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Forord

Dansk Selskab for Arbejds- og Miljgmedicin (DASAM) har i december 2004 etableret en videnskabelig ko-
mité, som har til opgave lgbende at formidle udbud med henblik pa udarbejdelse af opdateret videnskabelig
dokumentation vedrgrende arbejdsbetingede sygdomstilstande samt foresta redigeringsprocessen af det vi-
denskabelige dokument.

Komiteens oprettelse var foranlediget af, at Arbejdsskadestyrelsen har gnsket en reekke referencedokumenter
om det videnskabelige grundlag for at antage, at serlige arbejdsmaessige pavirkninger kan veere arsag til be-
stemte sygdomme. Komiteen star til radighed for andre rekvirenter af lignende referencedokumenter.
Komité-medlemmer blev udpeget af DASAM efter indkaldelse af forslag ved offentligt opslag.

Komiteen bestar af

Overlege, dr. med. Sigurd Mikkelsen, Arbejdsmedicinsk Klinik, Glostrup (formand).
Overlege, ph.d. Johan Hviid Andersen, Arbejdsmedicinsk Klinik, Herning

Overlzge, ph.d. Henrik Kolstad, Arbejdsmedicinsk Klinik, Arhus Sygehus.

Forskningschef, dr.med. Jgrgen H. Olsen, Kraeftens Bekempelse,

Professor, overlege ph.d. Staffan Skerfving, Institutionen for yrkes- och miljomedicin, Lund,
Reservelzge ph.d. Susanne Wulff Svendsen, Psykiatrisk Hospital i Arhus.

De fgrste opgaver har varet udbudt per e-mail og over internettet til relevante forskningsinstitutioner i
Norden, og komiteen har blandt kvalificerede ansggere udvalgt den bedst kvalificerede til at lgse opgaven.

Det foreliggende referencedokument er nummer 3 af de udbudte opgaver. Det vedrgrer spgrgsmalet om det
videnskabelige grundlag for at antage, at tungt Igftearbejde, trappegang/stigegang og knzliggende/hugsid-
dende arbejde i kombination med tunge 1gft kan forarsage slidgigt i hofter og knz. Opgavens indhold har
varet beskrevet af Arbejdsskadestyrelsen, der har finansieret udarbejdelsen af dokumentet.

Graden af evidens for en arsagsmassig sammenheng er rubriceret efter en standard, som DASAM’s viden-
skabelig komite har udarbejdet pa baggrund af internationale standarder. Den anvendte standard er vist i
Appendix 1.

Opgaven er lgst af Overlege ph.d. Lilli Kirkeskov Jensen, Arbejdsmedicinsk Klinik, Sygehus Viborg.
Opgaven har varet uathengigt bedgmt af to sarligt sagkyndige reviewere, professor David Coggon,
Southampton MRC Environmental Epidemiology Unit, Southampton General Hospital, England og Over-
leege dr.med. Stig Sonne-Holm, Ortopadkirurgisk Afdeling, Hvidovre Hospital, og der er herudover ind-
hentet skriftlige bemerkninger fra komiteens medlemmer. Dokumentet er efterfglgende gennemgaet og
drgftet pa et heldags-mg@de med reviewerne, komiteen og forfatteren. Sluttelig har forfatteren revideret
referencedokumentet i forhold til de fremkomne bemarkninger.

Komiteen kan tiltrede dokumentets konklusioner og de premisser, der ligger til grund herfor. Komiteen har
fundet anledning til at fremsatte en s@rskilt kommentar om vurderingen af graden af evidens for en
arsagsmessig sammenhaeng mellem tungt lgftearbejde og slidgigt i hofter.

Kgbenhavn januar 2006

Sigurd Mikkelsen
Formand for DASAM’s Videnskabelige Komite.



Komiteens bemarkninger vedrgrende graden af evidens for en arsagsmaessig
sammenhang mellem hofteartrose og tungt lgftearbejde

Komiteen gnsker i princippet et eksplicit valg mellem de forskellige grader af evidens, men er for den
konkrete sammenheng mellem lgftearbejde og hofteartrose af den opfattelse, at evidensen bedst beskrives
som “moderat’ til *staerk’.

Komiteen finder, at der meget konsistent og i mange studier er pavist en positiv sammenhang mellem
hofteartrose og belastninger med tungt lgftearbejde, ligesom der i nogle studier er pavist en sammenhang
mellem graden af tungt Igftearbejde og risikoen for hofteartrose (eksponerings-respons sammenhang). Disse
forhold peger pa en grad af evidens for en arsagsmassig sammenhang, der er sterkere end blot “moderat’.

Der er imidlertid for de enkelte studier nogle svagheder, der selv om de er noget forskellige, trekker fra i den
samlede vurdering af graden af evidens for en arsagsmassig sammenhzang. Der er endvidere efter komiteens
opfattelse en lidt for sparsom og usikker dokumentation af, hvordan risikoen for hofteartrose stiger med
stigende grad af tungt lgftearbejde. Disse forhold indebzrer, at det er vanskeligt at beskrive graden af
evidens for en arsagsmassig sammenhang som ’sterk’.

Komiteen finder derfor, at evidensen for en arsagsmessig sammenhang mellem tungt lgftearbejde og

hofteartrose bedst beskrives som 'moderat’ til *staerk’.

Sigurd Mikkelsen
Formand for DASAM’s Videnskabelige Komite
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Resumé

Slidgigt (artrose i hofter og kne, hofteartrose, knaartrose) er karakteriseret ved rgntgenforandringer samt
smerter og stivhed primert ved bevegelse, og siden ogsa nar man sidder stille og om natten. Hofte- og
knzartrose er meget almindelige i befolkningen, knaartrose hyppigere end hofteartrose med en samlet
forekomst (prevalens) pa mellem 0.5 og 6% for symptomgivende artrose (rgntgenforandringer og smerter de
fleste dage). 1 2004 blev der i Danmark foretaget omkring 4.500 operationer med indsattelse af kunstige kna
og 6000 operationer med indsettelse af kunstige hofter. Andelen af personer med artrose vil stige over de
naste artier, 1 takt med at befolkningen bliver @ldre.

Formalet med denne litteraturgennemgang har varet at vurdere betydningen af pavirkningerne: Tungt
Igftearbejde, knzliggende/hugsiddende arbejde i kombination med tunge Igft og trappegang/stigegang i
relation til slidgigt i hofter og kna. Der er tillige foretaget en gennemgang af konkurrerende sygdomsérsager.
Opgavens indhold og afgrensninger er beskrevet af Arbejdsskadestyrelsen, der har finansieret udarbejdelsen
af dokumentet.

Der er foretaget en litteratursggning i relevante databaser: Medline, Embase, HSE-line og NIOSHtic, og
undersggelser vedrgrende sammenhang mellem arbejdsbetingede belastninger samt kna- og hofteartrose
blev identificeret ved anvendelse af fglgende sggekriterier: [Hip and (osteoarthritis or osteoarthrosis) and
(work or occupation)] and [knee and (osteoarthritis or osteoarthrosis) and (work or occupation)]. Fglgende
inklusionskriterier blev anvendt: 1) et af formalene med studiet var at undersgge sammenhzangen mellem
hofte- eller knaartrose og de arbejdsbetingede belastninger: tungt Igftearbejde, kneliggende/hugsiddende
arbejde i kombination med tunge 1gft og trappegang/stigegang; 2) litteraturen var publiceret pa engelsk, tysk,
dansk, svensk eller norsk); 3) det var en fuld-tekst artikel; 4) de undersggte havde a) faet pavist hofte- eller
knzartrose ved rgntgenundersggelse; b) en diagnose-kode efter international sygdomsklassifikation (ICD 8
eller ICD 10), der angav at der var tale om knz- eller hofteartrose; c) de havde féaet foretaget en operation
med indsettelse af et kunstigt hofte- eller knaeled; eller d) var pa venteliste til en af disse operationer; 5)
undersggelsen havde et kontrolleret design.

Graden af evidens for en arsagsmessig sammenhaeng mellem hofte- og knezartrose og de anfgrte belastnin-
ger blev vurderet efter en standard, som DASAM’s (Dansk Selskab for Arbejds- og Miljgmedicin’s) viden-
skabelige komite har udarbejdet (se Appendiks I). Graden af evidens er opdelt i 5 kategorier:

Steerk evidens for en arsagsmessig sammenhaeng (+++)

Moderat evidens for en arsagsmessig sammenhang (++)

Begraenset evidens for en arsagsmaessig sammenhang (+)
Utilstreekkelig evidens for en arsagsmaessig sammenhang (0)
Evidensen tyder pa, at der ikke er nogen arsagsmeassig sammenhang (-)

PN

Kriterierne for evidensgraden beror primeert pa hvor sandsynligt det er, at resultaterne samlet set kan forkla-
res ved tilfeldigheder eller systematiske fejl i studierne, og at eventuelle positive sammenh@nge derfor ikke
skal tolkes som arsagssammenhange.

"Steerk evidens’ udtrykker saledes, at det anses som meget sandsynligt, at undersggelsesresultaterne samlet
set er udtryk for en arsagsmassige sammenhang. Det skal bemzrkes, at denne grad ikke indebzrer, at det er
havet over enhver tvivl, at sammenhangene kan forklares pa en anden made, - det anses blot som meget lidt
sandsynligt.

"Moderat evidens’ betyder, at de paviste sammenhange peger pa en arsagsmeassig sammenheng, idet resul-
taterne ikke umiddelbart ser ud til at kunne forklares ved svagheder i studierne, En sammenhang er dog
mindre veldokumenteret end ved ’sterk evidens’.

"Begraenset evidens’ betyder, at de paviste sammenhange meget vel kan forklares ved svagheder i studierne.
"Utilstrekkelig evidens’ betyder, at der ikke foreligger tilstrakkelige data til at vurdere, om der kan vare en
arsagsmessig sammenhang.



Hofteartrose

I alt 14 undersggelser beskrev sammenhangen mellem hofteartrose og tunge lgft, 14 undersggelser omhand-
lede hofteartrose blandt landmend og 6 blandt bygge-anlaegsarbejdere, (begge erhverv, der indebarer tunge
lgft). I alt 13 af de 14 undersggelser vedrgrende tunge lgft viste en positiv sammenhaeng, og i 11 af undersg-
gelserne var der en statistisk sikker forhgjelse af risikoen med en odds ratio (OR), der svarer til at risikoen
var mindst fordoblet. I 8 undersggelser sammenlignede man ’lav’ med "hgj’ belastning, og i 6 undersggelser
anvendtes antal Igftede kilo. Flere af undersggelserne peger pa en sammenhang mellem eksponeringens
stgrrelse og risikoen for hofteartrose, saledes at risikoen stiger med stigende grad af tungt 1gftearbejde. Der
er imidlertid ikke tilstreekkelige data til en mere pracis belysning af tungt Igftearbejde ud fra kombinationen
af hyppighed af 1gft (antal gange per dag), varigheden af 1gft (ar) og lgftede vegte (kg). De foreliggende un-
dersggelser peger pa, at der skal vere tale om lgft af vaegte pa mindst 10-20 kg i mindst 10-20 ar fgr der er
en klart gget risiko for hofteartrose. Det er ikke muligt at definere et tilsvarende mindste-niveau for hyppig-
heden af sadanne 1gft.

Der fandtes ogsa en sammenhang mellem det at arbejde som landmand og udvikling af hofteartrose, iser for
arbejde mere end 10 ar, hvor risikoen ligeledes er mindst fordoblet. Blandt andre erhvervsgrupper fandtes til-
lige en gget risiko for hofteartrose, herunder for bygge-anlegsarbejdere, men sammenhangen er i disse un-
dersggelser ikke lige sa steerk. Den ggede risiko for hofteartrose blandt landmand og byggearbejdere kan tol-
kes som en stgtte til antagelsen om, at tungt lgftearbejde indebarer en gget risiko for hofteartrose, fordi tunge
1gft ofte forekommer i disse erhverv, men overrisikoen i disse erhverv kan maske ogsa skyldes andre ukendte
forhold.

Det er en potentiel svaghed ved flere af undersggelserne, at oplysningerne om belastningsgraden er indhentet
ved interview eller spgrgeskema efter at diagnosen er konstateret. Dette kan pavirke svarene og muligvis
skabe falsk positive sammenhange mellem belastningsgraden og risikoen for hofteartrose. For undersggelser
baseret pa sundhedsveasenets registrering af hofteartrose kan der vaere en potentiel svaghed ved, at personer
der udvikler hofteartrose far flere smerter, hvis de har tungt lgftearbejde, og derfor hyppigere sgger hjelp i
sundhedsvasenet end personer med lettere arbejde. Omvendt er diagnosen i flere studier baseret pa metoder
eller kriterier, som i dag ikke anses som optimale. Sddanne ungjagtigheder vil fa en reel sammenhang mel-
lem tungt lgftearbejde og hofteartrose til at se svagere ud end den faktisk er (hvis den er der).

Ud fra en samlet vurdering er der en ganske sterk grad af evidens for en arsagsmassig sammenhzng mellem
tungt lgftearbejde og hofteartrose, men der er som anfgrt visse metodemassige svagheder, der kan indebzere
skeevheder i resultaterne. Evidensen for en arsagsmassig sammenhzangen kan derfor knapt nok betegnes som
“steerk” men den er mere end “moderat’ og vurderes derfor som moderat til steerk (++(+)).

For kvinder er der pavist en lignende sammenhang, men evidensen er betydeligt mindre. Traditionelt har
kvinder ikke varet beskaftiget i stgrre omfang i erhverv med tunge 1gft. De fleste undersggelser inkluderede
fa kvinder, iser i de udsatte grupper med meget lgftearbejde, hvilket kan vaere medvirkende til de negative
resultater. Den utilstraekkelige evidens for en arsagssammenhang mellem tungt lgftearbejde og hofteartrose
beror saledes pa, at problemstillingen er utilstreekkeligt undersggt (og maske irrelevant). Der er ikke grund-
lag for at tro, at kvinder har lavere risiko for at udvikle hofteartrose end mend, safremt de er udsat for en
tilsvarende belastning.

Der var 5 undersggelser, der beskrev en evt. sammenhang mellem udvikling af hofteartrose og stige eller
trappegang. Undersggelserne var hovedsagelig foretaget blandt personer, der enten var opereret eller ventede
pa en operation. Resultaterne var inkonsistente, og den mest velgennemfgrte undersggelse (hvor der var fore-
taget rgntgenundersggelse) viste ikke signifikante resultater. Der er derfor utilstrekkelig evidens til at vurde-
re, om der er en arsagsmessig sammenhang mellem hofteartrose og stige/trappegang.

Der fandtes ingen undersggelser, der beskrev en evt. sammenhang mellem tunge lgft og kneliggende/ hug-
siddende arbejde og udvikling af hofteartrose. Der er séledes ingen dokumentation for en sammenhang ud
over den, der foreligger for belastningen af tunge lgft i sig selv.



Andre risikofaktorer i relation til udvikling af hofteartrose omfatter arv (generaliseret artrose), overvagt, iser
betydelig overvagt (Body Mass Index >30), tidligere hofte-traumer, elite sports aktiviteter (Igb og evt.
fodbold), medfgdt hofteluksation, og visse andre hoftesygdomme (Legg-Calve-Perthe’s sygdom, og
epifysiolyse).

Der er ingen undersggelser, der beskriver prognosen for hofteartrose i forbindelse med tunge lgft, hvad enten
det er i kombination med knaliggende/hugsiddende arbejde eller ved stige/trappegang. Erfaringsmassigt
medfgrer ledbelastninger ggede symptomer ved artrose og dermed i praksis en darligere prognose med hen-
syn til arbejde og funktion. Hvis belastningerne har et niveau, der indeberer risiko for udvikling af hoftear-
trose, ma man forvente, at den samme belastning ogsé indebarer en darligere prognose for sygdommen som
sadan.

Knaartrose

I alt 16 undersggelser omfattede sammenha@ngen mellem tunge 1gft og knaartrose, hertil kom 11 undersg-
gelser, der omhandlede erhverv, hvori der indgik arbejde med tunge loft og evt. knzliggende/hugsiddende
arbejdsstillinger. Alle studierne vedrgrende tunge 1gft viste en positiv sammenha&ng, men der var kun signi-
fikante forskelle i 7 af de 16 undersggelser med en odds ratio (OR) mellem 1.4-7.3. 19 undersggelser sam-
menlignede man ’lav’ med "hgj’ belastning og i 7 studier anvendtes lgftet mengde i kg. Der synes at vare
en tendens til eksponerings-respons-sammenhzang mellem belastning og udvikling af knaartrose, saledes at
risikoen stiger med stigende grad af tungt Igftearbejde. Ligesom for hofteartrose er der imidlertid ikke til-
streekkelige data til en n@rmere belysning af betydningen af kombinationen af hyppigheden af Igft (antal
gange per dag), varigheden af lgftearbejdet (ar) og vaegten af det enkelte 1gft (kg). De foreliggende under-
sggelser peger som for hofteartrose pa, at der skal vaere tale om 1gft af veegte pa mindst 10-20 kg i mindst 10-
20 ar fgr der er en gget risiko for knzartrose. Det er ikke muligt at definere et tilsvarende mindste-niveau for
hyppigheden af sadanne 1gft.

Der fandtes ogsa en sammenhang mellem at arbejde som minearbejder (2 undersggelser), som gulvlegger
(to undersggelser), og som bygge-anlagsarbejder (4 undersggelser). Den ggede risiko for knaartrose blandt
disse minearbejdere og byggearbejdere kan tolkes som en stgtte til antagelsen om, at tungt lgftearbejde inde-
barer en gget risiko for knaartrose, fordi tunge 1gft ofte forekommer i disse erhverv, men det er muligt at
andre forhold end tunge 1¢ft kan spille en rolle i disse undersggelser, hvor man bruger job-kategorien som
belastningsmal.

Ud fra en samlet vurdering forekommer det mindre sandsynligt, men ikke usandsynligt, at de paviste sam-
menhange mellem tungt lgftearbejde og knaartrose kan forklares kan forklares som et tilfaeldigt resultat
eller som et resultat, der skyldes metodemassige problemer. Evidensen for en arsagssammenhzng mellem
tungt lgftearbejde og knaartrose vurderes derfor som moderat. (++).

Problemstillingen for kvinder er fuldstendig den samme med hensyn til knaeartrose som for hofteartrose (se
ovenfor).

I 4 undersggelser indgik kombineret belastning med tunge lgft og knzliggende/hugsiddende arbejde. I alle
disse undersggelser fandtes en sterkere sammenhang mellem knaartrose og belastning end i undersggelser,
hvor belastningen kun var udtryk for tunge Igft uden knaliggende/hugsiddende arbejde. Der foreligger dog
ingen undersg@gelser, der har inkluderet vaegt af det enkelte lgft, frekvens af 1gft, varighed af lgftearbejdet
eller andelen af knaliggende arbejde (pr dag eller antal ar). Der foreligger ingen undersggelser, der beskriver
en evt. eksponerings-respons-sammenhzang. Det er saledes muligt, at tungt Igftearbejde i forbindelse med
knzliggende/hugsiddende arbejde udggr en stgrre risiko for udvikling af kn®artrose end tungt lgftearbejde
uden kneliggende/hugsiddende arbejde, men der er ikke sikre holdepunkter for dette. Evidensen for, at tungt
lgftearbejde kombineret med knaliggende/hugsiddende arbejde udggr en risiko for udvikling af knaartrose
vurderes derfor ikke som anderledes end for tungt lgftearbejde alene, det vil sige som moderat evidens for en
arsagssammenhang.



I alle 4 undersggelser, der omhandlede knaartrose og arbejde med stige/trappegang fandtes en positiv sam-
menhang med en OR varierende mellem 1.2 og 6.1. I 3 af undersggelserne var resultaterne signifikante for
bade mand og kvinder. Eksponeringen varierede fra undersggelse til undersggelse og i ingen af undersggel-
serne blev evt. eksponerings-respons-sammenhang undersggt. Evidensen for en arsagsmassig sammenhang
mellem knaartrose og stige/trappegang vurderes derfor som begranset.

Andre risikofaktorer i relation til udvikling af knaartrose omfatter arv (generaliseret artrose), overvaegt, iser
massiv overvaegt (Body Mass Index >30), tidligere alvorligere knatraumer, og elite sports-aktiviteter (Igb og
fodbold).

I enkelte undersggelser er forskellige faktorers betydning for prognosen for knzartrose beskrevet. Risikoen
for forsnavret ledspalte/brusktab gges ved hgj body mass index (BMI), generaliseret artrose (slidgigt i flere
led), fund af Heberden’s knuder, daglig brug af smertestillende medicin, og tidligere udtgmning af ledvaske.
Der er ingen undersggelser, der beskriver prognosen for kneartrose i forbindelse med tunge 1gft, hvad enten
det er i kombination med knaliggende/hugsiddende arbejde eller ved stige/trappegang. Erfaringsmassigt
medfgrer ledbelastninger ggede symptomer ved artrose og dermed i praksis en darligere prognose med hen-
syn til arbejde og funktion. Pavist artrose forsvinder n&ppe igen, men symptomerne kan aftage safremt man
nedsatter belastningerne.

Samlet vurdering

Den samlede vurdering af graden af evidens for en sammenh@ng mellem hofte- og knaartrose ved tungt
lgftearbejde, ved tungt lgftearbejde kombineret med knzliggende/hugsiddende arbejde, og ved stige/trappe-
gang fremgér af ovenstaende og af Tabel A.

Tabel A. Graden af evidens for en arsagsmassig sammenhaeng mellem hofte- og knzartrose og tungt lgfte-
arbejde, tungt lgftearbejde kombineret med knzliggende/hugsiddende arbejde og ved stige/trappegang.*

Belastning Hofteartrose Kneaartrose
Tungt lgftearbejde ++(+) ++

Tunge 1gft og 0** ++
kneliggende/hugsiddende

Stige/trappegang 0 +

* evalueringen er baseret pa litteraturen, der er angivet i Tabel 2-9.
** der er ingen information om risikoen ved denne kombination af belastninger

Der er en moderat til steerk evidens for en arsagsmassig sammenhang mellem tungt lgftearbejde og udvik-
ling af hofteartrose. Flere studier peger pa en stigende risiko for hofteartrose med graden af tungt 1gftearbe;j-
de. Der er imidlertid ikke tilstrekkelige data om kombinationen af hyppighed (antal gange per dag), varighe-
den (antal ar) og lgftede vaegte (kg) til fuldt ud at karakterisere eksponerings-respons relationen. Med hensyn
til de enkelte elementer ser det ud til, at vegte skal overstige 10-20 kg og varigheden skal vare mindst 10-20
ar fgr der er en klart forgget risiko (hvis der reelt er en sadan risiko ved tungt lgftearbejde). Det er ikke mu-
ligt at angive et tilsvarende niveau for hyppigheden af daglige 1gft. For landmand ser risikoen for hofteartro-
se ud til at veere fordoblet efter 10 ars arbejde i landbruget, muligvis pa grund af lgftearbejde og, tungt fysisk
arbejde, men dette er usikkert.

Hyvis lidelsen accepteres som en erhvervssygdom vil det vaere ngdvendigt at etablere kriterier for anerkendel-
se/afvisning af, at lidelsen er arbejdsbetinget for den enkelte person. For den enkelte person ma man i sa fald
antage, at sandsynligheden for at lidelsen er arbejdsbetinget gges med stigende grad af tungt Igftearbejde.
Der er imidlertid ikke en fast evidensbaseret definition af, hvad man skal forsta ved "tungt lgftearbejde’ som
risikofaktor for hofteartrose ud over, at det inkluderer de kombinerede aspekter af vegten af lgftede byrder,
hyppigheden af Igft og varigheden af lgftearbejdet. I arbejdsskade-sammenhang ma begrebet *tungt 1gfte-
arbejde’ derfor defineres administrativt/politisk.




10

Der er ingen information om hvorvidt risikoen for hofteartrose ved tungt lgftearbejde er endret, hvis der
samtidigt forekommer kneliggende/hugsiddende arbejde.
Der er utilstraekkelig evidens til at vurdere om hofteartrose kan forarsages af stige/trappegang.

Der er moderat evidens for en arsagsmassig sammenhang mellem tungt lgftearbejde og udvikling af knze-
artrose. Der er ikke sikre holdepunkter for, at denne sammenhang er anderledes, hvis tungt lgftearbejde
foregar i kombination med knaliggende/hugsiddende arbejde.

Der findes begraenset evidens for, at kneartrose kan forarsages af stige/trappegang.
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Summary

Osteoarthritis (OA) of the hip and knee includes degenerative changes of the knee and hip joint characterised
by radiographic changes, stiffness upon movement, and pain. The conditions are common in the general
population, knee OA being more common than hip OA. The purpose of the study was to evaluate the
evidence for an association between hip and knee OA and exposure to heavy lifting, heavy lifting combined
with kneeling or squatting, and climbing stairs or ladders.

The relevant literature was searched in Medline, Embase, HSE-line and NIOSHetic, studies on the relation-
ship between work load and hip and knee OA being identified by using the following keywords: [Hip and
(osteoarthritis or osteoarthrosis) and (work or occupation)] and [knee and (osteoarthritis or osteoarthrosis)
and (work or occupation)].

For hip OA a total of 14 studies on the relationship between heavy lifting, 14 studies on farming, 6 on
construction work, and 5 studies on climbing on stairs or ladders were included in this review. Overall
moderate-strong evidence was found for men for a causal association between heavy lifting and hip OA.
There are not enough data on the combination of frequency (times/day), duration (years) and lifted weights
(kg) to characterise fully the exposure response relation. It seems that weights should be at least 10-20 kg,
and the duration at least 10-20 years to give a clearly increased risk of hip OA. It is not possible to define a
corresponding threshold for frequency of lifting.

There was also moderate-strong evidence for a causal association between hip OA and farming. The excess
of risk for farming >10 years was at least doubled. Among construction workers the risk for hip OA was
increased too, but less consistently. All the studies revealed more significant results for men than for women.
One of the explanations for this may be that many of the studies had too few female participants. In general,
women do not have work-tasks with the same degree of physically heavy work-loads in their occupations as
men do, and they traditionally work in different trades. It is not easy, therefore, to recruit a sufficient quantity
of women with high exposure into the studies. The most plausible conclusion is that women are as
susceptible to heavy work loads as men and that their risk of getting hip OA are equal to men if they have the
same exposure.

Insufficient evidence was found for a causal association between hip OA and climbing stairs or ladders. No
information were found for this review dealing with an association between heavy lifting combined with
kneeling/squatting, and the evidence for an association is unchanged in relation to heavy lifting alone.

Other risk factors for developing hip OA include inheritance (polyarticular OA), obesity (BMI>30), previous
hip injuries, elite sports activities (running and soccer), congenital dislocation, and other hip disorders (Legg-
Calve-Perthe’s disease, and slipped femoral capital epiphysis).

Sixteen studies on the relationship between heavy lifting, and 11 studies on occupations with heavy lifting
and kneeling/squatting, 4 studies on kneeling/squatting combined with heavy lifting, and 4 studies on clim-
bing stairs or ladders, were included in relation to knee OA. The 16 studies dealing with the associations
between knee OA and heavy lifting revealed a positive association between knee OA and heavy lifting
compared to no/low exposure, but only 7 studies reported a significant association with odds ratios ranging
between 1.4 and 7.3. Studies among workers from the construction industry support the results of the studies
on heavy lifting. Four of the studies included results of combined exposure to ‘heavy lifting and kneeling’.
For all these studies, the association between ‘heavy lifting and kneeling’ for men showed a stronger
association compared to exposure to ‘heavy lifting’ alone with an excess of risk that was at least doubled. All
the studies revealed more significant results for men than for women. The numbers of women in occupations
which had heavy work loads have been few in many of the studies, probably one of the reasons for the non
significant results. In general, women do not have work-tasks with the same degree of physically heavy
work-loads in their occupations as men do, and they traditionally work in other trades. The most plausible
conclusions are that women are at least as susceptible to lifting heavy work loads as men and that the risk of
getting knee OA is equal to men if they have the same exposure.

In all four studies on the association between knee OA and climbing stairs or ladders, there was a positive
association, with OR ranging between 1.2 and 6.1. No dose-response relationship has been investigated.



12

Overall, moderate evidence for a causal association between frequent lifting and knee OA was found for
men. For the combination of kneeling/squatting and heavy lifting, the association seemed stronger than for
kneeling/squatting or heavy lifting alone, but only few studies were found on this relationship. Therefore the
degree of evidence for a causal association was considered as moderate also for this combined exposure. The
evidence of a causal association between knee OA and climbing stairs or ladders is considered to be limited.
Other factors which increase the risk of developing knee OA are inheritance (polyarticular OA), obesity
(BMI>30), previous major knee injuries, and elite sports activities (running and soccer).
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Introduction

Osteoarthritis can be characterized as severe localized damage to joint cartilage and underlying subchondral
bone. When it is extensive, this loss is visible on radiographs as joint-space narrowing, bone changes with
increased sclerosis of the underlying bone, osteophyte formation and occasional subchondral cysts.
Osteoarthritis (OA) is one of the most common joint disorders in the world and is a major source of disability
in developed countries. OA is common in the knee and hip and OA is the most common reason for total hip
and knee replacement. In Denmark in 2004, 4.500 total knee replacements and 6.000 total hip replacements
were carried out . The proportion of people with osteoarthritis (OA) increase over the next decades as the
population ages.

Kellgren and Lawrence have found radiographic hip OA in 16% of men and 6% of women'” aged 55-74
years. In a population survey “NHANES I'’, the overall prevalence estimates for radiological hip OA for
adults aged 25-74 years are 1.3%. For persons with moderate and severe radiological hip OA, the estimates
are 0.5%°. Data suggest that symptomatic hip OA (pain on most days plus positive radiological findings)
occurs in approximately 0.7-4.4% of all adults® and in 5% aged 65 years or older®. The age- and gender-
standardized incidence rate of clinical symptomatic hip OA was in United States calculated to 88 per
100.000 person-years’.

The prevalence of knee OA increases with age from negligible in those aged 25-34 years to 20-40% in those
aged 75 or older®. In a population survey “NHANES I’, the overall prevalence estimates for radiological
knee OA for adults aged 25-74 years are 3.8%. For persons with moderate and severe radiological OA, the
estimates are 0.9% °. Studies from Europe have shown prevalences of knee OA grade 2-4 ranging from 12 to
22% and grade 3-4 from 3 to 9% ®. In general, there are wide geographical differences in the prevalence of
knee OA. Race influences the rate of OA: the prevalence is lowest in Asians, followed by black Africans,
and it is highest in white Europeans’. For subjects age 25-40 years reporting symptomatic knee pain, only
2% had radiographic changes'®. Among subject with knee OA grade >2, only 47% reported knee pain. Data
suggest that symptomatic knee OA (pain on most days plus positive radiological findings) occurs in
approximately 6% of adults age 30 or more >~ and in approximately 10% aged 55 years or more''. The age-
and gender-standardized incidence rate of clinical symptomatic knee OA in the United States was 240 per
100.000 person-years'.

This review focuses on epidemiological studies which have investigated the association between hip and
knee OA and an exposure to heavy lifting, climbing stairs or ladders and exposure to heavy lifting combined
with kneeling or squatting. Many occupations involve heavy lifting. Therefore, studies on the relationship
between such occupations and hip and knee OA are also considered. The association between kneeling or
squatting and knee OA has not been included in this review.

Methods

The relevant studies were identified through searches in the following literature databases: Medline (1966-
June 2005), NIOSH-tic (1990-June 2005), Embase and HSEline (1990-June 2005). The following keywords
were used: [Hip and (osteoarthritis or osteoarthrosis) and (work or occupation)] and [knee and (osteoarthritis
or osteoarthrosis) and (work or occupation)]. Further relevant literature was found by screening the reference
lists of all relevant articles identified. In addition, the search included all relevant reviews of work-related
osteoarthritis in the hip or knee, and these reviews were checked for further relevant material.

All the abstracts were reviewed, and relevant articles were retrieved. A study was selected for a more
detailed review if it fulfilled the following criteria: 1) one of the aims of the study was to investigate an
association between hip OA or knee OA and the physical demands ‘heavy lifting, heavy lifting combined
with kneeling/squatting , or climbing stairs or working on ladders’; 2) the literature was published in English,

! Reported to the Central Register for Arthoplasty (Personal communication Orthopaedic department Viborg hospital)
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German or one of the Scandinavian languages (Danish, Swedish, or Norwegian); 3) it was a full text article;
4) the subjects studied had a) radiological verified hip or knee OA; b) a diagnostic code (ICD 8 or ICD 10)
for knee or hip OA); c) had a total hip or knee replacement or d) were on a waiting list for a hip or knee
replacement; 5) the study had a controlled design.

The strengths and the weaknesses of the studies were evaluated and the following aspects were included in
the evaluation: design and material (description of: inclusion/exclusion criteria; size of study group;
participation rates; and healthy worker effect); potential confounders or modifiers (e.g. age, weight and BMI,
sports activities, and earlier traumas); measurement of outcome (clinical and paraclinical examination
methods, blinded assessments); measurement of exposure (qualitative/quantitative; observation methods);and
data presentation and statistical analysis.

Identification and selection of the epidemiological literature

Hip osteoarthritis

The electronic search in Medline, Embase, HSEline and NIOSHtic retrieved 381 references dealing with hip
OA. Some of the references were duplicates, and some of the articles were reported in all of the databases
leaving a total of 261 references. 4 reviews dealt with hip OA'*", 8 with both knee and hip OA**!®**_ and
one dealt only with hip OA in farmers>. All of these publications were used to extract data for this review.
Of the 261 references, there were 14 epidemiological studies with a controlled design which investigated an
association between hip OA and heavy lifting**>*; 14 studies on hip OA and occupations involving heavy
lifting as farmers ***°333363%45 a4 6 on construction workers®*>¥?733%41. 5 studies investigated the
relationship between hip OA and climbing stairs or working on ladders>***%*"%; and no study dealt with hip
OA and heavy lifting combined with kneeling/squatting. For some of the studies, there was more than one
publication®*'?**¢ _Some of the studies dealt with more than one physical demand and more than one
outcome; for example, “knee and hip OA caused by heavy lifting, kneeling/squatting or climbing flights of
stairs’’ and a study can therefore be cited as a reference more than once.

Knee osteoarthritis

The electronic search in Medline, Embase, HSEline and NIOSHtic retrieved 652 references dealing with
knee OA. Some of the references were duplicates, and some of the articles were reported in all of the
databases, leaving 424 references. A total of 13 reviews were found dealing with work-related knee OA; of
these, 5 reviews only dealt with knee OA*""; and 8 dealt with both knee and hip QA**!16:18:202252 'Rop
some of the studies, there was more than one publication®?**%*_ All publications were used to extract data
for this review.

Of the 424 references, there were 16 epidemiological studies with a controlled design which investigated an
association between knee OA and heavy lifting®***”%°*%; 11 studies investigated occupations involving
heavy lifting*>?%*%%57!. four studies investigated heavy lifting combined with kneeling/squatting™~%>"*%*;
and four studies investigated climbing stairs or ladders®”*’*". Some of the studies dealt with more than one
physical demand and more than one outcome; for example, “knee and hip OA caused by heavy lifting,
kneeling or climbing flights of stairs’’ and a study can therefore be cited as a reference more than once.
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Hip osteoarthritis
Case definition

In clinical practice, a diagnosis of osteoarthritis of the hip is normally based on the combination of typical
symptoms of pain, restricted hip movements on clinical examination, and changes on the radiographs.
Similarly, in assessing the need for surgical intervention, most account is taken of the extent of pain and
disability combined with the radiographic findings of severe osteoarthritis.

The clinical symptoms of hip osteoarthritis are joint pain and functional impairment. A typical description is
of pain during physical activity, and relief of pain at rest. Pain is usually aching in character, initially pain
occurs with motion; pain at rest, and particularly at night, is found as the disease advances. Stiffness occurs
particularly in the morning, or after inactivity during the day, limitations in motion develop as the disease
progresses. Physical signs include localized tenderness and crepitus of the joint, particularly with motion.
There are no specific diagnostic laboratory abnormalities, and synovial fluid examination reveals normal
findings.

For the hip, moderate to severe OA is normally defined as a minimal joint-space (shortest distance from the
margin of the femoral head to the acetabulum) or more seldomly by the criteria defined by Kellgren and
Lawrence (moderate to severe = grade 3-4)’*. When comparing different radiographic measures, minimal
joint-space has in earlier studies been evaluated as the best radiological criterion of hip osteoarthritis for use
in epidemiological studies’”. Reijman et al. 2004 "° have compared the validity and reliability of three
definitions of hip osteoarthritis in a random set of X-Rays taken in a cohort study of 3585 people in
Rotterdam, aged >55 years. 148 X-Rays selected at random from the study population were evaluated by the
criteria for radiological definitions of osteoarthritis used by Kellgren and Lawrence, by minimal joint space
narrowing (JSN), and by Croft’s grade®. The interrater reliability was similar for the Kellgren and Lawrence
and minimal joint space narrowing (Kappa statistics is 0.68 and 0.62, respectively), but a little lower for
Croft’s grade (Kappa statistics 0.51). The Kellgren and Lawrence criteria and ‘minimal joint space’ showed
the strongest associations with clinical symptoms of hip osteoarthritis. The Kellgren and Lawrence grade
showed the highest predictive value for total hip replacement at follow-up. In a study by Jacobsen et al. 2004
a minimum joint space width (JSW) < 2 mm was associated with self-reported pain in the hip’’.

In this review, epidemiological studies using a case definition including radiological joint space narrowing or
the Kellgren & Lawrence criteria for hip OA, total hip replacement or waiting for a hip replacement, and
being hospitalised or getting a disability pension with a diagnostic code ICD8’ =713.00 or ICD10=M16 (=
hip OA), are discussed in detail.

Exposure definition

There are different methods of obtaining information about the exposure in epidemiological studies on hip
osteoarthritis. The heterogeneous nature of the exposure in many occupations, the variation over time, and
the long duration from first exposure to the development of OA makes it difficult to obtain a relevant
measure of exposure. Many studies classify the level of exposure by job title, and this exposure-measure-
ment used alone may lead to misclassification. Classification of occupations into heavy and light with no
further differentiation gives only little more of information. For more detailed information, questionnaires or
interviews are used. In those studies with retrospective data, it is difficult for the subjects to remember the
level of exposure precisely, especially many years after the event, and misclassification due to memory-
deficit (recall bias) can occur. In studies using self-reported questionnaires or interviews, the self-evaluation
may in addition lead to information bias, because subjects with hip- or knee-pain have a tendency to over-

? Croft Grade definition: 0 is no change, 1 is definite osteophytes only, 2 is Joint space narrowing (JSN) only, defined as
minimal joint space <2.5 mm); 3 is presence of two of following: JSN, osteophytes, subchondral sclerosis of >5 mm,
cysts formation; 4 is presence of three of following: JSN, osteophytes, subchondral sclerosis of >5 mm, cysts formation;
and 5 is grade 4 + deformity of the femoral head or total hip replacement due to osteoarthritis verified by record review.
3 ICD= International Classification of Diseases (WHO)
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estimate their physical work load. The most exactly exposure measurement is direct observation of the
exposure e.g. by video-recordings, a very comprehensive and time-consuming method.

The measurement of heavy lifting in relation to the development of hip OA may preferably include three
dimensions to illustrate the exposure most convincingly: 1) definition of the individual loads in kg, 2) the
number of lifted loads every day, and 3) the duration of exposure (in years). For climbing stairs, the exposure
should include the number of stairs climbed every day, and the duration of the exposure (in years). Only few
studies have included all these dimensions.

Studies including all type of exposures: job-title, classification in low and high exposure, and further
description of the physical activity using questionnaire or interviews are discussed in detail in this review.
Farmers and construction workers may have heavy physical work demands such as heavy lifting combined
with kneeling/squatting and climbing stairs, and studies dealing with these occupations are therefore
included in the review.

Major non-occupational risk factors

Several studies have confirmed that predisposition to hip OA in the general population can be inherited.
Subjects whose parents have OA have an increase risk of getting OA themselves. The risk is highest if the
disease is polyarticular or if the onset is in the middle age or earlier. Persons with hand OA may also be at
high risk of developing incident or progressive hip OA. In a sibling study from the United States, the genetic
component of the risk for total hip replacement caused by hip OA was calculated to 53%®. The presence of
hand OA appears to increase the risk of hip OA around three-fold ”°. The best clinical marker of such a
predisposition is the presence of Heberden’s nodes. Men and women who have definite Heberden’s nodes
were reported to be more likely to have hip OA with OR 1.6, 95% CI 1.2-2.2 in a study by Cooper® and an
OR 3.4, 1.2-10.0 (men only) in a study by Croft®.

Congenital dislocation, Legg-Calve-Perthe’s disease, and slipped femoral capital epiphysis result in an
increased risk of hip OA later in life. It tends to occur at a relatively young age (35-55 years) and to progress
rapidly. However the incidence is relatively low in the general population, and accounts for only a very small
proportion of hip OA. It has been suggested that acetabular dysplasia, a mild variant of congenital
dislocation in which acetabulum is shallow, may increase the risk of developing hip OA. In a systematic
review, in which 9 studies were included, the association between acetabular dysplasia and hip OA has been
investigated®. Six studies reported a positive association, but only one study reported significantly increased
risk, with an odds ratio 2.8 (1.0-7.9). In the Japanese population, where acetabular dysplasia is more
prevalent, they appear to have a lower rate of hip OA than in the Western population®'. The conclusion of the
review was that the evidence for an association is limited.

The prevalence of osteoarthritis in hip is correlated with age and increases from negligible before the age of
50 years to approximately 5% in subjects aged more than 65 years. Osteoarthritis has a higher prevalence
and is more often generalised in women than in men. By the age >50 the female: male ratio for symptomatic
hip OA is 2:1

The relationship between increased body weight and hip OA is not as strong as it is with knee OA**™**. In a
cross-sectional population-based study among men, those in the highest third of the distribution of adiposity
(weight >78.3 kg) had a 2.6-fold risk of getting hip OA. In NHANES-1, an association was found between
obesity and bilateral hip OA™. Flugsrud et al. >’ showed in a cohort study on more than 50,000 subjects an
association between hip OA and body weight with an age-adjusted relative risk for men ranging from
RR=1.4-1.5 (< 85 kg) and RR=2.2(> 85 kg) and for women RR=1.8 (<65 kg), RR=2.3 (65-72 kg), and
RR=3.5 (>72 kg). In a recent review investigating the association between obesity and hip OA, 9 studies
were found with exact data of the outcomes™. All studies showed a positive association between obesity and
hip OA. In five studies, the association was statistically significant, indicating that subjects with a body mass
index higher than 25 have an increased risk of developing hip OA. In three studies, a dose-response
relationship was shown®***_ At BMI 25-27, the OR for hip OA has been found to be approximately 1.3-1.5
while the OR at BMI>28-30 has been found to be around 2%
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There is a higher risk for developing hip OA among people who have sustained lower limb injuries.
particularly if these are severe enough to result in fracture or dislocation®. Previous hip injuries have been
reported to be associated with an overall 4.3-fold increase in the risk of developing hip OA, the risk being
greater among men OR 24.8 (95% CI 3.1-199) than among women OR 2.8 (95% CI 1.4-5.9). The risk was
most pronounced for unilateral, as compared to bilateral involvement®. Severe traumas are associated with 5-
10% of all cases of hip OA and around 30% of patients with severe traumas around the hip will develop hip
OA over a 20 year period. In a study by Lau et al. 2000™ an association between severe traumas and
development of hip OA (THR) was found with an OR 15.6, 95% CI 3.4-70.5 (men), and OR 32.7, 95% CI
10.0-106.6 (women).

Elite athletes appear to be at increased risk for hip OA in later life®”**. In a review on the association
between hip OA and sports activity, 22 studies was evaluated”. Nineteen studies showed exact data on the
outcomes. Fourteen studies showed a positive association between hip OA and sports activities, of which 5
were statically significant®*****’. Two of these studies investigated former soccer players’"’, one study
investigated ‘former elite athletes’ *, and two studies ‘high versus low exposure’ to a combination of sports
activities”°. The review found moderate evidence for a causal association between hip OA and a
‘combination of sports activities’ and ‘running’. There was conflicting evidence for soccer players and ballet
dancers, and limited evidence for an association for athletics’™.

Several epidemiological studies provide evidence that oestrogen replacement therapy is associated with a
reduction in the risk of hip OA in women after the age of 50 years®***'° but this result could not be
confirmed in a study by Oliveria, 1996'”. In one study, women who had taken contraceptive pills for 1 year
or more before the age of 50 are reported as having a higher risk of developing hip OA with a relative risk
RR 1.6,95% CI 1.0-2.3%.

A significantly lower risk of hip OA has been found among subjects who were current smokers when
compared with those who had never smoked in several studies ®***, but a tendency to an increased risk of
hip OA among smokers and ex-smokers compared to non-smokers with a relative risk, RR=1.5 (95%
CI=1.0-2.1) was found in one study by Vingard et al. 1997%.

Results
Epidemiological studies

The number of references that remained after applying the inclusion criteria on the search, the diagnostic
criteria, and the exposure assessment used in studies of hip OA are shown in Table 1a. As diagnostic criteria,
38.5% of the studies on hip OA have used radiographic OA. It has been most common to use joint-space
narrowing as the criterion, but with the cut-off point ranging from 1.5 to 4 mm for defining OA. Total hip
replacement or waiting for one was used as diagnostic criterion in 38.5% of the studies, while 23% of the
studies used the diagnoses leading to hospitalisation or disability pension. As the exposure measurement,
49% of the studies used job title, and 51% a more detailed questionnaire or interview on physical work load.

Heavy lifting and/or work including heavy lifting

Heavy lifting

lifting. The studies are listed in Table 2 with information on study population, age of the participants, partici-
pation rate, exposure assessment, the diagnostic criteria, adjustments, results, and study design.

Typpo, 1985 ** made a study consisting of two series of patients, the first included 401 patients and the
second comprised 518 patients, 919 subjects (416 females, 503 males). Subjects in the first part of the study
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was selected if there was a radiograph available in which the hips were well visualised and subjects for the
second part of the study were selected among surgical and medical out-patients who had undergone radio-
graphy. The radiological findings were classified into mild (JSN <3 mm), moderately severe (narrowed joint
space and osteophytes 6-10 mm), and severe (narrowed joint space and osteophytes>10 mm, deformation of
acetabular base). Exposure was measured by questionnaires and divided in four alternative exposures: mental
(sic), light manual, moderate manual, and heavy manual and the occupation were divided in different
alternatives. 26 (38%) white collar workers had hip OA, 94 (48%) light or moderate manual workers had hip
OA, and 131 (54%) heavy manual workers had hip OA.

The prevalence of hip OA for farmers was 90 (56%), for construction workers 22 (61%) compared to office
workers 37 (41%) and 224 (45%). This study is mostly descriptive, the participation rate is not described,
there is no statistical testing and no adjustment for potential confounders. The association between
occupational work load and hip OA is only reported for subjects who participated in the second part of the
study. The study is not discussed further in this review.

Jacobsson et al. 1987* made a case-control study in an area of Sweden. OA cases were men on a waiting list
for total hip replacement (THR) (n= 85) and subjects with radiographs showing a JSN <3 mm (N=21).
Controls were 262 men who have had an intravenous urogram for prostatic hyperplasia and had no hip OA
(JSN<3mm). Exposure was measured by a questionnaire about heavy labor, especially as farmers, in
forestry, industrial work or with heavy lifting. Ninety (85%) of cases compared to 165 (70%) of controls
reported that they were employed in heavy work, 90 (85%) cases and 166 (70%) controls reported that their
work involved heavy lifting, and 61 (58%) cases and 95 (40%) controls reported working as farmers. No
further analyses have been made in the paper. The study is poorly described (missing participation rate,
inclusion, and exclusion criteria). The exposure is described as heavy lifting (yes/no) without including
duration of time, frequency or weight lifted. The study is not further described in this review.

In a case-control study by Vingard et al. 1991°* the study population comprised all Swedish men, age 50-70
years living in the areas of four hospitals in Stockholm. Cases were men receiving the first total hip replace-
ment during 1984-1988. Subjects with malformations, sequelae after poliomyelitis, rickets, or trauma to the
trunk or lower extremities were excluded. The case-group consisted of 233 men. The controls were randomly
selected from the study population during the study period and consisted of 322 men.

The exposure was quantified by questionnaire about kilograms lifted per week, and number of times lifting
heavy weights (>40kg) collected from start of the occupational career until the year of the interview or the
year of the OA-diagnosis. The level of exposure was divided in three groups: low, medium, and high
exposure. To investigate possible recall bias in relation to the measurement of exposure, patients who were
treated for myocardial infarction in the same hospitals, 335 men were also included.

The relative risks of getting a total hip replacement was calculated and the results were controlled for
potential confounders (age, body mass index, smoking habits, and sports activities). Men with high
exposures to heavy lifting (measured as lifted tons) up to the age 49 years had a relative risk 1.84, 95% CI
1.12-3.03, and those with medium exposure 1.58, 95% CI 0.93-2.66. For the subgroup with high exposure to
lifted weight >40 kg in the age-group 30 to 49 years the relative risk was 3.31, 95% CI 1.97-5.57; with
medium exposure, the relative risk was 1.60, 95% CI 0.81-3.15 compared to those with low exposure.

Vingard et al. 1991 ** made a cohort study in which the study population comprised subjects born between
1905 and 1945, living in 13 counties in Sweden, who reported the same occupation in 1960 and 1970. The
blue-collar occupations were classified by two experienced health physicians as having high or low exposure
to dynamic and static forces acting on the lower extremities. The population consisted of 116,581 males and
18,434 females classified with high exposure and 91,057 males and 24,145 females with low exposure. 914
males and 109 females (classified with high exposure) and 320 males and 112 females (classified with low
exposure) were hospitalised during the period 1981-1983 due to hip OA (ICD 8 diagnostic-code = 713.00).
The relative risk for hospitalisation due to hip OA in high versus low exposure occupations was for males
(born 1905-1924) RR=2.2 (95% CI 1.6-2.8) and (born 1925-1945) RR=2.0, 95% CI 1.6-2.3. For females
(born 1905-1924) the relative risk was RR=1.6, 95% CI 0.9-3.1 and (born 1925-1945) RR=1.1, 95% CI 0.9-
1.5. The relative risk for hospitalisation due to hip OA were for farmers RR=3.78, 95% CI=2.91-3.88 and for
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construction workers 1.66 (95% CI=1.32-1.87) when compared to the low exposure group. For females the
only significant risk for hospitalisation due to hip OA was found in letter-carriers RR=3.83, 95% CI=1.19-
12.05.

In a case-control study by Vingard et al. 1992 the study population (1307 subjects) comprised a random
sample of Swedish men born between 1915-1934, living in Stockholm county and receiving a disability
pension. 140 had the diagnosis of hip OA. The diagnoses were collected from the physicians’ certificates.
The control group consisted of men from the general population in Stockholm in the same age-group
(n=298). Cases and controls with known psychiatric disorders, trauma, rheumatic diseases, and congenital
malformations were excluded. The work histories were obtained from personal interviews and each
occupation classified according to the Nordic Occupational Classification system without knowledge of the
diagnoses. A panel of four experienced persons classified the level of physical work load for each occupation
(low, rather low, rather high, and high work load). A score consisting of the degree of exposure combined
with the duration of the exposure was made, and the exposure categories were divided into low, medium and
high. The relative risk to receive disability pension due to hip OA for persons with medium exposure was
RR=4.1,95% CI 2.4-7.1 and for high exposure: RR=12.4, 95% CI 6.7-23.0 compared to those with low
exposure. The relative risk to receive disability pension for farmers (at least 10 years) was RR=13.8, 95% CI
4.0-18.1, and for construction workers RR=5.3, 95% CI 2.6-10.6 compared to those never exposed to any of
20 most exposed occupations.

All men (age 60-75 years) who have had an out-patient intravenous urogram at two English hospitals in the
period 1982-87 were identified in a case-control study by Croft et al. 1992 . Cases were defined as subjects
who had a total hip replacement or those with JSN<2.5 mm in at least one hip. Severe cases were defined as
JSN<1.5 mm. The control group comprised those whose joint space were >3.5 mm. Exposure was assessed
by interviews and included lifetime occupational history with specified physical activity and occupation. The
study included 245 cases and 294 controls. Lifting or moving objects >25.4 kg (number of lifts or frequency
not further described) 1-19 years or >20 years showed no differences for all OA cases. For severe cases
(JSN<1.5mm), the risk was increased for the men employed >20 years in jobs which required heavy lifting
OR 2.5,95% CI 1.1-5.7. For ‘all OA cases’ and for ‘severe OA cases’ the analysis showed no significant
associations with climbing ladders (defined as climbing ladders 1-19 and >20 years) or climbing flights of
stairs (defined as >30 flights of stairs/day 1-19 years or >20 years). Odds ratios were adjusted for age and
hospital group. For severe cases of hip OA, the odds ratio were elevated (but not significant) for farmers with
more than 10 years of employment OR 2.0, 95% CI 0.9-4.4.

In a case-control study by Roach et al. 1994 **, 99 male patients with primary hip OA from outpatient clinics
in the United States, and 233 controls were selected. The cases were identified from a radiology database of
all patients who received a radiograph because of hip complaints or had a total hip replacement during the
period January 1989 to June 1990.

The case definition was age>40 years, complaints of hip pain, and radiological Grade 3 or 4 OA related to
the Kellgren & Lawrence criteria. The controls were chosen from the population of patients who received an
intravenous pyelogram in the same period. Controls were excluded if they had JSN <1.5 mm. Cases and
controls were excluded if they had a history of injuries, polyarthropathy, avascular necrosis, lower extremity
fractures, amputation or neurological disorders. The exposure were assessed by a questionnaire and included
number of years they had worked in occupations with light work standing, work sitting, heavy work
standing, work kneeling or crouching, work walking. The work load was afterwards classified as light
(sitting, and light work standing), intermediate (between light and heavy) and heavy work (heavy work
standing, work walking, and work kneeling/crouching).

The results of the relationship between physical work load and development of hip OA showed a significant
positive association with an odds ratio for intermediate versus light work OR =1.9, 95% CI 1.0-3.8, and for
heavy work OR=2.4, 95% CI 1.3-4.3. Odds ratios were controlled for weight at the age of 40 years, history
of cancer, and sports activities (football, running). The risk for hip OA increased with increasing length of
exposure to heavy work up to 34 years. Exposure to heavy work for 15-24 years resulted in an OR=2.2,
exposure 25-34 years OR = 3.0, and exposure >34 years OR=2.2 (CI not shown).
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Vingard et al. 1997°” made a case-control study that comprised 230 women with total hip replacement (THR)
and 273 women without hip problems, age 50-70 years, living in five counties in Sweden and in the areas of
five hospitals. Subjects with arthritis or severe trauma to the leg were excluded. Controls were randomly
selected from the local population in the same area and matched by age, and by county hospital. Controls
with known hip disorders were excluded. Exposure information was collected by interviews for the period
between 16-50 years. The exposure for the individuals were aggregated throughout life. For each exposure
three subgroups were defined: low exposure (the 25% with the lowest exposure), medium (the 50%
between), and high (the 25% with the highest exposure). The relative risk for having a THR in women
exposed to medium heavy lifting was RR=1.1, 95% CI=0.7-1.7 and for those with high exposure RR=1.5,
95% CI=0.9-2.5 compared with those with low exposure. For the exposure to climbing stairs, the relative
risk for having a THR in women with medium exposure was RR=1.3, 95% CI=0.8-2.0 and for high exposure
2.1, 95% CI=1.2-3.6. The results were adjusted for age, body mass index, smoking, sports activities, number
of children, and hormone therapy.

In a case-control study by Coggon et al. 1998>* cases comprised residents of two English health districts,
who were placed on a waiting list for THR for hip OA over an 18-month period. Subjects with a history of
lower limb fractures, rheumatoid arthritis, ankylosing spondylitis, and other documented causes of secondary
OA were excluded. Controls were selected from the general population and individually matched by age,
sex, and general practice. Controls with earlier surgery for hip OA were replaced. The exposure was
measured by interviews. For each job (from leaving school) that entailed lifting weights of 10 kg, 25 kg, and
50 kg more than 10 times in an average working week, the duration in years was reported. 210 men and 401
women, mean age 70 years (45-91 years) were included in the analysis (cases and controls) (participation
rate 55%). After adjustment for body mass index, presence of Heberden’s nodes, and a history of injury, men
who lifted weights more than 10 times in an average week, had an increased risk of hip OA with an odds
ratio OR=2.3, 95% CI 1.2-4.2 (at least 10 years of exposure), and an OR=1.8, 95% CI 1.0-3.4 (> 20 years of
exposure) compared to those who had never done such lifting. For lifting weights >25 kg the odds ratio was
OR=2.7,95%CI 1.4-5.1 (at least 10 years of lifting), and OR=2.3, 95%CI 1.3-4.4 (>20 years). For lifting
weights > 50 kg there also was an increased risk of hip OA with an odds ratio 2.9, 95% CI 1.3-6.4 (at least
10 years of exposure), and OR=3.2, 95% CI 1.6-6.5 (>20 years of exposure). No associations between heavy
lifting (10kg, 25 kg, or 50 kg) and hip OA was apparent in women. For the exposure of climbing stairs
(climbing more than 30 flights of stairs during an average working day) the odds ratios for males were
OR=1.3,95% CI 0.7-2.5 (<10years), OR=2.3, 95%CI 1.1-4.9 (10-20 years), and OR=1.8, 95% CI 0.9-3.4
(>20 years of exposure). For women there were no significant associations at any level of exposure. Men
who reported that the job involved heavy lifting >25 kg worked typically as agricultural workers (19 cases, 8
controls) and as construction workers (23 cases, 18 controls). This data is not further analysed in the paper.

From Zagreb city records, a sample aged more than 45 years were selected 1981-1983 by Cvijetic et al.
1999%°. Of all invited subjects (number not specified), 678 agreed to participate in the study. After exclusion
of subjects having rheumatoid arthritis or gout the material consisted of 292 women, mean age 64 years and
298 men, mean 63 years. From a structured questionnaire, the exposure was classified in 4 categories: 1)
most sedentary (>80% sitting), 2) most standing (>80% standing) , 3) non sitting (>80% frequent walking, or
standing, only lifting light work loads <5kg), 4) high physical strain (>80% frequent walking, standing,
lifting and carrying weights >5kg). Radiographs of the right hip were taken and graded by the scale
described by Kellgren & Lawrence. Grade 2-4 were considered to be definite signs of osteoarthritis. The
association between hip OA and physical working demands were positive for men and women, but not
significant for subjects in all categories (2, 3, and 4) compared to category 1), the odds ratios ranging
between 1.5 (category 2) and 1.15 (category 4). The odds ratios were not controlled for confounders.

Yoshimura et al. 2000*® carried out a case-control study in two health district in a Japanese city. Cases
consisted of 11 men and 103 women, aged >45 years listed for THR due to OA during one year. Subjects
with rheumatoid arthritis, ankylosing spondylitis, congenital dislocation of the hip, and acetabular dysplasia
were excluded. Controls (103 women and 11 men) were selected randomly from the general population and
individually matched by age, sex, and district of residence. Exposure was measured by a structured
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questionnaire. For each job (lifetime) the study listed whether the work entailed lifting weights of at least 10
kg, 25 kg, and more than 25 kg once during an average week.

The association between hip OA and heavy lifting was significantly positive for lifting >25 kg (first job:
unadjusted OR=3.6, 95% CI 1.3-9.7; main job: OR= 1.6, 95% CI 0.8-3.2, and for lifting >50 kg (first job
unadjusted OR 5.4, 95% CI 1.2-25.4, main job: OR 4.0, 95% CI 1.1-14.2. No significant associations were
found for lifting >10 kg. Among cases 1 man and 18 women, and among controls 2 men and 15 women
were agricultural workers or fishermen, and 3 men and 21 women (cases) compared to 1 man and 17 women
(controls) were construction workers. These results were not further analysed. For the association between
hip OA and climbing stairs (>30 flights of stairs in an average week) no significant relationship was shown:
first job unadjusted OR 0.8, 95% CI 0.4-1.6, main job OR 1.0, 95% CI 0.5-1.9.

Lau et al. 2000”° made a study with a similar design including subjects from Hong Kong. Hip OA cases
(n=138, 30 men, 108 women) represented patients who attend hospitals over a three year period for total hip
replacement. Subjects with earlier hip fracture, rheumatoid arthritis, ankylosing spondylitis, a history of
Perthes disease, congenital dislocation, slipped capital epiphysiolysis were excluded. To avoid mis-
classification, only THR-patients with grade 3-4 hip OA on radiographs according to the criteria made by
Kellgren & Lawrence were included. Controls, 90 men and 324 women, were consecutive subjects from
eight practices located in the same region as the hospitals. Each case was matched with 3 controls by sex and
age. Patients with self-reported OA of the hip or knee or pain or stiffness in hip or knee which lasted for a
week or more were excluded from the study.

The exposure was measured by a structured questionnaire. For each job held for a year or more they had to
describe the physical activity, including periods with heavy lifting (loads weighing >10 kg, and >50 kg 1-10
times or >10 times each week) and climbing stairs (>15 flights of stairs each day).

The association between hip OA and heavy lifting was not significant for lifting >10 kg 1-10 times/week for
men or for women, but was significantly increased in both men and women for lifting weights >10 kg more
than 10 times/week OR=5.3, 95%CI 1.8-15.8 (men) and OR=3.0, 95% CI 1.8-5.1 (women) and for lifting
weights >50 kg 1-10 times OR=8.5, 95% CI 1.6-45.3(men), and OR=2.0, 95% CI 0.9-4.6 (women), and
more than 10 times/week OR=9.6, 95% CI 2.2-42.2 (men) and OR=2.9, 95% CI 1.5-5.6 (women). The
associations persisted when adjusting for potential confounders. The association between hip OA and
climbing stairs was significant increased for men, with an odds ratio 8.7, 95% CI 1.8-42.7 and for women
2.5,95% CI1.0-5.9.

A cohort study by Flugsrud et al. 2002%” used data from a cardiovascular screening (1977-1983) from 3
Norwegian counties and matched them with 9 years of national data on total hip replacement (1989-1998).
Questions regarding physical activity at work were answered by a questionnaire during the cardiovascular
screening. The question was: ‘During the last year, have you had: Mostly sedentary work (e.g. office work,
watchmaker, mounting of instruments); Moderate: Work leading to much walking? (e.g. shop assistant, light
industrial work, education); Intermediate: Work leading to much walking and lifting? (e.g. postman, heavy
industrial work, construction); Intensive: Heavy manual labour? (e.g. forestry work, heavy farm work, heavy
construction work).

50,034 subjects, born between 1925 and 1942, participated in the cardiovascular screening during the period
1977-1983. 672 subjects from the Norwegian Arthroplasty Register were included in this study (only
subjects who also attended the cardiovascular screening were included in this study).

The association between hip OA and physical activity at work was: for men with moderate work load RR=
1.5, 95% CI=1.0-2.2; with intermediate work load RR= 1.7, 95% Cl= 1.1-2.4; with intensive work load RR=
2.1, 95% CI 1.5-3.0. For women, the association between hip OA and heavy lifting was significantly
increased for women with the highest work load with RR= 1.1, CI= 0.8-1.6 (moderate work load); RR= 1.4,
95% ClI= 0.9-2.0 (intermediate work load); RR= 2.1, 95% CI= 1.3-3.3 (intensive work load). The results are
adjusted for age at screening, height, body mass index, physical activity in leisure, marital status, and
smoking habits.

Jacobsen et al. 2004 used data from The Copenhagen City Heart Study, a longitudinal health survey of an
adult population in a county of Copenhagen, Denmark. The cohort 1991-1994 consisted of 10,135
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participants. 2,949 subjects with >4 positive answers to questions about musculoskeletal complaints and
1202 with <3 positive answers were selected for radiography, including the hips.

The exposure (nature and duration of occupation) since leaving school was measured by questionnaires.
The exposure was placed in the following categories:1) primarily seated occupation, 2) standing, walking
occupation, no repeated lifting, 3) daily repeated lifting equivalent to 50 x 20 kg, or 20 x 50 kg, 4) repeated
daily lifting equivalent to 50-100 x 20 kg, or 20-50 x 50 kg, 5) repeated daily lifting equivalent to 100-250 x
20 kg, or 50-100 x 50 kg, and 6) repeated daily lifting equivalent to 250-500 x 20 kg, or 100-250 x 50 kg.
Cases were defined as subjects with radiographic joint space narrowing <2mm, which was found among 105
men and 167 females. No significant relationship was found between radiographic features (not further
defined) and heavy lifting (results not shown).

Occupations which involve heavy lifting

Farming

The studies are listed in Table 3 with information on the study populations, age of the participants, partici-
pation rate, exposure assessment, the diagnostic criteria, adjustments, results, and study design.

Some of the studies have been described in detail in relation to heavy lifting®**>***%**%% "and only the
conclusions specifically about farmers are repeated.

In the study by Typpd, 1985%, 56% farmers were found to have hip OA compared to 41% of office workers.
Jacobsson et al. 1987* made a case-control study in an area of Sweden. 58% hip OA- cases and 40%
controls reported working as farmers. Vingérd et al. 19917 found a relative risk for hospitalisation due to hip
OA for farmers RR=3.78, 95% CI=2.91-3.88. The relative risk to receive disability pension (after at least 10
years of farming) was RR= 13.8, 95% CI 4.0-18.1 compared to those never exposed to any of 20 most
exposed occupations in a study by Vingard et al.1992 **. Croft, 1992 showed an elevated, but not
significant risk for farmers with more than 10 years of employment OR 2.0, 95% CI 0.9-4.4 for severe cases
of hip OA. In a study on heavy lifting, Coggon et al. 1998 found 19 cases compared to 8 controls who were
agricultural workers (no further analysis reported). In a study in Japan by Yoshimura et al. 2000°® on hip
replacement one man and 18 women, and among controls 2 men and 15 women were agricultural workers or
fishermen (no further analysis reported).

In a case-control study by Thelin, 1990 ** a total of 105 men, aged 50-70 years who have had a THR because
of hip OA were selected from hospitals in two cities of Sweden. As controls 222 men living in the same area
were randomly selected from the national register of the Swedish population.

Exposure was assessed by using a questionnaire to obtain the occupational history from the age of 15 years.
The association between hip OA and work as a farmer showed positive associations for farmers working 1-
10 years as a farmer OR=2.1, 95%CI=1.1-4.3, and working >10 years as a farmer OR=3.2, 95%CI=1.8-5.5.
There was also found an association between hip OA and work including tractor driving OR=2.2,
95%ClI=1.3-3.9, and work with milking OR=2.2, CI=1.3-3.7 (not adjusted for confounders).

In a cross-sectional study Croft et al. 1992* selected men, aged 60-76 years from a list from five rural
general practitioners at random. 890 answered the questionnaire. A total of 289 men (defined as cases)
reported having worked at some time in farming, and 123 had spent their entire careers in office work
(defined as controls). Earlier total hip replacement was confirmed by hospital notes. Where a radiograph
showing the hips was taken in the past 6 months, the film was reviewed. Other participants were invited to a
new x-ray examination. Hip joint space narrowing <1.5 mm in at least at one hip was classified as hip OA.
167 male farmers (farming> 1 year)(28 with hip OA) and 83 sedentary workers (20 with OA) were available
for the analyses. The association between hip OA and work as a farmer was increased for both working as a
farmer 1-10 years OR=5.8, 95%CI 1.1-31.5 and for exposure to farming >10 years of farming OR=10.1,
95% CI 2.2-45.9 (results adjusted for age). The significant differences remain significant when adjusted for
height, weight, and presence of Heberden’s nodes.
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Axmacher et al. 1993%° made a study among 16,250 farmers in a county of Sweden. By questionnaire,
farmers reported if they had had a X-ray examination. 440 colon examinations and 472 urograms were
available for review. 50 cases (47 men, 3 women) of hip OA were found (defined by joint space narrowing
<4 mm). The prevalence of hip OA was calculated for male and female farmers and compared to males and
females in the general population (taken from an earlier population study). The results for males were: age
45-49 years 3.9 % (farmers) and 0.4% (controls); age 50-54 years 6.4% (farmers) and 0.8% (controls); age
55-59 years 13.4% (farmers) and 1.2% (controls); age 60-64 years 16.9% (farmers) and 1.6% (controls),
and for age 40-64 years 8.0% (farmers) and 0.8% (controls). For females the results for age 40-64 years was
1.3% for female farmers and 0.8% for females from the general population.

Jensen et al. 1994*' made a register linkage between a Danish Hospitalisation Register and registers on
occupational status, income, taxation, and education. (The Danish Occupational Hospitalisation Register).
The Register included 1,251,590 men, and 1,022,282 women with an occupation. Cases were defined as
those hospitalised with a diagnostic code ICD8 713.00 (= hip OA). The validity of the diagnostic code have
been investigated and for surgical diagnoses was shown to be 85%. (first diagnostic code). Occupations (by
job-title) were used to rubricate the level of exposure. Among 63,990 male farmers, 1,131 with a diagnostic
code 713.00 (hip OA) were found during the period 1981-90. The standardized hospitalisation rate (SHR)
for farmers was SHR=273, 95% CI 258-290, and for farmers’ assistants SHR 134 (110-163).

In a case-control study, Thelin et al. 1997** selected all radiological examinations of the pelvis and the hip
joint performed during 1986-1988 at three departments of radiology in a Swedish county. The radiographs
were re-evaluated and only subjects <70 years of age were included. Cases were defined as hip OA with
joint space narrowing <3mm. 216 of these completed a questionnaire including questions about previous
occupations. For each case, two controls were selected from a local population register and matched for age,
sex (all were males), and place of residence. 479 controls answered the questionnaire.

The risk of hip OA was increased for working more than 10 years as farmers compared to farmers working
<1 year. For 11-20 years of farming the OR= 2,81, CI= 1,31-6,03, for 21-30 years farming OR= 7,35, Cl=
2,87-18,8, for >30 years farming OR= 3,82, Cl= 2,41-6,06. The risk was also increased for farm workers,
with OR= 2,53, CI= 1,36-4,72 (11-20 years of farming); OR= 4,41, Cl= 1,31-14,8 (21-30 years of farming),
and OR= 6,43, CI= 1,83-22,5 (>30 years farming).

The risk of hospitalisation due to hip OA was investigated in a cohort study by Tiichsen et al. 2003*. Four
consecutive cohorts of all gainfully employed Danish men, aged 20-59 years, were followed-up in relation to
hip OA. Exposure was classified by job-title (most important occupation in 1980, 1985, 1990 and 1993).
Subjects were followed in relation to first hospital admission with hip OA (diagnostic code (ICD-8=713.00
or ICD-10=M16) from 1981 to 1985, 1986 to 1990, 1991 to 1993, and 1994 to 1999, respectively. The
standardized hospitalisation ratios (SHR)were calculated for different occupations. The results showed that
self-employed farmers had a significant increased SHR, ranging from 281 to 286 in the four cohorts (time-
periods). Employed men in agriculture had a significant increased SHR ranging from 138, 160 to 189 in the
three cohorts (1986-90, 1991-1993, and 1994-1999, respectively).

In a case-control study by Thelin et al. 2004** 369 (321 men, 68 women) farmers with total hip replacement
or had x-ray verified hip OA with a JSN <3mm comprised cases. The controls (389 farmers) were selected
among members of the Swedish Farmers’ Safety and Preventive Health Association and were matched by
age, sex, and residential area. The average age was 62 years (40-71 years) for cases and controls. Controls
who had visited a doctor because of hip symptoms were excluded and replaced by a new control. Exposure
was measured by structured interviews. There were questions about type of farming, animal handling, type
of animals, tractor driving, working hours for specific tasks, and working conditions when young. The work
situation was noted when they had the first symptoms of hip disorders, and when they were 30, 40, or 50
years old. Farmers working >5 h /day in livestock buildings (OR= 1.6), and those who had farrowing work
with sows, (OR= 1.5) were over-represented among cases, and farmers working on large farms >100 ha were
under-represented among cases, (OR= 0.6). When adjusted for different kinds of work tasks the significant
differences increased.
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Construction work

The association between hip OA and employment as a construction worker have been investigated in six
studies
of the participants, participation rate, exposure assessment, the diagnostic criteria, adjustments, results, and
study design are presented in Table 4. The studies have already been described in relation to heavy lifting
and only the conclusions specifically about construction workers are repeated.

Typpo, 1985 showed a prevalence of hip OA for construction workers 61% compared to office workers
41% (Results not further analysed). In a cohort study by Vingard et al 1991°° the relative risk for
hospitalisation due to hip OA for construction workers was increased with a RR=1.66, 95% CI 1.32-1.87
when compared to a low exposure group. The relative risk to receive disability pension for construction
workers was RR=5.3, 95% CI 2.6-10.6 compared to subjects never exposed to any of 20 most exposed
occupations in another study by Vingaard et al. 1992%. Croft et al. 1992* showed significantly increased hip
OA among workers with employment 1-9 years OR= 3.3, CI= 1.2-9.2, but not for >10 years of employment
in construction work OR= 0.5, CI=0.1-2.3. Jensen et al. 1994*' found among 3,281 construction workers
(unskilled) 30 with hip OA, which leads to a SHR 151, 95% CI 102-216 compared to the general working
population. Coggon et al 1998> reported in a case-controls study among the men who reported that the job
involved heavy lifting >25 kg 23 cases and 18 controls that were construction workers.

Climbing stairs or ladders

As a part of the study, five studies investigated the relationship between climbing flights of stairs or ladders
and hip OA”**7%7% The studies are described in detail in relation to the description of heavy lifting and the
study population, age of the participants, participation rate, exposure assessment, the diagnostic criteria,
adjustments, results, and study design are shown in Table 3. Only the conclusions on climbing stairs are
repeated.

Croft et al. 1992* showed no significant associations between ‘all OA cases’ and ‘severe OA cases’ and
climbing ladders (defined as climbing ladders 1-19 and >20 years) or climbing flights of stairs (defined as
>30 flights of stairs/day 1-19 years or >20 years). Vingaard et al. 1997’ investigated women and showed
positive association between hip OA and climbing stairs for medium exposure versus low exposure RR= 1.3,
95%CI 0.8-2.0 and for high exposure versus low exposure RR= 2.1, 95%CI 1.2-3.6. For the exposure of
climbing stairs (climbing more than 30 flights of stairs during an average working day) the odds ratios for
males were OR=1.3, 95% CI 0.7-2.5 (exposure <10years), OR=2.3, 95%CI 1.1-4.9 (10-20 years), and
OR=1.8, 95% CI 0.9-3.4 (>20 years) in a study by Coggon et al. 1998** For women, there were no
significant associations at any level of exposure. For the association between hip OA and climbing stairs
(>30 flights of stairs in an average week) no significant relationship was shown: first job unadjusted OR 0.8
(95%CI 0.4-1.6), main job OR 1.0 (95%CI 0.5-1.9) in a study by Yoshimura et al. 2000, Lau et al. 2000™
showed that the association between hip OA and climbing stairs was significantly increased for men with an
odds ratio 8.7, 95%CI 1.8-42.7 and for women OR=2.5, 95% CI 1.0-5.9.

Summary

All but one® study revealed a positive association between hip OA and heavy lifting compared to no or low
physical work-load (defined in various ways). The OR ranged between 1.5-12.4. Eleven studies reported a
statistically significant outcome with an odds ratio range of OR 2.0-12.4>*2%2729-3638

In eight studies, the exposures were reported as low versus high exposure”>***?7_ while in six studies, it was
defined as kilograms lifted**2%2%3%3%,

studies showed a positive association between farming and development of hip OA, especially for a history
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of farming >10 years. The outcomes range between OR 2-13.8. The results showed an association for self-
employed farmers and for farm workers.

In six studies, the risk for hip OA in relation to construction work have been investigate
studies showed a positive association with odds ratios range of 1.5-7.0, but it was only significant in four of
the studies 7%,

Three of five studies showed a significant association between climbing stairs and hip O in two
studies, an association was found for men with OR range of 2.3** (exposure 10-19 years for climbing more
than 30 flights of stairs every day) and 3.9 (climbing >15 flights of stairs every day), and in one study a
positive association was found for women *’ with OR 2.1 (high exposure versus low).
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Knee osteoarthritis
Case definition

Osteoarthritis of the knees is characterized as localized damage on joint cartilage and underlying subchondral
bone. When it is extensive, this loss is visible on radiographs as joint-space narrowing (JSN), bone changes
with increased sclerosis of the underlying bone, osteophyte formation and occasional subchondral cysts. In
the knee, medial tibiofemoral osteoarthritis is most common, and osteoarthritis in the lateral part of the knee
is less common. In clinical practice, a diagnosis of osteoarthritis of the knees is normally based on the
combination of typical symptoms of restricted knee movements on clinical examination, and changes on the
radiographs. Similarly, in assessing the need for surgical intervention, most account is taken of the extent of
pain and disability combined with the radiographic findings of severe osteoarthritis.

The clinical symptoms of knee osteoarthritis are joint pain and functional impairment. Pain is usually aching
in character, initially pain occurs with motion; pain at rest, and particularly at night, is found as the disease
advances. Stiffness occurs particularly in the morning, or after inactivity during the day, limitations in
motion develop as the disease progresses. Physical signs include localized tenderness and crepitus of the
joint, particularly with motion. Joint enlargement and fluid may be observed with acute flares. Referred pain,
and pain in the nearby structures, is common (pes anserinus syndrome). Medial joint osteoarthritis (OA) is
significantly associated with disability. Also patellofemoral joint OA is often associated with disability and
can occur in the absence of tibiofemoral joint disease'®. There are no specific diagnostic laboratory
abnormalities, and synovial fluid examination reveals normal findings.

In 1986, the American Rheumatism Association developed clinical classification criteria for symptomatic
knee OA '”. The combination of findings with the highest sensitivity and specificity was knee pain and
radiographic osteophytes and one of following criteria: age >50 years, morning stiffness <30min; and/or
crepitus on active motion. These criteria have been criticised because the control group included a large
extent of patients with rheumatoid arthritis, which might be the reason that osteophytes and high age and not
joint-space narrowing were defined as the optimal discriminative features.

In 1963, Kellgren & Lawrence * established the most used radiographic criteria, in which OA is graded from
zero to four: grade 0 is normal, 1 is doubtful narrowing of joint-space with possible osteophytes, 2 is definite
osteophytes with absent or questionable narrowing of joint space, 3 is moderate osteophytes with definite
narrowing, some sclerosis, and possible deformity; and 4 is large osteophytes with marked narrowing, severe
sclerosis, and definite deformity. Others, and especially surgeons, mostly use the criteria established by
Ahlbick'™ when evaluating if there is an indication for knee replacement. The anterior-posterior, bilateral
weight bearing radiograph of the knee in extension, taken with the patient in a standing position with the toes
pointing straight ahead and with equal weight on both feet has been the normal recommended procedure for
detecting knee OA.

There is incomplete concordance between the radiographic findings and clinical symptoms. Only 30-40% of
those with radiographic changes have symptoms”. Kellgren and Lawrence showed® that while 7% of
subjects (miners and non-miners) without radiological changes had complaints of pain in the knees, 19% of
those with slight x-ray changes had knee pain, and 70% of the subjects with severe X-ray changes. 55-85%
of those with Kellgren & Lawrence grade 3-4 knee osteoarthritis have symptoms'”’. In general the
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concordance increases with the severity of radiographic findings. Because of the difficulty in describing
symptomatic osteoarthritis, many of the epidemiological studies of work-related osteoarthritis have used
radiographs as the criteria defining the disease.

In this review, epidemiological studies using a case definition including the Kellgren & Lawrence criteria for
knee OA, grade 2-4, total knee replacement (TKR) or waiting for a knee replacement, and hospitalised/
getting a disability pension with a diagnostic code ICD 8 =713.01 or ICD10=M17(= knee OA) are discussed
in detail.

Exposure definition

The methods of obtaining information about the exposure in epidemiological studies on knee osteoarthritis
are similar to the methods used in general in epidemiological studies on ergonomic demands including those
for hip OA. The measurement of heavy lifting in relation to the development of knee OA should preferably
include three dimensions to illustrate the exposure: 1) definition of the individual loads in kg, 2) the number
of loads lifted every day, and 3) the duration of exposure (years). For climbing stairs the exposure should
preferably include the number of stairs climbed every day and the duration of the exposure. The exposure
measurement for kneeling/squatting should include the time spent every day in kneeling working position
and the duration of years with kneeling/squatting. Only a few studies have included all three dimensions;
studies including all type of exposures, including use of job-title are discussed in detail.

Major non-occupational risk factors for knee osteoarthritis

Subjects whose parents had OA have an increase risk of getting OA themselves. Persons with hand OA may
also be at high risk of developing incident or progressive knee OA. A sibling study on the risk for developing
knee OA reported a double risk for knee OA in siblings compared with the general population (OR 2.9 for
tibiofemoral OA and OR 1.7 for patellofemoral OA)'®. The best clinical marker of such a predisposition
may be the presence of Heberden’s nodes. Subjects who have definite Heberden’s nodes were more likely to
have knee OA with OR 1.7, 95% CI 1.0-3.2 (men) and OR 3.8, 95% CI 1.8-7.7 (women) in a study by
Coggon et al”>.

The prevalence of OA in knees is correlated with age, and women are more often affected with knee OA
than men, especially after the age of 50 years, as shown in Figure 1 (based on data from Anderson and

Felson, 1988%). By the age >50 the female: male ratio for symptomatic knee OA is described as 2:1

Figure 1. Knee osteoarthritis; by age and gender™.
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Overweight persons more often develop knee OA than do persons who are not overweight regardless of
whether it is symptomatic OA or radiographic tibiofemoral or patellofemoral OA'*"'"°. In a big population
study, the Framingham study, a significant association was shown between knee OA and BMI >30 with an
odds ratio OR>2 for men and women™. In another big population study, NHANES I, obese women with
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BMI >30 had almost four times the risk of knee OA as women whose BMI was <25. For men with BMI>30
the risk was increased 4.8-fold compared with men with BMI<25>. Figure 2 shows the association between
BMI and knee OA for men and women (based on data from Anderson and Felson, 1988%). Coggon et al.
20007 found an association between knee OA and BMI for men OR=2.4, 95% CI 1.4-4.3 (BMI 25-29), and
OR=6.3, 95% CI 2.8-14.3 (BMI >30) and for women: OR= 4.3, 95% CI 2.5-7.3 (BMI 25-29), and OR=11.1,
95%CI 5.9-20.9) compared to subjects with a BMI<25. Coggon et al. 2001 showed that the risk for
developing knee OA was increased to an OR 6.8 (95% CI 4.4-10.5) in people with a BMI>30. They also
found that in people with a combination of obesity, definite Heberden’s nodes, and previous knee injury, the
relative risk for developing knee OA greatly increased to RR of 78 (95% CI 17-354)'".

Figure 2. Knee osteoarthritis; by body mass index (BMI) and gender™.
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Weight loss may prevent disease in the knees, and those who are overweight are at high risk of disease
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progression, and are likely to have a progressive disease course .

Earlier cruciate ligament damage or meniscal tears are strongly associated with subsequent knee OA. A
number of recent publications have documented long-term follow-up of radiographic changes after
meniscectomy''*""°>. Meniscectomy has been shown to cause a 6-fold increase in the relative risk for
developing knee OA compared with not-operated controls''®''®, All who have undergone a total
meniscectomy are at high risk''*'*, but people who have had only a partial resection also appear to be at
increased risk, but partial resection results in less radiographic changes over time than does total
meniscectomy' >, A history of previous major knee injuries are shown to increase the risk of knee
OA""**'> In the Framingham study, men with a history of a major knee injury have 5-6 times the risk of
knee OA compared with those without such a history; for women the risk was >3 fold'*. A study by Cooper
at al., 1994 showed that a history of knee injury acted independently of occupational knee bending as a
factor for OA (subjects with an knee injury, OR=7.8, 95% CI 3.0-20.2, and subjects with a knee injury and
kneeling OR 7.6, 95% CI 2.1-26.9). Coggon et al. 2000 found an association between earlier knee injuries
and knee OA for men OR=6.9, 95% CI 3.6-13.1, and for women OR= 3.1, 95% CI 1.7-5.5. Nearly the same
result was shown by Lau et al. 2000*° and Holmberg et al. 2004°’. Lau et al. 2000 also showed an
association for subjects exposed to both joint injury and lifting weights (>10 kg >10 times/week) with an
odds ratio 25.9, 95% CI 8.1-82.4, which may suggest that there may be an interaction between joint injuries
and loallg bearing in the aetiology of knee OA. The results were confirmed by a study of Enderlein &

Kasch ™.

Elite runners appear to be at increased risk for knee OA in later life®””*. Moderate regular running has low, if
any, risk of leading to knee OA’”'*. Compared with controls, soccer players have in some studies an
increased risk of knee OA even if they have not had former major knee injuries''”"**'?’. In one study of elite
football players from England, 13% of ex-football players and 2% of controls reported having hip OA'*.
The risk is much higher in elite than in non-elite soccer players in a study by Roos et al. 1994'"". The
prevalence of knee OA among non-elite soccer players was 4.2%, among the elite soccer players 15.5%, and
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among controls 1.6%. Among elite soccer players without diagnosed earlier injuries, the prevalence of knee
OA was 11%. After excluding subjects with known knee injuries, there was no difference between non-elite
soccer players and controls, but still a higher rate of knee OA among elite players. In a study by Kujula et al.
1995'% of former top-level athletes, the prevalence of knee OA was 3% in shooters, 29% in former soccer
players, 31% in former weight lifters, and 14% in former runners. Soccer players had the highest prevalence
of tibiofemoral OA (26%) and weight lifters the highest prevalence of patellofemoral OA (28%). By logistic
regression analysis, the risk of knee OA was increased in subjects with previous knee injuries OR 4.73, 95%
CI 1.32-17.0, in subjects with a high BMI at age 20 OR 1.76 (95% CI 1.26-2.45), in subjects with previous
participation in heavy work OR 1.08 per work-year, and in subjects with work load including kneeling or
squatting OR 1.1 per work-year.

Several epidemiological studies provide evidence that oestrogen replacement therapy is associated with a
reduction in the risk of knee OA in women after the age of 50 years****'% In a study by Sandmark et al.
1998'%, the risk of developing knee OA did not seem to be influenced by the use of contraceptives.

In some studies, smoking is reported to decrease the prevalence of knee OA***¥7%1019%:130 1y q]1 the studies,
there was a tendency to dose-response-relationship; smokers had a stronger inverse relation than light
smokers. Two of the possible explanations are that chemicals in the cigarette smoke may change the cartilage
or bone nutrition, or that smokers have more frequent breaks in their work. No other biological plausible
explanation for that association has been found. Schouten et al. 1992 showed that current smoking was not a
prognostic factor for cartilage loss in a 12-year follow-up study (OR= 0.96, 95% CI 0.34-2.75).

Results
Epidemiological studies

Table 1b shows the number of epidemiological studies that remained after applying the inclusion criteria on
the search divided on knees and the relevant work demands, the diagnostic criteria, and the exposure
assessment used in studies.

For knee OA, the diagnostic criteria in 60% of the studies were defined by radiographs using the criteria
from Kellgren and Lawrence "*. Disease was defined as radiographic findings of grade >2, and for severe
osteoarthritis grade >3. In 26% of the studies, total knee replacement or waiting for one was used as the
diagnostic criterion, and in 14% of the studies the diagnoses leading to hospitalisation or disability pension
were used.

Heavy lifting and/or work involving heavy lifting
Heavy lifting

The association between knee OA and heavy lifting have been investigated in16 studies’***>°*_ Study -
population, age of the participants, participation rate, exposure assessment, the diagnostic criteria,
adjustments, results, and study design are shown in Table 6.

Anderson & Felson, 1988 used data from the United States first National Health and Nutrition Examination
Survey 1971-1975 (HANES 1), and included 5,193 participants aged 35-74 years of whom 315 had
radiological knee OA grade 2-4 according to the criteria used by Kellgren & Lawrence. The radiographs
were single non-weight-bearing x-ray for both knees. Exposure was obtained by using current occupation.
For each occupation, the physical demand measures for each occupation was coded in following categories:
1, sedentary; 2, light work; 3, medium work; 4 heavy work; or 5, very heavy work. The occupation was
grouped in seven categories (professional/technical, manager/ administrative, sales, clerical, craftsman,
operative/transport, labour/service worker).
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The association between knee OA and physically heavy work was positive, but not significant, for men aged
55-64 years, OR 1.88, 95% CI 0.88-3.99. For women the association was significant at age 55-64 years OR
3.13, 95% CI 1.04-9.39, while no associations were shown in younger age groups (adjusted for race,
education level, and body mass index.

As a part of the Framingham Heart Study (1983-85), subjects participated in the Framingham Knee
Osteoarthritis Study, a longitudinal cohort study, including 1,376 subjects (569 men and 807 women) with a
mean age of 73 years. Knee osteoarthritis was defined as grade 2-4 changes (Kellgren & Lawrence) on
weight-bearing radiographs. Severe knee OA was defined as > grade 3 OA. 176 men and 279 women had
knee OA grade 2-4, and 90 men and 123 women had severe knee OA (>grade 3).

Exposure was defined by current occupation (the occupation that they had from examination 1 (1948-51)
through examination 6 (1958-61) when examined in the Framingham Heart Study. For each occupation the
physical demand measures for each occupation was coded in following categories: 1, sedentary (lifting
maximum 5 kg, only occasionally walking/standing); 2, light work (lifting maximum 10 kg with frequent
lifting or carrying 5 kg, frequent walking/standing); 3) medium work (25 kg maximum with frequent lifting
or carrying of up to 12.5 kg); 4) heavy work (lift 50 kg maximum with frequent lifting or carrying of up to 25
kg); or 5, very heavy work (lift more than 50 kg with frequent lifting or carrying more than 25 kg). Each job
has also been coded in relation to knee bending (0= no knee bending, 1=knee bending, kneeling, or
couching, or crawling). The occupation was grouped in the categories (professional/technical,
manager/administrative, sales, clerical, craftsman, operative/transport, labourers/service worker) housewives,
and no single occupation or unemployed.

The association between knee OA and lifting showed no significant differences either for men or for
women. Men in occupations which required knee bending and at least medium physical demands had higher
rates of radiological knee OA (grade 2-4) with an OR =2.22, 95% CI 1.38-3.58, and of severe knee OA>
grade 3 an OR=1.98, 95% CI 1.08-3.64. For women no significant differences were shown.

In a cohort study by Vingérd et al. 1991 *° the study population comprised subjects born between 1905 and
1945, living in 13 counties in Sweden, who reported the same occupation in 1960 and 1970. Subjects
hospitalised during the period 1981-1983 for osteoarthritis in the knee (ICD 8 diagnostic-code = 713.01).
The study is described in detail in relation to hip OA and heavy lifting. The population consisted of 116,581
males and 18,434 females classified with high exposure and 91,057 males and 24,145 females with low
exposure. During 1981-1983, 321 males and 66 females (classified with high exposure) and 200 males and
48 females (classified with low exposure) were hospitalised due to osteoarthritis of the knee. The relative
risk for hospitalisation due to knee OA in high versus low exposure occupations were for males (born 1905-
1924) RR=1.2 (95% CI 0.9-1.5) and (born 1925-1945) RR=1.4, 95% CI 1.1-1.9. The relative risk for
females (born 1905-1924) was RR=1.4, 95% CI 0.6-3.2 and (born 1925-1945) RR=1.9, 95% CI 1.3-2.9. For
construction workers the relative risk was 1.36, 95% CI=1.13-1.79, and for farmers RR=1.46, 95% CI 1.23-
1.98 when compared to the low exposure group. For females, the only significant risk for hospitalisation due
to knee OA were found in female cleaners RR=2.18, 95% CI=1.26-3.00. The relative risks have been
adjusted for age, county, and the degree of urbanisation.

Bagge et al. 1991°* studied sub-samples of 79-year-olds within a longitudinal prospective study of 70-year-
old people in Goteborg. The population comprised 70-year old people (n=1148) which was followed-up at
age 79 years (the survivors n=538). A second cohort was established and re-examined at age 79 years
(n=538). From this two samples of 79-year-old a random sample of 136 men and 207 women were selected
for radiological examination (weight-bearing anterior-posterior radiographs) and cases was defined as grade
>2 knee OA according to the criteria of Kellgren & Lawrence.

Previous occupational physical activity was defined in four categories: O=sedentary, 1=light(occupations
including daily walking), 2=moderate (occupation including daily walking, climbing stairs, or lifting, and
3=heavy. The variable (numbers from O through 3) was multiplied by the number of years in which the
subjects had been active in these occupations and divided by 10, giving a maximum score of 16 (equal to 53
years in a heavy occupation). The exposure information was collected by interview of the 79-year old.
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68% of male subjects had knee OA grade >2 (score 0-1) compared to 39% (score 2-3), 58% (score 4-9), and
47% (score 10-16). For women the results were 48% (score 0-1), 56% (score 2-3), 69% (score 4-9), and 67%
(score 10-16).

In a case-control study of Vingérd et al. 1992 the study population comprised a random sample of Swedish
men born between 1915-1934, living in Stockholm county and receiving a disability pension (1307 subjects)
due to knee OA during the years 1979-1984 (181 subjects). The study is described in detail in relation to hip
OA and heavy lifting. The diagnoses were collected from the physicians’ certificates. The control group was
298 men from the general population in Stockholm in the same age group. The relative risk of receiving
disability pension due to knee osteoarthritis for persons with medium and high exposure to physical work
loads was compared to those with low exposure and were increased for medium exposure: RR=4.5, 95% CI
2.6-7.6, and high exposure: RR=14.3, 95% CI 8.1-25.4. The relative risk of receiving disability pension for
farmers (at least 10 years) compared to those never exposed to any of 20 most exposed occupations was RR=
5.3,95% CI 1.4.-19.7, for construction workers RR=5.1, 95% CI 2.6-10.6, and for carpet layers and painters
RR=23.1, 95% CI 3.0-178.3.

Schouten et at, 1992 made a 12-year follow-up on all subjects born after 1909 who had a radiograph
(weight-bearing) of the knee taken in a population survey carried out in Holland during the period 1975-
1978. Subjects with a grade >2 knee OA at baseline answered a questionnaire including detailed
occupational history, number of years employed, heavy lifting, and knee-bending activities. At baseline, 422
subjects had radiological grade >2 knee OA. At the follow-up radiographs from 233 subjects were re-
evaluated. Only 121 of the 233 subjects who in the first study were deemed with knee OA were now judged
to have grade >2 OA at baseline and 21 to have grade >3 knee OA. At follow-up, 69 of the 142 subjects (58
males, 84 females) were graded as grade >3 and 48 with cartilage loss. Only 105 of the 142 subjects have
been or were still employed.

The results showed that cartilage loss developed between baseline and follow-up was not associated with
earlier employment in occupations with medium or heavy lifting (unadjusted, or adjusted for age, gender,
and body mass index).

A study by Cooper et al. 1994 comprised 2,101 men and women, aged 55 years or more, from general
practice in England. The subjects had to answer a questionnaire including a question: ‘Have you had pain in
or around a knee on most days for at least a month, at some time during the past year?’. 273 (65%) of the
subjects who responded positively and 240 of those who responded negatively to the question were
examined by radiographs (weight-bearing, anterior-posterior and lateral). Tibiofemoral as well as patello-
femoral OA was assessed. Of those with knee pain, 109 (30 men, 79 women), aged 55-90 years (mean 73
years) had radiological changes of at least grade 3 according to the Kellgren & Lawrence criteria (moderate
to severe OA). Controls were selected among those without knee pain and with not more than grade 1 knee
OA. Exposure was assessed by interviews of life-time occupational history with details of the main job
entailed eight specific physical activities, including, heavy lifting, kneeling, and climbing stairs.

The association between knee OA and heavy lifting (lifting weights over 25 kg in an average working day)
was positive (not significant) with an OR 1.4, 95% CI 0.5-3.7. For climbing stairs (>10 flights/day) the OR
was 2.7, 95% CI 1.2-6.1. The interaction between occupations involving heavy lifting and repetitive knee
flexion (kneeling, squatting or climbing stairs) on the risk of knee OA showed an OR 5.4, 95% CI 1.4-21,
adjusted for age and Heberden’s nodes.

Elsner et al. 1996 made a case-control study during 1989-93 including 115 men and 86 women with
radiological knee OA. Cases were defined by joint space narrowing, subchondral sclerosis, and osteophytes
at the radiographs (not further defined and not scored in categories). Patients without knee pain from a
general practitioner and an eye-specialist were chosen as controls, 95 men and 87 women. Cases and
controls were asked to fill out a diary on daily working activities during all the years they have been
employed and to classify the jobs as including heavy lifting (5-20 kg, or >20 kg).

83% of cases and 54% of controls were >45 years of age. The risk of developing knee OA in relation to
heavy lifting >20 kg was not significantly increased, either for men OR= 1.3, 95% 0.73-2.35, or for women
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OR=1.5, 95% CI 0.56-4.18. Among the reported occupations only metal workers had an increased frequency
of knee OA, especially if they have been employed >10 years OR = 3.8, 95% CI 1.38-10.5.

Sahlstrém & Montgomery, 1997°' made a study on occupational factors involved in knee OA From the
archives of the Department of Diagnostic Radiology at the Malmé University Hospital all radiographs of
weight-bearing knees from the period 1982-1986 were reassessed. 266 subjects with at least grade 1 OA
according to the criteria by Ahlbick were found, and a reduction of joint space on at least 3 mm was used as
case definition. Controls constituted of 463 age- and sex-matched subjects from a general population register
from the same area (2.6% with radiographic knee OA). Exposure was assessed in two ways; the subjects
answered by questionnaire for each occupation if the occupation involved walking, lifting objects weighing
at least 15 kg from one level to another, climbing stairs, climbing ladders or jumping. Four experienced
hygienists assessed the exposure from job-title and grouped in three classes:1) light knee moment: sitting,
walking, carrying, 2) medium: lifting with bent knee and carrying, climbing stairs and ladders with/without
carrying objects, 3)heavy: as 2) with additional jumping with and without carrying objects. There was a
tendency to classify knee movement as being heavier from questionnaires compared with the industrial
hygienists.

The results showed an association between knee OA and weight-bearing knee bending (medium plus heavy)
with an OR 1.9, 95% CI 1.4-2.7. The association disappeared (OR=1.1, 95% CI 0.7-1.8) when adjusting for
sitting, overweight, and knee injuries.

In a case-control study by Coggon et al. 2000™, 518 patients (205 males, 313 females) listed for surgical
treatment during a two-year period for knee OA (total knee replacement, TKR) was compared with an equal
number of controls. The study population comprised subjects from three English districts. The participation
rate was 55%. Subjects were aged 47-93 years (mean 72 years). Radiographs for each cases were reviewed
and 78% of the cases had knee OA, grade 3-4 according to the criteria by Kellgren & Lawrence. Exposure
was collected by interviews of life-time occupation and classified by different physical activities, including
heavy lifting (=10 kg >10 times/week, >25 kg > 10 times/week, and >50 kg >10 times/week). They were also
asked about climbing stairs (>30 times/day).

The association between knee OA (placed on a waiting list for TKR) and heavy lifting was positive (odds
ratio ranged between 1.2 to 1.9) for lifting >10 kg, >25, and >50 kg for men and women, but it was only
significant for >10 kg (men and women), and for lifting >25 kg (only women). The association became more
pronounced for subjects employed in occupations which involved both heavy lifting and kneeling/squatting
with an odds ratio for men OR= 2.9, 95%CI 1.3-6.6 and for women OR=4.2,95% CI 1.5-12.1.

For climbing stairs OR=2.3, 95%CI 1.3-4.0) (men) and OR=0.7, 95%CI 0.3-1.6(women) was found. All
results were adjusted for body mass index, Heberden’s nodes, and previous knee injuries.

Lau et al. 2000 carried out a study in Hong Kong. Patients with knee OA were recruited over a 3-months
period from the orthopaedics units of seven regional hospitals. All patients were diagnosed as having
primary knee OA, the radiographs were reviewed and only patients with grade 3-4 knee OA according to the
criteria made by Kellgren & Lawrence were included in the study. Patients with reumatoid arthritis or
ankylosing spondylitis or other causes of secondary arthritis were excluded. Controls were consecutive
patients who in the same period attended eight public-sector general practice clinics from the same area.
Controls were matched by age and sex and residential area. Only controls without complaints of pain or an
earlier history of self-reported arthritis were included (34% were excluded for this reason). 166 men and 492
women were included as cases (and the same number of controls). The exposure data were collected by
interviews with a structured questionnaire. Subjects were asked about each job they had held for at least one
year if they had had physical activities lifting loads (>10 kg; >50 kg/day) for 1-10 times or >10 times/week.
They were also asked if they had climbed >15 flights of stairs/day.

The association between knee OA and heavy lifting was significantly increased for lifting weights of >10 kg
(men: ORS5.8, 95% CI 3.1-10.8; women OR 3.0, 95% CI 2.2-4.1) and >50 kg (men: OR 7.1, 95% CI 3.1-
16.2; women: OR=2.9, 95% CI 1.9-4.5) when lifting >10 times/week. The association was weaker for lifting
< 10 times/week. The association between knee OA and climbing stairs was also significantly increased with
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an odds ratio for men OR=4.1, 95%CI 2.1-8.2, and for women OR=6.1, 95% CI 3.5-10.8. The differences
remained significant when adjusted for body mass index, knee injury, and smoking habits.

In a case-control study by Sandmark et al. 2000 men and women, aged 55-70 years living in 14 counties in
Sweden who had undergone a total knee replacement 1991-1993 because of primary knee OA were defined
as cases. Controls were men and women randomly selected from a central population register and matched
by age and sex. Subjects with earlier trauma or surgery of the knee, rheumatoid arthritis, poliomyelitis,
rickets, and musculoskeletal malformations were excluded. 325 male and 300 female cases and 264 male and
284 female controls participated in the study.

The information of exposure (life-time) was collected 1-4 years after TKR by questionnaire and the
questions included details about the duration of exposure, stairs climbed in number/day, and lifting
(frequency and weight). The exposure was accumulated for each physical activity and classified in low,
moderate, and high exposure. The exposure measurement also included job-title. Workers in certain
occupations were considered to involve the highest physical load according to criteria earlier described by
Vingérd et al.*®.

Men and women who had a job-title considered to involve heavy physical loads to the knees for at least 10
years had an increased risk of developing knee OA compared to workers unexposed to heavy jobs with an
odds ratio 2.5, 95% CI 1.7-3.6 for men and OR=2.5, 95% CI=1.6-3.9 for women. Male construction workers,
farmers and forestry workers all showed significantly high risks of getting knee OA.

Lifting was associated with an increased risk of getting knee OA in men (high exposure: OR= 3.0, CI=1.6-
5.5, and medium exposure OR= 2.5, CI=1.5-4.4) and for women (only high exposure OR=1,7, CI= 1.0-2.9).
Climbing stairs was positively associated with knee OA in men and women (odds ratio ranged between 1.2
and 1.7), but the result was only significant for medium exposure in women. All results are adjusted by age,
body mass index, and smoking.

A case-control study by Seidler et al. 2001%* included 195 subjects (105 males, 90 females), aged 25-80 years
(mean 55 years) with radiographic knee OA (grade 1-4, not further defined) and 325 controls, aged 25-80
years (mean 35 years) with radiographic excluded OA and 108 chosen as a random sample (only men, mean
age 57 years) from the general population in Frankfurt/Main. Subjects with earlier meniscus lesions were
excluded.

Information about exposure was collected by questionnaire, and was classified by job-title, duration of the
employment in the occupation and the duration of different work loads such as lifting (in weight 5-20 kg, 20-
50 kg, and >50 kg) and the duration in years. They also had to state whether they have had work which
involved daily kneeling (no, 1-10 years, or >10 years).

The association between knee OA and heavy lifting was positive only for daily lifting of >50 kg for men
(OR=3.4,95% CI10.7-17.2) and women, but none of the results showed significant differences, as shown in
Table 6. The association between knee OA and daily lifting or working daily in kneeling working positions
was increased with an odds ratio 2.7, 95% CI 1.0-7.1 for men, but not significant for women (only few
participants with physical work loads). Male construction workers had an increased risk of getting knee OA
with an odds ratio 5.1, 95%CI 1.3-20.1, while there was no other occupations showing significant
differences. The odds ratios were adjusted for age, body mass index, sports activities, and sex.

Dawson et al. 2002°" made a case-control study including women, aged 50-70 years from England. Cases
were defined as women who reported at least moderate knee pain on most days in the past month and who
had been placed on a waiting list for a TKR during the previous 12 months. Controls were chosen from local
general practice and matched by age. Subjects reporting knee pain during the past 3 years were excluded as
controls. Cases and controls were excluded if they had had earlier knee surgery, rheumatoid arthritis,
psoriasis, Paget’s disease, or other joint diseases. Of 246 potential study participants, 59 were defined as
potential cases and 187 as potential controls. 29 cases (participation rate 49%), and 82 controls (44%) were
included in the study. Exposure assessment were made by interviews of physical work loads for each
occupation held more than 1 year. The question was ‘ did this job in your life involve any of the following
activities on a regular basis (at least two days per week)?’. The activities included among others: lifting (not
further defined).
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The association between knee OA (TKR) and lifting was calculated by comparing subjects with <24 years of
lifting with subjects lifting 24-33 years, and >33 years. The results showed a positive association between
TKR and heavy lifting, but the result was only significant for lifting 24-33 years with odds ratio 7.31, 95%
CI2.01-26.7. The odds ratios were adjusted for age, and general practitioner.

In three health districts in Japan, Yoshimura et al. 2004% made a case-control study including women, aged
45 years or more, with knee pain, walking difficulties, and radiographic knee OA classified as grade 3 or
more according to the criteria made by Kellgren & Lawrence. Subjects with a history of knee injury the
previous year, rheumatoid arthritis or ankylosing spondylitis were excluded. Controls were randomly
selected from the general population and matched by age and residence. 101 cases (participation rate 84 %)
and 101 controls (participation rate 59%) were included in the study. For exposure assessment a
questionnaire was used which asked about eight types of physical activity in the initial job and in the job at
which the subject had worked longest. Lifting was divided in lifting weights >10 kg, >25 kg, and >50 kg
more than once during an average working week.

A positive, but not significant association between knee OA and lifting >25 kg in their main job was shown
with an odds ratio 1.91, 95% CI 0.92-3.96. The prevalence of construction workers among cases was 35%for
the first job and among controls it was 17% (OR=2.62, 95% CI 1.37-5.03). For the main job the OR was 1.3,
95% CI 0.69-2.46.

Occupations involving heavy lifting an/or kneeling/squatting

The association between knee OA and occupations involving heavy lifting have been investigated in
11studies**"%71 "Some of the studies have been described in detail in relation to heavy lifting, and only
the results on the relationship between knee OA and occupations involving heavy lifting and/or
kneeling/squatting are repeated. Study population, age of the participants, participation rate, exposure
assessment, the diagnostic criteria, adjustments, results, and study design are shown in Table 7.

Vingird et al 1991°° found a relative risk RR=1.36 (95% CI=1.13-1.79 for hospitalisation due to knee OA in
construction workers, and RR=1.46, 95% CI 1.23-1.98 for farmers when compared to a low exposure group.
For females the only significant risk for hospitalisation due to knee OA were found in female cleaners
RR=2.18, 95% CI=1.26-3.00. The relative risk for receiving disability pension was increased for farmers (at
least 10 years) compared to those never exposed to any of 20 most exposed occupations RR= 5.3, 95% CI
1.4.-19.7, for construction workers RR=5.1, 95% CI 2.6-10.6, and for carpet layers and painters RR=23.1,
95% CI3.0-178.3 in a study by Vingérd et al.1992%. Male construction workers, farmers and forestry
workers all showed significantly high risks of getting knee OA in a study by Sandmark 2000, Yoshimura
2004 showed a prevalence of 35% construction workers among cases (first job) and among controls it was
17%. (OR=2.62, 95% CI 1.37-5.03) and an OR= 1.3, 95% CI 0.69-2.46 (main job). Jensen et al. 1994*' made
a study using the Danish Occupational Hospitalisation Register with 1,251,590 men included (7588 knee
OA). Cases were defined as those hospitalised with a diagnostic code ICD8 713.01 (= knee OA). In skilled
construction workers, the standardized hospitalisation rate (SHR) was SHR=159, CI=117-217, and SHR
for carpenters SHR=144, CI=101-201.

Kellgren and Lawrence, 1952% made a study on 84 miners, 45 manual workers, and 42 office workers.
Radiological examination included X-rays on the low back, neck, hands, and the knees (AP and lateral views
of the right knee).Knee OA was defined in five categories (O=no changes, 1=doubtful, 2=minimal , 3=
moderate , and 4= severe). Doubtful and minimal were grouped together as slight, and moderate and severe
as severe. 40% of miners, 20% of manual workers, and 14% of office workers had slight knee OA, and 6%
miners, 2% manual workers, and 0% office workers had severe knee OA.

A study by Wickstrom et al. 1983"' comprised 252 active concrete reinforcement workers and 231 painters
aged 24-64 years. Radiographs were taken and classified into no, mild, moderate, and severe knee OA. Both
groups were video-taped, and the results showed that reinforcement workers lifted weights >20 kg six
times/hour and painters seldom lifted such work loads. The painters worked kneeling or squatting 12% of the
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work time compared to concrete reinforcement workers who worked in kneeling or squatting positions 6% of
the work-time. JSN was shown in 2% of both groups and degenerative changes (all OA) were found in 22%
of concrete reinforcement workers compared to 20% of painters.

In a cross-sectional study with a cross sectional design, Kivimiki et al. 19927 included 168 floor layers and
146 painters(controls) aged 25-45 years. Weight bearing (AP and lateral) radiographs were taken and knee
OA (TFJ and PFJ) was assessed by two physicians, and osteophytes and JSN was determined.

Exposure was assessed by using video-recordings for 12 hours including both carpet layers, floor layers, and
painters. The exposure assessment included kneeling working positions, but not heavy lifting.

The results showed no differences in JSN of the patello-femoral joint or the medial tibiofemoral joint in
carpet- and floor layers compared to painters. The prevalence of knee osteophytes was 58% among carpet-
and floor layers, and 41% among painters.

500 50-year-old miners with at least 25 years employment as miners and 500 controls without knee straining
sports activities or work loads were included in a cross-sectional study by Greinemann 1997°. Radiographs
of the knees and clinical examination were used for classifying osteoarthritis in the patello-femoral joint
(PFJ) and the tibio-femoral joint (TFJ). For exposure the job-titles were used.

TFJ knee OA was shown in 13% of the miners compared to 1% of the control group and PFJ OA was shown
in 11% of miners compared to 3% of the controls.

Jensen et al. 2000°® made a study on male floor layers and carpenters compared to a control group of graphic
designers without physically demanding work loads. 133 floor layers, 506 carpenters, and 327 graphic
designers, aged 26-72 years without earlier knee traumas answered a questionnaire which included number
of years in the occupation. 50 floor layers, 51 carpenters, and 49 graphic designers were chosen at random
(2/3 reporting knee pain, and 1/3 reporting no knee pain from each occupational group) for radiological
examination (non-weight-bearing AP and lateral projections). The x-rays were assessed independently by
two radiologists and classified according to the criteria of Kellgren & Lawrence. OA cases were defined as
grade >2. Video-recordings of representative work tasks were carried out for floor layers and carpenters to
measure the time spent in kneeling working positions. No measurements were made in relation to heavy
lifting. Floor layers had a high frequency of kneeling working positions, and carpenters a moderate amount,
compared to the controls without kneeling working activities. The amount of heavy lifting was assumed to be
the same for floor layers and carpenters and to be none for graphic designers. Prevalence estimates for knee
OA was 14% for floor layers, 8% for carpenters, and 6% for graphic designers. Prevalence estimates for
symptomatic knee OA in workers aged >50 years was 64% for floor layers, 22% for carpenters, and 6% for
graphic designers.

Holmberg et al. 2004°” made a case-control study on 778 subjects having radiographically verified knee OA
(TFJ) (joint space narrowing <3 mm, earlier TKR or X-rays diagnosed by a radiograph as advanced, severe
or moderate) and 695 controls from three counties in Sweden. Cases with chronic inflammatory joint disease
were excluded. Exposure measurement was by job-title. The association between knee OA and work showed
only a significant risk for knee OA in men, who had worked for 11-30 years as construction worker with an
OR=3.7,95% CI 1.2-11.3 and for women who had worked as farmers 11-30 years with an OR=2.1, 95% CI
1.0-4.5 (after adjustment for heredity, overweight, smoking, civil status, self-employment, knee injury,
meniscal lesion, and sports activity). For men working <11 years as construction workers or farmers there
was no significantly increased risk either for men or for women.

For men and women working as farmers >1 year there was a significantly increased risk of getting knee OA
if they had a body mass index >26 compared to those with a lower body mass index with an adjusted
OR=3.1, 95% CI 1.4-6.7 (men) and OR=4.4, 95% CI 2.2-8.6 (women).

Heavy- lifting and kneeling/squatting

The association between knee OA and kneeling combined with heavy lifting have been investigated in 4 stu-
dies investigating heavy lifting combined with kneeling/squatting®~***%*. The following studies have been
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described earlier in detail in relation to heavy lifting, and only the conclusions about heavy lifting in
combination with kneeling/squatting are repeated. Study population, age of the participants, participation
rate, exposure assessment, the diagnostic criteria, adjustments, results, and study design are shown in Table
8. As a part of the Framingham Heart study, Felson et al. 1991°° showed that men in jobs which required
bending, kneeling, crouching, or crawling and at least medium physical demands had a increased risk of
developing radiological knee OA (grade 2-4) with an OR =2.22,95% CI 1.38-3.58, and of severe knee OA>
grade 3, OR=1.98, 95% CI 1.08-3.64. For women, no significant differences were shown. The interaction
between occupations involving heavy lifting and repetitive knee flexion (kneeling, squatting, or climbing
stairs) and the risk of knee OA showed an OR 5.4, 95% CI 1.4-21, adjusted for age and Heberden’s nodes in
a study by Cooper et al. 1994°°. Coggon et al. 2000°° showed an association between knee OA and subjects
employed in occupations which involved both heavy lifting and kneeling/squatting with an odds ratio for
men OR= 2.9, 95%CI 1.3-6.6 and for women OR= 4.2, 95% CI 1.5-12.1. Seidler et al. 2001** found an odds
ratio for knee OA OR=2.7, 95% CI 1.0-7.1 for men, and not significant for women (amongst only few
participants with physical work loads) for daily lifting or working daily in kneeling working positions.

Climbing stairs

Four studies have investigated the association between knee OA and climbing stairs or ladders®*>®*”, The
studies have been described in detail in relation to heavy lifting, and only the conclusions about exposure
involving climbing stairs are repeated. Study population, age of the participants, participation rate, exposure
assessment, the diagnostic criteria, adjustments, results, and study design are shown in Table 9.

Cooper 1994 found an association between knee OA and climbing stairs (>10 flights/day) with an OR 2.7,
95%CI 1.2-6.1, adjusted for age and Heberden’s nodes. In a study by Sandmark et al. 2000” climbing stairs
was also positively associated with knee OA in men and women (odds ratio ranged between 1.2 and 1.7), but
the result was only significant for medium exposure in women. All results were adjusted by age, body mass
index, and smoking (). Coggon, 2000™ showed an positive association between knee OA and climbing
stairs with an odds ratio OR=2.3, 95% CI 1.3-4.0 (men), but not positive for women OR=0.7, 95%CI 0.3-1.6.
All results were adjusted for body mass index, Heberden’s nodes, and previous knee injuries. Lau et
al.2000™’showed that the association between knee OA and climbing stairs was significantly elevated with an
odds ratio for men OR=4.1,95%CI 2.1-8.2, and for women OR=6.1, 95% CI 3.5-10.8. The differences
remained significant when adjusted for body mass index, knee injury, and smoking habits.

Summary

16 studies dealt with the associations between knee OA and heavy lifting”*?7?%%%_All these studies
revealed a positive association between knee OA and heavy lifting compared to no/low exposure. Seven of
the 16 studies reported a significant outcome with an odds ratio ranging between 1.4-7.3%0-536:5%33:57:62
Ten studies measured the exposure for heavy lifting as low versus high exposure’?%7334379-63
defined as the amount lifted in kilograms®*>?%%%% jp sjx studies.

In four studies, the association between working in the construction industry and knee OA have been
investigated®>>*"*7_ All the studies revealed a positive association (statistically significant) with OR ranging
from 1.36 to 2.5. In two studies, the association between work as a floor layer and knee OA has been
investigated, one study showed an association for OA in the tibio-femoral joint® and the other study showed
only an association with OA in the patellofemoral joint (workers <45 years of age)”’.

Four of the studies®”**** included results of a combination of exposure of ‘heavy lifting and kneeling or
squatting’. For all these studies, the association between ‘heavy lifting and kneeling/squatting’ for men
showed a stronger association with an increase in the odds ratio ranging from 2.2-5.4 compared to exposure
to ‘heavy lifting’ alone. For women, only one study showed a significant association with an odds ratio 4.2%.
In all four studies on the association between knee OA and climbing stairs, there was a positive association
(for men in three studies and for women in one study) with OR range of 1.2-6.1. The association was
significant in one study including both males and females), and in two studies (only females)**”* and in two
studies (only males)**™>. The measures of exposure in the studies were: climbing stairs > 30 min/day,

, while it was



climbing ladders or flights of stairs>30 times/day, and climbing stairs >15 flights/day. No dose-response
relationship has been investigated.
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Discussion

In addition to the restrictions of the included studies, this review may have some limitations. Not all
potentially relevant studies could be found by using the internet-based search. Some of the studies were
identified from references in other studies. Although a great effort was made to identify the relevant
literature, some studies may have been missed, some because different keywords were used in the databases,
some because they are not indexed in databases, or indexed in other databases than the databases used for
this review, and some because they have been written in languages other than English, German, or the
Scandinavian languages e.g. French or Spanish. In the computer-based searches, however, very few
references in other languages emerged.

Publication bias, which can have the result that negative studies are less likely to be published than positive
studies, may be a risk, but is presumably more likely when studies are not well designed. For this type of
study, it is supposed that well-designed studies would be published even if the results were negative, because
there are no obvious conflicts of interest.

Good exposure data is much wanted but seldom provided, and some of the major problems in the reviewed
studies are related to measurement of the occupational exposure. The heterogeneous nature of the exposure
in many occupations, the variation over time, the long duration from first exposure to the development of OA
makes it difficult to obtain relevant measure of exposure. Many studies classified the level of exposure by
job title, and this exposure-measurement used alone may lead to misclassification. Classification into heavy
and light occupation with no further differentiation gives only a little more information. For more detailed
information, questionnaires or interviews are used. In those studies with retrospective data, it is obviously
difficult for the subjects to remember the level of exposure precisely, especially many years after the event,
and misclassification due to memory-deficit (recall bias) can occur. In studies using self-reported question-
naires or interviews, the self-evaluation may in addition lead to information bias, because subjects with hip-
or knee-pain have a tendency to over-estimate their physical work load. Only one study used video-
recordings to observe the amount of weight lifted’".

In a large Swedish cohort study, which included 250.000 workers, the risk for hospitalisation for hip and
knee OA was higher for workers in occupations with heavy physical work, and in occupations such as
farmers and construction workers®. Another study by Vingard et al. 1992* reported a high frequency of
farmers and of construction workers on disability pension because of OA in the hip or knee. A possible
explanation for this association between occupations with high physical work-load and hip and knee OA is
that people with highly physically-demanding jobs will seek joint replacement or disability pension earlier
and more often than people in less demanding occupations, because they are more handicapped because of
their OA and not because of a higher prevalence of OA. Self-employed farmers with hip or knee OA may
seek joint replacement more rapidly than other workers (referral bias) as the necessity of continuing in
physically arduous work could be greater and the options for alternative employment more limited. These
factors could be a problem in the studies using hospitalisation, total hip or knee replacement or waiting for
one as in the Swedish studies, but the high risk is also reported in population based studies and cross
sectional studies using radiological changes as their diagnostic criteria. Also, in surveys which have been
conducted in the general population and in subjects whose OA was found coincidentally on X-rays taken for
other purposes (urography, veno- or angiography)®, there have been a consistent excess risk of hip OA
among subjects with work including heavy lifting and among farmers.

The development of OA normally takes many years. Pain-disabled people who work in heavy occupations
who cannot meet the requirements for managing their physically heavy job tasks will tend to leave their
trade; this results in the “Healthy worker effect’’. In studies, the healthy worker effect may cause
underestimates of risk, if only people who are working are included as subjects. Many of the studies in this
field have also included people who are no longer working in their former trade, thus avoiding the healthy
worker effect.
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Hip osteoarthritis
Epidemiological evidence
Heavy lifting

Eight case-control studies on the association between hip OA and heavy lifting were included in this
review #7033 Geven studies showed a significant association with an odds ratio range of 2.4-12.4
for men, and two studies showed significantly increased risk for women with an odds ratio range of 2.9-4.1.
Four cohort studies dealt with the association between hip OA and heavy lifting®****°. Three of the studies
showed a positive association with an odds ratio range of 1.5-2.2°°*"2° but it was only significant in two of
the studies®’*®. The case definition was THR*, JSN <2mm?, Kellgren & Lawrence OA grade 2-4% and
hospitalized with the diagnostic code ICD 8 (713.00=hip OA)™.

Based on the study design, the sizes of the population, and the exposure measurements the studies by
Vingard et al. 1991** Coggon et al. 1998>, Croft et al. 1992 * , and Flugsrud et al. 2002*’ were considered
to be of the highest quality.

In the study by Vingérd et al. ** men with highest exposures to heavy lifting (measured as lifted tons) up to
the age of 49 years had a significant increased relative risk for THR with an odds ratio 1.84. One of the
strengths of this study was that interviews including information on exposure were also made on subjects
who had had their first myocardial infarction. The differences between these men and the men from the
general population in relation to the self-reported physical work-load were very small and non-significant.
The work load were divided into three groups: light, medium, and heavy work loads where those unexposed
and the 5% lowest exposed were defined as low exposure and medium and high exposure was divided into
two equally large groups. This may lead to a risk that cases with a high exposure may be misclassified as
medium exposure, or visa versa, and this may lead to a dilution of the results.

In the study by Coggon et al. 1998,* a dose-response relationship was shown between hip OA and lifts of
weights at least 10 times/week for at least 10 years for men with an odds ratio OR=2.3(>10 kg), OR=2.7(>25
kg), and the odds ratio OR=3.2(> 50 kg). No associations between heavy lifting and hip OA was apparent in
women. The strengths of this study were the high number of participants, the specified work demands, and
the description of the study and the analysis. The participation rate was 55% (including primary exclusion)
and of those who were invited to participate only 84% of cases and 58% of controls were included in the
analysis. This might lead to bias if subjects with heavy lifting were under-represented among the controls or
if subjects with hip OA report their past exposure more completely than the controls (recall bias).

In the study by Croft et al. 1992 > cases and controls were selected among men who had had an intravenous
urogram. For severe cases of hip OA(JSN<1.5mm), the risk was increased for the men employed >20 years
in jobs which required heavy lifting with an OR=2.5. The strength of this study is the use of intravenous
urograms to establish the study-population. A bias which can be caused if cases with symptomatic hip
disorders seek hospital-treatment more often than the general population may be avoided by this method of
selection of the subjects. The exposure measurement for lifting was defined as lift >25.4 kg and the duration
of years with heavy lifting. The frequency of lifting was not described. Many workers may lift 25 kg every
day (or every week), and it is a question if this criteria is sufficient to classify workers as subjects with heavy
lifting. This may lead to a misclassification of non-cases as cases. The potential misclassification of the
exposure is most probably non-differential and may thereby dilute the associations.

In the cohort study by Flugsrud et al. 2002*” data was used from a cardiovascular screening. The large
number of participants, the high participation rate (92%), and the prospective design gave strength to the
study. The exposure measurement used in this study was reported as the physical activity during the 12
months preceding screening. There may be a correlation between the 12-months activity in middle-aged
people, but this association is not confirmed in the study, and there may be a risk of misclassification. In
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general people have the jobs with the highest physical demands when they are young and still capable of
lifting and carrying, and they tend to change occupation to less heavy work when they grow older. It seems
most likely that workers in middle-age with heavy work also have had heavy work when they were younger.
The classification of physical activity was performed on the background of reported occupation during a 12
months period in 1977-83. This may lead to a misclassification, most probably a non-differential
misclassification, and may thereby dilute the associations.

In the study by Vingard et al. 1991 *, the relative risk for hospitalisation due to hip OA in high versus low
exposure occupations was significantly associated for males and was positively associated for women (but
not statistically significant). The strength of this study is the relatively large number of participants and OA-
cases. Job title was used for classification of the exposure (job held for at least 10 years). It might be a
relatively crude approximation for exposure assessment, and it may lead to misclassification. Non-
differential misclassification may occur if low exposure occupations have been classified as high exposure or
visa versa and this may lead to a bias towards zero and the risk in some groups may thus be underestimated.
Little data was available for each of the participants and the results were only adjusted for age and residence,
but not for earlier traumas, body mass index or other relevant confounders.

Jacobsen et al. 2004*® used data from The Copenhagen City Heart Study, a longitudinal health survey of an
adult population in the county of Copenhagen, Denmark. Within a population of more than 4500 subjects
105 men and 167 females subjects with radiographic joint space narrowing <2mm were found.

No significant relationship was found in the study between radiographic features (not further defined) and
heavy lifting (results not shown). The overall design of the study seems good, but data, results, and statistical
analysis were not shown, which makes it difficult to evaluate the study further.

In the study by 1981-1983 by Cvijetic et al. 1999 the study population, and the participation rate is not
described. The radiographs were only taken of the right hip and they used a description of hip OA (Kellgren
& Lawrence Grade 2-4) which may also include subjects without JSN and this may thereby dilute the results.
The greatest limitation of this study in relation to heavy lifting is the definition of the exposure groups, where
the specification for carrying heavy weights was >5 kg. This limit may be altogether too low, and thereby
dilute the associations.

Yoshimura et al. 2000*® carried out a case-control study in Japan. The design was similar to the design used
by Coggon et al.1998>*. Cases consisted of only 11 men and 103 women and the greatest limitation of this
project is the relatively small number of cases. The low frequency may be caused by the low prevalence of
hip OA reported in Japan in general. The survey included a much higher frequency of women. Women do
not in general have as high physical demands in their jobs as men, and, in this study, it was only few women
who reported heavy lifting (>50 kg). The exposure was defined as lifts each week, a relatively low amount of
lifting, which may lead to misclassification. In spite of these factors, the results showed a positive
association. Lau et al. 2000™ made a study with similar design including subjects from Hong Kong. The
results showed a dose-response relationship of heavy lifting for men, but not for women. As among
Japanese, only very few Chinese subjects (and especially male subjects) have had THR, probably because of
a lower prevalence of hip OA among Asians. The greatest limitation of this project is therefore the relatively
small number of cases, especially of men, included in the study. The low frequency of participants would
decrease the possibility of showing differences between cases and controls, but, in spite of this problem,
significant differences are shown for both men and women for heavy lifting. The relative strength of this
study, compared to the study by Yoshimura®, is the higher number of controls included.

Vingard et al. 1997 made a case-control study that only comprised women with THR (cases) and without
hip problems (controls). No association was shown between hip OA and heavy lifting. There is no
information in the paper on how many of the women, had work outside the home. Furthermore, traditionally
heavy jobs are not common among women in Sweden. This may lead to misclassification, and a possible
dilution of the results. In the questionnaire the lifts were divided into weights of (0-5 kg, 6-10 kg, 11-15 kg,
16-20 kg, and >20 kg), the frequency of lifting, and the duration of lifting (in years), but only the number of
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heavy lifts (not further defined) is reported in the paper. The weight of the individual lifts is not reported in
the paper.

In the case-control study by Vingard et al. 1992 of a Swedish population receiving disability pensions,

the diagnoses registered in this study were collected from physicians’ certificates. A diagnosis of hip OA,
which could be used to decide whether a person should have a disability pension would presumably include
both a clinical and a radiological examination, but this is not described in the paper. If the diagnoses were
imperfect, this could lead to misclassification, probably non-differential, which would lead to a bias towards
zero and the risk may thus be underestimated. Subjects with heavy physical exposure may have a higher risk
of getting disability pensions if the physical work load contributes to or causes the disease. Another
explanation could be that subjects in physical demanding occupations have an increased risk of getting
symptoms caused by the disease which may lead to disability pension without a causal explanation in
relation to the work load. This will lead to an overestimation of the risk.

The exposure has been classified as physically high work load on the hips and not especially related to heavy
lifting. The occupations which were classified as having a heavy physical work load on the hips included, for
example, farmers, forestry workers, miners, metal workers, carpet layers, fishermen, smiths, plumbers and
pipe-fitters, concrete workers, and carpenters, are traditionally occupations including relatively heavy lifting.
A potential misclassification of the exposure would most probably be non-differential and may thereby lead
to a bias towards zero and the risk may thus be underestimated. A possible confounding factor may be age,
for which they did not adjust. But the relative risk has been analysed with and without age stratification,
resulting in the same magnitude of the relative risk.

In a case-control study by Roach et al. 1994 * the greatest limitations included the high exclusion-rate of the
study. The initial study-population consisted of 693 subjects identified from a radiology database of all
patients who received a radiograph because of hip complaints or had a total hip replacement. Of these 504
(73%) were selected for a questionnaire, and only 332 (48%) were used in the final analysis. The control
group was selected on the basis of VP films and contained a large proportion of subjects with benign
prostatic hypertrophy or cancer. In this study, cancer was treated as a potential confounder, because, in some
studies, heavy work has been shown to be protective against cancer. The cases were chosen among subjects
who were already receiving treatment, and these cases may seek hospitals or health care more frequently
than the general population. The participants were only classified according to whether they had a light or a
heavy work. This may improve the accuracy of the work loads and may lead to a misclassification, which
most probably is non-differential and may thereby dilute the associations.

Occupations, which involve heavy lifting

The association with hip OA has been studied in relation to certain specific occupations. Farmers and
construction workers tend to have job tasks involving heavy lifting, and it has therefore been decided to
include studies concerning these occupations in the review.

Nine case-control studies have investigated the association between hip OA and farming#*2%3?35384244 1y¢
the quality of the study design and the results are low in four of them®*****® and they will not be further
discussed here. Among the five studies of higher quality a positive association (significant in three) was
found between hip OA and farming in four of them with an odds ratio range of 2.0-13.8.

Five cohort studies investigated the association between hip OA and farming’®***"*"*!. One of the studies
was of poor quality (no control group, no analyses, case definition JSN<4mm)™® and it is not discussed
further here. The four studies showed a significant increased risk of hip OA among farmers with an odds
ratios range of 3.8-10.1.

The most extensive studies on farming in respect of study design, size of the population, the case definition,
and the exposure measurement have been the four studies of Croft et al. 1992 2 Croft et al. 1992%, Thelin et
al. 1997* , and Tiichsen et al. 2003*.
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In a case-control study by Croft et al. 1992 *, cases and controls were selected among men who had had an
intravenous urogram. For severe cases of hip OA (JSN<1.5mm), the risk was increased, but not significantly
for farmers employed >10 years. The strength of this study is the use of intravenous urograms; this may
avoid a bias which can be caused if cases with symptomatic hip disorders seek medical-treatment more often
than other people. The number of severe cases were relatively small (farmers n=19), which may explain the
non-significant differences for farmers.

The study by Thelin et al. 1997 selected all radiological examinations of the pelvis and the hip joint
performed during a 3-year period. The risk of getting hip OA was significantly increased for farmers who
have been employed more than 10 years compared to subjects who have worked as farmers <1 year.
Radiological findings on previous taken x-rays were used as case definitions in this study. In this way,
selection bias may be avoided compared to studies using total hip replacement as the criteria. On the other
hand farmers with heavy physical demands may seek medical treatment (and have X-rays taken) because of
hip symptoms more often than the general population, and there may even be a selection bias in the study,
although it is another case definition. The cases and controls were matched by age, a well known
confounder. No adjustment have been made for others confounders.

Croft et al. 1992% selected men from five rural practitioners at random, and chose the farmers (cases) and
office workers (controls) for further x-ray examination. The association between hip OA and work as a
farmer was increased for both working as a farmer 1-9 years OR=5.8 and for work >10 years as a farmer
OR=10.1. The greatest limitations in this study may be the relatively low participation rate and the
overrepresentation of symptomatic farmers among the participants (78%) compared to 54% of asymptomatic
farmers, 60% of symptomatic, and 57% of asymptomatic office workers. But even though there had been no
further cases of hip OA among the non-responding farmers, it could not explain the big differences between
the cases and the controls. Radiographs were selected in different ways, but all radiographs were reviewed,
including those for subjects who have had total hip replacement. The results have not been adjusted for
earlier hip injuries as exclusion of subjects with rheumatoid arthritis, congenital malformations, ankylosing
spondylitis are not described.

The risk of hospitalisation due to hip OA was investigated in a cohort study by Tiichsen et al. 2003*.
Self-employed farmers had a significant increased SHR (standardized hospitalisation ratio) ranging from 281
to 286 in the four cohorts (time-periods). The methodological strength of this study is that all first hospital
admissions due to hip OA in Denmark are included. One of the limitations of the study is that not all people
with hip OA seek hospital-treatment for their problems, and there may be a selection bias if farmers seek
medical care because of hip pain more often than the general population. Another limitation is the definition
of hip OA (use of a diagnostic code) which is not so valid as if radiological joint space narrowing had been
used. This may lead to a misclassification of subjects as OA-cases. The misclassification will probably dilute
the risk and the SHR would go towards 100. The mean age in studies on hip OA has normally been
approximately 60-65 years. This study includes relatively young subjects, age 20-59 years of age (average
age not mentioned). It is only for the eldest in the population that the risk of hip OA is expected to be
increased. Adjustments have not been made for known risk factors as body mass index, traumas, or sports
activities. The study included only the working population, and farmers who had left their earlier occupation
in farming because of a hip OA would therefore not be included in this study (healthy worker effect), and
this will probably have diluted the calculated risk.

In a case-control study by Thelin, 1990 ** the association between hip OA and work as a farmer showed a
positive association for farmers working 1-10 years as a farmer OR=2.1, 95%CI=1.1-4.3, and working >10
years as a farmer OR=3.2, 95% CI=1.8-5.5. An association was also found between hip OA and work
including tractor driving OR=2.2, 95%CI=1.3-3.9, and work with milking OR=2.2, CI=1.3-3.7. There was
no adjustment for confounders. Cases were defined as subjects with THR. This may lead to a selection bias if
farmers seek surgery more often than the general population. Job-title was used as the exposure definition. It
will normally be much easier to remember a job-title and the years working in a specific occupation than to
remember the physical activity during the past. There will, therefore, only be a small risk of recall bias in this
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study. In a case-control study by Thelin et al. 2004*, farmers with defined JSN<3mm were compared to
farmers without hip symptoms. The strength of this study is the high number of farmers who participated in
the study. The study was done without a control group of non-farmers, and one can not thereby conclude if
there was a higher risk among farmers than non-farmers, but it did investigate whether farmers with specific
work-tasks were at higher risk of getting hip OA. For the work task ‘tractor driving’, which in earlier studies
had been shown as a potential risk factor, an increased risk among some farmers could not be confirmed in
this study. This may be explained by the fact that most farmers work with tractors and that tractor driving is
something of a proxy for farming. In this study, there was no indication of any relationship between ‘work as
a farmer at a young age’ and the development of hip OA. This may also be explained by the fact that it is
common for farmers to begin work at an early age.

In the cohort study by Jensen et al. 1994*' using the Danish Occupational Hospitalisation Register) the
standardized hospitalisation rate (SHR) for farmers was SHR=273. The strength of the study is that it
includes a high number of participants. The study have a longitudinal design, which may secure against
information bias. The limitation of the study is that the register only includes job-title, which may lead to
misclassification. The occupation may be poorly described, and the main job has been registered during 5-
year periods, which may result in approximation. This can also lead to misclassifications. Unskilled workers
such as the construction workers are a group, which often change occupation whereas farmers normally work
within their occupation for many years without changing. The risk for misclassification is therefore probably
higher among construction workers than among farmers. The case definition has been made on the basis of a
diagnostic codes. A misclassification of the diagnosis will normally dilute any differences, and the risk
estimate will tend to go towards zero. The study includes subjects that seek hospitals for treatment. If
subjects in heavy work as farmers seek treatment more often than people in sedentary jobs there may be a
risk for selection bias. The register only include subjects still at work. If workers such as farmers choose to
leave their occupation, they are then not represented in this study (healthy worker effect), or if they change to
work with less physical demands because of their hip OA, they would be represented in the new job
category. This will probably be a differential misclassification and bias estimates for farmers downwards.
Six studies have investigated the risk of hip OA in construction workers***>***%! 45 a part of the study. In
two of the studies, only the number of construction workers were mentioned**”>. Two studies showed an
increased risk for hospitalisation due to hip OA (Vingérd et al 1991, Jensen et al. 1994*"), and in another
study by Vingaard et al. 1992, the relative risk of receiving disability pension for construction workers was
shown to be increased. There may in these studies be a risk for selection bias if subjects from physically
heavy work seek hospital-treatment or get disability pension more often than others. Croft et al. 1992
showed significantly increased hip OA among construction workers with employment 1-10 years but not for
>10 years of employment. The strength of this study is the use of intravenous urograms. A bias which can be
caused if cases with symptomatic hip disorders may seek hospital-treatment more often than others may in
this way be avoided. The total number of severe cases were relatively small, as was the number of
construction workers, and the occupation ‘construction worker’ was not further defined. This may lead to
misclassification if construction workers without heavy lifting are included in this group.

Climbing stairs or ladders

As a part of the study, five studies investigated the relationship between climbing stairs and hip
OAX*393738 Three studies showed a significant increased risk of hip OA. In two studies the risk were
increased for women’ ™, and in two studies for men**°. Only one study investigated the risk for climbing
ladders and showed a positive but not significant association for climbing >20 years®. It is known that
people with hip pain experience worse pain when climbing stairs. People in occupations which include work-
tasks which include climbing stairs or ladders may seek treatment earlier than other workers because of pain.
This could be a problem in the studies which used total hip replacement or waiting for one®*”**"** as case
definition. Only one study used radiographic OA as inclusion criteria and the association in this study was

not statistically significant™.
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Definition of osteoarthritis

In eight epidemiological studies®*¥**3404%#:1324 the relationship between hip OA and physical work load,
the diagnostic criterion for OA was joint-space narrowing at radiographs ranging between <1.5 mm and < 4
mm, in one study the Kellgren and Lawrence criteria (grade 2-4 hip OA) was used”®, and total hip
replacement or waiting for one have been used as diagnostic criteria®**"*%***% in 6 studies. Four studies
used a diagnostic code for hospitalisation or getting a disability pension because of hip OA>>%*'**> The
radiographic diagnoses of hip OA only have relevance if it leads to symptoms or disability. In the studies
using THR or waiting for surgery it can be expected that the subjects have symptomatic hip OA. There is no
stringent definition of the cut-off point for joint-space narrowing as the primary criterion for hip OA. Croft et
al.1992% evaluated two definitions of joint-space narrowing, 2.5 mm and 1.5 mm, based on the proportion of
subjects each classified as abnormal. Only the more stringent cut-off point was clearly associated to other
criteria such as pain and other radiographic changes. The more stringent definition was also more strongly
associated with risk factors than the less stringent one. In a study by Jacobsen et al.2004'** no association
was found between occupational lifting versus no lifting among asymptomatic people with hip joint-space >
3 mm. Jacobsen et al. 2004 "showed an association between self-reported hip pain at a joint space width <2
mm.

Patho-physiological mechanisms

The pathogenesis of hip OA in relation to work loads has not been clarified. The forces that act on the hip in
the standing position are 1/3 of the body weight. When lifting 12.5 kg the weight increases to 3 times body
weight, and climbing stairs increases the load to 5-7 times body weight®*'*,

If mechanical effect is the primary cause of developing OA in the hip, obesity may also increase the risk of
OA in the hip by increasing the load on the weight-bearing joints'®. Alternatively, because obesity and OA
are both associated with a genetic predisposition, it has been thought that the two conditions could be linked
if the genes that cause obesity also predispose to OA, but this could not be verified in two large twin
studies”'®. Another theory has been that obesity, by changing the hormone balance, may change the risk for
OA. This theory is supported by the fact that obesity also may increase the risk for hand OA.

Another hypothesis for the pathogenesis of hip OA is that subchondral microfractures may induce OA'®.
Microfractures may occur when the joint is in extreme positions or when physical work load exceeds a
critical level. Radin et al. 1972, 1975 describe that microfractures appear in the subchondral bone due to
repeated high forces across a joint. The overlying cartilage has to absorb more force, which will cause
degeneration of the cartilage. These studies indicate a possible patho-physiological mechanism by a
mechanical effect and/or microfractures during repeated physical work load.

Exposure

In four studies on heavy lifting, 9 studies on farming, and 6 studies on construction, job-title was used to
indicate the level of exposure.

In 10 studies on the relation with heavy lifting, and 5 on farming exposure information was collected by
questionnaire or interviews on more specific physical activities.

In 4 studies””***’_ medium exposure compared to low exposure showed >"*****"3 positive association with
hip OA with OR ranging between 1.1 (females) and 4.1 (males). In five studies”***’, high exposure
compared to low exposure showed an OR ranging between 1.5 (females) and 12.4 (males). In the studies,
there seemed to be a dose-response relationship with higher risks for the high exposure groups than for the
medium exposed groups when both were compared to the low exposure groups.

In five studies, the weight of the lifts were more specified. In two studies the exposure were divided in ‘lifts
>10kg’; lifts >25kg or lifts >50 kg****; one study used only lifts >25 kg”’; one study used lifts >40 kg**, in
one study were used lifting >1 tons, 1-2 tons, 2-5 tons, and >5-10 tons/per day, and one study used lifts >5
kg combined with standing/walking®. The four studies showed significantly increased risk for hip OA; in
one study for lifting >25 kg > 20 years (only men)* , in one study for lifting both >10kg, >25 kg, and >50 kg
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10 times/week at least 10 years (only men)*, in one study there was an increased risk for lifting >10 kg more
than 10 times/week, and for lifting >50 kg 1-10 times and more than 10 times/week for men. For women,
only lifting >50 kg more than 10 times /week showed significant differences™. In two of the studies, there
was no significant increase of hip OA**'**. On the basis of three of these studies***"**, there seems ******to
be a dose-relationship with an increase in OR ranging from 1.2-1.9 for lifts >10 kg to OR 1.5-2.7 for

lifts >25 kg and OR 3.2-8.5 for lifts >50 kg. The risk increases in relation to the amount lifted (=10 kg, 25kg
or 50 kg), with the frequency of lifting (1-10 times/week versus more than 10 times/week).

Only two studies investigated the importance of the duration of the exposure. Croft et al. 1992 showed a risk
for severe JSN OR=1.2 for subjects lifting loads of 25 kg < 20 years compared to OR=2.5 for subjects who
have lifted loads 20 years or more. In the study by Coggon et al. 1998 **, at least 10 years of exposure
showed an increased risk of hip OA compared to 0-10 years of exposure for heavy loads of >10 kg, >25 kg,
and >50 kg. In the study by Vingard et al. 1991**, the OR increased for subjects exposed to heavy weights
after the age of 30 years (OR 2.74) compared to those exposed before the age of 30 years (OR 1.95). These
results were confirmed by the study of Coggon et al. 1998>*, which also showed an increased risk of getting
hip OA both for subjects exposed before and after the age of 30 years.

Vingard et al. 1991** used accumulated exposure between the ages of 16-50 years. The weight lifted/per day
or per week was not described in the paper. A rough estimate of the exposure can be calculated by using a
mean of 20 years of work (between 16-50 years of age) and 200 work-days/year. This leads to an average of
<5 lifts/day in the low exposure group, 5-10 lifts/day in medium exposure group, and >10 lifts/day in the
high exposure group for lifts >40 kg.

The studies are consistent in documenting an increase risk of hip OA among agricultural workers, but the
precise mechanism for this association remains a subject of study. Many farmers grow up on the farm, and
begin to work during childhood when the hip is not fully developed, and degeneration of the hip may be
caused by the long-term heavy physical labour in farming. This theory thus could not be confirmed in a study
of Thelin et al. 2004*, but in this study all participants comprised farmers. The potential risk factors also
include regular heavy lifting, prolonged standing and walking over rough ground and exposure to vibration
from tractor driving. In a study by Croft at al., 1992*, 91% of the farmers reported lifting or moving weights
of 25 kg or more. This was confirmed in the study by Coggon et al.1998>*, where farmers and construction
workers reported working in occupations involving lifting weights of 25 kg or more. These studies support
that farmers do heavy lifting.

Heavy lifting has been a risk factor for hip OA in other occupations, such as construction workers, although
construction workers may be the result of inclusion of too few participants, and of misclassification of the
work loads; the exposure in these studies have mostly been based on job title. In a study by Wickstrom et al.
1983"", concrete reinforcement workers and painters were studied by video-recordings. The concrete
reinforcement workers lifted heavy loads 5-20 kg 15 times/hour and loads >20 kg six times/hour. Painters
(who are also construction workers) lifted loads 5-20 kg 6 times/hour, but only seldom lifted heavier loads.
This study showed that there are great differences between different kinds of construction work in relation to
the lifting of burdens both in frequency and in weight. These studies indicate that lifting heavy burdens is
normal among farmers and among some of the construction workers.

In all the studies, the exposure information on climbing stairs was collected by questionnaire or interviews
with physical activities specified. Only one study included informations on climbing ladders. For climbing
stairs, the exposure definition differed from ‘number of stairs climbed during life-time’, to climbing >15 or
>30 flights of stairs. The duration of climbing stairs ranged from more than 1 year to more than 10 or 20
years. There was a tendency towards a dose-response relationship in two studies on females with an OR=1.3
(medium vs. low exposure), and OR=2.1 (high vs. low exposure)’’ and an OR= 1.3 (<20 years of climbing
stairs) and OR=2.3 (>20 years of climbing stairs).
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Other findings

None of the identified studies have investigated the effect of physical work demands in relation to the
prognosis of hip OA. Thus, conclusions based on scientific evidence in relation to this aspect cannot be
drawn. Felson 1998 estimated the potential reduction in the incidence of symptomatic hip OA using
different preventive strategies. By eliminating obesity, 26% of hip OA would be prevented in men, and for
women, 27% of hip OA would be prevented. Based on the material from Vingérd et al *'**, Olsen et al *'
have *'*calculated the etiologic fraction of hip OA to 40% caused by physical work load.

In 7 studies®*?*"2%%3* the association between hip OA and physical work loads have been investigated for
women. The association were positive, but only significant in two of the studies in the highest exposure
group, with OR ranging from OR 2.1-2.9”"°. All the studies revealed more significant results for men than
for women. One of the explanations for this may be that many of the studies had too few female participants.
In general, women do not have work-tasks with the same degree of physically heavy work-loads in their
occupations as men do, and they traditionally work in different trades. It is not easy, therefore, to recruit a
sufficient quantity of women with high exposure into the studies. The most plausible conclusion is that
women are as susceptible to heavy work loads as men and that their risk of getting hip OA are equal to men
if they have the same exposure.

There have been earlier reviews on the relationship between hip OA and occupational physical demands.
Maetzel, 1997"** concluded that studies suggest that the evidence between work-related exposure, particular
farming, and hip OA was consistently positive, but weak. The review was only based on 5 studies. Bgggild
et al. 1997"% concluded that there was an increased risk for hip OA among farmers, and less evidence for an
association among construction workers, and for work including heavy physical work-load.

Lievense et al. 2001'* found moderate evidence for an association between heavy lifting and hip OA. This
review was based on 16 studies compared to the five studies included in the review of Maetzel, and, notably,
it included new research which had taken place between 1997 and 2001. Walker-Bone et al. 2002, in a
review on musculoskeletal disorders in farmers, found strong evidence for hip OA among farmers. In
November 2003, the Industrial Injuries Advisory Council in Britain concluded that people engaged in
employed work for at least 10 years in aggregate as a farmer, farm worker, or farm manager who have been
diagnosed with OA of the hip prior to surgery on the hip (painful hip and evidence of OA on X-ray) can be
considered to have suffered an industrial injury.

Conclusion

In surveys with different study designs based upon these approaches, investigations from several countries
have consistently shown an excess risk of hip OA among workers with heavy-lifting for many years.
Exposure response associations have also been found in a number of studies, but these relations have not
been fully characterized in terms of lifted weights (kg), frequency (number of lifts per day) and duration
(years). It cannot be ruled out that information bias with respect to exposure may have occurred in case-
control studies where the subjects retrospectively estimate their degree of heavy lifting. Also, selection bias
in studies of THR studies or studies based on hospital discharges may have occurred, since subjects with
heavy-lifting and hip OA may have more pain and seek medical help at an earlier stage than similar subjects
without heavy-lifting. There may also be some misclassification with respect to x-ray diagnoses in some
studies due to inadequate criteria or methods, but since such misclassification is independent of exposure
status the resulting bias would be to attenuate any real associations. For these reasons the evidence of a
causal association between heavy-lifting and hip OA is considered as moderate to strong.

Research investigation in relation to an association between hip OA and work as a farmer also exists from
several countries. The studies, which have a wide range of study designs, have consistently shown an excess
risk of hip OA among farmers. There is a substantial weight of evidence that the risk of hip OA is at least
doubled for farming >10 years. The association has been found to a lesser degree in women.
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There are relatively few studies investigating the association between climbing on stairs or ladders and
development of hip OA. Although many of the studies show a positive association, these are not statistically
significant, and no studies show a dose-response relationship. No studies were found for this review dealing
with an association between heavy lifting combined with kneeling/squatting.

Knee osteoarthritis
Epidemiological evidence

Heavy lifting

11 case-control studigs’=>>>78:00:01:64:65:73
included in this review. Seven studies
of 1.4-7.1 for men, and in four studies
ratio range of 1.7-2.9.

Five cohort studies deal with the association between knee OA and heavy lifting
studies showed a significant association with an odds ratio range of 1.9-3.1°%,

on the association between knee OA and heavy lifting have been
303335360617 showed a significant association with an odds ratio range
30335773 sjgnificant increased risk was shown for women with an odds

153;54;59;63
36:53:534:39:63 Pyyo of the

Based on the study design, the size of the population, and the exposure measurement the studies by Coggon
et al. 2000 and Sandmark et al. 2000 were considered as being of the highest quality”>".

In the case-control study by Sandmark et al. 2000", lifting was associated with significant increased risk of
getting a total knee replacement in men (high exposure: OR= 3.0, and medium exposure OR= 2.5) and for
women (only high exposure OR=1,7). Men and women in occupations involving heavy physical loads to the
knees for at least 10 years had an increased risk of developing knee OA compared to workers unexposed to
heavy jobs, with an odds ratio 2.5 for men and OR=2.5 for women. Male construction workers, farmers, and
forestry workers all showed significantly high risks of getting knee OA. This very well-described study had
the same limitations as all case-control studies, while the exposure assessment is retrospective, which might
involve a certain degree of non-differential misclassification, giving a dilution of true risk for highly exposed
and an overestimation or underestimation of the risk for medium exposed. In the study, they also used job-
titles which may lead to a lower (but also existing) degree of misclassification.

In a case-control study by Coggon et al. 2000 the association between knee OA (placed on a waiting list for
TKR) and heavy lifting was positive (odds ratio ranged between 1.2 to 1.9) for lifting >10 kg, >25, and >50
kg for men and women, but it was only significant for >10 kg (men and women), and for lifting >25 kg (only
women). The association became more pronounced for subjects employed in occupations which involved
both heavy lifting and kneeling/squatting with an odds ratio for men OR= 2.9 and for women OR=4.2. The
strengths of the study are the high number of participants, and that information of the occupation activities
were collected by interviews (specified in different physical activities) instead of using only job-titles. The
information about the occupational activities was collected retrospectively which might be susceptible to
recall bias. One of the limitations of the study may be the low participation rate, especially among controls. It
is possible that subjects with poorer social background were less willing to participate, but when adjusting
for social class only small differences occurred. The case definition was ‘placed on a waiting list for TKR’.
Subjects in heavy occupations may seek hospital care more often than subjects without heavy occupation and
this may therefore lead to a selection bias. Subjects with knee pain may also recall their physical demands
differently than subjects without knee pain and remembering past situations may be a problems for both
cases and controls (recall bias).

3Ina population-base cross-sectional study, (HANES I), Anderson & Felson, 1988 showed a positive, but
not significant, association between knee OA and heavy physically demanding work , for men aged 55-64
years, OR 1.88 and for women OR 3.13, while no associations were shown in younger age groups (adjusted
for race, education level, and body mass index.
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The radiographs were taken as non-weight bearing which may lead to an underestimation of knee OA in this
study. It is supposed that the underestimation will be the same among subjects with heavy physical work
demands as among subjects without. The exposure was measured by current occupation when they join the
study. Unskilled workers, especially, may have worked in many occupations with different physical
demands, and there may be a risk of misclassification. When coding physical demands by using job-titles,
there may also (even though more than 300 job-titles have been used) be a risk of misclassification. Non-
differential misclassification may occur if low exposure occupations have been classified as high exposure or
visa versa and this may lead to a bias towards zero and a possible risk in some groups may then be
underestimated.

In the Framingham Knee Osteoarthritis longitudinal cohort study, Felson et al. 1991, the association
between knee OA and lifting showed no significant differences either for men or for women. Men in
occupations which required knee bending and at least medium physical demands had higher rates of
radiological knee OA (grade 2-4) with an OR =2.22, and of severe knee OA> grade 3 an OR=1.98. For
women, no significant differences were shown. The strength of this study is the longitudinal design, and the
fact that the radiographs were taken weight-bearing. In this study, there was no significant relationship
shown for women. One of the explanations may be that physical demanding jobs were uncommon among the
women. Only 14 women reported heavy lifting (4 knee OA), and 13 women (2 knee OA) reported having
knee bending and heavy lifting in their work. Although some of the jobs required knee bending, it was
assumed that is was very mild in character and not enough to cause knee OA. 209 men were defined as
having medium, heavy, or very heavy work demands; 136 were craftsmen (e.g. carpenter or foremen), 52
were labourers/service workers (e.g. farmers, janitors, maids) and the rest were professional/technical
(n=80), manager/administrative (n=82), sales (n=34), clerical (n=39), operative/transport (n=76), and with no
single occupation or unemployed (n=70). There may be a high risk of misclassification in this study and a
dilution of the results, because it only included a few with really heavy physical work demands. Non-
differential misclassification may occur if low exposure occupations have been classified as high exposure or
visa versa and this may lead to a bias towards zero, and a possible risk in some of the groups may then be
underestimated.

In a cohort study by Vingérd et al. 1991°°, the relative risk for hospitalisation due to knee OA in high versus
low exposure occupations for males was a range of RR=1.2-1.4 and for females a range of RR=1.4-1.9. The
strength of this study is the high number of participants (including many OA-cases). The exposure was
classified from job-titles by experienced persons, but there may be a risk of misclassification. The exposures
were classified as high dynamic or static forces on the knee joint and not as occupations with heavy lifting.
In a case-control study of Vingérd et al. 1992%, the relative risk to receive disability pension due to knee OA
was increased for persons with medium (RR=4.5) and high exposure (RR=14.3) to physical work loads. The
strengths and the weakness of these studies have been described in relation to hip OA.

In a longitudinal prospective study, Bagge et al. 1991 studied 79-year-old subjects and found no association
between subjects with knee OA and earlier employment in jobs with heavy work loads. There are some
limitations of the study, which is not well-described. 52% of males and 54% of the females had knee OA
grade 2 or more in this sample of 79-year olds. The risk of getting knee OA was high in all subjects, which
may lead to a risk of underestimation of a real risk. Only a few men were included in the study, and only 17
have been included in the highest exposure score category (only for subjects who worked for at least 33
years). At the score 3 (in the second lowest category) subjects should have had a heavy physical work load
for 10 years, which in other studies is defined as heavy work. The exposure assessment was made
retrospectively in 79 year old people (some perhaps with memory problems) and there may be a risk for
misclassification (recall bias). All these factors may lead to a risk of underestimation. Only few men were
still alive among the 79-year olds. Normally, there is an increased risk to die early in the lower working
classes with the heaviest jobs. This may also lead to a risk of underestimation.

Schouten et at, 1992 made a 12-year follow-up on a population survey. Cartilage-loss developed between
baseline and follow-up was not associated with earlier employment in occupations with medium or heavy
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lifting. In this study, only a small number of the participants from the first study were included in the follow-
up. One of the explanations was differences in the scorings of the radiographs. In the follow-up, a more
restrictive scoring was used compared to the first study. This may lead to a misclassification of cases as not-
cases. It also caused a very low number of participants in the study (n=105) and the numbers with and
without heavy lifting are not shown. Cartilage-loss developed during the 12-year period may describe the
prognosis for the cartilage. The relation between cartilage-loss and JSN has not been described.

It is possible that not all the participants have had an occupation with heavy lifting during the follow-up
period, and have left the physical demanding occupations when they had their knee OA at or before baseline
(healthy worker effect). These factors will all tend to dilute the associations.

In the study by Cooper et al. 1994°°, the association between knee OA and heavy lifting (lifting weights over
25 kg in an average working day) was positive (not significant) with an OR 1.4. The strengths of this study is
the use of weight-bearing radiographs, inclusion of PFJ OA, inclusion of subjects with moderate and severe
symptomatic OA, and that information of the occupational activities were collected by interviews instead of
using only job-titles. The information about exposure was collected retrospectively which might be
susceptible to recall bias. The limitations of the study may also be the small number of male participants
among cases (n=30), and furthermore the small number of cases and controls who had been employed in
occupations with heavy lifting (10 cases and 12 controls (7%)). Only 13 cases and controls (5% ) had had
heavy lifting combined with kneeling, squatting, or climbing stairs). These factors could dilute the
associations; most probably it may lead to a bias towards zero and risk in some of the groups may then be
underestimated.

Elsner et al. 1996 showed a positive, but not significant, risk of developing knee OA in relation to heavy
lifting >20 kg for men OR= 1.3 and for women OR=1.5. One of the strength of the study was that subjects
filled out a diary about their work demands. The study have some limitations. The participation rate was not
very high among cases (61%). Probably, subjects with the highest physical demands will fill out the diary
more often than cases without physically demanding work tasks. The exposure was collected in a diary with
information about the actual work demands and this may lead to a misclassification if they did not have the
same job throughout their working-life. The controls were collected during 4 years, and the selection of the
cases is not further defined (selection bias). The controls had no radiographs taken, and may therefore also
have had undetected knee OA (but without reporting knee pain).

In a case-control study by Sahlstrom & Montgomery, 1997°', the results showed an association between knee
OA and weight-bearing knee bending (medium plus heavy) with OR 1.9 but the association disappeared
(OR=1.1) when adjusting for sitting, overweight, and knee injuries. The strength of this study is that the
exposure was assessed in two ways, but the limitations are that the definition of the exposure, where
lifting/carrying has been defined as light knee moments, and only lifting objects from one level to another
have been defined as medium exposure, and jumping as heavy exposure. This may misclassify some subjects
with heavy lifting/carrying as light exposure and a possible risk in the exposure groups may then be under-
estimated.

Lau et al. 2000%° carried out a study in Hong Kong and found the association between knee OA and heavy
lifting was significant elevated for lifting weights of >10 kg with OR= 5.8 (men) and OR=3.0 (women) and
>50 kg OR=7.1(men) and OR=2.9 (women) when lifting >10 times/week. The association was weaker for
lifting < 10 times/week. The strengths of the study are the high number of participants, and that information
of occupational activities was collected by interviews (specified by different physical activities) instead of
using only job-titles. The information of the occupational activities was collected retrospectively, which
might be susceptible to recall bias. The cases were recruited from subjects seeking hospital-treatment for
knee OA, which may lead to a selection bias if subjects in heavy occupations seek hospital care more often
than subjects without heavy occupations. Subjects with knee pain may also recall their physical demands
differently than subjects without knee pain and remembering past situations may be a problem for both cases
an controls (recall bias). In Japan, Yoshimura et al. 2004 made a case-control study on women and showed
a positive, but not significant, association between knee OA and lifting of >25 kg in their main job with an
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odds ratio 1.91. Some of the limitations of this study are the differences in the participation rate among cases
(84%) and controls (59%). Individuals from poorer backgrounds (who tend to have occupations which
includes more heavy lifting) may have been less willing to participate as controls. Among cases 50 of 101
had a previous knee injury compared to 14 of 101controls and previous knee injuries were found to be an
independent risk factor for knee OA (OR=5.00). This may influence the result when analysing for other risk
factors (odds ratios not adjusted for knee injuries). The results on the association between TKR, and heavy
lifting may be diluted by the relatively few exposed to heavy lifting. The cases were defined as TKR which
might lead to a selection bias if patients with knee pain and heavy physical work load seek hospital care
more often than others. The exposure assessment is retrospective and this may lead to recall bias.

In a case-control study by Seidler et al. 2001%, the association between knee OA and heavy lifting was
positive (but not significant) only for daily lifting of >50 kg for men (OR=3.4). The strength of the study is
the confirmation that controls had no radiological knee OA, and the exclusion of subjects with meniscal
lesions. The limitations of the study is the case definition (OA grade 1-4 according to the criteria by Kellgren
& Lawrence) which includes all grades of OA from 1 through 4. Two thirds (66%) of the cases were grade 1
OA and only 10% grade 3-4 OA. This may result in a non-differential misclassification of the cases (which
may in reality be not-cases), and this may give a dilution of true risk. The exposure assessment is
retrospective, and this may result in recall bias.

Dawson et al. 2002°" found a positive association between TKR and heavy lifting in women; the result was
significant for lifting 24-33 years but not for >33 years. The limitations of this study includes a low
participation rate (or high exclusion rate), a low number of cases (n=29), and the retrospective and non-
specific exposure assessment, which is defined as lifting two times/week without defining the weight, or the
number of lifted burdens (subjects without heavy lifting may be classified as subjects with heavy lifting).
Included subjects may be housewives (without high work load or heavy lifting), but this is not described in
the paper. Exposure to heavy lifting <24 years was uses as controls and compared to subjects with more
years of lifting. All these factors may result in a non-differential misclassification of the cases and may lead
to a dilution of true risk. The exposure assessment was retrospective, and this may result in recall bias.

Occupations involving heavy lifting and/or kneeling/squatting

The association between knee OA and occupations involving heavy lifting has been investigated in 11
studies® %% "gome of the studies have been described in detail in relation to heavy lifting, and only
the conclusions about occupations involving heavy lifting and/or kneeling/squatting are repeated.

Four case-control studies on the association between knee OA and occupations involving heavy lifting and
kneeling were included in this review” %" All studies showed a significant association with an odds ratio
range of 2.1 and 23.1. Seven cohort studies dealt with the association between knee OA and occupations
involving heavy lifting and kneeling’®**"**%*7! Five of the studies showed a significant association with an
odds ratio range of 2.1-14,80:41:66:65:6%,

Two studies concerning miners have been included in this review®®®. Kellgren and Lawrence, 1952 showed
an increased risk for miners compared to manual workers and office workers to get slight and severe knee
OA. The strength of this study is that it is well-described (study population, participation rate, exclusion
criteria). Radiographs were taken not only of knees (not-weight-bearing) but also of low back and hands, and
the study investigated factors other than knee OA. The radiographically investigation included blinded
evaluation (and validation) of the radiographs. The exposure was only described by job-title, which may lead
to some misclassification, probably most for the manual workers. No statistical analysis or adjustment for
confounders has been made. The results has been confirmed by another newer study of the miners by
Greinemann 1997%, who showed an increased risk of both TEJ knee OA and PFJ OA in miners.
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In four studies, the association between working in the construction industry (not further defined) and knee
OA has been investigated?*""*’_ All the studies revealed a positive association (statistically significant)
with OR ranging from 1.36 to 2.5. Holmberg et al. 2004°” showed only a significant risk for knee OA in
men who had worked for 11-30 years as construction workers with OR= 3.7, but no association for fewer
years as a construction workers. The job-title used in these studies is less specific than a more precise
description of work load, it decreases the risk of recall bias, but increases the risk of non-differential
misclassification of subjects without heavy work as subjects with heavy work, especially within the group of
construction workers. In two studies, the association between work as a floor layer and knee OA has been
investigated; one study showed an association for OA in the tibio-femoral joint®, and the other study showed
only an association with OA in the patellofemoral joint’’. One of the limitations of the study by Kivimiki et
al. 1992 "is that only subjects up to the age of 49 years were included. OA normally first develops after the
age 45-50 years, and therefore this criteria may lead to the inclusion of very few OA cases; differences may
be diluted and the risk estimates may thereby go downwards . A cross-sectional study by Wickstrom et al.
1983"" found 2% with JSN in both concrete reinforcement worker and in painters (control group). The
strength of this study is that the exposure assessment done by video-taping showing differences between the
amount of lifted work loads in the two groups. The limitation is the relatively few subjects in the age group
>50 years. Only active workers are included. There may be a risk that workers with knee OA have left
occupations with physically heavy work loads (healthy workers effect). These factors may thereby dilute the
results, most probably it may lead to a bias towards zero, and the possible risk in the exposure groups may
then be under-estimated.

Heavy-lifting and kneeling/squatting

The association between knee OA and kneeling combined with heavy lifting has been investigated in 4
studies on heavy lifting combined with kneeling/squatting”~%****_ All the studies showed a significant
increased risk between knee OA and heavy lifting and kneeling/squatting with OR ranging from 2.2-5.4.
One of the studies has used TKR as case definition, and the other three used radiographic knee OA grade 1-
4% grade 2-4°°, and symptomatic grade 3-4°.In a case-control study by Coggon et al. 2000, the association
between knee OA (placed on a waiting list for TKR) and heavy lifting was positive (odds ratio ranged
between 1.2 to 1.9) for lifting. The association became more pronounced for subjects employed in
occupations which involved both heavy lifting and kneeling/squatting with an odds ratio for men OR= 2.9
and for women OR= 4.2. This result was confirmed by the study of Cooper et al. 1994°°, with OR=1.4 for
lifting and OR=5.4 for combined lifting and kneeling/squatting, and by the study of Felson et al. 1991°° with
OR 0.96 for lifting and OR=2.2 for combined lifting and kneeling/squatting.

No studies have investigated a dose-response relationship in relation to the combination of heavy lifting and
kneeling, either in relation to the amount lifted, the frequency of lifting, the duration of lifting-work, or to the
aggregate of years with kneeling- and lifting-work activities.

Climbing stairs or ladders

Four studies have investigated the association between knee OA and climbing stairs (four studies) or ladders
(one s‘[udy)BO‘5 67273 - All four studies on the association between knee OA and climbing stairs showed a
positive association (for men in three studies and for women in one study with OR range of 1.2-6.1). The
association was significant in one study (males and females®); in two studies for females®"* and for
males®”’. The measures of exposure in the studies were climbing stairs > 30 min/day, climbing a ladder or
flights of stairs>30 times/day, and climbing stairs >15 flights/day. No dose-response relationship has been
investigated.

It is known that people with knee pain experience worse pain when climbing stairs. People in occupations
which include works-tasks which include climbing stairs or ladders may seek treatment earlier than other
workers because of pain. This could be a problem in the three studies which used total knee replacement, or
waiting for one, as the case definition ***>"*, Only one study on the association between knee OA and
climbing stairs used radiographic OA as the inclusion criteria; the association in this study was statistically
significant with OR 2.7,
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Definition of osteoarthritis

In seven studies on the association between knee OA and heavy lifting, the criteria established by Kellgren
and Lawrence were used’”*>%%000%63 Ty a]] studies but one®™, a rating of >grade 2 on a 0-4 graded scale has
been used as diagnostic criteria for knee OA. Two studies®~° used the ICD 8—code or the diagnosis used
when a person was being granted a disability pension or being hospitalised. In four studies, total knee
replacement or waiting for one was used’””>”""*, and rest of the studies used other criteria.

The differences between the classification criteria may explain some of the differences between the odds
ratios reported in the studies, and the use of different classification criteria and different cut-off points may
lead to diagnostic misclassification. However, there is no reason to believe that the misclassifications will go
in a particular direction, and there was no specific pattern of higher risk estimates when using TKR
comparing to radiological knee OA or the diagnostic code ICD 8. Only for the study on subjects having a
disability pension was the OR higher compared to the rest of the studies™.

The AP radiograph in standing position with the knee in complete extension has recently been shown to have
a low sensitivity for identification of early femoro-tibial OA in serial films, and Vignon describes the
superiority of knee radiographs in flexion rather than extension for detection of joint-space narrowing'®.

In another study, a sensitivity of 97% for knee OA was found as long as at least an AP and either skyline or
lateral image of the patellofemoral joint was obtained '*°. Using definitions which are too stringent without
including early OA or OA in the patellofemoral joint may lead to an underestimation of the risk, but there is
no reason to believe that the differences between the studied populations will change the results.

Factors which can differentiate symptomatic OA from asymptomatic radiographic disease are unknown.
Even though some subjects with radiological OA may have no symptoms, subjects with more severe
radiographic OA have symptoms more often than those with milder radiographic findings. Tibial cartilage
volume is weakly associated with symptoms in knee OA. This suggest that, although cartilage is not a major
determinant of symptoms in knee OA, it does relate to symptoms' *’. The grade of joint-space narrowing and
lateral patellofemoral radiographs has been shown to be inversely associated with patella cartilage volume'*'.
MRI can detect cartilage loss earlier than radiographic findings, and it can therefore detect OA at an earlier
stage'**.

Studies which have used different classification of the diagnoses all seem to show differences between
subjects with and without heavy lifting.

Patho-physiological mechanisms

The pathogenesis of knee OA in relation to work loads has not been clarified. In the standing position, the
weight on either knee corresponds to 40% of body weight, during normal walking the pressure on the knees
increases to 2-4 times body weight, and to six times during climbing stairs'**"'*’. During kneeling,
approximately 70% of the body weight rests on a few cm” of the tibia and the patella which may lead to
damage to cartilage and bone. In a study on knee stress during deep knee flexion, the estimated forces on the
tibio-femoral joint were between 4.7 and 5.6 times body weight in the vertical direction and 2.9-3.5 times
body weight in the horizontal direction'**. In a study of twelve healthy subjects, the sagital moment in
normal gait was measured as 15 Nm, while the moment for lifting with flexed knee was 50 Nm, and jumping
down from a level of 50 cm was measured as 65 Nm. The frontal moment in normal gait was 30 Nm, in
flexed knee lifting it was 25 Nm, and it was 60 Nm in jumping down from 50 cm. The results indicate that
the moment increases while lifting with flexed knee or when jumping from one level to another'*. The
increase in the extensor force during deep knee flexion will increase the stress on the patella tendon and joint
contact forces. At the angle 150 degree of flexion or more, the extensor mechanism will also apply a
posteriorly-directed force on the tibia since the patella tendon is tilting posteriorly and this will increase the
total force at the knee.

The dose-response-relationship documented in the studies on heavy lifting and climbing stairs supports the
hypothesis of a biological gradient. A biomechanical model supports that the load can cause damage to the
knee joint because of heavy lifting and climbing stairs.
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If the mechanical effect is the primary cause in developing OA in knee, obesity may also increase the risk of
OA in the knee by increasing the load on the weight-bearing joints. Alternatively, because obesity and OA
are both associated with a genetic predisposition, it has been thought that the two conditions could be linked
if the genes that cause obesity also predispose to OA, but this could not be verified in two large twin
studies”'®. Another theory has been that obesity, by changing the hormone balance, may change the risk for
OA. This theory is supported by the fact that obesity also may increase the risk for hand OA.

Another hypothesis for the pathogenesis of knee OA is that subchondral microfractures may induce OA'.
Microfractures may occur when the joint is in extreme positions or when physical work load exceeds a
critical level. Radin et al. 1972, 197577 describe that microfractures appear in the subchondral bone due to
repeated high forces across a joint. The overlying cartilage has to absorb more force, which will cause
degeneration of the cartilage. These studies indicate a possible patho-physiological mechanism by a
mechanical effect and/or microfractures during repeated physical work load.

Exposure

In 2 studies, medium exposure compared to low exposure showed a positive association with knee OA with
OR range of 2.5-4.5>"" In five studies high exposure compared to low exposure showed an OR range of 1.4-
14,3333 the studies, there seemed to be a dose-response relationship, with higher risks for the high
exposure groups than for the medium exposure groups when both were compared to the low exposure
groups. In six studies, the weight of the lifts was more specified. In one study, the exposure was divided into
‘lifts >10kg’, lifts >25kg, or lifts >50 kg’’; in one study the work load was divided into lifts >10 kg, and >50
kg’’; one study used daily lifts 20-50 kg, and >50 kg*, and two studies used lifts >25 kg’*®, and in one
study >20 kg™®. Two studies showed significant increased risk for knee OA for lifting >10 kg more than 10
times/week with OR range of 1.9-5.8 for men and 1.5-3.0 for women >, In two studies, there was a
positive but not significant association for lifting >25 kg with OR range of 1.7-1.9°%%, and for lifting >50 kg
the association was significant with OR range of 1.7-7.1(males), and not significant with OR 1.2-2.9
(females) in three studies®®”*. In only one study did there seem to be a dose-relationship, with an increase
in OR for men ranging from 1.7 for lifts >10 kg 1-10 times/week, OR 5.8 for lifts >10 kg >10 times/week,
OR 3.5 for lifts >50 kg 1-10 times/week, and OR 7.1 for lifts >50 kg > 10 times/week. The risk was also
increased for women. The results suggest a dose-response relationship in relation to the weight and with the
frequency of lifting (1-10 times/week versus more than 10 times/week). In four studies, the importance of the
duration of the exposure was investigated, and a significant increased risk of getting knee OA was shown
when comparing workers in heavy jobs (at least 10 years or at least 25 years) with unexposed 747,

An association has been shown between knee OA and employment as construction workers>+%>7=¥37364145
and forestry workers®=*?%* although the risk shown in these occupations is not so consistent. The reason
for not-so-strong associations in studies on construction workers and forestry workers may be the result of
inclusion of too few participants, and misclassification of the work loads; the exposure in these studies
mostly has been based on job title. In a study by Wickstrom et al. 1983, concrete reinforcement workers
and painters were studied by video-recordings. The concrete reinforcement workers lifted heavy loads 5-20
kg 15 times/hour and loads >20 kg six times/hour. Painters (who are also construction workers) lifted loads
5-20 kg 6 times/hour, but only seldom lifted heavier loads. This study showed that there are great differences
between different kinds of construction work in relation to loads lifted, both in frequency and in weight.
These studies indicate that lifting heavy weights is normal among some of the construction workers.

This was confirmed in the study by Coggon et al.1998>* where construction workers reported working in
occupations involving lifting weights of 25 kg or more.
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Other findings

None of the identified studies addressed any possible effect of heavy lifting combined with kneeling/
squatting or climbing stairs on the prognosis of knee OA. In a longitudinal follow-up by Schouten et al.
1992%, prognostic factors for cartilage loss were shown to be associated with body mass index, Heberden’s
Nodes, and generalised osteoarthritis. Factors which correlate with worsening of joint-space narrowing of the
knees include presence of obesity (BMI>30), a greater number of joints affected by OA, daily consumption
of non-steroidal anti-inflammatory drugs, and having undergone a synovial fluid aspiration'**"*°. When
osteoarthritis has been demonstrated in radiographs, there is no evidence that the changes will disappear or
decrease with time. However, symptomatic knee OA is more often found in subjects in physically-heavy
(knee-straining) occupations such as floor layers®, and their symptoms may be relieved by reducing their
physical work—loads, so as to reduce the disability of the subject. Climbing stairs may increase pain in
subjects with knee OA. Weight reduction would lower symptomatic knee and hip OA, especially in women
more than 50 years. It has been calculated that if all obese were to reduce weight until their BMI was in the
recommended range, the proportion of cases that might develop knee OA would be reduced by 57%""".
Felson 1998 estimated the potential reduction in the incidence of symptomatic knee OA, using different
preventive strategies. By eliminating obesity, 27-52% of knee OA would be prevented in men. For women,
28-53% of knee OA would be prevented. By eliminating knee injuries, 25% of the knee OA among men, and
14% among women would be prevented. And by eliminating jobs with knee-bending and carrying heavy
loads, 15-30% of the knee OA cases would be prevented among men (based on”®).
All the studies on knee OA and heavy lifting revealed more significant results for men than for women. 10
studies have investigated the relationship for women?®?>¢232°385%646573 Gix of these 10 studies have shown a
significant positive relationship*®>**>"* with OR range of 1.7-3.1. Two studies only included women, and
the association between heavy lifting and knee OA in these studies was positive, showing OR range of 1.9-
7.3°%7 (statistically significant in only one of the studies). The numbers of women in occupations which had
heavy work loads have been few in many of the studies, probably one of the reasons for the non significant
results. In general, women do not have work-tasks with the same degree of physically heavy work-loads in
their occupations as men do, and they traditionally work in other trades . It is not easy, therefore, to recruit a
sufficient quantity of women with high exposure into the studies. Vingard et al. 1991°° found a relative risk
for knee OA (RR) 2.18 (95% CI 1.26-3.00) for cleaners compared to low exposure blue-collar workers, but
no significant association for any other trades. Sandmark showed that exposure to physically-demanding
work-tasks at home >1 year, such as nursing or taking care of an elderly or handicapped person, was
significantly associated with knee OA among women (OR 2.2), and Jensen et al. 1994*' showed a
standardized hospitalisation rate SHR because of knee OA significantly increased for health care workers
SHR=245, and for self-employed taxi drivers SHR =460. The most plausible conclusions are that women are
at least as susceptible to lifting heavy work loads as men and that the risk of getting knee OA is equal to men
if they have the same exposure.

Earlier reviews on the relationship between knee OA and physical demands have been carried out. Jensen et
al. 1996 concluded that there was high evidence for an association between knee OA and kneeling, and less
evidence for an association with physically heavy work. Maetzel, 1997 ** concluded in a review on knee OA
that studies suggest a strong positive relationship between work-related knee-bending exposure and knee
OA, but gave no conclusion in relation to heavy lifting. The review was based on 9 studies on knee OA.

Conclusion

There is now a wide range of studies with different study designs that shows a positive association between
heavy-lifting and knee OA. The research has been made in several countries and a number of studies have
shown a high degree of consistency in their findings. Studies in specific occupations support the results. For
the combination of kneeling and heavy lifting, the association seems stronger than for heavy lifting alone,



54

but there are only a few studies, and no studies have investigated a dose-response relationship either in
relation to the amount lifted (kg), the frequency of lifting (times/day), the duration of lifting-work (years) or
to the aggregate of years with kneeling and lifting-work activities. There are relatively few studies which
investigate the association between climbing stairs and development of knee OA. Although many of the
studies show a positive association, only some were statistically significant, and no studies showed a dose-
response relationship.

Overall evaluation

Evaluation of the degree of evidence of a causal relationship between hip and knee osteoarthritis and heavy-
lifting, heavy lifting combined with kneeling/squatting, and climbing stairs or ladders are shown in Table 10.
The specific criteria of the different degrees of evidence of causality are described in Appendix I.

Table 10. The degree of evidence of a causal relationship between hip and knee osteoarthritis and heavy lifting,
heavy- lifting combined with kneeling/squatting, and climbing stairs*

Risk factor Hip OA Knee OA
Heavy lifting ++(+) ++
Heavy lifting and kneeling/squatting O** ++
Climbing stairs or ladders 0 +

* the evaluation is based on the literature listed in Table 2-9 and appendix 1.
** there is no information on this combination of exposure

There is moderate-strong evidence that heavy lifting may cause hip OA. A number of studies indicate an
increasing risk of hip OA with an increasing degree of heavy lifting. However, there are not enough data on
the combination of frequency (times/day), duration (years) and lifted weights (kg) to characterise fully the
exposure-response-relation. With regard to the various indices of heavy lifting, it seems that weights should
be at least 10-20 kg and the duration at least 10-20 years to give a clearly increased risk of hip OA. It is not
possible to define a corresponding threshold for frequency of lifting.

For farmers the risk of hip OA seems doubled after approximately 10 years of farming.

For the individual case of hip OA the likelihood that occupational lifting has contributed to the OA
development increases by degree of ‘heavy lifting’. There is no exact definition of ‘heavy lifting’ except that
it includes the combined aspects of weight of lifted burdens, the frequency of lifting and the duration of work
with such lifting. If the degree of heavy lifting in relation to hip OA has implications for decision making,
e.g. for the decision on recognition as an occupational disease, the term ‘heavy lifting” must be defined on
somewhat arbitrary grounds at the administrative level.

There is insufficient evidence that climbing stairs or ladders causes hip OA, and there is no informations on
the relationship between hip OA and heavy lifting combined with kneeling or squatting. Thus, it is not clear
if heavy lifting combined with kneeling/squatting is a stronger risk factor for hip OA than heavy lifting
alone.

There is moderate evidence that heavy lifting causes knee OA. There is moderate evidence for a causal
association between frequent heavy lifting combined with kneeling or squatting. There is limited evidence
for an association between knee OA and climbing ladders or stairs.
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Table 1a. Hip osteoarthritis.
assessment used in studies.

55

Number of references by relevant work demands, diagnostic criteria, and exposure

Physical demand Number of epidemiological | Diagnostic criteria Assessment of exposure
studies
Heavy lifting 14 R5; THR7;C2 J 4;P 10
Occupations involving
heavy lifting
Farming 14 R7,;THR 3;C4 J9P5S
Construction work 6 R2; THR1;C3 J6;,P O
Heavy lifting combined 0 - -
with kneeling/squatting
Climbing stairs or ladders 5 R1; THR 4;CO JO;P S5

R=radiological investigation; THR=Total hip replacement or waiting for one;; C= use of diagnostic code during hospitalisation
J: Job title or use of the trade code; P: Physical work load collected by questionnaire or interview

Table 1b. Knee osteoarthritis. Number of references by relevant work demands, diagnostic criteria, and

exposure assessment used in

studies.

Physical demand Number of epidemiological | Diagnostic criteria Assessment of exposure
studies

Heavy lifting 16 R 10; TKR 4; C2 J 4; P12

Occupations involving

heavy lifting or heavy lifting | 11 R7,TKR1;C3 J10; P1

combined with kneeling

Heavy lifting combined 4 R3; TKR1;CO JO, P4

with kneeling/squatting

Climbing stairs or ladders 4 R1;TKR3;CO J O, P4

R=radiological investigation; THR=Total hip replacement or waiting for one;; C= use of diagnostic code during hospitalisation
J: Job title or use of the trade code; P: Physical work load collected by questionnaire or interview or by video-recording
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Abbreviations

BMI
ICD10
ICDS
J
JSN
OA
OR

P
PFJ
R

RR
SHR
TFJ
THR
TKR

Body mass index (weight/height®)

WHO’s International Classification of Diseases (tenth edition)
WHO’s International Classification of Diseases (eighth edition)
Job-title

Joint-space narrowing

Osteoarthritis

QOdds ratio;

Physical work load

Patello-femoral joint

Radiological investigation

Relative risk

Standardised hospitalisation ratio

Tibio-femoral joint

Total hip replacement

Total knee replacement
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Appendix I.

Scientific Committee of the Danish Society of Occupational and Environmental
Medicine.

Degree of evidence of a causal association

The following categories are used.

+++ strong evidence of a causal association

++ moderate evidence

+ limited evidence

0 insufficient evidence of a causal association

- sufficient evidence of no causal association
Description of categories:

Strong evidence (+++):
A causal relationship is very likely between an exposure to a specific risk factor and a specific
outcome.
A positive relationship has been observed between exposure to the risk factor and the outcome
in several studies in which chance, bias, and confounding could be ruled out with reasonable
confidence.

Moderate evidence (++):
Some convincing epidemiological evidence exists for a causal relationship between an
exposure to a specific risk factor and a specific outcome.
A positive relationship has been observed between exposure to the risk factor and the outcome
in several studies in which chance, bias, and confounding are not the likely explanation.

Limited evidence (+):
Some convincing epidemiological evidence exists for a causal relationship between an
exposure to a specific risk factor and a specific outcome.
A positive relationship has been observed between exposure to the risk factor and the
outcome, but it is not unlikely that this relationship could be explained by chance, bias, or
confounding.

Insufficient evidence of a causal association (0)
The available studies are of insufficient quality, consistency, or statistical power to
permit a conclusion regarding the presence or absence of a causal association.

Evidence suggesting lack of a causal association (-)
Several studies of sufficient quality, consistency and statistical power indicate that the specific
risk factor is not causally related to the specific outcome.
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