table 2.

Table 2. Vibration measunements (a in m/s2).

Type of wheel-
loader

type of work n' fu, a-v a*" a**y,

Toumeau 500b

Caterpillar 950b

Caterpillar 950b

Fiat Allis FR35

Fiat Allis FRL2

Fiat Allis FR12

Fiat Allis FR15

Fiat Allis FR15

averaSe
standard deviation

transstripment of coal2, with 200m
driving distancg brick and asphalt
transshipment of coal, with 100m
&iving distance, bri& pavement
loading sieve installation
short driving distance
transstripment of coal, with 4fihn
driving distance, brick pavement
loading sieve installation with coal
with 20m driving distance with stops
loading sieve installation with coal
with 30m driving distance
driving in silo, intensive manoeuvering
even floor (driver A)
driving in silo, intensive manoeuvering
even floor (driver B)

2

2

1

2

2

2

2

2

0.36 0.30 0.39 0.76

0.25 0.46 0.39 0.82

0.45 0.51 0.50 1.07

0.116 0.39 0.48 0.97

0.25 0.2r 0.27 0.53

0.66 0.80 0.92 7.72

0.37 0.45 0.37 0.90

0.52 0.56 0.77 0.83

0.43 0.45 0.53 0.95
0.13 0.18 0.23 0.35

I number of measurernents
' fuiving wiloaded, loading coal, driving loaded and unloading
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Table 2 shows tlrat acceleration levels in the vertical and the fore-and-aft
and left-tcright direction are high. The crestfactors varied from 3.7 to 12.4
(duration of measurement five minutes). When the crestfactor exceeds 6 the
RMS value underestimates the effect of vibration on health. The measure-
ments (n=7) conducted by the regional occupational health service at two
other locations of the company showed slightly higher resulLs. The average
acceleration levels of these measurements were 0.6 (fu*), 0.6 (a*), 0.8 (a-,)
and 1.4 m/sz for the three-axial vectorsum. the cresifa&ors 

"arida 
from i.5

to 10.0 (duration of measurement five minutes). In particular transshipment
of iron scrap showed high levels of vibrations and shocks.
The duration of exposure averaged 10 years (s.d 7.5)- among the shovel
operators. They received an average dose of 71. yeeu m'lsn (sd 8.2). About
30% of the drivers reported to experience shocks strong enough to lift them
from their seats, for more than 5 times per day. The majority of the drivers
indicated to experience serious discomfort and annoyance due to vibration
(65%) and shocks (77%).

Studg population

Of the 90 drivers and 90 reference workers 44 of the indexgroup (45%) and
71 of the reference grcup (79%) completed the questionnaire (total response
64%). The respondenLs who had changed to their current job because of
back trouble were exduded from the analysis (n=4). It turned out tlnt sev-
eral workers selected for the reference group had in fact been substantially
exposed to vibration in one of their previous jobs and even in their present
job. These workers have been added to the index group. In contrast, seve-
ral index-workers turned out to be only sporadically exposed. Based on the
questionnaire data the study-population was divided in: 52 not at all or
onty titUe exposed workers wiltr-an exposure dose less than 2.5 year m'1sn
(the reference group), 12 formerly but not currently exposed workers and
47 current drivers of wheelloaders (the index group).

Otaracteistics of iliaus anil refermce uto*erc

Figure L shows a difference in the distribution of age in the index en refe-
rence group. Almost 50% of. the drivers is 25 to 34 years old, 30% is 35 to
M years old. In the reference group this is just the other way around. The
shovel operators reported to experience more heat (38% versus 26%) arrd
less draught (38% versus 53%) than the reference group. Experience of cold
and changing temperatures was evenly distributed in both groups. Not
surprisingly, more long lasting periods of uninterrupted sitting, more twis-
ting in order to look back and less frequent lifting of objects of more than
10 kg was associated with driving of wheelloaders. The workers of the in-
dex group reported less mental stress and almost all members of the index
group (98%) worked in a (five) shift rhedule compared to only 53% of the
reference group.

Pranlmce bad< pain

In table 3 the prevalence of back pain and the age adjusted odds ratio's are
presented. It should be mentioned ttrat not all of these back pain
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Figure 1. Distribution of age in index and reference
group, in brackets the absolute numbers.

parameters are independent
of each other and several
are highly correlated. None
of these odds ratio's Eue
significantly larger than
one. Similar odds ratio's are
obtained when the former
drivers are included in the
reference group (not
shown). However, despite
the small numhrs, the
analysis of several back
pain parameters shows low
p-values for the test for
heterogeneity of the strata,
which suggests different
odds ratio's for the separate
categories of age (p=0.06 for
back pain and p < 0.15 for
lumbago and back pain

lasting several days). This is dlso suggested by the prevalence of back pain
according to age in the index and reference group (figure 2).

Table 3. Prevalence of several back pain parameters in index and reference group and the
odds ratio's (OR) adjusted for age (10 year periods) with the 90% confidence
intervals in brrckets.

not,/little shovel ope.
exposed rators
(n=52)r (n=47)1

oR2

back pain parameter
back pain
back pain today
back pah, 1 year prevalence
low bad< pain
sciatica
sciatica, L year prevalence
hemiated disc
lumbago
treated back pain
duration of back oain
several hours
several days
several days or more
weeks or more
always present
low back pain, days or more
during,/after work

n%n%

23 M.2 23
I 75.7 10

27 52.9 25
20 38.5 21.
9 17.3 7
9 18.0 5
35.9 1

10 L9.6 4
z0 39.2 14

7 13.5 9
8 15.4 8
16 30.8 74
8 15.4 6
35.83
13 25.0 13
18 v.6 12

1.16 (0.53 - 2.4s)
1.56 (0.61 - 4.00)
t.02 (0.50 - 2.12)
1.27 (0.60 - 2.69)
0.97 (0.37 - z.fi)
0:62 (0.22 - 0.52)

0.46 (0.15 - 1.39)
0.76 (0.34 - 1.68)

1.t9 (0.44 - 3.19)
1.09 (0.41 - 2.85)
1.06 (0.48 - 2.3s)
1.01 (0.35 - 2.83)

1.33 (0.58 - 3.01)
0.60 (4.27 - 7.y)

51.1
22.2
55.6
46.7
1,5.2
11.4
2.3
9;t

33.3

20.0
t7.8
31.1
13.3
6.8

28.9
26.7

' The total number of respondents may vary because not all respondents have answered
. all questions on back pain.
' The odds ratio's are only calculated for the parameters with an expected prevalence of

five or more in the index group.
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Figure 2. Prevalence (and standard deviation) of low back pain (A) and low bacl pain
with a duration of several days or more (B) according to age;

- 
= index group, - - = reference group.

In both the index group and the reference group only few workers are
older than 45 years of age. In general the prevalence of back pain in the
reference workers is lower in the older age categories (> 35 years) than in
the youngest age category (< 35 years). This is true for atl back pain para-
meters except back pain that radiates to a leg and (low) back pain with a
duration of several days or more. In drivers the prevalence of back pain
lasting several hours and back pain during or shortly after work is similar
in all age categories. All other back pain symptoms are higher in those 35
to 44 years of age than in those younger or older. In general, the back pain
prevalence between 25 arrd 34 years of age appears to be slightly higher in
the reference workers than in the index workers of comparable age. This is
not true for (low) back pain with a duration of several days or more, and
is most pronounced for back pain of short duration. Between 35 and tl4
years of age all back pain symptoms are more prevalent in the index
workers than in the reference workers, except symptoms during or shortly
after work (table 4). Only the odds ratio for the general back pain
parameter for those of 35 years and older is significantly larger than one.
Due to the small numbers the confidence intervals are wide.
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Table 4. The odds ratio s (OR) for two cat(Zories of age with the 90% crcnfidence intervals
in brackets

oR1 oR1
(35 - 44 years old)
(n = a0)

(25 -34 years old)
(n = 36)

bad< oain Darameter
back pain
back pain today
back pain, 1 year prevalence
low back pain
sciatica
treated back pah
duration of back pain
several hours
several days
several days or more
low back pain, days or more
during/after work

0.27

0.53

(0.08 - 0.97)

(0.16 - 1.81)

(1.11 - 11.7)
(0.6s - 9.22)
(0.69 - 7.3s)
(0.9s - 9.s8)
(0.38 - 4.55)
(0.70 - 7.25)

(0.85 - 13.6)
(0.83 - 9.58)
(0.51 - 5.15)
(0.25 - 2.83)

' The odds ratio's are only calculated for the pararneters with an expected prevalence of
five or more in the index group.

After adjustment for age, height, frequent lifting in a twisted posture in the
ourent pb and in the previous job the odds ratios became slightly higher
than those presented in table 3 but were also not significantly larger than
one (not shown). In this multivariate analysis the interaction between age
(younger and older than 410 years) and the exposure variable was not sig-
nificant. However, the coefficient of the interaction term was positive and
quite large. For the drivers, younger than 40, the adjusted odds ratio's for
most bad< pain parameters appeared to be smaller than one and for those
older than 4() the adjusted odds ratio's were considerably larger than one.
Only the point estimate of the odds ratio for pain or stiffness in the back
in drivers of forty years and older adjusted for age, heighg frequent lifting
in the current job and in the previous job was significantly larger than 1

(OR=3.3 with 90% conlidence interval: 1.0-9.4). In this multivariate analysis
frequent lifting in a twisted posture in the present job was significantly
related to the prevalence of almost all symptoms of back trouble.
Based on the calculated life-time vibration dose the total study-population
(drivers, ex-drivers and workers not exposed to WBV) is dividb<i into four
groups. A group with no exposure, littli exposure l< 2.5 year m',/sn), inter-
mediate exposure (2.5 < dose > 8.5 year m'/s') and high exposure (> 8.5
yea, ,*/"nf (table i).

3.60
2,M
2.25
3.02
1.33
2.24

3.41
2.83
1.93
0.84

0.s6 (0.17 - 7.78)
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Table 5. Odds ratio's adiusted for age (1.0 year categories) with 9096 confidence intervals
for back pain in several categories of vibration dose

no
exPosurc

[n=29)

little
exPosure

(n=25)

intermediate
erPosune

(n=30)

hish
exPosure

(n=25)

back oain DarameterEffiainT--
back pain today
back pain, 1 yr prev.'
Iow back pain'
sciatica
lumbago
treated bad< pain
duration of back pain
several days
several days or more
weeks or more
low back pain > days
during/after work

0.4t (0.1L1,22)
0.38 (0.08-1.72)
0.M (0.1,G7.22)
0.50 (0.17-1.44)

0.25 (0.61.04)
r.u (0.574.71)

0.30 (0.07-1.30)
0.40 (0.191.18)
0.7r (0.18-2.77)
0.43 (0.14-1.37)
0.47 (0.1U1.42)

0.91 (0.3F2.34)
1.24 (0.39-3.88)
0.47 (0.1&1.23)
7.08 (0.42-2.771
1.03 (0.29-s.63)
0.46 (0.111-1.48)

0.76 (0.27-2.711

0.6s (0.21-2.07)
0.73 (0.2&1.90)
0.97 (0.29-3.29)
0.87 (0.3U2.32)
0.35 (0.13.1.01)

1.54 (0.52-4.55)
1.19 t0.35-4.03)
1.14 (0.38-3.48)
1.43 (0.494.19)

0.4s (0.72-1.70)
1.83 (0.51-5.49)

1.0s (0.31-3.s6)
1.01 (0.3F2.91)
0.97 (02G3$)
1.09 (0.37-3.20)
o.sz (0.18-1.54)

1.00
1.00
1.00
1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00
1.00

I p < 0.05, Mantel-extension test for trend for drivers only (little exposed, intermediate
exposed and high exposed).

The little exposed workers suffer less back pain than the non exposed
workers. None of the odds ratio's for the highest o(posure group compared
to the non exposed group was significantly larger than one. The odds ra-
tio's for most symptoms increased with increasing dose category among the
drivers only. These trends were statistically significant for pain or stiffness
in the back, for the one-year prevalence of back pain and for low back
pain (Mantel+xtension test for trend, Rothman and Boice 1979). We did not
observe a significant increase in back pain with increasing exposure dose

lyear mz/sr), after adjustrnent for confounders, if the dose (the reference
workers have a zero dose) was induded in the logistic model as a continu-
ous or a categoral variable (4 categories) (not shown). This is primarily due
the high prevalence of back pain in the reference workers.

Discussion

Exposure

The measured vibration levels are somewhat lower than those reported in
the literature. Nevertheless, almost all measurements were above the 8 hour
fatigue/decreased proficiency boundary of ISO 2631/1 and measurements
at some locations were also above the exposure limit. Because the vibration
levels are similar in all three directions, the vectorsum is substantially high-
er than the exposure limit of ISO 2631./1.. A crestfactor of 6 is exceeded in
most measured situations, thus indicating that the health effect of the expo-
sure is underestimated. It is obvious that in addition to high levels of
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vibration in all three directions these drivers are also exposed to high and
probably frequent shocks.

Rcponse

In both groups, completed questionraires have been received from those
willing to respond without rbminder. The company had given permission
to submit a-questionnaire but unfortunately did'nof ag"eeiui*r the mailing
of additional reminders. The response rate in the refer6nce group was higf
er than that in the index group, because reference workds, vino aia ilot
want. to participate- on first notice, did not receive a questionnaire. The
9ue9!io1 whether the respondents in the reference grou'p are a different
health based selection compared to the respondents ii trre index group re-
mains 

"pqt. I rPRong.- of 45% corresponds to what might ue"expictea
without additional reminders. In our study among drivers Jf fork-lift ^t ucts
91! freight-conLainer tractors in the Rotferdam larbour (Boshuizen et al.
1990, d 4.3) we compared the prevalence of back pain in workers who
responded without additional reminders (52%) with those who returned
their questionnaire arter the first reminder (18%) and after the second re-
minder (11%). In that study the response without reminder was also higherin the reference workers (56%) than in the index workus (47%). The Sack
pgn prevalence in the go-up of immediate respondents (aog6) was slightly
higher than in all respondents (42%). This was true in tte 'r"re.e.r"Jani
i1d9x 

-eroup. It this 1e-sult would apply to the present study the prevalence
of back pain is slightly overestimated. No further informa'tion on the non
response was available.

The pranalmce of back pain

The drivers of fork-lift trucks and freight<ontainer tractors (cf 4.3) com-
plebed the same questipnnaire (response-81%) and were exposed to similar
levels of exposure to wBV. The average age of those driv^ers was slightly
highq than in.the. present study (42 versus rT yearc old). The uactlaiir
prevalence in the drivers in both studies is compirable, although the prbva-
lence of some symptoms is higher in the drivirs of wheelloiders tlian in
the drivers of fork-lift qr.kr. The prevalence in the reference group of the
pleg€Tt.gludy i-s higher than in the reference goup of the stud-y on drivers
of fork-lift trucks and freight<ontainer tractorl rhis difference is most pro-
1orTe.q.jn the youngest age category (figure 3). The reference group in
the forklift-study comprised mainly liaison-rnen and tally men in ihargle of
Su gng-.logistics. These worke* do not have physicil strenuous iork.
Tfe. {act that in particular the young references oi ure present study show
1. 

high prevalence of back pain mighl be due to the h"r.y physical fabor of
these references, whereas uhe older reference workers of'the present study
are more employed as supervisor or mechanic.

The reported high prevalence of back pain in the present study also corre-
sponds yi$^tg prevalence (52%, sam-e question istea) reporfed by Mus-
s9l et al. (1990) for operators of qrth mbving equipment wilh a compar-
able age distribution and a similar low responfu rite. Musson et al. *port-
ed a positive relation between back pain and duration of exposure among

21,6



the drivers; this relation was strongest in young drivers. We also observed
a positive trend with increasing expostre dose for the prevalence of (low)
back pain and the one year prevalence of back pain.
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whee I I ooders

Eil referents fo*-lift
truck study
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frei ght - contoiner
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2,5-34 35-44 45-54
alte ( uears )

Figure 3. Prevalence of back pain in drivers and references (Boshuizen et al. 1990) and
drivers and references of the present study

In a large Firmish cross-sectional study Riihimeiki et al. (1989) compared
symptoms of low back trouble (LBT) among three distinctly different types
of work with identifiable back loading factors: machine operating (541 long-
shoremen and 331 operators of earthmover), dynamic physical work (696

carpenters) and sedentary work (647 municipal office work) (response 67-
76%). The age distribution of the drivers in that study and the present
study shows that the present study comprises relatively more young dri-
vers; the drivers in the Finnish study are longer employed: 15 years versus
10 years in the present study. The back pain prevalence in the operators of
the earthmovers and the longshoremen was similar and therefore these two
groups were combined. The reported prevalences in the study of Riihim:iki
et al. were in general mudr higher than in the present study. The one year
prevalence of sciatic pain in the Finnish study was e.g. 34% in the machine
operators, while in the present study this was 1.7Vo. The 1 year prevalence
oi Lnt was 82% versus 55% in the present study. Except for cultural differ-
ences, also the different wording of the questions and structure of the
questiormaire might cause these variations in prevalences. Riihimiiki et al.
observed a significantly higher prevalence of almost all reported symptoms
of LBT in the drivers of earthmovers compared to the carpenters and the
office workers. These symptoms were: frequently occurring LBT, LBT ex-
perienced either daily oi for more than 30 days, 7 year prevalence of LBT,
1 y* prevalence of sciatic pain and 7-day prevalence of LBT. They did
no-t obs-en e a significant difference between the drivers and the other
groups in the prevalence of life-time LBT, occasional LBT, l-yeal prevalence
of tumUago and the L-yea, prevalence of non-specific LBT. The machine
operators had a higher risk of LBT than the other 2 groups also after
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allowance for other risk factors of LBT. The authors reported a significantly
increased-adjuste! relative risk of 1.3 for the l-year prevalence-of sciatic
p|ln in the madrine operators compared to botir the- carpenters and the
office workers (95% ci 1.1-1.5 and t.t-t.z respectively). rhis was not ob-
sgrved in the present study. After allowing fbr age,- the duration of em-
ployment was not significantly related to the occurrince of the various low-
back symptoms in the Finnish study. In contrast, we did observe an in-
creasing pfvalgnce of back pain with increasing exposure dose. The au-
thors conduded that the overmorbidity in the -drivirs compared to the
garpenters (and the carpenters in their tirm compared to the oifice workers)
became mor€ accentuated when the frequency of low back symptoms was
considered. occasional symptoms were equaliy corrunon in ail groups, but
frequent symptoms were reported more 

-often in the brue-coti"ar *oiters
than among_ the gffice workers. In the present study and our study on
drivers of fork-lift t"r.kq and freight-container tractors the question on
regular pain or stiffness in the back also discriminates well between the
drivers and the reference workers. In the Finnish study also sciatic pain
discriminates well between the occupational groups, whereas in both'our
harbour studies the odds ratio for the one year prevalence of sciatica in
drivers compared to other harbour workers wis ab6ut 1.

t"!ti*h (1989) compared the spinal x-ray examinations of 27J male drivers
of earthmovers with a minimum exposure duration of 10 years and an av-
erage. age of 4r.8-years with the x-ray images taken at the pre-employment
examinations of 324 male workers (mean age 41,,4 years).-They ob6erved
more degenerative changes in the lumbar spine of the drivers c6mpared to
the references in each age category. The largest difference between the two
groups- was observed in the youngest age group (32 to 4l years old). More-
over, the drivers showed significantly more severe degenerative ctranges in
the lumbar spine than the reference group. The authoialso report a s'ignffi-
cant association between the degree of degenerative changes and low back
trouble reported at the dinical examination.

$ q" hansshipment company most drivers and reference workers (except
for the mechanics) staft *ith heary manual labor and only after a few
years they either receive a drivers- training or they becom-e operator or
supervisor. .rey kgep their original job. It is possible that health may have
plgyed a role in the selection of the trainees ior driving of wheelloaders or
other.jobs at -tle company. However, it is not dear in what respect this
selection would bias the results. In addition to this selection within the
company, a health based selection of the working population of the com-
pany rnay have taken place in both the index grbup and the reference

floup. at older age- This selection seerns probable as the back pain preva-
lence is lowest in the highest age category in both the index group ana tne
reference gloyp for most symptoms. This is not true for back pain that last
only-several hours or occurs during or shortly after work in the drivers,
,"ry"h is_equally high in each age group. The decreasing prevalence of back
pain with age in the reference workers might also parily reflea the fact
that the working condition of the older refirence wbrkeis are in general
less strenuous compared to that of the younger references.
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Milby and Spear (1976) present some evidence of a healthy worker effect in
drivers of wheelloaders. They observed a pattern of increasing and than
decreasing morbidity due to musculoskeletal disorders (among other dis-
eases) with increasing years of vibration exposure in drivers of earth
moving equipment. In a laber study Spear et al. (7977) presented some evi-
dence of an increased risk of drivers with bone and joint disease to leave a
job with exposure to WBV compared to those with this disease in other
jobs in the Construction industry. Kunz and Meyer (1969) also reported that
L0 out of. 52 (19%) drivers of wheelloaders were looking for another job
because of severe back trouble. A possible healthy worker effect would
reduce a dose response relationship, nevertheless an increasing prevalence
of back disorders was observed with increasing vibration exposure of the
drivers in the present study.

Besides exposurc to vibration other extraneous factors, which are relevant
for the development and manifestation of back pain, need to be comparable
in index and reference group, otherwise condusions need to be drawn
conditionally on sufficient adjustment for these confounders. This condition
is not satisfactorily met in this study. Driving a wheelloader is associated
with exposure to vibration and to working in a constrained seated posture,
often during long uninterrupted periods. Therefore, condusions of this
study apply primarily to the health risks of driving a wheelloader and only
tentative condusions may be drawn on the effects of exposure to vibration
and shocks.

Condusions

Drivers of wheelloaders in transshipment are exposed to high levels of
WBV and shocks. In contrast to most other vehides also the vibration in
the fore-and-aft and left-to-right direction contribute considerably to the
total vibration load. These levels of vibrations and shocks cause the major-
ity of drivers serious discomfort and annoyance.
Due to the rather low response only tentative condusions can be drawn.
Fully adequate control for confounding was not possible. However the
results correspond to those in the literature.
The back pain prevalence in the drivers aged ?5 to M was similar to or
slightly lower than that in the reference workers. However, these young
references are employed in heavy physical labor and show a high preva-
lence of back pain compared to other non-driving harbour workers at other
companies, employed in less strenuous jobs. The prevalence in the refer-
ence workers was increased primarily due to symptoms of back trouble of
short duration. However also the prevalence of sciatic pain was higher in
the reference workers than in drivers of comparable age. The older aged
reference workers are primarily operators, mechanics or supervisors with
probably physically less demanding work conditions. The drivers of 35
years and older show a higher prevalence of symptoms of the back than
the reference workers of the same age. This is also true after adjustment
for other risk factors for back disorders. The prevalence of back pain is
Iowest in the oldest age group both in the index group and the reference
goup. This was observed most explicitly in the reference v/orkers. This
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rr.oqht point at a health based selection at older age in both groups. Never-
theless, the prevalence of regular pain or stiffness in the (loier)^ back and
the 1-y-ear preval-ence of back pain increase with inoeasing vibration dose
after adju-stment for age among the drivers.
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S.lWhole-body vibration and back disorders; a meta-
analysis

Hendriek C. Boshuizen, Paulien M. Bongers, Carel T.J. Hulshof

Summary

Studies from literature and the studies from this thesis are
combined in a me[a-analysis on back disorders in occupations
with exposure to whole-body vibration (WBV). Only studies
using a reference goup are included. Significantly more dege-
neration of the spine is observed in workers exposed to WBV
(odds ratio almost 1.5). Herniated disc does not stands out more
than other degenerative disorders. (Low) back pain is also
increased (odds ratio about 1.5).

Introduction

In this chapter we review the epidemiological literature on back disorders
in occupations with exposure to WBV and combine the studies from
Iiterature with the studies presented in this thesis in a meta-analysis.

We focussed on effects related to mechanical damage in long-term exposed
subjects. One complicating factor in diagnosing back disorders is that one
type of damage to the spine may lead to other damage (chapter t.1).
Another problem is that the diagnostic methods used to date are - apart
from symptoms - mainly based on X-ray imaging. The association between
back pain and damage seen at roentgenogtams of the spine is usually
weak, possibly because important forms of damage (e.q. soft tissue
damage) escape discovery. Damage is seen on X-ray also in symptomless
individuals, and therefore most X-ray signs have limited practical relevance.
Symptoms are much more relevant, although subjective.

Valuable results from the literature that can not be induded in the meta-
analysis (mostly because insufficient quantitative information is reported),
are mentioned as additional information in the narrative.
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Material and Methods

we used simple methods of meta-analysis (Greenland, 1987) to determine*hi+ pathological effects may be related to WBV. The effects on the spine
are classified in:

1. Categories of diagnoses and signs (mostly established by X-ray):
- Scheuermanns disease (juvenile kyphosis)
- Abnormal curvature:

- Scoliosis
- Kyphosis
- Other

- Olisthelis and spondylolyses
- Herniated disc
- Other degenerative disorders.

The material does not permit to distinguish between diagnosis (mostly
s.u$ectivgly based on several kinds of information) and more clearly
defined (X-ray) signs. Studies of pure X-ray signs have been put in the
diagnosis-category which is most related.

2. Categories of symptoms:
- Sciatica
- Lumbago (low back pain oI sudden onset, with severe, disabling pain

but disappearing within a few weeks)
- Transient back pain (appearing during or just after work and dis-

appears with rest, often within 24 hours).
- Low-back pain
- Back pain in general

within these categories odds ratios (oRs) are calculated from all suitable
literature data. If possible Mantel-Haenszel oRs after stratification for age,
but otherwise crude ORs. When logistic regression was applied, ORs ire
calculated from the regression coefficients. In the follow-up stuaies on long-
term sick leave and disability pensioning from this thesis,-Incidence Densi[y
Ratios (lDRs) are calculated. If both data on disability pensioning and long-
term sick leave are available, sick leave data are used. Missing diagnoses of
sick leave _periods are - if possible - replaced by the diagnoses registered
with a subsequent disability pension. Because iong term sick leave and
disabiliry pensioning due to back disorders are no conunon events, the IDR
and the oR of the curnulative incidence over the study period will not
differ greatly. Therefore these IDRs sometimes are treated- as if they are
ORs.

A_ summary_9n ir calculated for all categories from the weighted average
of the log oR (Greenland 1987). This is a rather crude method, but tfie
data. quality hardly waranLs a more sophisticated analysis. The weight
used is the statistical precision of the studies (1/sE') and is presented in
the tables also. when several results from the same study arg quoted
within t}le same category, they are only induded both in the-calculation of
the summary odds ratio when the overlap in cases between the two is
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probably small. Otherwise, only one of them is selected using the following
criteria:
- Lumbar locations are induded in favor of thoracic locations, except for

(juvenile) kyphosis.
- For the studies on abnormal curvature, X-ray based diagnoses are

induded instead of diagnoses based on dinical examination.
- In a follow-up study with results from different times of follow-up, the

odds ratio from the longest follow-up is induded.
- If none of the above applies, the OR with the highest statistical precision

is included.

If more than one reference group had been used, only the OR computed
for the most valid reference group is induded (similar age; similar SES
etc.). If more index grcups had been used, all are induded in the analysis,
despite the mutual dependence of the ORs resulting from the use of the
same reference groups. It should be kept in mind that such studies thus
get more weight than they deserve.
The differences in WBV-exposure in the different studies are initially not
laken into account. Only when the odds ratios from the different studies
show dear heterogeneity, the possible role of differences in WBV-exposure
in causing this heterogeneity is explored: in this case a weighted regression
is performed on the WBV-dose, induding only studies that make esLimation
of a WBVdose possible.
The summary ORs are presented together with a 90% conlidence interval
(CI). When the study results summarized in this OR show more variation
than expected from their precision, this extra variation is included in the
CI. In that case the CI is calculated from the between-study variance.

The original studies included in the mela-analysis are derived from recent
reviews on effects of WBV (Hulshof and Veldhuijzen-Van Zanten 1987i
Dupuis and Zerlett 1984; Seidel and Heide 1986). Criteria for indusion of
studies in the meLa-analysis are:

1. The study indudes a reference group, with clearly lower exposure to
WBV. This can be either an internal (low exposed) or external (not
exposed) reference group. Studies that compare their results with referen-
ce data from other studies are not induded. An exception is made for
studies by the sarne research group, because these data probably are
collected in a sufficiently comparable way.

2. The reference group is reasonably comparable to the index group.
Because no study is perfect in this respect, studies are only exduded if
the incomparability can be expected to bias the results badly. For
instance, the study of Erlam is excluded because it compares sick leave
of self-employed taxi drivers with that of salaried bus-drivers.

3. The effect studied consists predominantly of conditions related to the
lumbar or thoracic spine. So studies only dealing witJr 'musculoskelelal
disorders' in general are excluded.

4. The study is presented in a way that permits calculation of an OR, IDR
or a regression coefficient.
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Table 1 shows the exduded studies and the reasons for exduding them,
while table 2 describes the studies that are induded.

Table 1: Studies exduded from the meta-analysis

Publication Reason of exclusion

Aronsson 1982
Badcman 1983
Biering-Sorenser and
Thomsen 1986
Braithwaite and
Vymwy-|ones 1985
Buckle et al. 1980
Burmeister and Thoma
1985
Cavigneaux and laffont
t969
Damkot et al. 1984

Delahaye et al. 197'1,
Erlam 1982

Froom et aL.1987
Frymoyer et al. 1984
Garbe 1981
Gruber and Zperman
1,974

Gruber 1977

Harurunkari et al. 1978
Hedberg 1988

Hilfert et al. 1981

Jurgens et al. 19&l
Kelsey et aI. 1984

Kompier 1988
Kubik 1966
Kunz and Meyer 1959
Milby and Spex 1974 /
Spear et a1.1976
Nakata 1987
Perleau et al. L986
Rehm and Wieth 1984.
Sdrulte.Wintrop and
Iftod<e 1978
Shanahan et al. 1985

Sjoflot 1,982
Wukasdr 1979

Diagrrosis category not specific enough
No data presented
No data presented on the degree of effect

No reference group

No pairfree group induded
Difference in exposure too small

No reference group

No degree of effect can be calculated. Sub-population of the
study population of Frymoyer (1983)
No reference group
Diagnosis catqiory too broad; data on groups are not com-
parable
No difference in WBV-exposure
No data presented on degee of effect
No diagnoses available in referene group
No data presented on degree of effect. For the higher ex-
posed groups inlormation on disorders is available over a
longer period of time. It is not dear whether this was taken
into account in the analysis.
No data presented on the degree of effect. Comparison with
bus drivers only for the older age group; the reason for this
is not clear.
No reference group
Differences in erposure too srnall to estimate; level of vibra-
tion not measured.
Same data as K6hne et al. 1982 (table 2)
No data presented on the degrce of effect
No data presented on the degree of effect in relation to
ocorpation; WBV-magnitude of non-occupational driving not
measured
No reference grcup or diagnosis category too broad.
No reference group
No reference group
Diagnosis category too broad

No reference group
Difference in WBV-exposure too small
Same data as K6hne et al. 1982 (table 2)
No reference group

No extemal reference group; data on intemal comparison
not suitable for calculation the degree of effect
No reference group
Study not available.
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Table 2: Studies induded in the meta-analysis, Only data used in the meta-analysis are
mentioned. These may differ from the data emphasized in the publications

publication exposed group reference group

Studies from ow thesis

Bongers et al. L985 (a)

Bongers et al. 1989 [b)

Bongers et al. 1990 (c)

Bongers et al. dnpter
3.4 (d)

Bongers et al. drapter
4.4 (e)

Boshuizen et aI. 1990
(a)

Boshuizen et al. dnpter
4.3 (b)

Boshuizen et al. drapter
2.3 (c)

Boshuizen et al. chapter
4.3 (d)

Sttdies ftom literutwe

Amautova-Bulat 1979

Beevis and Forshaw
t9u6

Drivers (n=181)

Crane drivers (n=743)

Helicopter pilots (n=133)

Crane drivers (n=341)

Drivers of wheel-loaders
(n=45)

Tractor fuivers (n=450)

Drivers of lifFtrucks and
freight<ontainers (n=11b)

Drivers (n=347)

Lift truck drivers dremical
company (n=37)

Engine drivers, ticket
collectors,
and brakemen (n=76)

Tank drivers (n=18)

Caretakers, porters (n=153)

Maintenance workers (n=662)

Military officers
(n=228)

Metal workers/bench fifters
(n=3130)

Other outside jobs in same
company (n=52)

Other workers of similar SES
(n=110)

Other outside workers in the
harbour (n=107)

All other occupations in
transportation industry
(n=105)

All other workers of same
division (induding office
workers) (n=37)

Metal workers [n=45)

1. Tank drivers with less
hours of driving per day
(n=24)
2. Drivers of heavier tanks
with a WBV-magnitude that
is 4 times lower (n=20)

All other occupations (1.
n=1120; 2. n=1142)

Unskilled workers [N=66)

Braun 1969

Brendstrup and Biering-
Ssrensen 1987

1. AII ocorpational drivers
(n=80) 2. Truck drivers (n=58)

Fork-lift truck drivers (n=169)
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Table 2: continuing

publication exposed group referenoe group

Burton and Sandover
1987

Costa et al. 1988

CMst and Dupuis 1968

Dupuis and Christ 1972

Fisher et at. 1980

Froom et al. 1984

Froom et al. 1986

Frymoyer et al. 1980

Frymoyer et al. 1983

HeliovAara 1987

Hrubec 1975

Kelsey L975

K6hl, 1975 (X-ray)

Kohl, 1975 (pain)

Kohne et al. 1982

Magora, 1970 and
Magora and Schwartz,
1,976

228

Grand Prix drivers (n=15)

Commuters (n=254 for
medical records; n=7&4 for
questionnaire)

Tractor drivers, more than 700
h/yr (n=93)

Tractor drivers, more than 700
h/yr (n=a9)

l*,ipo,* 
pilots (n=124 or

Helicopter pilots (n=153)

Heliorpter pilots (n=264)

Truck drivers (n=157)

Drivers of: 1. light trucks
(n=498); 2. heavy bucks
(n=179); 3. tractors (n=161)

AII ocorpational drivers
(n=107)

Truck drivers (n=162)

1. All occupational drivers
(n=30) 2. Trucl< tuivers (n=19)

Tractor drivers (n=48)

Tractor drivers 30-39, > 15
driving years (n=80)'

Operators of earth-moving
equipment, more than 3
driving years (n=352); for X-
ray: more tlnn 10 driving
years (n=251)

Bus drivers
[n=102)

1. Non-racing fuivers (from
sPectators) (n=24)
2. Grand Prix drivers after
reduction of suspension stiff-
ness (n=L3)

Non cornmuters. (n=107 for
medical records; n=383 for
questionnaire)

Tractor drivers, less than 700
h/yr (n=M)

Tractor fuivers, less than 700
h/yr (n=51j

Jet pilots (n=141 or 143)r

1. Cadets (n=500);
2. Transport pilots (n=109)

1. Fighter pilots (n=373)
2. Transport pilots (n=L65)

All other occupations (n=1695)

Men without exposure to
vibration of automobiles
(n=150)

All other oc(rpations (n=1645)

All other oaupations
(n=2028)

All other occupations
(1. n=226;2. n=237)

(Male) nurses (n=34)

Tractor drivgrs, < 15 driving
years (n=3L)'

Opencast-workers (n=315)
X-ray: n=151

Policemen, bank and post-
office derks, nurses, industrial
workers, farmers (n=,$7)



Table 2: continuing

publication exposed group refererrce group

Medges et al. 1985

Mtisctr 1989

Musson et al. 1990

Occhipinti et al. 1986

RiihimAki et al. 1989

Rosegger and Rosegger,
L960

Sdroknedrt and Baridr
t978

Sdrulze and Polster
1979

Seidel and Tr6ster 1970

Walsh et al. 1989

Helicopter pilots (n=232)

Earthmoving equipment
drivers (n=273)

Drivers of 1) truck and vans
(n=233); 2) busses (n=815); 3)
agricultural tractors (n=331);
4) forestry tractors (n=78); 5)
trams (n=212); 5) earth-mo-
ving equipment (n=1097)

Tractor drivers (n=31)
City bus drivers (n=47)
Refuse collectors (n=40)

longshorernen and earth-
mover operators (n=1174)

Tractor drivers, Z-d ad"ing
years (n=128)

Busdrivers age 40-50, >10 yrs
on the job (n=809)

Tractor drivers (n=103)

Tractor drivers, more than 5, ^-,4onvlng years tn=J5J

1. Driver of lorry, tractor or
digger;2. Driving a car more
than 4 h/d (n not presented)

Non flying personnel of same
units (n=175)

Subjects of pre.employment
scr€ening with similar age
(n=32a)

Intemal comparison on
number of driving years

Workers without back-
straining activities (n=50)

Carpenters (n=1045)

Tractor drivers, less than 2
driving years (n=120)

Office workers age 4G50, fit
as busdriver (n=a25)

Farmers (n=52)

Tractor drivers. less than 5.' ^-.4Onvmg years (n=zsJ

All other occupations (n not
presented)

1) Numbers vary in different tables. The paper does not state the reason for this dearly.
Most likely it depends on missing data.

2) Also a regression analysis using all ages is done.
3) Tractor drivers with more than 5 driving years ,ue excluded to reduce confounding by

age.
4) Also a regression analysis is carried out.

Results

luvoile kyphosis (Schammanns diswse)

Some older studies without reference goups observed extreme high
prevalences (4649%) of juvenile kyphosis in drivers of tractors and earth-
movers (Rosegger and Rosegger 1960; Christ and Dupuis 1972; Kwtz and
Meyer 1969). In the general population the prevalence is 0.4 to 8o/o
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(Bullough and Boachie-Adjei 1988), depending on the diagnostic criteria
used.
Table 3 presents the studies that employ a reference goup. Most studies
report mudr lower prevalence rates than the older studies mentioned
above. All studies with an external reference group report an increased
prevalence of juvenile kyphosis in the WBV-exposed compared to the
reference group. The summary odds ratio of these studies is significantly
higher than 1. Rosegger and Rosegger (1960) compared tractor drivers with
more and with less driving years and observed no difference. When this
study is induded in the summary odds ratio, the significance disappears.

Table 3: Study results on juvenile kyphosis (Sdreuermanns disease). The study weight
presented is based on the statistical precision of the studies

Remarks on
diagnostic
method

prevalence prevalence
erposed reference
goup goup

odds ratio confoun- shrdy study
[90% CI] ding py weight

age

lumbar X-rays 37 12
medical records 2.6 1.0
lumbar X-ray 8.1 5.0
X-ray 13 12
X-ray M 50
X-ray, thoracic 4.3 3.5
X-ray, lumbar 6.3 6.1

Summary odds ratio (all .)
Summary odds ratio, excl. Rosegger

. 3.1 U.1-8.41 o 2.7
2.7 10.9-7.91 o 2.4

. 1.7 10.7-3.91 + 3.9

. 1.1 [0.F2.5] o 3.6

. 0.9 [0.6-1.3] o/+ 15

. 7.2 [0.7-2.L1 o 10
1.0 [0.7-1.6] o 16

K0hl
Kdhne
Fisher
Sdrultze
Rosegger
Sdroknecht
Schoknecht

1.23[0.91-1.65]
1.ss[1.1G2.19]

(1) o = ages of exposed and referents are comparable
+ = not age.adjusbed, exposed are somewhat older

In view of the lack of evidence for an increase of juvenile kyphosis with
Ionger duration of exposure, it is most likely that there is an impact of
WBV-exposure at rather young age. Indeed Rosegger and Rosegger (1960)
observed juvenile kyphosis in 62% of those who drove a tractor for more
than half the time between the age of 14 and 20, and in only 39% of those
who did not drive tractors at that age. (Odds ratio: 2.6 1774.0D. However
as the prevalence rates they observed are extremely high, the value of their
results can be questioned.
Conclusion: Some evidence is present for more juvenile kyphosis in occupa-
tions with \4lBV-exposure. It is possible that this is mainly due to driving
or flying at young ages.

Abnormal curuature

There exists important interindividual variation in the curvature of the
human spine. What is considered abnormal, highly depends on the crite-
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rion used and on whether it is assessed by X-ray or dinical examination.
Only a few studies specify the angles that they consider abnormal.

Table 4: Study results on abnormal ctrrvahrr€ (not specified as Sdreuermann)

Remarks on
diagnostic
method

prevalence prevalene odds ratio confoun- shrdy shrdy
exposed reference [90% CI] ding py weight
grouP grouP age

%%

Scoliosis
>10 degree 7.3
deep lumbar 129
X-ray 62
medical records
- lumbar .4.0
clin. examination 4
X-ray 3
Summary odds ratio (all .)

Kyphosis
Clin. examination 13
X-ray examination 10
medical records 2.8

.0.6 [0.3-1.3].2.8 [1.3-6.0].1.1 [0.F2.3]

.0.7 [0.+1.3]
0.4 [0.1-1.2].0.5 [0.1-1.9]
0.97 10.60-1,.57)

Fisher
Fisher
K0hl

K6hne
Sdrulze
Sdrulze

Sdrulze
Sdrulze
Kdhne

0.3 K6N
3.4 Sdrulze

2.6 Fisher
12 Kdhne

0.8 Sdrulze

71. Sdroknecht
5.7 Sdroknedrt

+ 5.3
+ 4.8
oo 4.5

* 7,5
o 2,2
o 1.5

5.4
10
6

0.5
0.3

1.0
3.0

0.3

1.0
0.9

oo
o

+

o

o
o

59
t2

4.3
5

4

M
)

4.0
13

1

51
2.0

11.3
5.0

59

Other fonns of abnormal curvature
Departure of
shaight posture
Abnormal lordosis
(both din. + X-ray)
Flat badc
Stretdred poshre
(lumbar spine only)
Kyphoscoliosis
Abnormal posture
- lumbar X-ray
- thoracic X-ray

1.1 [0.F2.6] o
.. (p = o.oz) o.. (p = o.oz) o

[0.]1.2I
[0.0m.5]

[0.]2.6I
u.84.81

[0.04-1.5]

[0.8-1.3]
[0.r1.e]

t2
0
0

3.6
0.7
0.9

51
2.1

(1) i age.adjusted
o = ages of exposed and referents are comparable
oo = not age-adjusted, me:rn ages comparable, but age range of reference group is
wider.
+ = not age.adjusted, exposed are older

From table 4 it can be conduded that scoliosis is unlikely to be connected
with WBVexpostrre. Kyphosis however might be increased. One could
speculate on whether this reflects the same phenomenon as the increase
observed in juvenile kyphosis. Of the other abnormalities of curvature only
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a stretched posture of the lumbar spine was observed more frequent in
drivers in only one study.
Frymoyer et al. (1984) did not observe a relation of wedging of discs L,4-LS
and L5-S1 and \4lBV-exposure. Gruber (1977) observed more deformity of
the spine in truck drivers compared to busdrivers and air traffic controilers
in the age group 45-54. For the younger age group no statistically sig-
nificant difference was reported. Dupuis and Christ (1972) rcported an
increase of scoliosis in 30 of 106 young tractor driver during - a 12-yar
follow-up. This might partly be a natural process. Haanen (1984) obseiwed
an inoease of scoliosis with age in the general population older than 45.
Occhipinti et al. (1986) observed a higher mean thoiacic kyphotic angle in
city bus drivers compared to a non exposed reference group, while in
tractor {irgr (exposed !o higher WBV-levels than the bus dlivers) they
observed a lower angle of both thoracic kyphosis and lumbar lordosis.
Conclusion: A relation of WBV-exposure with scoliosis is unlikely. Some
weak_evidence is present for a relation of driving with kyphosis. Studies
on other changes in the curvature of the spine are scarce, but the existing
studies do not indicate a relation with WBV-exposure.

Olisthelis and spondylolgsis

To diagnose spondylolysis oblique X-ray imaging is needed. Studies how-
ever never induded routine otlique X-ray imaging of all subjects. Spon-
dylolysis therefore may often have been missed, especially in symptomless
individuals. Table 5 shows that olisthesis can not be exddded ai a-possible
colsequence of \4lBV-exposure. The summary OR is of borderline sig-
nificance. The effect may be overesLimated because the helicopter pilots in
the study of Fisher et al. (1980) are older than the reference group. In the
study of Froom et al. (1984) however no biasing effect of age is observed.
Dupuis and Christ (1972) reported eggravation of spondylolysis or
spondylolisthesis in 5 of 11 young tractor drivers during a 72-yar follow-
up.
Conclusions: some evidence is present for an association between olisthesis
and driving or flying helicopters
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Table 5: Study results on lumbar or all-spine olisthelis and spondylolysis

Remarks on
diagnostic
method

prevalence prevalene odds ratio oonfoun- study study
exposed refererrce [90% C! ding PV weight
group group age

Olisthesis
X-ray 11.3
X-ray, lumbar 4.5
X-ray, lumbar 4.5
X-ray, lumbar 2,5

Olisthesis without spondylolysis
medical records 0.6
ind retrolisthesis 17

Spondylolisthesis
medical records 2.3

Summary odds ratio (.)
(all types of olisthesis)

Spondylolysis only
X-ray 4

.2.1. [1.G4.5] +

.5.2 17.7-251
4.8 lz.(J--rzl.1.1 [0.G2.0]

. 1.5

.7.0 10.4-2.4) r

1.46 [1.0G2.1]

(N.S.)

5.7
o.*
1.03

2.4

0

o
+
o

K0hne
K6hl

(N.S) o
t0.5-4.41 oo

4.8
1.1
3.4
6.5

0.4
2.3

4.9

Fisher
Froom
Froom
Schoknedrt

12

2.2

(1)

(2)
(3)

* = age adjusted
o = ages erposed and refererrts oomparable
oo = not age.adjusted. Mean age similar, but range of age wider in reference group
+ = not age.adjusted, exposed are older
transport pilots
cadets

Herniated disc

Table 6 presents the studies on herniated disc and shows significant
summary ORs for all categories except for our cross-sectional studies. The
cross-sectional studies are based on small numbers; they may also be
biased by selective dropout. The studies on truck drivers show significant
heterogei'reity due to the low OR reported by Hrubec and Nashold (1975).

In this study occupation was taken from data recorded on induction to
military service. Misclassification of occupation may have been more
conunon in this study than in the others, explaining the rather low OR;
moreover no age-adjustrnent was possible.

Besides these studies, Gruber and Ziperman (1974) observed somewhat
morle vertebral cartilage operation in bus drivers compared to office
workers, and more intervertebral disc displacement. Both phenomena
increased with increasing driving years. Kelsey (1984) observed higher risks
for drivers on local roads and with automatic gear. Both factors may
increase the WBV or the shocks received.
Conclusion: Hemiated disc appears to be related to driving occupations.
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Table 6: Study results on herniated disc

Case-referent studies, contrasting occupational drivers with non drivers
(if possible, data are presented on occupation before the onset of synptoms)

Remarks on
diagnostic
method

odds ratio
leo% cI

curfcx.rn- shrdy study
ding Fy weight

age'

Truck drivers
Surgically confirmed
Operated for hemiated disc
Hemiated disc and/or riatica
Army hospital admission for HNP
Summary odds ratio of o

All occupational drivers
Surgically confirmed
Operated for hemiated disc
Operated for hemiated disc
Hemiated disc and/or sciatica
Hemiated disc and/or sciatica
Hemiated disc and,/or sciatica
Disability pension'
Summary odds ratio of O

Summary odds ratio of .

Remarks on
diagnostic
method

2
o
?

2o

t
I
a

I

" 8.0 [1.F44]
3.7 12.2-6.0)
4.7 [1.&13]
L.4 [1.1-1.9]
1.82 [1.08-3.1]

1.5 40.2-721
1.3 [0.&2.1]
2.8 17.e4.21
2.8 [r.+5.5]t.7 17.2-2.41? (N.S.)
1.1 10.7-1..9)
7.73 [1,.1G2.61
1.83 [1.3G2.61

oc(rrrence occurrtnce
exposed reference
gouP gouP

odds ratio
or inc. ratio
[e0% cr]

* 0.9 Kelsey, 1975
? 1l Braun* 2.5 Kelsey, 1975
? 37 Hrubec

NB Heterogeneity

0.5 Kelsey, 1.975
12 HeliovAara
15 Braun
5.3 Kelsey, 1975

2l Helioviiara
Kelsey,1984r 9.8 Boshuizen.

NB Some heterogeneity

confoun-
ding Py

age

Sickleave>4weeks
or disability pension 0.544
Prevalence afber a
10 year follow-up 8%
Summary odds ratio

0.zt'

5% 10.94.7)
[1.1]3.01

7.7 [0.9-3.2] Bongers6

Boshuizenu

7.1

4.72,1
1.84

Cross-sectional stud.iess
Remarks on prevalence prevalence odds ratio confoun- study study
diagnostic exposed reference or inc. ratio ding py weight
method goup group [90% CI] age'

%

Current workers
Current workers
Summary odds ratio

* 3.2 Bongers.* 2.6 Boshuizens
4
5

5
4

1.0 [0.4-2.s]
0.8 10.3-2.2)
0.90 10.4G7.791

(1)

(2)

(3)
(4)
(s)

* = age-adjusted
o = ages of exposed and referents are cnmparable
? = not age-adjusted. No data available on dfuection of the bias hhoduced by this.
In the original study drivers are contrasted with professionals and other white collar
workers. For the contrast drivers/non-drivers only crude odds ratios could be
calculated. Crude odds ratios for the contrast drivers/professionals differ only
marginally from the age-adjusted odds ratios presented in the original article
Contrasting drivers with other ocorpations within transportation industry
Incidence rate per L00 person years
Because of small numbers no data arc prcsented for Bostruizen (e) and Bongers (e)
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Other signs of degeneration of the lumbar spine

Table 7 presents the results on long-term sick-leave and disability pensio-
ning due to degenerative disorders of the spine from this thesis. Table 8
presents the studies on degenerative disorders - not discussed before - from
literature. Both tables show an overall increase of the degenerative dis-
orders of the spine that ure accompanied by symptoms. The summary OR
for X-ray based diagnoses (not necessarily symptomatic) however is not
significantly higher than 1. This is fully due to the negative study of
Schoknecht and Barich (7978). They observed noticeably less spondylosis
deformans in the reference goup (office workers, medically fit enough to
be eligible as bus driver) than in bus drivers. The authors do not give an
explanation for this observation. They do show however, that the difference
is caused by slight spondylitic changes only. Bus drivers have more
moderate or severe spondylitic dranges than the office workers. Exduding
this study, the summary OR becomes dearly higher than 1, but different
studies still are pointing in different directions far more than expected
based on chance. This heterogeneity can not be explained by differences in
\AIBV-dose.
The summary OR for all degenerative disorders together (table 5 to 8) is
1.45 with a 90% CI of [1.241.69].

Table 7: Results of the studies from this thesis on long-term sick leave and disability
pensioning due to spondylarthrcpathy {ICD-code 72L) and discopathy (ICD-code
722) (9th revision ICD, VWIO 192)

Effect studied incidence incidence IDR
exposed re(erence [90% CI]
group grouP
per 100 py per 100 py

study study
weight

Disability pensioning

Spondylartlropathy
Discopathy
Spondylartluopathy
Discopathy
Spondylarthropathy 0.04
Discopathy 0.22

Long-term sick leave (> 28 d)

I
"l
"l
"l

0.07
0.16

0.45
0.91
0.29
0.63

Summary OR of spondylarthopathy
Summary OR of discopathy
Summary OR of follow-up
Summary OR case-referent shrdies
Summary OR of . (sick leave/disability)

. zs: 11..4-3.2).2.2' 11,.4-3.4)

. 0.8 [0.]2.1I. t.4 10.8-2.21. 0.3 [0.1-1.7]. 1.1 [0.t2.s]

. r.3 [1.2-8.3]. r..6 [1.0-2.6].2.3 [0.G9.0]. 3.1 [1.0-3.5]

1.s4 U.03-2.31
1,.70 lt.3T2.2l
L.49 l7.W-2.0)
7.77 [7.31-2.4)
1.65 [1.312.0]

11
1,4

J.J
11
1.0
4.2

Bongersu
Bongers"
Boshuizen.
Boshuizen.
Bongers6
Bongerso

7.3 Bongerso
5.5 Bongersb
1..5 Boshuizen"
2.8 Boshuizenu

Some heterogeneity

Some heterogeneity

0.29
0.48
0.12
0.18

(1)
(2)

case-referent design
not adjusted for age
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Table 8: Shrdy results on other degenerative disorders of the spine (data on the thoracic
spi19 only 

_ 
alg not mentioned). For the summary ORs are used: . = X-ray

studies (induding asymptornatic subjects; o = studies using medical files (mainly
symptomatic subjects)

Remarks on
diagnostic
method

prevalence prevalene odds ratio confoun- shrdy study
exposed reference I90% C! dinqby weight
gouP grouP age'

%Yo
Spondylosis deformans
med. records, lumbar4T
X-ray 45
X-ray, lumbar 40
X-ray, lumbar 27
OsGophytes on
vertebral body 31

18 o 4.2 [3.1-5.5]27 .2.4 [1.C3.6]55 . 0.5 [0.5-0.7]11 . 1.3 [0.5-3.2]

. 1.4 [0.9-2.0]
t.tg 10.G2.41
2.6 [1.54.1]

* 32 K6hne
+ 15 Fisher
o 67 Sdpknecht* 3,4 Amautova

oo 18 Magora
NB Heterogeneity
NB Heterogeneity

* 20 K6hne
+ 15 Fisher
o 15 Sdpknecht

t 4.8 Amautova* 6.4 K0hne* 5.9 Amautova* 1.8 Amautova
o 8.9 Costa

* 5.8 Sdrulze

o 19 K0hne2

?5
Summary OR Spondylosis def./osteophytes
Same summary OR exduding Schoknectrt

Other specified diagnoses:
Spondylosteochon-
drosis (lumbar) 19 11
Osteodrondrosis 49 24
Osteoctrondrosis 6.1 6.1
Osteochondrosis
(lumbar) 16 33
Disc degeneration 3.1 5.1
Discopathy 38 49
Spondylarthosis 16 7
Lumbosacr. arthrosis 24 11

Wide-ranging diagnostic categories:
Spondylosis def . /osteo'
chondrosis (lumbar) 44 40
All pathological
X-ray signs 83
Diskose, osteodrondroses,
spondylosis:

60 . 3.3

o 1.9
. 3.1
. 1.0

. 0.3
o 0.6
. 0.8
. 1.9
o 2.5

. 1.1

lt.y2.7l
[2.04.8]
[0.7-1.s]

[0.1-0.6]
[0.]1.21
[0.4.1.5]
[0.5{.6]
[1.4-4.3]

[0.G2.0]

1224.81

[2.0-3.8]
lr.&2.41

[0.e-3.1]
10.+2.61

- all
- severe

83
29

o27
o26

o 6.8
o 3.2

63 . 2.8
19 1.8

61 1.6
88 . 1.0

Mnsch
Mtlsdt

Dupuis
Christ

Rosegger

unfavorable X-ray signs:
- 1966 72
- t972 88
All X-ray signs not
combined with
Scheuermann 79 14 .2.5 [1.F4.2] o/+ 10

Summary 98 o{ . (Systematic X-ray studies) 1.26 10.89-7.771 NB Heterogeneity
l*-ury 9I o! . excluding Sdroknedrt 2.0 11.51-2.21 NB Heterogeneity
9*-ury 9I o! . _excl. Schoknedrt + K6hne 1.85 [1.37-2.5] NB Heterofeneity
Summary OR of o (from medical records) 2.6 17.44-4.4) NB Heterofeneity

(1)

(2)

* = age-adjusted
o = ages of exposed and referents are comparable
oo- = not age-adjusted. Mean age similar, distribution of ages different in index and
reference group
1 = 1ot age-adjusted, exposed are older or probably older
Conducted at the same company as the study of Utisch (1989), so possibly partly
based on the same subiects. Therefore also once excluded in the. summ.iry OR.
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Several X-ray studies (Frymoyer et al. 1984, Wiikash 1979, Jtirgens et al.
1984) observed that osteophyte formation is related to occupational ex-
posure to vibration. The studies contradict each other however on the
location of the osteophytes. These studies do not (or not consistently)
observe ruurower intervertebral spaces in WBV-exposed workers. In the
studies of K6hne et al. (1982) and Amautova-Bulat (1979) (table 8) higher
odds ratios are observed for spondylosis deformans than for os-
teodrondrosis and discopathy.
Conclusion: Degenerative disorders are more prevalent in occupations with
WBV-exposure. There is some indication that especially more osteophytes
are formed. Both signs of degeneration on X-ray (not necessary accom-
panied by symptoms) and degeneration accompanied by pain and sickness
absence appear to be increased, although one large study on X-ray signs in
bus-drivers yields a strongly negative result.

Other diagnosa and signs

Quantitative data on other signs or diagnoses are scarce. Occhipinti et al.
(1986) observed reduced mobility of the lumbosacral region in 58% of a
group of tractor drivers, while no such reduced mobility was seen in other
occupations with exposure to lower WBV or without WBV-exposure.

Sciatica

Table 9 shows an increase in sciatica both from case-referent studies (where
cases are suspected of a herniated disc) and cross-sectional studies. The
study of Kelsey (on possible herniated disc, defined as sciatic pain) appears
an outlier. Odds ratios in general seem to be lower than those observed for
hemiated disc.
Riihimdki et al. (1989) observed that the 12-month prevalence of sciatica
increased with the annual amount of car driving in office workers, while
no such effect was seen in machine operators and carpenters. The latter
could be due to a masking effect of other back straining activities in these
gtoups: car driving next to driving heavy machines will have little ad-
ditional effect.
Conclusion: Sciatica is increased in WBV-exposed populations.
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Table 9: Results of studies on riatica

Remarks on
type of pain/
exposed group

prevalene prevalence
erposed reference
Sroup goup

odds ratio conforn- study study
[90% CI] ding Py weight

age

Truck drivers
All ocupational drivers
All occupational drivers
Summary odds ratio all ocorpational drivers

Cross-sectional studies (literature)
12-month prevalence U 29
Life-time frevalence 9.4 3.d
Life-time irevalence 3.4 6.1
Summary odds ratio of .

Cross-sectional studies (this thesis)
Regular sciatica L2 6
Regular sciatica 19 13
Regular riatica 12 12
Sciatica in last year 13 12
Regular sciatica 17 15
Sciatica in last year 18 11
Regular sciatica 22 10
Sciatica in last year 27 8
Summary odds ratio from our studies (o)

Summary odds ratio all studies (o+.)

3.0 [0.G15] * 0.9 Kelsey
4.0 [1.&10] ' 3.2 Kelsey
1.5 [1.0.2.0] o 23 Heli6vaara
1.54 [0.9t2.8] NB Heterogmeity

. 1.3 [1.1-1.6]2. 1.1 10.4-2.91
0.5 [0.3{.e]
1.32 [1.11-1.s8]

o 2.1 ll.2-3.71
o 1.5 10.9-2.61
o 1.0 [0.F1.91

L.2 10.G2.21
o 1.0 10.4-2.61

0.6 [0.2-1.8]
o 2.7 [0.8-9.3]

3.5 [1.1-1r]
1.49 U.1G.2.0I

1.36 [1.21-1.53]

* 82 Riihimeki
o 3.1 Froom
o 5.5 Froom

* 8.7 Bongers.i 10 Boshuizerq* 7.3 Boshuizen5
' 6.9 Boshuizeno* 2.8 Bongers"
" 2.5 Bongersu
" 1.8 Boshuizen"r 1.9 Boshuizen

(1) o confounding by age unlikely
" age.adjusted

(2) only adjusted for age; OR adiusted for multiple covariates: 1.3; 95% CI: [1.1-1.51
(3) reference is fighter pilots
(4) reference is transport pilots

Table 10: Study results on prevalences of lumbago. RiihimAki: 12-month prevaler,ce;
shrdies from this thesis: life'time prevalerrce

prevalence prevalence
exposed reference
grouP goup

odds ratio
[e0% CI]

confoun-
ding by

age

shrdy study
weight

Studies from the present thesis
13
13

9
72

198

* 8.2t 9,4
' 5.9

" 2.2* 2.7
NB Heterogeneity

NB Heterogeneity

20
t9

9
14

2.2 [1.2-3.8]
1.0 10.5-1.71
2.8 [1.4-5.4]
0.5 [0.2-1.4]
1.7 [0.8-3.7]
l.la [0.9S2.3]

1.08 [0.82-1.4U

Bongers"
Boshuizen"
Boshuizen6
Bongers"
Boshuizenu

Summary OR our studies

Summary OR all studies

(1) * = age-adjusted
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Lumbago

Table 10 shows no significant overall OR for lumbago. Studies show
however heterogeneity: Our studies show an effect of borderline sig-
nificance, while in the study of Riihimiiki et al. (1989) the 12-month preva-
lence of lumbago decreases with age in machine operators, but not that
much in the reference group: this may indicate health-based selection.
Conclusion: No condusive evidence is presented for a relation between
acute lumbago and WBV-exposure.

Transient pain

Table 11 shows that transient pain is more corunon in the WBV-exposed
occupations studied. In the studies of this thesis most transient pain is
reported by helicopter pilots: 3 out of 4 helicopter pilots report that their
pain is related to flying. Pain occured especially after flights lasling more
than two hours. Transient back pain did not seem to be related to the
cumulative (life-time) WBV-dose received. Furthermore, in this thesis an
excess of work-related pain is observed in lift-truck drivers. fOrgens et al.
(1984) in contrast reports that pain directly related to driving is present in
only a few percent of the drivers.

Table 11: Study results on transient pain

Reference
goup

prevalence prevalence
exposed reference
group goup

%%

odds ratio confoun- study study
[90% CI] ding py weight

age

Studies from literature
transport 35 5
fighter 35 13
spectators 93 25
car with better
suspension 93 62
Summary odds ratio (. only)

Studies from the present thesis
harbour workers 20 72
outside workers 272 352
workers same dep19 3
Summary odds ratio

Summary odds ratio all studies (.)

o 1.3
o26
o 7.2

0.9

.10
3.6

42

. 8.8
9.7

[6.0-18]
12.6-4.9)
Ie-188]

[1.5-52]
[3.2-30]

. 1.8 U.0-3.21. 0.6 [0.]1.31. 12 [2.2-6)
7.4710.60-3.6)

1.90 [0.86-4.2]

Froom
Froom
Sandover

Sandover

* 8.3 Boshuizeno* 4.3 Bongers"* 0.9 Boshuizen"
NB Heterogeneity

NB Heterogeneity

(1) * age-adjusted
o = ages of exposed and referents are comparable(2) Pain lasting longer than 24 hr included

Transient pain is an immediate effect and therefore can be studied
experimentally much better than epidemiological. Experiments indicate
(Froom et aI. 1987, Shanahan 1984) that posture is more important than
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WBV-exposure. However, Sandover reports that better suspension reduces
back pain also. This study however is based on a small number of subjects.
Next to pain, localized muscular fatigue (from EMG) has been measured by
Voss and Krogh-Lund (1989) and Pope et al. (1986). The first observed an
earlier onset of fatigue with higher exposure to WBV; the latter only
observed a relation with constraint posture, but not with WBV-exposure.
Voss and Krogh-Lund studied mostly drivers of vehides, subjected to
frequent shock as well as to WBV. Stabilizing the body in such an environ-
ment may require more effort - and thus cluse more fatigue - than in the
rather constantly vibrating helicopters.
Conclusion: Transient pain occurs very frequently in helimpter pilots, and
appears to be mainly due to posture. In other occupations it appears to be
Iess frequent. The role of WBV in the etiology of transient pain is ques-
tionable.

All gmeral (low)-back pain

The summary OR observed for disability pensioning or long-term sick leave
due to a back disorder in our cohort studies (table 12) is not significantly
higher than 1, but including the case-referent studies yields a significantly
increased surunary OR. Both for low-back pain (table 13) and back pain in
general (table 14) all summary odds ratios calculated are significantly
higher than 1. The studies on self-reported back pain from this thesis yield
a higher odds ratio than those from literature. However, the study resul[s
vary mudr more than expected based on their statistical precision. Back
pain in helicopter pilots is probably for a large part of transient nature,
and thus at least partly due to musde fatigue. This causes most of the
heterogeneity between the studies from this thesis.

Exduding the helicopter studies, the influence of WBV-dose was inves-
tigated by plotting the odds ratios of back pain (induding the ORs for low-
back pain from table 13) against the estimated received \AIBV-dose (figure
1). Studies from which no WBV-dose could be estimated (FrymoyeruTo,
Beevis, Walsh) are exduded. The heterogeneity diminishes somewhat when
the WBV-dose is induded in the analysis, but stays present. We scanned
the studies for possible outliers by plotting the sum of the study weights
for different categories of the log odds ratio (Greenland, 1987). No dear
outlying studies or groups of studies were observed, although studies
comparing groups with different duration of exposure in stead of an
exposed and a not exposed group appear to yield somewhat lower odds
ratios.
Combining all studies on low-back pain and back pain in general (inclu-
ding the studies in table 12) yields a surunary OR of 1.53 with a 90% CI
of [1.32-1.78].

We also explored whether a specific kind of symptom is related to driving
or flying. In the studies from this thesis drivers and pilots have especially
more pain in the low-back (table 13 and 14). Furthermore pain provoked
by extending the spine is observed to be in excess more than other types
of pain in drivers of lift-trucks and wheelJoaders. They are the bnly
groups that we asked for provoking movemenLs. In the studies from this
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thesis sciatica and lumbago occur more often in WBVrxposed workers
than in the reference groups, but not more often than other forms of back
pain.
Conclusion: (Low) back pain is dearly increased in workers exposed to
WBV. The odds ratio is about 1.5. There is no condusive evidence on
whether the increased prevalence of back pain leads to more long-term sick
leave and disability pensioning.

Fisurel:Yl*l'lo"il"f,,1'r,Ht"l%,,,l"JSxX1:,["'ffx'HII':']l
posure; ! = other studies

Table 12: Results of the studies from this thesis on long-term sick leave and disability
pensioning due to back disorders

Effect studied incidence incidence
exposed reference
grouP grouP
per 100 py per 100 py

IDR
[90% cr]

study study
weight

.9
o

o
!
!
o

disability pension : ..1

disability |ension
Summary OR case-referent studies:

disability pension 0.57 0.37
long-term sick leave 3.0 2.6
long-term sick leave 3.0 L.9
Summary OR follow-up studies:
Summary OR all studies:

1.9 lr.+26j2
1.1 [0.&1.7]
1.58 [1.04"2.41]

1.0 [0.G1.7]
1.1 [0.&1.3]
1.5 [0.+2.0]
1.14 [0.%-1.35]
7.28 [7.0,.1.s71

33 Bongers"
L9 Boshuizen"

NB Heterogeneity

10 Bongersa
59 Bongersg
22 Boshuizen"

NB Heterogeneity

(1)
(2)

casereferent design
not age.adjusted, but no important bias expected
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Table L3: Study results on low back pain

Remarks on
type of pain

prevalence prevalence odds ratio confoun- study study
exposed reference t90% CII ding py weight
grouP gouP age

%%

Studies from literature
life-time 38 28
life-time 57 28
life-time 74 28
life time 77
moderate/severe 77
moderate/severe 70

life-time,>3d 12
Summary OR .

. 1.3 [0.7-2.6]

. 2.0 [1.]3.21.2.7 lt.u.ol10 . 1.8 [1.2-2.6]65 .1.3 U.G2.9l65 .1.3 [0.91.9]

t4 . 1.0 [0.&1.2]
7.47 41.24-t.761

6.3 Ooctripinti, ref 3
14 Occhipinti, ref 2
1.5 Occhipinti, ref 1

20 Frymoyer.
26 Frymoyery ref 1

17 Frymoyer, ref 2
17 Frymoyerp ref 1

39 K6hne
9.5 Brendstrup

11 Brendstrup
88 Riihimaaki
4.L Brendsaup
9.6 Walsh
2.5 Walsh

21, Froom
30 Froom
62 Magora
NB Heterogeneity
NB Heterogeneity

1,9 Bongers.
L4 Boshuizen"
L6 Boshuizen6
3.2 Boshuizen6
4.8 Bongerse

o
o
o
?
?

?
?moderate/severe 70 65 . 1.3 [0.]1.9I

unspecified 69 42 . 3.1 [2.44.0]
lifetime 79 64 7.2 11.T3.71
1 yr prevalence 65 52 . 1.7 U.G2.8l
7 day prevalence 51 43 .1.5 [1.2-1.7)
1 day prevalence 21 8 3.6 [1.C8.2]
all back pain (driving more than 4h/d).1.7 ll.0-2.9)
all back pain (truck,tractor,digger) .0.7 10.+3.21
life-time 27 32: .0.8 [0.G1.1]
life-time 27 2t 1.1 [0.&1.5]

o

o
o

Summary 6p ., exd. helicopter studies 1.53 [1.29-1.82]

Studies from this thesis
regular pain 55
regular pain 31
regular pain 41.

regular pain 57
regular pain 47
Summary OR .
Summary OR ., exd. helicopter studies

Summary OR ., atl studies 1.65[1.3]2.11 NB Heterogeneity
Summary OR ., exd. helicopter studies 1.57 U.3S1.831 NB Heterogeneity

. 10 [7.G1s]

.2.0" u.93.11.1.6' 17.7-2.41.7.3 [2.9-18].7.3 10.G2.71
3.4 [1.6ffi.8]
7.9211.27-2.91

11

19
29
L6
39

NB Heterogeneity
NB Heterogeneity

(1) * age-adjusted
o = ages of exposed and referents are comparable
+ = not ageadjusted, exposed are older
? = not age.adjusted, no data on direction of confounding available.
strong interaction effect present between age and exposure.
transport pilots
fighter pilots

(2)
(3)
(4)
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Table 14: Study results on ba& pain in general

Remarks on
rype of pain

prevalence prevalence
erposed referenoe
grouP souP

%%

odds ratio confoun- study study
[90% CI] ding py weight

age

Studies from literature
unspecified M 31
unspecified 81 63

per 10 years of exposure
unspecified 46 32

per 10 year of exposure
unspecified 53 39
unspecified 61 55
unspecified 24 33
unspecified 56 25-
unsfecified 89 4.,rnslecifiea 89 5d
unspecified 19 9

refuar |am 61, ..i

fctl- i,"1" ) 36 :reguar parn
refuar |ain 74 .'.

refuar lain 52
Summary OR .
Summary OR ., exd. helicopter studies

Studies from this thesis
regular pain 68 17
regular pain 38 27
regular pain 47 36
regular pain 57 24
regular pain 51 M
Summary OR .
Summary OR ., exd. helicopter studies

Summary OR ., all studies
Summary gp ., exd. helicopter studies

23 Medges
17 K6N
29 K6hl
2.5 Seidel
2.9 Seidel
7.2 Dupuis 68
6.0 Christ 72
7.1, Sdrulze

26 Fisher'1,.6 Beevis
2.4 Beevis

26 Costa
1,6 Musson, ref 1

il Musson, ref 2
37 Musson, ref 3
1.8 Musson, ref 4

L3 Musson, ref 5
Musson, ref 6

. 1.9
2.5

. 1.4
1.6

. 2.7
L.8. 1.3

. 0.7. 3.8
9.5

. 6.6. 2.3. 1.8

. 0.8

. 1.2. 23
, 1,2

1.02

1,.47
1.26

lr.4-2.71
11.2-5.21

[1.G1.e]
t0.G4.sl
[1.0{.8]
[1.G3.3]
t0.7-2.51
10.+1.21
12.8-5.21
12.Gyl
12.3-tel
17.7-3.21

Ir.z-z.ai'
[0.G1.0]
[0.e-1.s]
t0.7-7.7)
[0.8-2.4]
l?-?1
[1.111.88]
[1.01-1.s7]

+
o

o
o
o
+
?

?

o

NB Heterogeneity
NB Heterogeneity

11 [8.0-16] * 22 Bongers.
1.6. l'1.1-2.41 * '17 Boshuizenu
l.f 1.2-2.6) - 7Z Boshuizeno
4.3 [1.8-10] * 3.6 Boshuizena
1.2 [0.t2.5] * 4.6 Bongers"
3.3 U.54{.91 NB Heterogeneity
r.74 11.31-2.3)

[1.31-2.3] NB heterogeneiry
[1.10-1.60] NB Heterogeneify

L.73
1.33

(1) * age-adjusted
o = ages of exposed and referents are comparable
+ = not age-adjusted, exposed are older
? = not age.adjusted, no data on direction of confounding available.

(2) tank drivers for less hours
(3) drivers of tank with mudr lower level of WBV.
(4) odds ratio per 10 driving years (from logistic regression)
(5) precision estimated from other data presented.
t6) strong interaction effect present between age and exposure.
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Discussion

Validity o/ the studies in the meta-analysis.

A meta-analysis yields results that are more precise than the individuat
studies, but does not compensate for defects in their validity.

A problem in all studies is the comparability of the exposed group (dri-
vers) and the reference group. Drivers differ from almost all other occtrpa-
tions by the prolonged sitting in a fixed posture. Office workers, apart
from having a different SES, also have mbre possibilities to vary their
posture. ]obs associated with a more similar SES mostly involve standing
and walking and not infrequently mudr lifting. The best reference group
would be drivers of low vibrating vehides, although the posture adapted
and the frequency of getting in and out of the vehide might still differ
between vehides.

Comparing short-term WBVexposed workers with those longer exposed
sgems at first sight a way to overcome these problems. However, if a
driver with only a few driving years is mmpared with an equally old
driver with more driving years, then the shorter exposed driver musf have
had another occupation during the years the longer exposed driver was
already employed as a driver. So this approach amounts also to comparing
two occupations. Moreover, in comparing short-term exposed workers with
those Ionger exposed, health-related turnover can severely bias the result. It
is evident that in most studies WBV-exposure c;ln not be separated from
other possible back straining factors in driving. Only an increasing risk
with increasing WBVJevel will constitute a convincing argument in favor
of a WBV-related effect. In the chapter 5.2 we will present however only
tentative evidence for such an increase of back trouble with WBV-intensity.

A common defect in many studies is that no blind observations on referen-
ce and index groups are made. This might bias the results. The only
exceptions are those studies that directly (i.e. without researchers abstract-
ing data from more extensive records) used data that were routinely
registered for other purposes (our case-referent studies and our cohoit
study of crane drivers in the steel company). In these studies however the
effect studied was not the back disorder itself, but the long-term sick leave
or disability pension due to it. In the incidence of sick leave and disability
pensioning more factors than the underlying illness play a part. Some of
these factors can be assumed to differ between occupaiions. Therefore in
respect to the objective of studying the role of WBV in the etiology of back
disorders, these studies are not free of bias either.
In postal questionnaires the inlluence of the researdr team on the observa-
tions is small, but there may be factors that cause over- or underreporting
in the index or the reference group. In contrast, in X-ray based studies the
bias caused by different attitudes of subjects examined will be small, but -
when observations are not ca:ried out blindly - the observer bias may be
large.
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Another requirement for studies is that the index and reference group
should be comparable with regard to personal risk factors for back trouble
(e.g. age, body heigh! smoking habits, psychologica-l factors). These factors
mostly do not have a strong inlluence on back trouble and/or do not differ
very much between occupations, especially between workers with similar
SES. Therefore bias due Lo differential distribution of personal risk factors
between index and reference goups will be small.

Validity of the metatnalgsis.

A meta-analysis requires that the sLudies that are combined:
- study the same effect
- study the same exposure
- are conducted in comparable populations
Furthermore the studies induded in the meta-analysis should be a repre-
sentative sample of all studies that were conducted.

Similarity of effect

Because precise and uniform diagnostic criteria for back disorders are
Iacking, the division made in this chapter does not guarantee uniform
effects.
For back pain, questions asked differ: they range from 7 day- to life-time
prevalence. The last will yield a much higher prevalence than the first. No
iegularity is observed in the type of prevalence that yields the highest
excess in WBV-exposed workers. Therefore analyzing the different types of
questions separately is no successful method to reduce the heterogeneity of
the study results and all results are combined together. Nevertheless, it is
likely that these differences contribute to the observed heterogeneity.

In the meta-analysis the log OR is used as the measure of association to
combine. From the study of Brendstrup and Biering-Sorensen (1986), Riihi-
meki (1989) and chapter 4.3, prevalence rates over different length of time
are available. In all Lhree studies a different log OR is calculated for each
type of prevalence. In the study of Brendstrup and Biering-Ssrensen the

fr-evalenCe difference however is almost constant for all types of prevalen-
ces, because the excess of life-time back pain in lift truck drivers refers
entirely to workers who also reported back pain on the day of the
examination. In the other two studies this is not observed (the log OR and
the prevalence difference vary in a similar way). Therefore the prevalence
difference is not considered a more homogeneous measure of association
than the odds ratio.

Similariry of exposure

Initially the magnitude of the WBV-exposure is ignored in the analysis.
Only in case of heterogeneity we looked whether differences in WBV-
exp6sure might explain this, which it never entirely did. Our estimate of
WBV-magnitude (extrapolating Dutch measurements of currently used
vehides 1o other times and places) could be paflly responsible for this.
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However variation of WBV-levels in the past decades and between coun-
tries will not be so large to explain all the heterogeneity.

Comparability of populations

The heterogeneity of the study results observed is most likely also partly
caused by incomparability of the populations studied. To be comparable,
populations should - :unong other things - be subjected to the same type of
pre-employment heaith selection and have the same rates of (health-related)
tumover. The latter may differ largely between companies, countries,
periods and occupations, as it is highly dependent on the possibility of the
workers to find other (equally paid) work or to qualify for social benefits.
In the Netherlands for insiance older workers who - due to some illness -
EIre no longer optimally productive are easily awarded a disability pension
and thus removed from the workforce. So the results of the meta-analysis
apply only to a theoretical "average" exposed population. For a particular
population the risk might be higher or lower.
Cultural differences in reporting back pain or in establishing diagnoses will
play a minor role because these factors inlluence both index and reference
groups.

Publication bias

The studies induded in the meta-analysis should be a representative
sample of all studies conducted. There exists a tendency not to publish
negative results. This is illustrated by the publications of Musson et al.
(1989) and Costa et al. (1988), who studied many effects, but only present
at length the effects that are statistically significant.
In this chapter studies from literature (probably subjected to publication
bias) are compared to those of this thesis (no publication bias). No differen-
ces in the magnitude of effect is observed. So publication bias does not
appear to be of much influence in this study.

Discussion of the results

In the meta-analysis the association of several types of back disorders with
the occupation of driver or pilot is studied. When no such association
exisLs, this will rule out a possible association with WBV-exposure. When
there is an association, it can be ascribe to WBV or to other factors in the
occupation. Biomechanical considerations however suggest (chapter 1.2) that
WBV is at least partly responsible.

Most studies on back pain are cross-sectional and therefore subject to bias
by health-related turnover. Nevertheless these studies show in general a
dear increase of back pain in drivers. As we consider it unlikely that this
is due to an increased dropout in the reference gtoups, we conclude that
drivers either must have an increased risk of getting back pain or that the
driving/flying makes that the back pain lasts longer.
With regard to helicopter pilots, several studies show that transient pain
due to maintaining the "helicopter hunch" is important. In this thesis also
an increase in back pain of a more chronic nature is observed in helicopter
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pilots, so the possibility that WBV cEruses damage to the spine in the long
run can not be exduded.
The posture of most drivers is less constrained than that of helicopter
pilots. So the contribution of musde fatigue to the excess of back pain will
be of lesser importance in drivers.
Sick leave and disability pension due to degenerative disorders of the spine
are increased in driving occupations. This reflects more degeneration of the
spine in drivers, but not necessarily more disabling back trouble: long-term
sick leave due to general back disorders is not significantly increased in
drivers. So may-be the degenerated spine of drivers provides the diagnostic
label, whereas it may not be the cause of the back trouble. Sick leave and
disability pensioning are inlluenced by many other factors besides the
lesion. So the relevance of these studies for inference on the etiology of
back disorders is limited. Nevertheless, in our opinion these studies
indicate the existence of extra objectified damage to the spine of drivers.

Conclusions

It is evident that fuivers of vibrating vehides and helicopter pilots have
more degenerative disorders of the spine (induding olisthelis, formation of
osteophytes and herniated disc). Herniated disc does not stand out more
than other degenerative changes of the spine. The surrunary odds ratios
calculated for all degenerative disorders is almost 1.5.
The prevalence of (low) back pain is also increased in WBV-exposed
orcupations. The odds ratio calculated is about 1.5.

The effects observed may partly have been due to other possible risk
factors in the occupation. Whether these factors act independently or in
combination with the WBV can not be conduded from the epidemiological
studies carried out to date.
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5.2 Whole-body vibration and back disordersl an outline
of the dose-response relation

Hendriek C. Boshuizen, Paulien M. Bongers, C-arel TJ. Hulshof

Summary

The dose-response relationship between back trouble and whole-
body vibration (WBV) is explored, relyrng mainly on the studies
from this thesis because information on exposure is inadequate
in most other studies. A trend to higher risks with exposure to
higher levels of WBV is observed (odf,s ratio about 1.8 per m/s2).
No no-adverse effect level can be indicated.
No consistent relation with duration of exposure is seen. It is shown
however that this relation is expected to be complex. Data are not
sufficient to conclude whether a WBV-dose based on equal energy
absorbed, or the vibration-dose-value according to the draft proposal
of the 150-263L, constitute a good measure of potential damage.

Introduction

Although data on which a dose-response relationship can be based are scarce/
an outline of the dose-response relationship for whole-body vibration (WBV)
is presented for as far as the present state of research permits.

WBV-exposure is studied in two ways:

1. Separating WBV-exposure according to duration of exposure and \MBV-
magnitude. WBV-magnitude is defined in this thesis as the vectorsum of the
frequency-weighted (ISO 2631) r.m.s. acceleration in x-, y- and z-direction
[uniL m/s'). This means comparison of:
a. Groups driving different types of vehides, and thus exposed to different
levels of WBV-magnitude, but with a similar duration of exposure.
b. Groups driving the same type of vehicle, but with a different duration of
expOSUrre.

2. Comparing goups that have
dose is defined as:

WBV-dose = ) oi'.q

received a different \AIBV-dose. The WBV-

where q is the WBV-magnitude (in m/s'?) of vehide i and ! is the time (in
full-time working years) one has been driving it. The WBV-dose roughly
represents the total energy absorbed in the body during all lifetime occupatio-
nat WnV-exposure, which can be assumed to be related to the amount of
damage caused. Another dose-measure suggested in the literature is the
Vibration-Dose-Value, which indudes the WBV-magnitude to the fourth power.
This dose-measure has its use in the context of performing vibration

(1)
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measurements {extra weiglt for peak accelerations), but there is no a priori
reason why it should corelate with health damage. However, also the ci\oice
of wBV-dose is debatable, but because the wBVdose combines duration and
magnitude of exposure into one measure, it requires less data for evaluating
the dose-response relationship.
In exploring the exposure-response relationship the effect refers to either the
incidence rate or the prevalence rate of back trouble.

The followin9 paragruph descnl'es $e elpected form of the different types
of exposure-response ctrrves. Also the influence of selective job turnov# of
workers with back trouble is discussed.

The erpected dose-response relations

L. Incidence rate

Dependence on WBV-magnitude and duration of exposure.

An impor-talt hypothesis is (chapter 1.2) that wBV-exposure can lead to
{amagg 9J thu 

"plng_!rc f-o^ o{ {atigue fracrure. For- failure by bending
stress l,afferty et al. (1977) obtatned the following formula for the irumber oi
rydes before failure occurs:

number of cycles to failure = (relative stress) 
-e'es 

(Z)

The- relative stress (rs) is defined as the peak to peak stress of the cyclic
loading (wBY) divided uy S9 ultimate srrength of ihe vertebral body 1J fts
static stress that leads to failure). The magfutude of the exponenf in this
formula (-9.95) is not known very accuratelf: Hansson et al. (i9gz; ouserved
that for ax.ial cgmplession of a motion segm6nt the number of cyclei to failure
is proportional to the rs to the power of -tg.S.

Figure 1 shows the incidence of failure predicted by formula 2 in a population
whose ultimate strength varies between subjects. The ultimate itr6ngth is
assumed to vary following a normal distributi6n with a standard deviatlon of
70% and 33% of the mean respectively. The 33% is estimated from failure daLa
oJ Brinckmann (1988); the 10% wad taken because experimental data may
show a higher variation than the biological variation albne.
Figure 1.also shows that the incidence rate of failure (at similar duration of
exposure) can be expected to increase with higher wBV-magnitude, but that
the incidence rate does not necessarily increase with incre#ing duration of
exposurs the spines of the_most susieptible individuals fail fiist, leaving a
population of stronger and less susceptible individuals.
The calculations on which figure i. is based ignore repair mechanisms. Indu-
ding repair however would not alter the conclusion diawn above. In that case
failure will occur when the number of cycles to failure is reached within the
re_pair !m9 As the repair timg_ ylll be in the order of magnitude of a muple
of weeks (Brinckmann et al. 1986), the relative stress due"to wBV should^be
higher in order to cause failure than the relative stress assumed in figure 1.
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Figtrre 1: Incidence rate of fatigue fracture (formula 2) for 2.5 Hz WBV and a population
in whidr the ultimate strength is distributed with a s.d. ot a) l0% b) 33% of
the mean; rs=mean relative stress

However, also in this case subjects with a low ultimate strength will be
removed first from the population, wNle stronger individuals remain exposed.
So when failure of spinal tissues is the cause underlying the excess of back
trouble in WBV-exposed populations, it is possible that longer duration of
expostre leads to a decreasing incidence of a first period of bad< trouble,
whereas an increase of WBV-magnitude however always will lead to an
increased incidence.

Drop-out of workers due to bad< trouble only takes place after the back
trouble manifested itself, so the incidence rate of a first period of back trouble
will not be influenced by it.

Dependence on the WBV-dose

Note that the assumption of "equal energy = eeual damage" differs from the
hypothesis of mechanical fatigue failure outlined above. Only when the
exponent -9.95 in formula 2 would have been -2 the hypothesis of mechanical
fatigue predicts failure at equal energy. For mechanical fatigue failure an
exponent as low as 2 is not very likely.

If the hypothesis that the energy content of WBV is the damaging factor is
@rrect, than a similar WBV-dose implies a similar incidence rate. If the fatigue
fracture hypothesis is the right one, then an equal WBV-dose does not lead
to an equal incidence rate. Instead workers exposed to a higher \AtrBV-mag-
nitude not necessarily have a higher incidence rate.
No specification of the underlying failure mechanisms can be given for the
equal-energy hypothesis. How much the WBV-dose needed to cause failure
varies among workers with different susceptibility therefore can not be predic-
ted, and thus no condusion is possible on whether the incidence rate as a
function of WBV-dose will decline after an initial increase.
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2. Pranalence

Dependence on WBV-magnitude and duration of exposure

Fi8ure 2: Cumulative hcidence calculated frqn the incidenoe rates in figure 1

If no recovery and no selective drop-out were to take place, then the preva-
lence would be equal to the cumulative incidence. Figure 2 presents the
expected cumulative incidences based on the incidence rates of figure 1. Due
to recovery and dropout the true prevalence will always be smaller than the
cumulative incidence.

According to Troup (1988) driving aggravates existing back pain. Thus workers
with back trouble exposed to WBV may leave their jobs more often than
workers with bacl trouble in other occupations. In that c:me a damaging
effect of WBV-exposure may fail to lead to a higher prevalence in the WBV-
exposed group compared to the reference group. Such differential drop-out
may even cause the prevalence in the WBVrxposed to become lower than
that in the reference group.

The influence of recovery is difficult to assess, because recovering leaves a
person at risk for a second period of back trouble. Several studies indicate
that workers with previous back trouble are at higher risk. The contribution
of a second or later episode of back trouble to the prevalence will be related
to previous incidence and recovery rates. When the WBV-exposed workers
recover at a slower rate than the reference workers, the prevalence odds raLio
will increase. So a higher prevalence of back trouble in WBV-exposed may
reflect an increased incidence of back trouble in WBV-exposed, but it may
also reflect aggravation of symptoms (while the symptoms itself may not be
caused by WBV) or slower recovery because of WBV.

t-q)

0., o'60
oc
ru
!'6 0.60

.s
(,
'.i o.*
o
:l
Ef 020o

0.oo

hours of exposurehours of exposure

254



Dependence on the WBVdose

With regard to WBV-dose, the same is true: If WBVexposed workers with
back trouble suffer a higher drop out, the difference in prevalence may
disappear or even revers€. A higher prevalence in WBV-exposed workers may
reflect either a higher incidence or reduced recovery.

Methods

Data from articles are used that - besides meeting the criteria for indusion in
the meta-analysis of chapter 5.1 - also permit calculation of an odds ratio (OR)
or an incidence density ratio (IDR) for several levels of either \AlBV-magnitude,
duration of exposure or WBV-dose. This means that vibration measurements
and/or duration of exposure have to be presented or can be estimated for the
type of vehicle driven. In table 1 the measurement data on WBV-exposure from
our studies are presented. Duration of exposure is assessed from self-reported
driving or flying time, converted to full-time working years. In helicopter pilots
1 full-time working year is taken as 1600 hours of flying; in the driving
occupations this is taken as the hours made in a standard full-time job. In the
drivers duration of exposure thus may have been overestimated, as drivers
will mostly have reported driving times that indude breaks and waiting time.
In contrast, helicopter pilots keep flight logs and are likely to have reported
pure flying times.

Table 1: Results of vibration measurements carried out in the studies from this thesis and
description of the duration of expostre

shrdy number of mean mean
measure- 4 aw
ments [m/s'] [m/s']

range frequency
aw of driving
lm/s'1

Crane driver (Steel)
Crane driver (Metal)
Tractor drivers

Helicopter pilots

Lift trucks/ freight-
container tractors
lift trucks
chemical company
wheel-loaders

0.32 0.53
??
0.47 0.72

0.3{l 0.rA

0.59 0.84

0.59 0.82

0.53 0.95

L2
0

2l

21

43

9

15

0.254.67 mostly all days
? uriknown

0.5G.1.171 variablq dependort on season
and job (ca. half the year)

0.284.75 variable; on average 300
hours/year

0.39-1.33 mostly full-time jobs; also
jobs with task rotation;

0.6G1.00 mostly full time; (4-5 pure
driving hours/day)

0.4*1,.72 mostly full-time irbs

1) Measurements on brick paved road exduded (occurs rarely)

For herniated disc the data from different studies can be combined as her-
niated disc is a relatively well defined diagnosis. For all other effects, the
studies differ too much to make the ratios observed comparable enough for
an overall dose-response analysis.
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From the studies on long-term sick leave and disability pensioning (chapter
3) the data on sick leave are presented: Firstly because the incidence of long-
term sick leave is more dosely related to the incidence of disease and is less
inlluenced by factors that prevent return to work than disability pensioning.
Secondly because sick leaves occur more often and therefore the number of
cases is larger. In the crane driver study (drapter 3.2) the diagnoses registered
as cause of a disability pension are used when the diagnosis of the preceding
sick leave is unknown.
Weighted linear regression of the log OR or the log IpR is applied to deter-
mine the slope of curves, with the weights being (1/se)' (Greenland 1987). The
regression line was fitted with and without a constant (in the first case setting
the log OR or log IDR to zero at zero exposure). When the constant is not
statistically significant, only data on the regression line without the consLant
are presented.

Results

7. Incidence rate

Dependence on WBV-magnitude and duration of exposure

Incidence rate daLa on drivers of more than one vehide are available from the
studies of Braun (1969) (passenger cars and trucks) and Kelsey (1975) (all
drivers and truck drivers) and from the sick leave studies (chapter 3). Her-
niated disc is a rather well defined effect measure and therefore all study
results were plotted as a function of WBV-magnitude (figure 3).

Literature
A Kelsey, 1975 t chapter 3.2
D Braun, 1969 a chapter 2.3
0 Heliovaara 1987
O Hrubec and Nashold 1975

This thesis
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The WBV-magnitude was estimated to be 0.3 m/s2 for passenger cars, 0.5
m/s' for cranes, 0.5 m/s'for all occupational drivers and 0.9 m,/s' for truck
drivers. Data on duration of exposure are not available for most studies. It is
possible that the low risk reported by Hrubec and Nashold {1975) is due to
lower duration of elposure as they compared occupations before entering
military service. Also in this study quite some time may have passed between
truck driving and the onset of sympboms. In the two studies that present data
on more than one gpe of driver, the incidence rate significantly increases with
increasing WBV-magnitude. Combining all study resulLs presented in figure
3, a significant increase is observed only when the odds ratio is set to 1 at
zero exposure.
Furthermore the IDRs of a first long-term (> 28 d) sick leave due to back
disorders (figure 4) and due to intervertebral disc disorders (figure 5) during
the period of study are plotted against the duration of exposure for the stu-
dy on crane drivers (WBV-magnitude about 0.5 m/s'; chapter 3.2) and trac-
tor drivers (WBv-magnitude about 0.7 m/s2; chapter 3.3). For the crane-driver
study the numbers are large enough bo present the data on hemiated disc
separately (figure 5).
The higher exposed tractor drivers do indeed have higher rate ratios, but the
difference with crane drivers is not statistically significant. For all back disor-
ders combined no increase is observed with duration of exposure. For interver-
tebral disc disorders the IDR seerns to increase at most only during the first
5 to 10 years of exposure. However, as the follow-up period is only 10 years,
health-based selection may distort these data at longer duration of exposure.
Note also that not the incidence of a first sick leave in life is studied, but that
of a first sick leave during the study period. For some workers this may have
been their second or even later spell.
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Figure 4: Sick leave > 28 days due to all back disorders
tractor drivers = crane drivers
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Figure 5: Sid< Ieave > 28 days due to an intervertebral disc
disorder. tractor drivers = crane
drivers; tr = all disc disorders; A = hemiated disc

Dependence on the WBVdose

From the studies on incidence rate, the WBV-dose could be estimated only
for the studies of this thesis. Only an average WBV-magnitude could be
estimated for the total group of crane drivers. For a subgroup of tractor
drivers an individual WBVdose could be estimated from questionnaire data.
As this group is rather small, the results are imprecise, whiih is illustrated by
the extremely high rate ratios calculated for intervertebral disc disorders
(figure 7). When using the WBVdosg the IDRs of all back disorders of tractor
drivers and crane drivers overlap more than when using duration of exposure
(figure 6 - figure 4), as they are expected to do if the concept of WBV-dose
is correct. Nevertheless, the IDRs from the tractor driver study tend to be
higher. For intervertebral disc disorders the overlap does not increase when
using WBV-dose (figure 7 - figwe 5), but the estimates Ere very imprecise, so
no condusion can be drawn from this.
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WBV-dose in Yeor m**

Figure 6: Sick leave > ?8 days due to all back disorders.
- - - = tractor drivers; crane fuivers
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Figure 7: Sid< leave > 28 days due to an intervertebral
disc disorder. tractor drivers;

crane drivers
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If prevalence is conceived as cumulative incidence, then the incidence rate
ratios can also be estimated from cross-sectional surveys when the workers are
asked when they first got back pain. Using age as tim6 to failure the incidence
rate as function of age 9an be estimated. This method was used also by
Biering-Sorensen and Hilden (1984) and walsh et al. (1989). Both these studies
however are general-population-based and therefore - unlike the studies from
this thesis - not hampered by health-related tumover.
p_espitg the possible !i* uy health-related tumover, the cox proportional
Hazards model is applied to estimate how the overall incidence rate ratio,s
increased with the wBV-dose received at the moment one gets back pain
(table 2). Because the bias introduced by health-related turnov& is difficult to
predict, this analysis has only explorative value. Stratification for current age
is used-to_adjust_for confounding by recall bias. since only workers wi-th
cuTrent back pain have been asked when their back pain had dtarted, previous
pain that did not recur is exduded.

Because the assumption of this model (model I, table 2) that the incidence rate
increases with the received wBV-dose proved not always true, a second model
is fitted. In this model the received wBVdose was-divided into the dose
Igg_ry"g during th9 lasq five years before the age of getting back pain, and the
WBV-dose received before that Five years is taken iather arbitrarlly as cutoff
point Including more periods is not possible because the correlatioh between
the wBV-dose received !n both periods proved to be too high. In alr three
group: the exposure in the last 5 years seems to be the most iirportant factor
in explaining the incidence of back pain.

Table 2: Incidence rate ratio from Cox-proportional hazard model. Model I: as function of
the life-time cumt,lative wBV-dose (up to the moment of getting back pain). Model
II: as function of: a) the wBV-dose received in the previous 5 years (forthe moment
gf_gtti"g. back pain) and b) the,WBV-dose receive in earlier years.
NB: Results are Pg 1' year mt/s4 for drivers of tractors and liit-trucks, but per 0.1
year m21sa for helicopler pilots

Model I Model II

Type of exposure Incidence rate ratio

per unit of
(life.time)
WBV-dose

Incidence rate ratio

per unit of per unit of
WBV-dose in WBV-dose in
last 5 years earlier years

unit of WBV-
dose used

Helicopter
Agricultuml
tractors
Lift trucks /
freight-container
tractors

1.33 [1.2]1.43I

1.07 [1.02-7.721

1.00 [0.97-1.03]

7.76 1t.49-2.081 L.U 10.89-r.221 0.1. yeat r.tl/s4

1.14 [0.99-1.31] 1.05 [0.8-1.121 I year m2/s4

1.19 [1.0G1.33] 0.93 [0.83-0.99] 1 year m2ls4
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In interpreting the results of model II it should be kept mind that in the data
almost no workers are included that have been ocposed more than 5 years
ago, but not during the last 5 years. The coefficient for the \fBV-exposure
therefore is calculated mainly by comparing the incidence rates in long-term
exposed workers (> 5 yrs) with only short-term exposed workers. The long-
term exposed group comprises mostly older workers, in whom health-based
selection will have been strongest. Therefore the coefficient for the WBV-dose
in earlier years may have been undereslimated due to health-based selection.
Furthermore, the WBV-dose estimated for tractor and lift truck drivers might
be too high relative to the WBV-dose etimated for helicopter pilots: The
duration of exposure used for calculating the WBV-dose in helicopter pilots
is pure flying time, while the duration of exposure in the other groups also
indudes waiting time and breaks. Therefore the hazard rate ratio per unit of
WBV-dose might be underestimated in these groups.
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Fi8ure 8: Rate ratios predicted by model II for
continuously exposed workers.
1= helicopters; 2= tractors; 3= lift-trucks

In order to facilitate the interpretation of model II, figure 8 gives the fitted
curves for a worker who is exposed to a constant WBV-dose of 0.05 year
m'lst per year (helicopter pilots), 0.3 year mzlsn per year [tractor drivers)
and 0.6 year rrt/st per year (lift truck drivers), which are about the average
WBV-doses in these groups. In helicopter pilots and tractor drivers the
incidence inseases with longer duration of exposure, whereas in lift truck
drivers it starts to decrease after longer exposurle. In both helicopter pilots and
tractor drivers the health-related selection of the study population is limited.
In helicopter pilots the turnover is low due to high motivaLion and specialized
training. Among tractor drivers health-related selection is partly overcome since
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also workers who had ulry"d_y left the company are included. so it is possible
that the decrease of the incidence rate ratio in lift-truck drivers is an'artefact
related to health-based selection.

2. Prauletue rute

Dependence on WBV-magnitude and duration of exposure.

In addition to the studies gf lhis thesis, only the studies of occhipinti et al.
(1986) and Musson et al. (1990) give data on drivers of different vehicles and
on the magnitude of the WBV.

I" 4u. study_of Musson et al. (1990) the highest prevalence rates are reported
for drivers of trams, exposed to the lowest wnv-magnitude. This is partiy due
to the many hTlth co_mplaints by drivers from one local pubff trarisport
lTyce.The ranking 9f the prevalence rates in the other occupations (fiom
high to low: truck and van drivers, bus drivers, lift-truck drivers, t"actoi dri-
vers).appears reryorybly in agreement with the ranking of WBV-exposure.
This is not true for the odds ratios per 10 years of exp6sure. No relition is
seen between those odds ratios and wBV-magnitude.- Musson et al. (1990)
mention several indicators that make health based selection probable in several
of these populations, which may explain these results. -

1 1

WBV-mognitude rn m/s**2

Figure 9: OR for back pain (this thesis) and lumbar back pain (Occhipinti et al.
1986) as function of WBV-magnitude. o = tractor drivers; tr=-helicopter
pilots;4 = Iift trud( drivers; 0 = Ocdripinti

Figure 9 shows the odds ratios from the studies of this thesis (chapter 4) and
the study from occhipinti et al. (1986) as function of the estimited wnv-
magnitude. In the studies from chapter 4 the duration of exposure is kept
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constant when calculating the odds ratios for the WBV-magnitude from each
study.
The helicopter study is a dear outlier. This may be due to the occurence of
postue related pain in helicopter pilots. Taking this study not into account,
the mean odds ratio is'1..76 [1.19 - 2.5] per 7 m/s2 WBV-magnitude. For the
study of Ocdfpinti et al. (1986) this is 7.8217.47 - 2.21.

Prevalence data on drivers of the same vehide for different duration are more
frequent in the literature. Brendstrup and Biering-Ssrensen (1987) observed
ORs of 7, 9 arrd 14 for lift-truck drivers with &5, G10 and >10 driving years
respectively compared to drivers with 0-2 driving years. The largest increase
in prevalence rate is observed at short duration of exposure. Some other
studies (Seidel and Trtster 1970; Dupuis and Christ, 7972) present data that
are too sparse for more than one comparison. Other authors only mention
that they did not observe a statistically significant inoease (ftirgens et al.
1984, Riihimaki et al. 1989).
In the studies from this thesis the duration of exposure was always strongly
correlated to the WBV-dose. Therefore these data are not shown as they show
a similar pattem as the graphs of the back pain as a function of WBV-dose.

Dependence on WBVdose

Figure 10 presents the odds ratios as function of WBV-dose for the studies of
drapter 4. In addition to the odds ratios for regular back pain also odds ratio
for back pain lasting several weeks or longer are presented because for heli-
copter pilots this will exdude most cases of transient pain. Lift truck drivers
have a higher prevalence of longer lasting back pain than the reference g1oup,
probably due to differential drop-out.
The inoease of the odds ratios for regular back pain (exduding the helicopter
pilots) is 7.2411.07-7.M1per WBV-dose of 5 year rrt/sa when the regression
line is set to 1 in zero exposure; otherwise the increase of the odds ratio with
the WBVdose is not significant.
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Figure 10: Back pain (.a) an! lgct pain lasting several weeks or longer
[b) as function of WBV-dbse

Discussion

IF "*p9r_g!-rexponse 
relationships presented in this chapter are based on

oRs and IDRs. This implies that noC the absolute prevalence and incidence
rates are compared between wBV-o<posed group-s, but the ratios with a
reterence goup. The_reason for this is that local ciicumstances may influence
the absolute rates. The choice to present ratios in stead of absolute rates
however has an important influence on the results: the crane ari"e.s io.
instance have a higher incidence rate of sick leave due to intervertebral disc
disorders than the tractor drivers, but the corresponding IDR is lower. Because
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the overall sick leave incidence rate is almost twice as high in the crane driver
study than in the tractor driver study, a company dependence of sick leave
rates is likely. Also the type of diagnosis registered differs between insurance
physicians. For the sick leave studies the difference with a reference group
therefore presents a better measure of effect than the absolute rates. For the
prevalence rates from questionnaire data this is less obvious, although regional
differences rnay be expected. The prevalence rabe observed in the reference
group in the fuirbour (population of a large city) are higher than the preva-
lence rates of the reference group in the tractor driver study (rural population),
which can not be explained by differences in workload. So it is clear that a
form of 'local/company difference' applies to prevalence rates also.

The magnitude of the ratios compared depends on the choice of the reference
groups. In the two small studies from this thesis the reference groups have
serious flaws: In the lift-truck study (chemical company) the reference workers
perform less lifting and have a higher SES and therefore have a relatively low
back pain prevalence. In contrast in the wheel-loader study the reference
workers do more heary lifting, and therefore have much back trouble. Indeed
the ORs observed in these studies are respectively rather high and rather low.
Also on account of the small numbers these studies received therefore little
attention.

The ORs and IDRs are used as a m@sure of difference in health between
index and reference grcups instead of rate differences. For the odds ratio of
back pain this would not have made much difference, because the range of
prevalence rates observed is such that (OR - 1) is roughly proportional to the
rate difference (drapter 1.1). For sick leaves a multiplicative effect of company
dependent factors can be considered as reasonable as an additive effect. Only
for the data on sick leave due to intervertebral disc disorders using the
incidence rate difference in stead of the IDR makes a subsLantial difference.

The relation of the OR/IDR with the WBV-magnitude, the duration of exposure
and with the WBV-dose is explored. When a relation is observed between the
duration of exposure and back trouble, WBV can not be implicated as its sole
cause: Duration of exposure is also associated with other back straining factors
in driving (such as prolonged sitting in a fixed and often poor posture). An
association of back pain with the WBV-magnitude is a better indicator of a
causal role of WBV.

Discussion of the results

Dependence on WBV-magnitude

In figure 3 (herniated disc) the type of vehicle driven (trucks or passenger
cars) is used as the main indicator of the WBV-magnitude. This is only a
rough estimate. Furthermore confounding by lifting may be present, because
truck drivers, beside being exposed to most WBV, may also do more lifting.
In the studies from this thesis (figure 9) the ORs of helicopter pilots are a
dear outlier. Two explanations can be given: Firstly, helicopter piloLs have
to work in an uncomfortable position (the helicopter hunch) thaf itself may
lead to back pain (Froom et al. 1987; Shanahan and Reading 1984). However,
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helicopter pilots do not fly in this position continuously, because of automatic
controls or because they sometimes let go the controls when cruising. More-
over, in some helicopters a more comfortable posture while flying is realized.
Secondly the WBV in helicopters differs from the WBV in vetrides; it contains
more high frequencies (that contribube less in the weighing of the ISO 2631)
and is practically free of impacts. The current opinion is that this type of WBV
(especially because of the low contribution of impacts) should be leis damaging
to the spine than the WBV of vehides. Because this opinion - although plausi-
ble (see chapter 1.2) - is not based on solid evidence, the high prevale-nce of
back pain in helimpter pilots may also be due !o exposure to a more harmful
type of WBV: especially the down-weighing of the high frequencies may be
too strong in the current ISO 2631 (see chapter 1.3). In the helicopter siudy
short lasting back pain is associated with the number of hours that pilots fly
daily and thus is probably mainly due to muscular fatigue caused by th'e
strained posture. longer lasting back pain however is associated primarily with
total (life-time) flight hours and thus may also be due to WBV-exposure.

The association observed between WBV-magnitude and back pain (figure 9)
is weak. Within the studies the variation in WBV-magnitude between drivers
is small relative to the errors made in estimating the WBV-magnitude. There-
fore the effect observed within studies is most likely underestimated due to
misdassification. The differences in WBV-magnitude between studies are more
reliable, but in this case the odds ratios are less comparable due to differences
in the reference populations used, to differences in- health-based selection of
the populations and to differences in duration of exposure.
However a remarkable similar summary odds ratio of about 1.8 per 'L m/s,
WBV-magnitude is observed for the prevalence studies from this thesis [exdu-
ding the helicopter study), the study of Occhipinti et al. (1986) and all studies
on herniated disc.

Although some trend of increasing back trouble with increasing WBV-mag-
nitude is seen, in low exposed groups such as helicopter pilots, crane drivers
and drivers of passenger cars, effects are still seen. Therefore no no-adverse-
effect level can be estimated.

Dependence on duration of exposure.

The incidence of sick leave due to back disorders in general or due to a
disorder of the intervertebral disc appears to increase mostly in the first 5 to
10 years. The follow-up period in both studies is only 1,0 years, so it is
possible that the data for longer duration of exposure are more distorted by
health-related selection than those for shorter eiposure.
Studying the inlluence of duration of exposure otherwise than in a follow-up
study is bound to be complicated by heaith-related turnover: The distortion
by health-related turnover is likely to increase with longer duration of expo-
sure. In the helicopter study the high motivation to stay on the job and the
specialized training most likely will have prevented health-related turnover
to a large extent. Moreover in this study the duration of exposure could be
assessed with large accuracy. In this study a relation of longer lasting com-
plaints with duration of exposure is observed. For short lasting complaints
only an association with daily exposure is observed; the transient back that

265



occurs frequently in pilots most likely masks any long-term effects. In the
tractor driver study the study population was followed for ten years and
thus also selection by health-related turnover will have been limited. In this
study an increased prevalence of back pain with duration of exposure is
observed. In the lift-truck drivers study however a negative association
between duration of exposure and back pain is observed. Moreover the
prevalence of longer lasting back pain is lower in lift truck fuiver than in the
reference goup.This makes health-related turnover plausible in this popula-
tion. Also in the literature cross-sectional studies often fail to find a positive
relation between duration of exposure and back pain (Musson et al., 1990;

Jurgens et al. 1984, Riihimiiki et al. 1989).
Besides health-based selection also the variation in susceptibility between
workers will influence the rela[ion between the first occurrence of back pain
and duration of exposure: varialion in susceptibility may lead to decreasing
incidence rates with increasing duration of exposure (after an initial increase).
This causes the cumulative incidence as a function of duration of exposure
to level off.

In view of all this, the contradictory resulLs on the relation between duration
of exposure and back pain are understandable. For studying this relation
properly one needs to be able to adjust for health-related turnover. When
limited to a cross-sectional design, population-based studies are better suited
to this end than occupation-based studies.

Dependence on WBV-dose

As WBV-dose and duration of exposure in the individual studies are highly
correlated, much of the above applies to the impact of the WBV-dose. Whether
the WBV dose is a good measure of damage due to vibration can not be
inferred from the studies. In the sick leave studies a tendenry for higher effects
with higher \AlBV-magnitude at an equal WBV-dose is observed, but this trend
is far from statistically significant. In the prevalence studies the helicopter
piloLs were outliers when back pain in general is studied, as has already been
discussed above. With regard to back pain lasting several weeks or more the
Iift-truck drivers are the outliers, having even less such ba& pain than the
reference group. This is most likely due to health-related turnover. In the
individual studies an analysis using a vibration-dose-value (VDV) as proposed
in the draft proposal of the 150-2631 - induding \AlBV-magnitude to the 4th
power - was attempted. The VDV in general did not correlated any better with
back pain as the WBVdose based on the equal energy assumption.

Timing of WBV-exposure

From table 2 and figure 8 it appears that recent exposure or exposure during
the first 5 years of driving is most important in the development of back pain.
This analysis however may be distorted by health-based turnover. Also in the
study of Brendstrup and Biering-Ssrensen the prevalence is already high after
3 to 5 years of exposure and does not increase much more afterwards. In tJre
tractor study (chapter 4.1) the prevalences of more severe types of back pain
are high already at short duration of exposure and do not increase any more
with longer exposure. In the helicopter study (chapter 4.2) this is the case for
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the shorter lasting back pain. This can be interpreted as back pain being an
immediate (and possibly reversible) effect of driving or flying. For the short-
lasting back pain of the helicopter pilots this is likely,because its prevalence
increases with daily flying hours. In the tractor driver study however ex-
tractor drivers (without current exposure) had an increased prevalence of
back pain too. This suggests that the back pain observed may also constitute
an irreversible effect. An explorative case-referent study suggests furthermore
that exposure in early life may be of special importance. This suggestion could
not be substantiated by data of other studies.

Conclusions

The available data on dose-response relationships are scarce, so we can only
present a sketchy outline.
There is not sufficient evidence to condude whether the WBV-dose calculated
in this thesis (based on equal energy) or the vibration-dose-value proposed in
the draft proposal of the 150-2631 - induding the WBV-magnitude to the 4th
power - are good measures of the damage potentially caused by WBV.

With regard to the effect of duration of exposure, the studies do not present
consistent information, probably due to health-based selection. As explained
in the first part of this chapter, the absence of an increase of the incidence of
back trouble with duration of WBV exposure does not contradict the hypothe-
sis that back trouble is caused by WBV. There is some indication fboth from
the studies from this thesis and from that of Brendstrup and Biering-Ssrensen
(1986)) that the prevalence of back pain is already high in the first five years
of exposure.
With regard to WBV-magnitude, the data indicate an increase of the odds
ratio for back trouble (hemiated disc, back pain) of roughly 1.8 (odds ratio)
Per m/s'of WBV. This increase however is not always statistically significant.
This odds ratio may be an underestimation of the true effect due to health-
based selection; on the other hand, the effect observed may have been pardy
due to other risk factors in the drivers occupation. These factors could act
independently or act in combination with WBV.

The studies do provide dear evidence for an increased risk of (low) back pain
related to driving or flying helicopters. Whether this is caused by WBV or by
other factors such as posture can not be conduded from the epidemiological
studies carried out to date. However, both biomechanical data (drapter 1.2)
and the weak trend seen of increasing back trouble with increasing WBV-
magnitude point in the direction of WBV, acting either alone or in combi-
nation with posture. Because adverse effects are also observed in low exposed
groups (such as helicopter pilots, crane drivers and drivers of passenger cars),
no no-adverse-effect level for WBV-exposure can be estimated.
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6. Discussion and conclusions

In these epidemiological studies a positive relation between driving of
various vehides or flyrng helicopters and several types of back trouble is
observed.
The follow-up studies on long-term sick leave and disability pensioning,
and two exploratory studies among disability pensioners show that es-
pecially sick-leave and disability pensioning due to degeneration of the
spine is increased. This agrees with studies in the literature that observe
increased degeneration of the spine with X-ray screening in populations
exposed to WBV. Sick leave due to back pain (cause unspecified) in the
follow-up studies is not higher and sometimes even lower in the WBV-
exposed groups than in the reference grcups. As a consequence, the overall
incidence of long term sick leave due to back trouble is not or only slightly
increased. So it seems that especially objectively ascertained damage to the
spine is increased, while symptoms are not.
In contrast with this finding, the cross-sectional studies from this thesis
show that back pain is increased in occupations with exposure to \AIBV
relative to comparable nonrxposed workers. This is also in agreement with
results reported in the literature, therefore these studies provide evidence
for an increased risk of (low) back pain related to driving or flying helicop-
ters. The fact that most back pain does not lead to long-term sick leave
Nrd/or disability pensioning may explain the discrepancy between the
follow-up studim and the cross-sectional studies. In addition especially
young workers with back pain, exposed to vibration may change their jobs
before the severity of the back pain prevents them to work for a continu-
ous period of four weeks or more.

The highest odds ratios for self-reported back pain symptoms are observed
for helicopter pilots, exposed to relatively low levels of WBV. This back
pain however is probably for a large pafi due to transient back pain as a
result of the poor posture. When this study is not taken into account, an
increase of the prevalence of back pain with higher WBV-magnitude is
observed, although this incqease is not statistically significant. The odds
ratio is about 1.f per 1 m/s2. In the lift-truck driiers "(exposed to a high
WBV-magnitude), the odds ratio probably underestimates the true effect,
as health-based turnover may have occurred in this population. In young
drivers (< 35 yr) the prevalence of back pain was 2.5 times that in the
referent -workers of similar age. Therefore the overall odds ratio of 1.8
per m/sz may be underestimatled.
In case-referent studies on herniated lumbar discs from the literature an
increase of the risk with increasing WBV-magnitude is seen. In the sick
leave studies also a higher IDR for degenerative disorders of the spine is
observed in the tractor drivers (exposed to higher levels of WBV) compared
to the crane drivers, although this is not sbatistically significant.

An increase with duration of exposure is observed in all but one of the
cross-sectional studies. Among helicopter pilots this applies only to 'chro-
nic' complaints, while short lasting complaints are related to daily exposure
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time only. The one negative study was the study among lift-truck drivers.
In this study back pain decreased with increasing age and longer duration
of exposure. This may be due to selective turnover for health reasons in
the exposed workers.
In the sick leave studies the incidence of long-term sick leave due to
intervertebral disc disorders does not dearly increase with increasing
duration of exposure. This rnay be due to health based tumover in the
populations studied. However other explanation are possible. Variation of
the susceptibility within the population may cause tlie incidence of a first
sick leave period to peak at low duration of exposure. Well controlled
follow-up studies are needed to darify this issue.

No specific symptom or disorder which is in particular related to WBV
exposure qn be implicated, but some indications are observed. Especially
pal located in the low back appears to be increased in workers expbsed to
WBV. Although more sciatica is observed also, this contributes little to ttre
overall excess of back pain in drivers. Long lasting back pain is observed
to be increased less than back pain that appears only f& short periods,
except in the tractor driver study. This is most likely due to health based
tumover, which will be strongest in those with severe back trouble.

The trend towards more back pain with a higher WBV-magnitude suggests
that WBV plays a role in the causation of the excess back pain. Ho*ever,
also the prolonged sitting in an often poor posture and the-frequent twist-
ilg of _the spine may contribute to the development of the back pain. The
biomechanical literature shows that it is possible for WBV to damage the
spine. So WBV can be considered to be at least partly responsible for ttre
increase in back pain and degeneration of the spine in WBV-exposed
occupations. It is however rather likely that the excess of back pain and
degeneration of the spine is a combined effect of prolonged sitting, twisting
of the spine and exposure to WBV.

The ISO 2631 presents limits for occupational exposure to WBV that are
similar to or even higher than the exposure levels in the populations
studied in this thesis. As adverse health effece are observed 

-in 
these

populations,_ a.lower limit is desirable and an increase of this limit (upper
boundary_ of the health guidance cation zone) as proposed recently shoUa
therefore be opposed.
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7. Recommendations

Ruommendatiotts for furthr reardr

Further epidemiological research is needed to clarify the dose-response rela-
tion for WBV. In such research occupations with high and moderate WBV-
exposure must be compared to occupations with low WBV-exposures (e.g.
operators of top-cranes) or occupations that require prolonged sitting [e.g.
operators of video display terminals or controlboards). Turnover of workers
has to be taken into account. Thus a follow-up of young workers without
previous back pain starting as an driver/operator is indicated. As the
incidence of a first life time period of back pain is highest at young ages,
this is also an efficient study design. Before embarking on such a study,
the load on the spine caused by posture has to be estimated for candidate
index- and referent occupations in a pilot study, so that occupations with
comparable postural load can be selected.
When resources are limited or other conditions make a follow-up study
impossible, questionnaire surveys can yield valuable information when:

- the queslionnaire is also sent to all former employees of the companies
studied or

- the study population is taken from the general population. For efficienry
reasons a two stage data collection process may be necessary in such a
design (stage one a large scale short questionnaire to determine whether
a person is eligible for entry into the study; stage two: the real question-
naire).

In both cases back straining factors from current and previous occupations
have to be taken into account.

To study work-related cruses of low-back pain in general, the following
projects would be useful:

- Development and validation of a standardized questionnaire on back
pain. The much referred to Nordic questionnaire is - apart from not
being adequately validated - rather limited. It would be useful if such a
questionnaire not only measured the pain experience, but also the degree
of disability caused by the back pain. (e.q. the capacity to perform several
every day tasks). The development of such a questionnaire would be
greatly aided by the development of a standardized dassification and
standardized diagnostic criteria for normal and work-related back pain.

- An explorative study to investiga.te whether new methods of imaging the
spine (MRI) can reveal different patterns of structural damage to the
spine between occupations.

- Development of better methods to estimate the strain on the back in
sitting postures.

- Development of methods to measure posture that are suitable for large
scale application in epidemiological studies (comprising hundreds of
workers).

- Validation of questionnaire data on (historical) physical workload.
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In occupational health services data on prevalence of back pain are col-
lected as a routine for many workers. When these data would be supple-
mented by reliable data on the work environment, and health-based turn-
over could be monitored, these data provide useful information on work-
related low-back pain.

With regard to adverse health effects of lifting, many guidelines are not
based on epidemiological research but on biomectranical modeling. As we
conduded that degeneration of the spine is one of the adverse effects of
WBV, a biomectranical approach to the problem of back pain in WBV-
exposed workers may prove useful. To date the efforts on biomechanical
modeling of the spine in connection with WBV are rather small. Therefore
a further exploration of the possibilities of biomectranical modeling in the
field of WBV is recommended.

This thesis shows that WBV may lead to damage of the spine. Moreover,
the possibility that also low levels of WBV lead to adverse effects on the
spine can not be exduded. This means that \AlBV-exposure should be
reduced whenever possible. More research, dwelopment and implementa-
tion in the field of vibration reduction therefore is needed.

Recommendations for practbe

Vibration reduction must be given more attention. This indudes - among
other things - vibration reduction in the design of vehicles and seats, good
instructions to the users and otherwise careful implementation and evalu-
ation of the effectiveness of suspended systems in practice.
One condition for reducing WBV is that the persons who decide on buying
vehides and seats should have information on the WBV-levels that a
specific vehide-seat combination on different types of surface produces.
Legislation could provide an incentive for manufacturers to construct and
for users to purchase less vibrating vehicles. In general this may contribute
to the awtreness of the existing health risks.

Prolonged sitting and poor posture might also play a part in the develop-
ment of back pain among drivers. To avoid adverse effects of prolonged
sitting, the organization of the work should promote dranges of posture
and allow occasional walks. Furthermore an ergonomic lay out must be
given more priority in the design of cabs.
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Appendix A.1 Small sample properties of the Mantel-
Haenszel Chi-square test statistic for density
follow-up studies

Hendriek C. Boshuizen

Summary

For the analysis of combinations of 2x2 non-contingenry tables as
obtained from density follow-up studies (relating a number of
events to a number of person-years of follow-up) an analogue of the
Mantel-Haenszel test for 2x2 contingenry tables is widely used. In
this paper the small sample properties of this test, both with and
without continuity correction, are evaluated. Also the improvement
of the test-statistic by using the first four cumulants via the
Edgeworth expansion was studied. Results on continuity correction
agree with similar studies on the Mantel-Haenszel statistic for 2v2
contingency tables; Continuity correction gives a p-value which
approximates the exact p-value better than the p-value obtained
without this correction; both the exact test and its approximaLions
show considerable conservatism in small samples; the uncorrected
Mantel-Haenszel test statistic gives a p-value that agrees more with
the nominal significance level, but can be anti-conservative. The p-
value based on the first four cumulants gives a better
approximation of the exact p-value than the continuity corrected
tesf especially when the distribution has marked skewness.

Introduction

In epidemiologic research the density follow-up study is a much used study
design. In sudr a design the group to be studied (the index group) and a
reference group are followed in time and the occurring cases of disease are
registered. Inferences are made by comparing incidence rates between the
groups. The incidence is calculated as the number of occurring cases in a
group divided by the amount of person-years of follow-up. The data can be
stratified for conlounding factors; in that case the Mantel-Haenszel test
statistic for density follow-up studies is often used.

Let the daba layout for the g-th stratum of a densiry follow-up study be:

index group reference group toLal
number of cases a

I
b
g

m
g

L
g

person-years of follow-up ,rf hg
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Then the Mantel-Haenszel test statistic for density follow-up studies is
defined as:

' *,-ll*^u*'"-?")'
Itnrtrrtss) /Ii)
I

(Kleinbaum et al. 1982; Rothman & Boice 1979)

This statistic is based on the assumption that ao is a binomial variable with
Lle/Le probability of success arrtd m, number 6f trias and that the sample
sizoes ire large enough to justify a noromal approximation to this binomial. The
test uses the Mantel-Haenszel method of forming a swnmary chi-square as
described by Pasternack and Mantel (1966). It is possible to indude a con-
tinuity correction in this statistic as done e.g. by Shore, Pastemack and
McCrea Curnen:

flmrtr{Q /r}l
I

From the 12-value a one-sided p-value can be derived using the standard
Gaussian distribution and considering whether Z(mJt,L,) is larger or smaller
than )ar. ln this paper the one-sided p-values deriv6t lrom yzy11p arrd X2,
are namect py11p and, pr.

We used this test in a follow-up study on health effects in workers exposed
to occupational whole-body vibration. The event studied was disability
pensioning. Subdividing the events according to the disease diagnosed as
cause of the medical unfitness for the job gave rise to data sets with only a
few cases. Table 1 gives an example of these data. This study prompted us to
explore whether it is permitted to use a continuity corrected test on data like
these. A question on which there is a remarkable lack of literature.

2

\
l\{mrrg /Lr)-farl-os
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Table 1: Data from a study comparing vibration exposed crane-drivers with an unerposed
reference group (Bongers et al, 1987)

diagnosis, registered
as primary cause of
disability pensioning

CRANE DRTVERS

age in years

2*U 3W 4F54 5F59 @{5

CONTROLS

age in years

z.rv 3w 4*g 5*59 50-65

1. Diseases of the
spine

2. Diseases of the
intervertebral
discs

3. Diseases of the
intervertebral
discs, exduding
prolapsed disc

4. Prolapsed discs

person-years of
follow-up t408,6 1401,4 1089,0 309,8 57,8 1252,7 942,8 676,4 2@,L 74,9

With the better known Mantel-Haenszel summary chi for 2x2 contingency
tables, the use of a continuity correction has been the subject of considerable
debate in the statistical literature (Grizzle 1967; Mantel and Greenhouse 1968;
Conover 1974; Starmer, Grizzle and Sen L974; Mantel 7974; Miettinen 1974;
Benneth and Kaneshiro L974; Li, Simon and Gart 1979). The controversy
seems to be caused mainly by the fact that different authors pursue different
aims (Miettinen 1974). The first aim is that the p-value given by the test
should be close to the p-value given by exact calculation. The second aim is
that the test statistic has a sampling distribution under the null hypothesis
that is 'correct', in the sense that obtaining a p-value smaller or equal to e.g.
0.05 should have a probability of 0.05. These two aims lead to different
appreciation of the tests involved, as the conditional exact probability
distribution is always conservative because of its discreteness. Discreteness
implies that the chance of rejecting the null-hypothesis with significance level
a is equal to the first possible p-value smaller than a,. The unconditional
sampling distribution of the exact p-value is the weighted average of these p-
values for aII possible situations and will always be less than a. With small
sample sizes this leads to considerable conservaLism.

This paper looks at the Mantel-Haenszel test for density follow-up studies
from both these poinls of view.

t213

2452120010
2641041000
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Comparison with the exact p-value

An exact p-value was calculated, assuming like the Mantel-Haenszel test that
the stochast &, representing the number of cases in the g-st stratum of the
index group, fbllows a binomial distribution:

pr(Ls ,, = 
[:rJ 

1rr, /rr)a w* /rr)(^,nl

Let N be the number of strata and X the random variable representing the
total number of cases in the index group (X = x, g,), then prQ[ = A) is the
convolution of the probability functions of all 2E afia tne one-sided exact p-
value is given by: a

i?,

'*'

This p-value can be calculated by straightlorward enumeration. It is also
possible to calculate the probability distribution of X by using a Fourier
transformation to convert the convolutions into multiplications, thus reducing
computation time for large sample sizes (Pagano and Tritchler, 1983). As the
Fourier transform of a binomial distribution is analytically known, the first
step of the algorithm outlined by Pagano and rritchler (1983) is redundant
and the required distribution is obtained by simple inversion of the product
of the Fourier transforms of pr(4).
In all calculations that were donE on real or simulated datasets it was evident
that the p-values obtained with the continuity corrected best (p") were closer
to the exact values (p.) than the values based on the not Lorrected test
(n16). Table 2 gives the p-values calculated for the data of table 1.

Table 2: The exact p-value (pj and the p-values obtained with the Mantel-Haenszel test with
(p") or without continuity corection (p*trc) ana using the first four ormulants
@m) for the data of table L

Pe Pmno Pc ba
diagnosiq registered
as primary cause of
disability pensionhg

1. Disease of the spine
2. Disease of the inter-

vertebral discs
3. Disease of the inter-

vertebral discs, ex-
cluding prolapsed disc

4. Prolapsed disc

0,051 0,039

0,011 0,008

0,025
0,154

0,015
0,104

0,052

0,013

0,029
0,154

0,0s1

0,072

0,027
0,155
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Dataset 1 of table 2 shows that even in this case where the expected number
of cases in both index and reference group is greater than 20 the continuity
correction makes a difference that is of practical interest.
To improve the approximation of p"ap-value based on Edgeworth expansion
using the first four cumulants of the distribution (p67) was calculated:

P ra=P c.#*rri,|- .!,t'-',.f ,*1,-'o,.*t,j-'*,f .'uar]

lwrerert-?/r)l
s

l@rerQr0-6PsQs))
sKsl=

l(mf ,Qr)l'sI

P.=L.E /Ls Qr=Lq /L,

pry approached the exact p-values slightly better than p, for p, < 0.05 (Table
3). Moreover, while in the tail-area (e"<0.t1 p. sometimes was smaller than
p, in the datasets studied, pp4 was always larger than pr. In most applications
a conservative estimate is preferred to an anticonservative one.

lfurrrQrl2
I

Table 3: Goodness of approximating the exact p-value ol pro and p". Mean values of the
difference with the exact p-value for simulated datasets with 5 strata with incidence
of respectively 0,5; 0,75; 7,0; 7,25; 1,5 cases per 100 person-years (datasets are
identical to the datasets from experiments 4, 5 and 6 from table 4)

value of p, Person-years

index reference

number of
data sets

Pc-Pe Pea- Pe

pe < 0,0-1'

0,01 < p.<0,05

0,05 < pr< 0,1

5
10

2

45
57
39

65
46
49

100 100
67 133
133 67

100 100
67 133
133 67

100 100
67 133
133 67

0,0077
-0,0009
0,0o75

0,0027
-0,0034
0,0107

0,0017
-0,0032
0,0092

0,0008
0,0006
0,0019

0,0022
0,0019
0,0038

0,0035
0,0032
0,0052
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Sampling distribution of the test procedures

To evaluate the unconditional significance levels of the test procedures some
Monte Carlo simulation experiments were carried out. For each experiment
2000 datasets were created. Each dataset consisted of 5 strata with eadr a dif-
ferent incidence of disease. The incidences in index and reference groups
were the same. Incidences \^/ere chosen so that the expected total number of
cases was 10 or 15. The number of cases was produced using a random gene-
rator following a Poisson distribution. Complete enumeration was used on
these data, because with these small sample sizes this was faster than Fourier
transformation.

Table 4 gives the results of 6 such simulations. Not surprisingly the perfor-
mance of the exact test, the continuity<orrected test and the approximation
using the first four cumulants are rather similar. with the small sample sizes
used here they are all extremely conservative. The approximation based on
the Edgeworth expansion performs most similar to the exact test. The uncor-
rected test performs better, but is in some c;tses anti-conservalive.

Table 4: Results of 6 experiments consisting of testing 2000 simulated data sets eadr

no. incidence
(cases per 100 person-years)

person-years test
in each stratum
index reference

number of data sets giving
p<0,1 p<0,05 p<0,01

1. 0.5; 1.0; 1,.5;2.0;2.5

2. 1.0; 1.25; 7.5; 1..75; 2.0

3. 0.6; 0.8; 1.0;1.2; 1.4

4. 0.5; 0.75; 1.0; 1..25; 1.5

5. 0.5; 0.75;7.0;1..25; 7.5

6. 0.5; 0.75; 1,.0;'1..25; 1.5

P2 L77

PmnO 795
pc 777

Pm 117
pe 722

PqAO 198
pc L22

PEd 122

Pe 774

Puao 201,

Pc 1-1,4

PEd 114
pe 115

P6AO 206
pc 115

Py1 115
pe 113

Pt,ttlo 207
pc 122

Pm rl4
pe 90

PMAO 188
pc 89

PEd 89

100

100

100 6
98
6
6
74

108
74
74
46

109
45
46
50

111

50
50
67

121,

67
67
47

88
35
47

t0
18
8
8

10
17

9
9
5

77
5
5
5

17
5

5
10
JJ
10
10
2
4
0
2

100

100 100

13367
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Discussion

The number of simulations presented in this paper is small; the range of
parameters in designing the simulated experiments was mainly inspired by
the range of the data in our own application. It is always possible that other
droices would have given different results. Still, the results presented in this
paper indicate that the debate on continuity correclion with the Mantel-
Haenszel test for 2v2 tables is largely applicable to the test for density follow-
up studies. The p-value calculated with a continuity correction approximates
the exact calculated p-value better than the not corrected p-value, but for
small samples the unconditional significance levels under the null hypothesis
of no difference between index- and reference groups are considerably less

than the nominal level for the continuity corrected test. When the probability
density function has a marked skewness - as is the case when the number of
person-years of follow-up in index- and reference group differ substantially -
the exact p-value is approximated best by using the first four cumulants via
Edgeworth expansion.

When presenting a p-value for a set of data with a small number of expected
cases in either index- or reference group and exact calculalion of this p-value
is not feasible, the use of continuity correction, if possible improved by using
all first four cumulants, is recommended. When the expected number of cases

in the data is smaller than approx. 20, calculation of the exact p-value is easily
feasible with a microcomputer.
For hypothesis testing the choice of the test to be used depends on ones view-
point on the importance of having the right unconditional significance level.

Listings of the computer prograrns used for calculating the exact p-value by
complete enumeration (in PASCAL) or by inversion of the Fourier transform
(in FORTRAN) are available on request from the author.
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Appendix B.1 Digestive disorders and whole-body vibra-
tion; a meta-analysis

Hendriek C. Boshuizen, Paulien M. Bongers, Carel T.J. Hulshof

Summary

Results of the present prqect on the occurrence of digestive
disorders in workers exposed to whole-body vibration (WBV) are
presented. In a meta-analysis these data are combined with data
from the literature. The analysis focusses on gastrointestinal
disorders.
In the present project no general increased risk of digestive
disorders is observed. In the meta-analysis a statistically significant
summary effect is observed for self-reported symptoms of the
stomach and for peptic ulcer. However, the positive results in each
case strongly depend on a few studies from literature.
As the effuts o'5served in the present project generally are lower
than the effects observed in literature, publication bias rnay be
present. The question whether exposure to whole-body vibration
may lead to digestive disorders therefore remains open; it is likely
to be at most a minor effect.

Introduction

There is a long standing tradition to presume that the intestinal tract is at
risk due to exposure to whole-body vibration (WBV). Several studies reported
stomach pain associated with driving a specific type of vehide or at a specific
speed; others report that among drivers with gastrointestinal symptoms, those
symptoms disappeared when they were transferred to better suspended
vehides (Kubic 1966; Kunz and Meyer 1969; Seidel and Tr6ster 1970).

Experiments on anaesthetized dogs with immobilized spines (Nickerson and
Drazic, 1966, cited by Dupuis and Zerlett, 1984) showed that the stomach,
intestine, bladder and kidney had the smallest damping factors of all internal
org;uls. The relevance of such studies for humans can be seriously questioned
as differences in anatomy may cause different resonance behavior. The
pathological dranges most cornmonly observed in small animals killed by
severe low-frequency vibration refer to lung parenchyma, myocardium and
gastrointestinal tract (Guignard, 1972). Sturges et al. (1974) exposed rhesus
monkeys to 10.5 m,/s' r.m.s. vibration at the resonance frequency of the
stomach (5h/d, S d/wk for a toLal of 130 h). Blood appeared in the faeces
on the 3rd day. Necropsies after 130 hours showed lesions of the gastric
mucosa in half the exposed animals (n=10) and none in 3 non-exposed
controls. No lesions were noted in other organs or systems. This experiment
suggests that the stomach is the organ most at risk for acute effects of WBV
in rhesus monkeys. This experiment used a very high vibration level, but the
authors pointed out that smaller animals require higher vibration levels than
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humans to achieve the same levels of tissue stress at resonance. In an
unpublished study (cited by Sturges et al. (1974)) gastrointestinal bleeding
was observed after severe vibration exposure of a human subject (15 minutes,
25 Hz with an a* of probably up to 30 m/sr).
Yrga and Coerman (1960) observed in 10 subjects exposed to 3 minutes of
almost intolerable vibration that abdominal pain was [he kind of pain most
commonly experienced at 2 to 4 and at 10 Hz, whereas chest pain dominated
at 6 and 7 Hz. The abdominal pain was usually felt below-the navel. The
authors presumed that the pain originated from stretching and deformation
of the large intestine and its supporting mesenterium. Because the WBV-levels
used in these experiments are much higher than levels of occupational
exposure, their relevance for occupational practice is questionable.

Christ and Dupuis (1963) exposed one subject to roll of 2 Hz and observed
the movements of the stomach on X-ray films. The average amplitude of the
antrum of the stomach was in the vertical (z) direction 68% and in the lateral
(y) direction 39% lNger than the amplitude of a marker on the skin over the
processus spinosus. The amplitude increased with increased filling of the
stomach, indicgting that a full stomach has a lower resonzrnce frequenry.
Dupuis and Christ (1966) also studied the frequency dependenry -of 

tlie
stomach between 0.5 and 6 Hz (4 subjects). The resonance frequency of the
stomach was between 4 and 5 Hz. In a experiment with 2 subjects exposed
lo 2 Hz vibration (1.1 m/s'? rms) the filling of the stomach increased in Ure
first 60 to 90 minutes after a meal, whereas the filling decreased when not
exposed. They interpreted this as an increase of gastric secretion due to WBV
exposure.
Kjellberg and Wickstrdm (1987) studied the behavior of the stomach with
electrogastrogaphy (9 subjects), using two types of simulated industrial truck
vibration. One kind of vibration had a fundamental frequency of 3 Hz and a
frequency weighted acceleration (a-) of 7.4 m/*, the other d frequency of 6
Hz and an tu of 1.6 m/s2. The gastroelectric activity increased during
exposure to 6 Hz;, during exposure to 3 Hz, an increased activity was
observed in the first 10 minutes of the exposure only. These results imply that
stomach motility may be affected by WBV.
These studies permit to condude that in short-term exposure effects on the
gastrointestinal tract are possible at high WBV-levels and that the possibiliry
of effects in long-term exposure at wBV-lower levels due to increased gastric
secretion or changes in motility can not be excluded.

In this chapter we surrun;uize the epidemiological data on effect in long-term
wBV-exposure on the digestive system, concentrating on gastrointestinal
disorders. Both literature data and new data from the present p-rolect are used
in a-meta-analysis. In the present project both historical follo*-up studies on
disability pensioning and long-term (> 28 d) sick-leave and questionnaire
studies were conducted. The occupations studied are listed in-table L. For
more details on the design of the studies see Bongers et al. 1988; Bongers et
al. 1989; Boshuizen et al. 1990; Boshuizen et al. 1990; Bongers et al. chapter
3.4; Boshuizen et al. chapter 4.3 and Bongers et al. chapter 4.4.
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Table 1: lndex and reference groups used in the studies of this project.

publication exposed group reference group

Bongers et al. 1988/1989

Bongers et al. drapter 3.4

Bongers et al. cJrapter 4.4

Boshuizen et al. 1990

Boshuizen et al. drapter
4.3

Boshuizen et al. drapter
4.3

Bridgecane drivers
(n=743)

Crane drivers of a metal
construction company
(n=3a1)

Drivers of wheelloaders
(n=a6)

Tractor drivers (n=450)

Drivers of lift-trucks and
freight-containers (n=196)

Lift truck drivers (n=37)

Maintenance workers
(n=562)

Metal workers/bench
fitters (n=3130)

Other outside jobs in same
company (n=52)

Other workers of similar
SES (n=110)

Other outdoor workers of
the same crcmpanies
(n=107J

All other workers of same
division (ind. office
workers) (n=37)

Material and Methods

The odds ratios (oR) (in the case of prevalence or cumulative incidence data)
and the incidence density ratios (IDR) (in the case of incidence rates) are
calculated. The results are pooled with a rather crude method, as the quality
of the data does not warrant a more sophisticated analysis. Studies arl
combined in two ways:
1. Based on th€ weighted average of the log OR or the log IDR, in which the

study weight is (1/SE)'? (Greenland, 1987).
2. Based on a weighted regression of the log oR or log IDR on the estimated

mean difference in wBV-dose between index and reference group. In this
case the study weight is also (1/SE),. In this c;rse a WBV-dose has to be
estimated.

The study-yeights used are based on the staiistical precision of the studies
only. No down-weighing based on the (subjectively-jugded) qualiry of the
studies is used.
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Table 2: Studies excluded from the meta-analysis

Publication Reason for exclusion

Aronsson 1982

Badcman 1983
Erlam 1982

Garbe 1981
Gruber and Zperman
1974
Gruber 1977

Harurunkari et al, 1978
Heppner 1961
K6trt 1975
Kompier 1988
Kubik 1966
Kunz and Meyer 1959
Rentsdr 1950

Seidel and Troster 1970

Thiele 1976

The groups compared differ in too many other determinants
of sick leave
No reference grrrup
The groups compared differ in too many other determinants
of sick leave
No diagnoses available in reference group
No degree of effect can be calorlated exept for all digestive
disorders (the latter are induded in the meta-analysis)
No degree of effect can be calodated except for all digestive
disorders (the latter are induded in the meta-analysis)
No reference group (except for mortality data)
Study not available
No data on effect size presented
No reference group used
No reference group used
No reference group used
Comparison only with data on the general poPulation (No
comparable assessment of the health effect)
No reference group; number of cases too small for intemal
cnmparison
Comparison only with data on the general population (No
comparable assessment of the health effects)

The original studies induded in the meta-analysis are derived from some
recent reviews on effects of WBV (Seidel and Heide 1986; Dupuis and Zerlett,
1984; Hulshof and Veldhuijzen-van Zanten, 1986), and from screening the last
5 volumes of journals on occupational health and epidemiology.

To be induded in the meta-analysis, a study has to meet the following
criteria:
- WBV-exposure takes place in a sitting posture.
- The study uses a suitable reference goup or makes internal comparisons

possible.
- The health effect is assessed in the same way for both the WBV+xposed

and the reference group.
- The data are presented in a way that makes quantitative inference possible.
- The health effect studied consists mainly of non-malignant gastrointestinal

disorders. All mortality studies referring to all digestive disorders are
exduded because of many cases of malignancy might be induded. Studies
on all digestive morbidity nre not exduded, as the maiority of the disorders
most likely are non-malignant.

Table 2 lists the studies considered for the meba-analysis, but not induded;
table 3 the induded studies.
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Table 3: Shrdies from literature included in the meta-analysis. When more than one

omparisons is made for a study, this is indicated by 1) and 2)

publication exposed group reference group

Caygill et al. 1990

Costa et al. 1988

Christ and Dupuis
1968

Gruber and
Ziperman
7974

Gruber 1977

K6hne et aL.1982

Milby and Spear
1974

Rehm and Wieth
1984r

Rosegger and
Rosegger, 1960

Sonneberg and
Sonneberg 1986a

Sonneberg and
Sonneberg 1985b

Workers in transport and
communications

Commuters (n=254 for diagnoses;
n=784 lor questionnaire)

Tractor drivers, more than 700
h/yr (n=93)

1) Motorcoach drivets, 4*54 yr,
with 2$35 driving years (n=280)
2) Motorcoadr drivers, 4*il yr,
with 1G24 driving years (n=560)

L) Truck drivers
2) Long distance truck drivers

1) Drivers of earth-moving
equipment, more than 3 driving
years (n=352).
2) Drivers of wheel-vetricles
(n=88)

Operators of earthmoving
equipment Qa95 p yr)

Operators of heavy engines
(n=235)

1) Tractor drivers (n=Q22)
2) Tractor drivers, 2-5'driving
years (n=139)

1.) All workers in transport and
communication, England and
Wales 1949-1953
2) All workers in transport and
public utility work, US same
period

All transport workers in West
Germany 1979-7983

1) Clerical and sales workers
2) Workers with non-dusty
physical work

Non commuters. (n=107 for
diagnoses; n=383 for question-
naire)

Tractor drivers, less than 700
h/yr (n=M)

Motorcoadt drivers, 4*54 yr,
with < 10 driving years (n=70)

1) Air traffic controllers
2) City drivers (making pickups
and deliveries)

1) Opencast-workers (n=315)
2) Drivers of caterpillar-vehides

A selection of other occupations
from construction industry (2849

P vr)

Opencast workers (n*14)

1) Iaboratory workers (n=37)
2) Tractor drivers, less than 2
driving years (n=133)

General population
1) England and Wales
2) US

General population

1)
2)

Same study population as that of K6hne et al. (1982)
Tractor drivdrs-with morc than 5 driving years;ue left out to reduce confounding by
age
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For the second method of combination, an estimated wBV-dose is needed. In
table 4 the calculation of these estimabes is presented.

Table 4: Estimation of WBV-dose.. For the population-based studies (Sonneberg and Sonneberg
79ffia/b (shrdy no. 1.4a/b, 1,5) and Gaygill et al. 1990 (no. 16alb)) n5 WnV-dose cai
be estimated because inlormation on duration of expos.re and type of vetricle driven
is lacking

Study years in |rb estimated
with exposure 3,*m m/s'
index ref index ref

part-time difference
factor in WBV-

dose
index ref (year m'z,/s')

Studies from this thesis:
1. Bridge-crane drivers
2. Crane drivers (metal

construction company)
3. Tractor drivers

- questionnaire
- sick leaves

4. Lift-tru&s, harbour
5. Lift-trucks, chem.
6. Wheelloaders

Studies from literature:
7. Costa et al. 1988
8. K6hne et al. 1981

a) 10-2.5 driving yr
b) > 25 driving yr

11..Gruber
a) air traffic contr.
b) line/cjty drivers

l2.CMst and Dupuis
l3.Milby and Spear

0.5 0

0.5 0

0

0

9

9

17
10.5
t4
8
9

0
1.0

1.3
1.5

0.8
0.8

0.75
0.75

0.75
0.9
0.8
1.0

16.8

0
19

0
1.0

6.3
6.3

0
20.7
5
0

18.3
27.7

2L.t
27.5
5

1*

0
0
0
0
0

0.7 0
0.7 0
0.85 0
0.8 0
1.1 0

o.sr 03'

2.25

2.25

4.2
3.6

10.1
5.1

10.9

32
24

2.1
1.5

6.75
t2

t2
10
1.3
8.0

1

1

0.5
0.5
1
1
1

15.3 0.29 0.07 1.0

a) extemal comparison 19
b) wheel - caterpillar 1,9

9. Rosegger & Rosegger 1960
a) extemal comparison 3.3
b) intemal comparison 3.4

10.Gruber and Ziperman

0
0.8

0.75
0.75

1-
11
7-
11
1-
1-
1-
11
0.5 0.2
0,67 0

0
0.6
0.8
0

commuters mainly travel by bus, while non<ommuters mainly use cars
number of pension credits. 1 pension credit is 12fi) working hours

The oRs and IDRs calculated from the articles are adjusted for age whenever
possible; in the studies where this is not possible, th6 age distri6ution of the
index- and reference group is rather similar, so no major confounding is
gTpqleq. some studies on peptic ulcer present sMRs for diiferent occupati6ns.
The SMRs are treated as if they presented IDRs. Although the sMR and IDR
theoretiglly need-not h uq!rrt,'in practice they often do iot differ very much.
oRs and IDRs of health effects with low cumulative incidence (e.g. peptic
ulcer) are also combined, as in this case the OR approximates the IDn. '
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When studies make several types of comparisons possible, or different studies
are performed using the same study population, only one of these - with the
highest study weight - is induded.

The 90 % confidence intervals (CI) are calculated based on the precision of the
individual studies when the study results are homogenous. When the study
results show heterogeneity (one-sided p-value < 0.3), the CI is calculated
based on the scattering of the studies around their mean or around the
regression line (inter-study variance), thus induding the uncertainty due to the
heterogeneity in the CI.

Results

Seff-reported sryptons

Table 5 shows that in the studies from the present project no general increase
in stomach trouble is observed, whereas studies from literature reported an
increased risk.
In combining all studies, we used - if possible - the 12-month prevalence rate
from the present project, because this rate is most similar to the rates
observed in the studies from literature. In combining all studies, the study
of Costa et al. (1988) bears most weight, followed by that of K0hne et al.
(1982) and that of Rosegger and Rosegger (1960) (internal comparison).
Because the validity of the study of Costa et al. (1988) for studying the effect
of WBV is questionable (see discussion), also a summary odds ratio is
calculated in whidr this study is omitted. This affects the summary odds ratio
only slightly. Omitting also the study of K6hne et al. (1982), the summary OR
is no longer significant.

Heterogeneity is observed between the studies, due to the existence of two
homogeneous dusters of studies: the studies from this thesis, with no posilive
effect and those from literature, with a significant positive effect. The higher
OR observed in literature might be due to publication bias (the tendency not
to publish negative studies), or to the possibility that the WBV exposure is
higher. Some heterogeneity could also be due to the differences in the
question asked between the studies.
In figure L therefore the ORs are plotted as a function of the estimated WBV-
dose, exduding again the study of CosLa et al. (1988). The regression line
through the studies yields a summary odds ratio of 1.06 with a 90% Cl of
[1.01-1.12] per 5 year m',/s* WBV-dose. The studies of Christ and Dupuis
(1968) and Rosegger and Rosegger (1960) both yield an OR above the
regression line. Both studied tractor drivers around 1960, so the \AtrBV-dose
estimated (based on WBV-levels of current tractors) may have been too low.
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Table 5: ORs for stomach symptoms observed in the studies from this thesis (postal
questionnaire) and in the literahrre (from interview or questionnaire).

Studies lrom this thesis

Question asked
(numbers refer
to table 4)

Prevalerrce rate odds ratio
index reference [90% confidence
group group intervall

type of vehicle
fuiven

3a.regular stomadr l0% 13%
trouble

4a.regular stomadl 11,% 9%
trouble

4b.stomadr trouble Mqo 17%
in last L2 months

Sa.regular stomach
trouble

5b.stomadr trouble
in last 12 months

6a.regular stomadr
trouble

6b.stomadr trouble
in last 12 months

Summary odds ratio 3a,4a,5a,h

Studies ftom literattre

1.4% 3%

1,4% t4%

7% 6%

7% 17%

0.8 [0.4 - 1.4]

1,.2 10.6 - 2.4)

1.0 10.6 - r.7l

s.7 11.0 - 2.4)

1.0 [0.3 - 3.3]

1.0 10.2 - 4.2)

0.3 [0.1 - 1.0]

l.M 10.77 - 1,.s2)

agricultural tractor

lif t-tru&/ freight-container
tractor
lif t-truck / f rei ght-container
tractor
fork-lift truck

fork-lift truck

wheelloader

wheelloader

Question asked Prevalence rate
or other remarks index reference
on disorder group group

odds ratio
[90% confidence
intervall

adjushnent study
for age

7a. heartburn 49% 42% 1.3 [1.0 -

1.4 11.2 -

1.0 [0.8 -
1.s 41.2 -

2.2 U.0 -
2.6 11.4 -
1.4 [0.9 -
1.4 10.7 -

1.48 11,.28

1.35 U.1t

1.28 11.02

r.7)

1.81

r.2l
2.11

s.0l
4.71

2.11

3.01

o

o/+
o

o

o

o
o

Costa

Costa

Costa
Kdhne, ref 1

Kdhne ref. 2
Rosegger, ref 1

Rosegger, ref 2
Christ

Tb.complaints on diges-
tive disorders 52% 43%

7c.has had a gastro-
intestinal disorder 30% 31%

Sa.stomadr trouble 30% 22%
Sb.stomadr trouble

after work 19% 9%
9a.stomadr trouble 5l% N%
9b.stomach trouble 52% 43%
l2.stomadr trouble 24% 78%

Summary OR fu,8a,9b,12

Summary OR all studies:
(3 a,4b,5b, 6b,7b, 8a, 9b, 1 2)

Summary OR excl Costa :

(3a,4b,5b,6b, 8a, 9b,1 2)

- 1.73)

1.s812

- 1.6012

adjustrnent for age: * = ag€ adjusted
o = not age-adjusted, but the age-distribution of index and reference
grouPs is similar
e/+ = not ageadjusted. lndex group probably slightly older; but no
substantial bias is expected.

1) adjusted for working schedule
2) some heterogeneity present (0.05 < p < 0.3)
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Figure 1: Regression line (-) fitted for stomadr symptoms. -- = 90% CI. Opert
symbols: studies from literatue; black symbols: shrdies from the present project

Condusion: No excess of stomach trouble is reported in the studies from the
present prqect. Combining them with studies from literature yields a sig-
nificant summary OR, due to the mudr larger weight of the studies from
literature. Without the studies of Costa et al. (1988) and Kohne et al. (1982)

the summary OR is no longer significant

Data from medical records

All disorders of the digestive tract.

Table 5 presents the results of studies on the occurrence of all digestive
disorders, both from the present project and from literature. Only the studies
of the present project can be combined, because the effects investigated in the
other studies differ too much. The studies from literature however all yield
dearly positive results.
Significant heterogeneity is observed among the studies of the present project.
This is due to the high IDR in the metal construction company study.
Induding the WBV-dose in the pnqlysis of the present studies yields an IDR
of.1..1.6 [0.58-2.31] per 5 year m'/{.Including the WBV-dose in the analysis
however does not diminish the heterogeneity.
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Table 6: Results of studies on disorders of the digestive tract in general

Studies ftom this thesis

Endpoint
studied
(numbers refer
to table 4) group grouP

lncidence rate IDR type of vetricle
per 100 pyr [90% confidence driven
index reference interval]

la.disability 0.16
pension

Lb.first sick 1.3
leave 2 28 days

2. disability 0.39
Penslon

3b.first sick 1.7
leave > 28 days

Summary odds ratio 1b,2,3b

Studies from literature

1.1 [0.4 - 2.8]

0.8 [0.6 - 1.1]

2.1. [1.1 - 4.U

1.3 [0.8 - 2.0]

t.M 10.72 - 1.5411

Bridge crane

Bridge crane study

Crane (metal construction)

Agrianlfural tractor

0.13

1.5

0.10

L.3

Data sourc€
or other remarks
on disorder

Occtrrrence
(see notes)
index reference
grouP Sroup

OR/IDR adjustrnent study
[90% confidence foi age
intervall

8a. medical records
+ interview 0.36

10a. recrcrds of perio.
dical medical 0.10
examination

lt.z - 2.tl

[0.e - 5.s]

3.8 [1.s - 9.9]

1.1 [1.1 - 1.2]

1.4 [1.3 - 1.s]

Refuns

Gruber and
Ziperman, ref 1

Gruber and
Ziperror.an, ref 2

Gruber, ref 1.

Gruber, ref 2

0.262

0.0433

't.6

2.5

10b. records of perio-
dical medical 0.t46 0.0433
examination

11a. records of perio-
dical medi&I 0.742 0.71t'
examination

11b. records of perio.
dical medical 0.1.& 0.1164
examination

1l Significant heterogeneity present

?l Most likely cumulative'incidence during employment at the company.3) Most likely ttr_e cumulative incidence in a iO i,ear period. Ho*L"ei, in the reference
. Eloyp only information from a strorter period of time is available.4) lncidence Per year. Multiple events pr6 person possible. We calorlated an IDR from

these data.
5) This study is based on the same data as the study of Kdtrne et al, 19g1.
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Table 7: Selected gastrointestinal disorders. ln the studies from this thesis: ICD codes 530-
537, W,569; in Milby and Spear (1974):ICD codes 53G537

Endpoint
studied
(numbers refer
to table 4)

lnciderre rate IDR type of vetricle
per 100 pyr [90% confidence fuiven
index reference interval]
grouP grouP

Studies lrom this thesis

la.disability 0.16 0.16
pensions

lb.first sid( 0.8 1.0
leave 2 28 days

2. disabiliry 0.31 0.07
pensions

3b. first sick 1.1 0.9
leave > 28 days

Summary IDR (1b,Z3b)

Study of Milby ail Spear (7974)

l3.insurance claims 2.9 2.4

Summary IDR all studies (1b,2,3b,13)

Study of Kdhne et al. (1982)

8a.medical records Y% L8%3

10.4 - 2.21 Bridge crane

[0.5 - 1.2] Bridge crane

[1.0 - 5.0]. Crane (metal construction)

10.7 - 2.L) Agricultural tractor

[0.58 - 1.66]1

U.0 - 1.71 Earthmoving equipment

[0.91 - 1.52]2

0.9

0.8

2.3

1.2

1.06

1.3

L.17

2.3 U.7 - 3.01 Earthmoving equipment

1) Significant heterogeneity present
2) Some heterogeneity present (0.05 < p < 0.3)
3) Cumulative incidence, most likely over the period of employment with the company*) Exact (mid-probability) interval calorlated

Selected gastrointestinal disorders

In the present proiect \ /e selected those gastrointestinal disorders that might
be related to \AIBV: all non-malignant stomach disorders [CDcodes 531-537]
and some intestinal disorders that might be symptoms of an upset stomach
[ICD-codes 564 and 569] (ICD 9th revision, WHO 1977). Table 7 shows the
resulling IDRs. In combining the studies from this thesis, the metal construc-
tion company study again cruses heterogeneity. In table 7 the studies from
this thesis are combined with the result of the study of Milby and Spear
(1,974) on oesophagus, stomach and duodenum disorders, as the latter two are
the bulk of the selected gastrointestinal disorders in the present project. The
combined IDR does not reach the level of significance.
Table 7 also includes the data on all stomach disorders from the study of
K6hne et at. (1982). This study can not be induded in the surunary IDR, as
it reports cumulative incidence rates.
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Data from X-ruy erumination

Rosegger and Rosegger (1960) examined the stomadr of. 322 tractor drivers
and 37 volunteers, not exposed to WBV. Table 8 shows that they observed
particularly more gastroptosis in the tractor drivers, but with the highest
prevalence in tractor drivers with less than two driving years. The dinical
significance of this 'diagnosis" is however questionable. Kubik (1966) did not
observe an increased prevalence of gastroptosis in tractor drivers. The
relevance of this finding therefore can be questioned.

Table 8: Data from the X-ray examinations of Rosegger and Rosegger (19@)

TyPe
abnormality

Prevalence rate
index reference
group group

odds ratio
[90% confidence
intervall

adjushnent reference group
for age used

9a.all abnormalities 76%
of the stomadr

9b.all abnormalities 74*
of the stomadr

9a.duonic disorders 20%
of the stqnadr

9b.duonic disorders 27%
of the stomach

9a.acute disorders 57%
of the stomaci (incl
gastroptosis)

9b.acute disorders 53%
of the stomadr (incl
gastroptosis)

9a.gastroptosis 35%
9b.gastroptosis 29%

12.2 - 7.21

[0.5 - 1.6]

[0.7 - 3.8]

10.7 - 2.01

[1.5 - 5.3]

0.9 [0.5 - 1.3]

11.4 - 7.71

[0.4 - 1.0]

Colleagues

G2 driving yr

Colleagues

G2 driving yr

Colleagues

0-2 driving yr

Colleagues
0-2 yr driving

o/+

&% 3.9

74% 1.0

76% 1.6

18% 1.2

3096 2.8

't496 3.2
40% 0.6

o/+

o/+

o/+

*)

o/+l
age adjusted
not age adjusted. lndex group probably slightly older than the referene group, but
no substantial bias is expected.

Data from mixed sources

Peptic ulcer

Table 9 shows that in the present prolect no indication for more peptic ulcer
in WBV-exposed \#orkers is found. In summarizing the results from lterature,
the Rosegger and Rosegger data on chronic X-ray abnormalities of the sto-
mach are induded, as they indicate that the majority of these disorders are
bulbus deformations. Due to the presence of two contradictory population
based studies on workers in transportation (14,1,6), the summa:ry IDR shows
extreme heterogeneity.
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Table 9: Peptic ulcer

Remark on Occurrene rate
disorder (numbers index reference
refer to table 4) group goup

OR/IDR type of vehicle
[90% confidence driven/ study
intervall

Type ol
occur-
rence

Sttdies lrom this thesis

1. first sick 0.45
leave > 28 days

3b. first sid< 0.40
leave > 28 days

4a. questionnaire
had an ulcus 8%

4b. questioruraire
has been treated 8%
for an ulcer

Studies from literuture

8a. medical records 15%

9a. duonic abnor- 20%
malities

9b. ctuonic abnor- 2L%
malities

14a. death registers
- gastric ulcer
- duodenal ulcer ..

14b. death registers
- gastric ulcer
- duodenal ulcer ..

15. disability pension
- gastric ulcer

- duodenal ulcer ..

16a. operation
all peptic ulcer

16b. operation
all peptic ulcer

inc. rate
/100 pyr
inc. rate
/\N pyt

prevalence

prevalence

cumulative 1.5
incidence
prevalence 1,.6

prevalence 1.2

SMR
SMR

SMR
SMR

L.07
1.05

1.00
0.96

proportional
analysis 1.19
proportional
analysis 1.36

incidence3 2.6

incidence3 2.3

Bridge-crane

Agricult. tractor

lift-truck/ freight-
container tractor
lift-truck/ freight-
container tractor

Kdhne

Rosegger, ref L

Rosegger, ref 2

Sonnebergu Engl
Sonneberg" Engl

Sonnebergu US
Sonnebergu US

Sonneberg;

Sonneberg6

Caygill, ref 1

Caygill, ref 2

0.51

0.36

0.8

0.9

1.3

7.4

[0.5 - 1.4]

10.4 - 2.2)

[0.5 - 2.8]

[0.6 - 3.3]

[0.64 - 1.39]

lt.o - 2.2)

[0.7 - 3.8]

lo7 - z.of

[0.99-1.1s]
[0.98-1.12]

[0.69-1.31]
[0.80-1.12]

(N.S.)

( p < 0.05)

12.4 - 2.e)

l2.r - z.sl

[1.00-1.50]1

[1.03-1.44]1
[0.94-1.53]

7%

6%

Summary IDR of shrdies hom this thesis (1,3b,4b) 0.94

10%

1,6%

18%

::,

::,

Summary IDR literature (8a,9b,'l4a / b,16b) 1.22

Summary IDR all studies (1,3b,4b,8a,9b,L4a/b,l6b) 1..22

Summary IDR exd. 14 and 16 (1,3b,ab,8a,9b) 1,.20

1)
2)

3)

Strong heterogeneity present
Not age adjusted. The index group is probably slightly older, but no major bias is
expected
Population-based study comparing the frequency of occupations between patients and
the general population
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Caygill et al. (1990) studied patients operated between 1940 and 1960 in a
hospital in England, whereas Sonneberg and Sonneberg (1986a) studied
mortality qound 1950 in the US, England and wales. Geographical variation
and variation in the occupations used present a partial explanation for the
differences observed: In the study of Sonneberg ana SonneUerg (1986a) no
increase is observed in the US (transport and public utility), but a slight (non
significant) increase is observed in England ana waes (transport and com-
munications). Furthermore only the morbidity but not the mortality of peptic
ulcer may be increased in workers in transportation and communi&tibn.
workers in transportation and communication-are not necessarily drivers, so
these studies only provide an indication for a relation between peptic ulcer
and exposure to wBV. Therefore also a summary IDR is calculatbd omitting
these studies. In that crrse no heterogeneity is observed anymore, largely be--
cause the information content of the other studies is low; the oR studie6 and
the IDR-studies appear to differ somewhat, the latter showing no increase of
peptic ulger in WBV-exposed. This difference may however &sily be due to
chance. Omitting the population-based studies, the study of K6hne (1982)
receives most weight.

Induding the estimated wBV-dose in the analysis (omitting the population-
based studies because an estimate of the wBV-dose is nof avaitaut-e) yields

5.50

5.00

2.50

.9
iz.oo

$ r.oo
E
o

1.00

0.50

0.o0

WBV-dose in yr 7n**)/s**!

Figure 2: Regresfion line {-; for peptic ulcer; -- = 90% CI. Open symbols: studies
from literature; black symSols: studies from the present ihesis'

a summary IDR ratio of 1.08, g|%-Cl 1075-7.571 per 5 year m2lsa for the
studies from this thesis, and 1.07 [1.01-1.14] per 5 year s121sa for all studies
together. In figure 2 the regression line is plbtted.-If the study of K6hne et
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al. (1982) is omitted from the analysis, than the last summary IDR is no
longer significant.

Gas[ritis

The information content of the studies on gastritis (table 10) is very low.
Moreover, the name gastritis is often loosely used to cover any clinical
condi[ion in which upper central abdominal discomfort or pain, heartburn,
nausea or vomiting are symptoms, while clinical examinations are negative
(Morson and Dawion, 1979). Nevertheless, due to the strong effect observed
in the study of Kohne et al. (1982), the combined relative risk is rather high,
although the studies from the present project are hardly suggestive of such
an effect.

Table 10: Study results on gastritis and/or duodenitis

Remarks on Occurence rate
disorder (numbers index reference
refer to table 4) group group

odds ratio/IDR type of vehicle
[90% confidence driven
intervall

Type of
occur-
rence

Studies from this thesis

1. first sidr 0.07
leave > 28 days

3b.first sick 0.25
leave > 28 days

Summary IDR

Studies ftom literatute

8a. medical records 9%

Summary IDR all studies

0.11

0.24

2%

inc rate
/1.N pyr
inc rate
/\ffi pyr

0.6 [0.2 - 2.2) Bridge crane

1.3 [0.4 - 4.0]. Tractor

0.93 [0.41 - 2.09]

cum incid 4.4 lZ.3 - 8.4) Kohne et a1,7982

2.22 [0.93 - 53)l

1) Significant heterogeneity
*) Exact (mid-probability) interval calculated

Appendicitis

Gruber and Ziperma\ (7974) and Gruber (1977) reported more appendicitis in
motorcoach en truck drivers compared to office workers and air-traffic
controllers. The absolute numbers of appendicitis in the sickleave studies of
the present prqect were too small for analysis. Therefore this finding still
needs confirmation.
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Discussion

One may ask whether a meta-analysis has any benefit above a conventional
narrative review of literature, particularly when the number of studies are
as scarce as in the field of digestive disorders in relation to WBV-exposure.
A meta-analysis after all depends on the often arbitrary assumptions one
makes. However, in a meta-analysis these assumptions are made explicit. In
a narrative review the condusion depends also on assumptions, but often
implicit ones. Moreover, a meia-analysis gives more insighi in the statistical
information content of the studies reviewed. This allows one to focus
reviewing effort on the studies getting most weight in the analysis.

As the number of studies in this field is small, we did not use very selective
criteria for induding studies in the analysis. Furthermore we combiired effects
that are not entirely similar. This may partly explain the observed heteroge-
neity between the studies.
As effect-parameter to combine we use the log IDR or the log OR. Although
this choice can be questioned, the choice of an other parameter (e.g. rite
difference) would hardly have lead to other conclusions oi less heterogeneity.
An assumption implicitly made in the meta-analysis is that the effecistudied
is identical across different populations and follow-up periods.
As the incidence of peptic ulcer declined during the last decades, the latter
assumption may prove false for peptic ulcer and thus might be another source
of heterogeneity.

The quality of the results of a meta-analysis is largely determined by the
quality of the included studies. The rest oi this dirlssion is devoted tb *re
quality of the studies. For the studies from literature, the discussion is limited
to the studies bearing most weight.

The validity of the studies depends to a large extent on the comparability of
the index and the reference group used.
Low-residue diet, consumption of coffee, soft drinks and ceriain drugs (e.g.
aspirin), smoking, and SES are factors that might be relevant to the occurence
of peptic ulcer or acute gastrointestinal bleeding ([.angman, 1979). Mental
stress is also often considered important. Relevant occupational factors are
glposqre to heat and dust in combination with shift-work and merit payment
(Rietschel 1978) and hearny physical work (Sonneberg and Sorureberg 1SS0U).
Furthermore in western Europe immigrant workers are observed to be at
higher risk (Sonneberg and Hhas, 1986). Time taken for meals may also be
important. Rosegger and Rosegger (1960) observed an odds ratio of 1,.6 (90%
confidence interval [1.0 - 2.5]) for stomach symptoms in drivers who eat
during work compared to those who take a Iunch break.
Furthermore, job transfer and turnover because of digestive disorders should
be comparable for index- and reference group. Rietschel (1978) reported that
workers with peptic ulcers often transfer to physically lighter or mintally less
stressful jobs. It also is a reason to be transferred from shift-work to day-
shifts only.
Of the factors mentioned, SES (partly as proxy for some of the other factors
mentioned), stress, working schedules (also inlluencing the timing of the
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meals) and turn-over because of health r@sons are the most likely con-
founders in the studies.

The studia from the presmt project

In the study of bridge-crane drivers (study no 1.), the crane drivers almost
all have to work night-shifts, against only 2 out of 3 reference workers. The
reference group comprises more immigrant workers (20% agunst L5%). From
other studies at the same company it is known that immigrant workers tend
to have more digestive disorders. The mental stress experience by some crane
drivers is rather high due to high safety risks when casting steel. The
differences mentioned work against eadr other in influencing the IDR. When
adjusting the IDR for shift work or for immigrant workers, the IDR stays
smaller than 1.0. The crane-drivers left their job more often than the reference
workers, so there might be some health-based turnover.
In the tractor study and the lift-truck/freight<ontainer tractor study [studies
no 3 and 4) no important differences in shift-work or SES exist between index
and reference groups. In the tractor study the drivers left the company
slightly more than the reference group.
In the small lift-truck and the wheelloader study (studies no 5 and 6) the
index goups are working more often in night-shifts. In the small lift truck
study, the references moreover have a higher socio-economic slatus and do
less heavy physical work than the drivers. In the wheelloader study, the
reference goup has more physical heary work. So the difference in digestive
disorders due to \AtrBV may have been over+stimated in the first study; in the
second the different biases will work against each other.
In some of the studies from this thesis daba on smoking were available. In
these studies smoking did not cause confounding.

Only in the study on disability pensioning of crane drivers at a metal
construction company (study no 2) more digestive disorders are observed in
the WBV-exposed workers. No explanation for this can be given. The only
other slightly positive result (in the small lift-truck study, study no 5) may be
ascribed to shift work, heavy lifting and lower SES in the drivers compared
to the reference group.
No explanation can be given for the lack of effect observed in the other
studies. Only inrreased turnover because of digestive disorders may be a
possible source of underestimation of the risk. As we do not consider tl.is a
major source of bias, we conclude that studies from this thesis present no
evidence of an increased risk of digestive disorders for WBV-exposed workers.

Studies from the literature

Sonneberg and Sonneberg (7986a/b), Caygill et al. (1990)

These population-based studies comprise a large number of cases and
therefore get much weight in the analysis. The large numbers however make
that assessment of exposure is rather poor (based on occupations from death
certificates or from records of the board of pensions). Also a duster of
occupations is investigated induding occupations without exposure to WBV.
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The study of Caygill et al. (1990) is mainly based on jobtitles from death
certificates that may have been drawn up decades after the operation for
peptic ulcer. So workers might have started in transportation after they deve-
loped an ulcer. We conclude that although the excess of operation due to
peptic ulcer observed by Caygill et al. (1990) in workers from transport and
communications merits further study, there is not enough evidence to ascribe
this observation to the WBV-exposure.

Costa et at. (1988)

In this study commuters and non-conunuters are compared. The \AIBV-
exposure of a commuter is small relative to occupational exposure to WBV.
Furthermore, commuting is an important str€ss factor (in the study of Costa
et al. (1988) the working day of the index group is extended by 2.5 hr due
to commuting). So the health effects observed need not be ascribed to the
WBV. The value of this study for inference on the relation between WBV-
exposure and digestive disorders therefore is limited.

K6hne et al. (1982)

When the studies discussed above are excluded, this study becomes the most
inlluential study in the meta-analysis.
The description of the work of the index and the reference group in this
study is rather poor, so it is difficult to i their comparability. The
reference workers probably carry out work. No information
is given on whether data are
and of critical self-appraisal in

blindly. The lack of vital information
the presentation of this study make it difficult

to assess iLs value.

Rosegger and Rosegger (1960)

In the meta-analysis the internal comparisons between drivers with more and
less driving years is used because the comparability of the external reference
group in this study is poor. This comparison may have been slightly distorted
by age. The prevalence of both stomadr symptoms and chronic and acute X-
ray abnormalities observed is extremely high. This suggests that a criterion
with a low threshold (dose to normal) may have been used, which may have
led to more misclassification and bias. The diagnostic criteria used are not
described and it is unknown whether the diagnoses were made blindly. The
value of this study therefore can be questioned.

Milby and Spear (7974)

This study was carefully designed and the dassification of exposure was
validated. The reference group comprises some WBV+xposed workers which
nuy cause a slight bias towards unity. The reference group comprises workers
with specified other iobs from construction industry, including some jobs that
Tgnt have a slightly higher SES (e.g. inspector tech.). The study adjusts for
the number of pension credibs acquired (=time spent in the construction
industry). The data presented on pension credits are rather peculiar, as more
than L0% of the drivers younger than 25 years have already acquired more
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than 25 pension credits (30,000 hours of work in construction industry), which
seems rather improbable. However, the adjustment for pension credits
(wrongly or rightly calculated) will not have influenced the results very much.

The authors point towards selective job transfer as a possible source of
underestimating the effect. Otherwise the results of this study can be
considered reliable.

Gruber and Ziperman (79Q and Gruber (1977)

In these much cited studies, data from 2-yearly medical check-ups of
respectively motorcoach and truck drivers are compared to respectively data
from a single pre'employment examination of office workers and data from
annual medical check-ups of air-traffic controllers. The 1974 study also
compares motorcoach drivers with more driving years with those with less
driving years. More driving years however also means that a driver went
through more medical checkups. This might have been overlooked in the
analysis. These differences in data<ollection for index and reference groups
may seriously bias these studies. The description of the data handling is
rather cryptic and the preseniation of the data is not informative.

Conclusion

Significantly more symptoms of the stomach and peptic ulcer are observed
in occupations with exposure to WBV when all quantiLative results from
Iiterature are combined with those from the present project. When some
population based studies on peptic ulcer (because of the mixture of occupa-
tions studied) are exduded, the significance disappears.
In the studies from the present prolect generally no increase of digestive
disorders in WBV-exposed workers is observed, contrary to the increase
observed in studies from literature. This difference suggests that publication
bias may have played a part.
The question whether WBV leads to digestive disorders can not condusively
be answered. The studies show a trend towards more digestive disorders, but
the association is weak, with a relative risk that probably not exceeds 2 for
the most exposed occupational group. Therefore future studies will have to
use large populations to detect such an effect. No special type of disorder can
be clearly implicated. The findings of Gruber (7977) artd Gruber and Ziperman
(1974) tJlrat appendicitis is associated with driving still needs confirmation.
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Appendix B.2 Other diseases related to exposure to
whole-body vibration; explorative results

Introduction

Most of the epidemiological studies on long-term health effects of whole-
body vibration WnU are primarily concerned with the effects on the spi-
nal'system and to a lesser extent the digestive system. However, several
authors also report an association between the driving of vehides and se-

veral other adverse health effects sudt as disease of the circulatory- and
genitourinary system and musculoskeleLal disorders other than back dis-
orders. An explorative analysis of these health effects was conducted in the
retrospective follow-up studies and prevalence studies among crane opera-
tors, helicopter pilots, drivers of tractors, fork-lift trucks, freight-container
tractors anil wheelloaders. For details on study design and levels of expo-
sure is referred to the chapters on back disorders in these study groups.
Since these studies were primarily designed to investigate back pain in
vibration exposed workers most of the relevant potential confounding fac-
tors were not investigated and often only one question was asked to esta-
blish the symptom. Therefore, only explorative results are presented and no
in depth dnalysis was conducted. The reported symptoms may be related
to exposure to vibration but also to other working conditions of drivers.

Results

Disorders of the muscaloskeletal system other than back disorders

Table 1: Incidence of long-term sick-leave (> 28 d.) due to disorders of the musculoskele-
tal systern ottrer Uran back disorders and the incidence density ratio (IDR) ad-
justed for age.

Study index group reference group
incidence(n) incidene (n)
per 100 pyr per 100 pyr

rDR [90% b.i.]

Disttx ol musculo*eletal sAstan (ICD 710-739)
Crane operators
Tractor drivers

6.6 (230) s.l
5.3 (123) 3.1

1.1
1.6*

(163)
(4e)

Arturophia and relateil disders (ICD 712'719)

[1.0-1.4]
lr.2-2.7)

[0.7-1.5]
l0.e-2.e)

Crane operators
Tractor drivers

Crane operators
Tractor drivers

1.2 (s0) 1.0
1.0 (27) 0.6

(37) 1.1

t10) 1.6

Disorders ol the ne& (ICD 723)
Crane operators 0.6 (27) 0.3
Tractor drivers 0.7 (18) 0.3

Nraunatism, acluding the ba&. (ICD n6-729)

[o.e-3.0]
[0.H.4]

(12) t.7
( 5) 1.e

(47) 1.5*
( 9) 2.2*

2.1 (87) 1.3
1.3 (35) 0.5

u.1-2.0
11,.24.1,

'p<0.05
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Table 1 shows that the incidence of long-term sick leave due to all dis-
orders of the musculoskeletal system combined (induding the back dis-
orders) was higher in the crane operators and tractor drivers than in the
reference workers. The long-term sick leave due to neck disorders was
slightly higher in crane operators and tractor drivers than in the reference
workers. In the crane operators this difference however was not significant
(table 1). A significant increased long-term sick leave due to disoiders of
musdes and tendons and their attachments (ICD 726-729) was also ob-
served. Table 2 shows that symptoms of the neck and/or shoulder occur
more frequently in all inde-x grcups than in the reference groups, except for
the tractor drivers.

Table 2: Prevalence of symptoms of the ned< and shoulder and the odds ratio adjusted
for age.

Study prevalence(n)
index group

prevalence (n) age adjusted
reference group odds ratio [90% CI]

All pain or stillness of the ne&.
Helicopter
Tractor
Lift-truck
(drcmical company)
Lift truck/freight-
container tractors
Wheel-loaders

AII pin anil stffias ol the *oulilers
Helicopter 20%
Tractor
Lift-truck
(chemical company)
Lift truck/freight-
container tractors
Wheel-loaders

33% {44)
20% (e0)
32% (72)

40% (n)

38% (17)

e% (21)
15% (77)
16% ( 6)

22% (24)

29% (15)

4.2* 12.ffi.811.3 [0.&2.1]2.4 [0.e-6.4]

2.4* [1.$3.8]

1.s 10.7-3.21

3.3* [1.&5.8]1.0 10.c1.71
3.0* 11.7-7.9)

1.6 [1.G2.s]

2.2 [1.G4.8]

15Yo
35%

28%

42%

5%
t9%

18%

200h

(2j7)
(58)
(13)

(s0)

(1e)

(18)
(15)
(5)

(22)

(12)

6)
e)
0)

6)

4)

896
14%
16%

2t%

24%

(e) 3%
(24) 8%
ln 0%

(34) 6%

(e) 8%

Nerk pin mdiating to the arm
Helicopter 7%
Tractor
Lift-truck
(chemical company)
Lift truck,/freight-
container tractors
Wheel-loaders

2.2 [0.]5.510.s [0.]1.11

3.8* [1.9-8.0]

2.8 U.G8.4l

Ner* pin railiating to fue hail
Helicopter 17%
Tractor 10%
Lift-truck 24%
(chemical company)
Lift truck/freight- 19%
container tractors
Wheel-loaders 16%

(23) s% (11)
(46) 7% ( 8)
(e) 8% (3)

(37) 76% (17)

(n rc% (5)

3.6* [1.9-6.8]1.3 10.7-2.61
3.3 [r.G11]

1.3 10.7-2.11

1.5 10.7-3.21

'p<0.05*p<0.01
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The drivers of fork-lift trucks, freight-container tractors and wheelloaders
indicate that the pain in the neck radiates to the arm, whereas the helicop-
ter pilots state primarily that this pain radiates to the head'

Table 3 shows that the helicopter pilots report more symptoms in most
upper and lower extremities compared to the reference workers. onfy the
pitivalence of pain or stiffness in- the elbow and knee was comparable in

ilitots ana refeience workers. The drivers of fork-lift trud<s and freight-con-
tainer tractors report more pain or stiffness in the elbow and knee, whereas
the tractor driveis show an increased prevalence of pain or stiffness of the
hip.

Table 3: Prevalerrce of symptons of the upper and lower extremities and the odds ratio
adjusted for age.

Study prevalence(n) prevalence (n) age adjusted
index group ieference group odds ratio [90% C{

Pain or stillnas of the ehow
Helicopter
Tractor
Lift-truck
(dremical company)
Lift truck/freight-
container tractors
Wheel-loaders

Pain or stilfnas ol ihe pols
Helicopter
Tractor

Pain or stiflflns ol he hip
Helicopter
Tractor
Lift-truck
(dremical company)
Lift truck/freight-
container tractors
Wheel-loaders

Pain or stiflness ol the knet
Helicopter
Tractor
Lift-truck
(chemical company)
Lift truck/freight-
csrtainer tractors
WheeFloaders

Pain or stillnqs of he ankle
Helicopter
Tractor

6.3* [2.1-18]0.8 [0.4-1.8]

4.2* 17.7-711
2.0* u.1-3.61

0.e 10.+7.n

0.9 [0.F1.7]
1.1 [0.7-1.8]
2.0 [0.7{.1]

2.9* 17.74.61

1.1 [0.12.6]

(1)

t%
4%
3%

3%

2%

3% (4)
7% (n)
6% (2)

9% (t2)
20% (8e)
23% ( 8)

37% (70)

29Yo (13)

3)
4)
1)

3)

i.o to.c3.e]

5.6* 12.2-1,41

7% (e) 1.% (3)
s% (20) 6% ( 6)

t4% (24)

9% (4)

9% (16)

e% (4)

8% (11) 2% ( 5)
rToh (731 9% (10)

14% (5) 0% (0)

rt%

6%

(11)

(3)

tt% (26)
78% (19)
14% ( 5)

19% (19)

?a% (14)

8% (11) 2% ( 5) s.2* [2.1-13]
6% (%) 7% ( 7) 0.9 10.+2.01

'p<0.05*p<0.01
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Table 4 shows an increased prevalence of numb or tingling sensations in
the.limbs $nglg the drivers of fork-lift trucks and freigh-t-co-ntainer tractors
3nd (ryq significantly) in the tractor drivers compared Io the reference wor-
kers. This is not observed in the drivers of wheelloaders. Numb or tingling
fingers are not more frequent in the drivers than in the reference work6rs. -

Table 4: Prevalence of numb or tingling sensations in the limbs and the odds ratio ad-justed for agel.

Study prevalence(n) prevalence (n) age adjusted
rndex group refercnce group odds ratio [90% CI]

Numb or tiryling leg
Tractor
Lift-truck
(demical company)
Lift truck/freight-
container tractors
Wheel-loaders

Numh or tingling arm
Tractor
Lift-truck

. (&emical company)
Lift tnrck,/freight-
container tractors
Wheel-loaders

Numb or tingling fingas
Tractor
Lift-truck
(chemical company)
Lift truck/freight-
container tractors
Wheel-loaders

15% (35) 5% ( s) 1.8
29% (10) L7% ( 4) 2.8

1.8
3.2

1.5

2L% (38)

e% (4)

9% (17)

9% (4)

L6% (29)

16S (n

(13) 1.9.

(11) 0.4

(5)
(4)

(7)

(4)

(12) l.s

(8) 1.1

[1.G3.2]
[0.]e.3I

[1.1-3.31

[0.1-1.U

[0.8-4.0]
l0.e-721

p.&2.n

t3%

22%

8% (3s)
17% ( 5)

tsYo (53) 7L% (11) 1.32t% (n 8% ( 3) 1.6

5%
lTYo

7Yo

8%

t2%

t6%

[0.84.0]
[0.15.2]

10.7-3.21

[0.4-3.1]

* p<0.05
1) Not asked in the helicopter study

Diseasa ol the ciranlatory sgstem.

Table 5 shows that no inoeased incidence of sick leave due to disease of
the circulatory system is observed in the crane operators and tractor dri-
vers. The incidence of long-term sick leave due to 

-varicose 
veins and hem-

orrhoids wls too small for separate analysis. The results of self-reported
symptoms of the circulatory system are not consistent (table 6). e rdmart-
able increase in -the pfeyalence of pain in the thoracic region was observed
in the drivers of fork-lift trucks and- freight-container trac[ors in comparisontg !lr" lefer-ence- group. The prevalence of treatment for hyperiension is
similar in the drivers and the reference workers. Helicopt6i pilots with
hypertension are not allowed to fly. This explains the very low (reported)
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prevalence in the helicopter pilots. Only the helicopter pilots show an in-
cr@se in prevalence of varicose veins (not significant). No increased preva-
lence of hemorrhoids is observed. The prevalence of hemorrhoids in the
drivers of wheelloaders is very low and considerably lower than in the
reference group.

Table 5: Incidence of long-term sick-leave (> 28 d.) due to disorders of the cirodatory
system and the incidence density ratio (IDR) adjusted for age.

Study index group reference group
incidence (n) incidene (n) IDR [90% b.i.]
per lm pyr per 100 pyr

Diseass ol lhe circulatory slston (ICD 3n459)
crane operators (steel) 0.9 (41) 0.9 (32) 0.9 [0.G1.4]
tractor drivers 1.5 (40) 1.3 (22) 1.0 [0.6-1.5]

Isdwaic heut diseasr UCD 410413)
Crane operators 0.2 (10) 0.1 ( 5) 1.3 [0.6-3.2]
Tractor drivers 0.8 (22) 0.8 (13) 0.9 [0.F1.6]

Hypertaaiw ilisases (ICD 401)
Crane operators 0.2 (10) 0.2
Tractor drivers 0.2 ( 5) 0.3

8) 1.0 10.*2.2)
5)

Varicose wins IICD 454)
Crane operators 0.02
Tractor drivers 0.3

Hemorhoids (ICD 455)
Crane operators O.Ot
Tractor drivers 0

1) 0.1
71 0.1

2)
1)

3)
0)

z) 0.10) 0
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Table 5: Prevalence of symptoms of cirorlatory system and the odds ratio adjusted for
age,

Study prevalence(n)
index group

prevalence (n) age adjusted
reference group odds ratio [90% CI]

Pain in thorocic rcgiur
Lift-truck
(demical company)
Lift truck/freight-
container tractors
Wheel-loaders

Truteil fur hypertension
Helicopter
Tractor
Lift-truck
(dremical company)
Lift trud</freight-
container tractors
Wheel-loaders

Hanonhoids
Helicopters
Tractor
Lift-truck
(chemical company)
Lift truck/freight-
container tractors
Wheel-loaders

Vaicaes
Helicopter
Tractor
Lift-trucl
(drcmical company)
Lift truck,/freight-
container tractors
Wheel-loaders

(4)

(32)

(1)

1,0% (19)

1,6% ( e)

6Yo (11)

s% ( 2')

(1)

( 3) 6.9* l2.V77l

(7)

[0.1-0.8]
[0.41.3]
[0.&10]

10.G2.21

[0.8-6.71

2% (2)
72% (51)
22% ( 8)

8% (17) 0.3
16% (16) 0.7
8% ( 3) 2.8

e% (10) 1.1

8% (4) 2.3

16% (36)
10% (10)
t5% ( 6)

76e6 @)
71% (48)
24Yo ( 9)

1.s% (29)

4% (2)

3%

3%

74%

71%

t7%

4%

(13)

(t2)

1.1 [0.C1.e]1.1 [0.G2.1]1.7 [0.65.0]

1.2 [0.G2.1]

0.1 [0.0il.s]

sYo ( 5)
6% (24)
3% (1)

72%

23%

2%
7%
3%

4%

8%

4)
7)
1)

2.e [1.Ge.o]0.8 lo.+1.71

4) 1.s [0.il.0]

4)

*p<0.01

Inguinal herniae and diseases of the goitouinary system

Table 7 and 8 present the data on incidence of long-term sick leave and
prevalence of symptoms of several disorders that may be related to driving
or flying helicopters. Although the numbers are rather small, it seems that
no increase in long-term sick leave due to any of these disorders occurs.
Only the tractor drivers show an increased prevalence of self reported
lreatment for inguinal hemiae (table 8). However, with increasing WBV
dose the age adiustd odds ratio for this disease (relative to the reference
workers) decreased. The other study groups do not show any increased
prevalence due to inguinal hernia or disorders of the genitourinary system.
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Table 7: Incidence of long-term sick-leave (> 28 d.) due to inguinal hemiae and diseases
of genitourinary system and the incidence density ratio (IDR) adjusted for age.

Study index group reference group
incidence (n) incidence (n) IDR [90% b.i.]
per 100 pyr per 100 pyr

Inguitul herniae (ICD 5fr,553)
Crane operators 0.2 (10)
Tractor drivers 0.2 ( 5)

Diseases ol gmitourirurg sgstem (ICD 580429)
crane operators (steel) 0.9 (40)
tractor drivers 0.8 (n)

C-akalus of kidneg and ureter (ICD 592)
Crane operators 0.1
Tractor drivers 0.2

Cystitis (ICD 5%)
Crane operators 0.02
Tractor drivers 0.3

Other disorders oJ urethra and uinary tract (ICD 599)
r.4 (18) 0.3
0 (0) 0

0.9 [0.&2.0]

0.9 [0.G1.4]
7.e [0.e-3.e]

0.4 [0.2-1.1]

1.3 10.7-2.5J

0.3 (10)
0.1 ( 1)

)
)

7)
1)

0)
1)

(32
(6

0.9
0.3

0.2
0.1

(1) 0
( 7) 0.1

(4)
(5)

Crane operators
Tractor drivers

Disorders ol prostate (ICD ffi-@2)
Crane operators 0.1
Tractor drivers 0.1

(10)
(0)

(s)
(4)

( 4) 0.2
( 3) 0.2

Table 8: Prevalence of symptoms due to inguinal hemiae and diseases of the genitouri-
nary system and the odds ratio adjusted for age.

Study prevalence(n) prevalence (n) age adjusted
index group reference group odds ratio [90% CI]

Inguirul herniation (truted)
Helicopter
Tractor
Lift-truck (dremical comp)
Lift truck,/freightcont tract
Wheel-loaders

Kidney ilisorilers (trated)
Helicopters
Tractor

Truteil lor prostateftladilo ilisoriler
Helicopter 0%
Tractor' 6%
Lift-truck (dremical comp) 0%
Lift truck/freightcont tract 3%
Wheel-loaders 4ot

(15) 1.0 10.+2.21
( 4) 2.6* U.1-6.31
(4)
(11) 0.9 t0.s1.81
(s)

(11) 0.7 10.2-2.21
( 4) 1.6 10.74.11

(7)
(10) 0.7 [0.]1.31
(0)
(z)
(3)

2%
6%

5% {7) 7%
8% (36) 4%
1r% ( 4) 11%
gYo (18) 70%
2% (1) 6%

(3) s%
('26) 4%

(0) 3%
(27) 10%
(0) 0%
(s) 2%
(2) 6%

'p<0.05
1) Different question asked: Do you have trouble with urinating
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Discussion and conclusion

In the literature only few data have been presented on the relationship be-
tween the disorders presented in this annex and driving of vehides oi ny-
ing _helicopters. The results do not permit strong condusions and are pii-
marily presented to add data to previously raised questions and to indicate
area's for further study.

Musanloskeletal disordqs other than back ilisordcrs

A considerable increase in disorders and symptoms of the musculoskeletal
sy.stem other than back disorders was observed in drivers and helicopter
pilots relative to the reference workers. However the results were not con-
sistent over all study groups. The increased prevalence of neck- and shoul-
der pain in helicopter pilots and drivers of fork-lift trucks and freight con-
tliner tractors is probably at least parily due to the ergonomic design of
the cabin and working conditions. The pilots also wear heary helmets with
head gear and sometimes wetsuites which may increase 

-the 
neck and

shoulder symptoms. The odds ratio for these diseases decreased in the
drivers of wheelloaders and fork-lift trucks after adjustment for additional
confounders (e.g. the self reported frequency of looking back). The vibra-
tions transmitted through the backrest may add to the load on the cervical
spine. In the drivers in the harbors the shocks in the fore-aft direction
transmitted through the backrest were considerable. The shocks in these
v_ehides may also add to the symptoms in elbow and knee among these
drivers. Also for thee complaints it is plausible that the ergonomic lay out
of the cabin has a large influence on the prevalence of these health effects.
In the tracbor drivers and the helicopter pilots an increased prevalence of
pain or -stiffness in th9 hip was reported. Axmacher (1989)- reported an
increased prevalence of cox-arthrosis in tractor drivers. The long-1srm sick
leave in the tractor drivers for the diagnose category induding this diag-
nosis was also slightly elevated in the tractor drivers. In addition seidEl
and Heide (1986) cite a study by Korhonen et al. that also reported more
symptoms of the hip in tractor drivers. The harbour drivers do not show
an increased prevalence of symptoms of the hip. No obvious explanation
for-this inconsistency is available. The relation between disorders oI the hip
and tractor driving needs further study.

Disease of the circuhtory systefi

In the study of Gruber (1974) the data tentatively suggest a relation be-
tween the working conditions of bus drivers and the occurrence of varicose
veins and hemorrhoids. In the 1977 stttdy Gruber observed more hemor-
rhoids in truck drivers compared to bus drivers. several studies report an
increased prevalence of ischemic heart disease in drivers of publiC trans-
port, which is primarily investigated in connection with the mental load of
these -drivers. The present results do not seem to support any of the sug-
ge9led relationships. We do not have a plausible explanation-fqr the high
odds ratio for pain in the thoracic region in the drivers of fork-lift trucks
and freight container tractors. Laboratory subjects exposed to very high
levels of vibration (shocks) reported pain in the thoracii region (vtagid and
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Coermann 1960). However it is very speculative to assume a similar effect
due to the levels of vibration measued in the harbour vehicles. The explo-
rative data of the present studies do not support a relationship between
driving and hemorrhoids or varicose veins.

Inguinal herniae anil iliserces of the gaitourinary system

Gruber {79771 repoted an increased prevalence of inguinal hernia in dri-
vers. In the tractor drivers this relation was also observed. The odds ratio
however decreased with increasing vibration dose. Therefore, all data com-
bined do not suggest a rclation between WBV-exposure and this disorder.
No increased prevalence in the other study gfoups occurred. Prostatitis is
sometimes called 'jeep drivers disease'. Milby and Spar (7974) reported
more health insurance daims due to disease of prostate among heavy e-
quipment operators. Although the numbers are small, the resulLs of the
present stud-ies do not support a relation between driving and prostatitis.
The popular believe that exposure to vibration and shocks is related to
kidney trouble is also not supported by the explorative data of the present
studies.
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