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Background Osteoarthritis (OA) is the most common joint disorder in the 

world, with a rapidly increasing prevalence. It is among the leading causes of 
disability and societal burden in the developed countries, affecting 
approximately 250 million people globally. By 2020, OA is expected to be the 
fourth leading cause of years lived with disability following diabetes, obesity 
and mental diseases. 

 
As most populations are aging, OA affects the working age populations 

increasingly. According to epidemiological studies, knee OA has been linked 
with reduced work participation and work productivity as well as early 
withdrawal from the labour force. Persons with knee OA have a risk for 
reduced work participation especially in manual occupations. Less is known 
of factors affecting work participation among persons with hip OA. 

 
Aims This thesis was carried out to explore the pathways leading to 

premature exit from working life and to estimate the loss of working life years 
among persons with work disability due to OA (disabling OA). Furthermore, 
the aims were to identify lifestyle and work related risk factors for meniscal 
lesions, knee injuries, and disabling OA of the knee and hip. A final aim was to 
determine high risk occupations for disability retirement due to knee or hip 
OA. 

 
Methods Two population based cohort studies were utilized in this thesis. 

The Mini-Finland Health Survey was carried out in 1978-1980 with a follow-
up until 2010 (Study II), and the Health 2000 Survey in 2000-2001 with a 
follow-up until 2015 (Study III). Studies I, IV and V were based on national 
administrative register data complemented with occupation-specific 
information on physical and psychosocial work load exposures. 

 
Results A significant effect of OA on work participation was found with half 

of potential working life years lost among persons with disabling OA. Obesity 
and prior knee injury were independent risk factors of meniscal lesions, a 
possible precursor of knee OA. Obesity, prior injury and cumulative exposure 
to physical workload were risk factors of hospitalization due to knee OA, while 
the majority of hospitalizations due to hip OA could be avoided by reducing 
body weight. The risk of disability retirement due to knee and hip OA among 
manual workers is strongly attributed to level of education and heavy physical 
workload. Disability retirement due to hip OA was similarly associated with 
heavy physical workload and level of education, particularly among men. 

 



 

Conclusions Work participation of persons with disabling OA is 
substantially compromised. Therefore, prevention of OA and related disability 
in the future is increasingly important. For persons with knee or hip OA, 
preventive measures include reduction of excess body weight, prevention of 
injuries and modification of the work environment especially in manual 
occupations.  



 

 
Taustaa Nivelrikko eli artroosi on iän myötä yleistyvä krooninen 

nivelsairaus, jonka esiintyvyys kasvaa nopeasti. Se on yksi yleisimmistä 
työkyvyttömyyteen johtavista sairauksista aiheuttaen merkittäviä 
kustannuksia ja elämänlaadun heikentymistä kehittyneissä maissa. 
Nivelrikon on arvioitu olevan neljänneksi yleisin työkyvyttömyyttä aiheuttava 
sairaus diabeteksen, ylipainon ja mielenterveysongelmien jälkeen vaikuttaen 
yli 250 miljoonan ihmisen arjesta suoriutumiseen. 

 
Työikäisen väestön vanhentuessa nivelrikon vaikutukset työkykyyn 

korostuvat. Epidemiologisten tutkimusten mukaan polven nivelrikko on 
yhteydessä sairauspoissaoloihin, työn tuottavuuteen ja ennenaikaiseen 
vetäytymiseen työelämästä. Polviartroosia sairastavilla työhön osallistuminen 
on vähentynyt erityisesti kuormittavissa työtehtävissä. Lonkan nivelrikon 
merkityksestä työhön osallistumiseen tiedetään vähemmän. 

 
Tavoitteet Tämä väitöskirja käsittelee työhön osallistumista ja 

ennenaikaista työelämästä poistumista henkilöillä, joilla on todettu kliinisesti 
merkittävä yhden tai useamman nivelen nivelrikko. Lisäksi arvioitiin 
menetettyjen työvuosien määrää ja kartoitettiin työkyvyttömyyseläkkeelle 
siirtymiseen liittyviä korkean riskin ammatteja. Tavoitteena oli myös 
tunnistaa nivelkierukkavaurioihin, polven vammoihin sekä polven ja lonkan 
nivelrikkoon liittyviä elintapatekijöitä ja työn kuormitustekijöitä. 

 
Menetelmät Väitöskirjassa hyödynnettiin kahta väestökohorttia, Mini-

Suomi-tutkimusta vuosilta 1978-1980, jonka seuranta-aika päättyi vuonna 
2010 (osatyö II), sekä Terveys 2000-tutkimusta vuosilta 2000-2001, jonka 
seuranta-aika päättyi vuonna 2015 (osatyö III). Osatyöt I, IV ja V perustuivat 
kansalliseen rekisteriaineistoon, jota täydennettiin ammattikohtaisella 
tiedolla työn fyysisistä ja psykososiaalisista kuormitustekijöistä. 

 
Tulokset Nivelrikolla oli merkittävä vaikutus työhön osallistumiseen; 

puolet laskennallisesti jäljellä olevista työvuosista menetettiin vaikeaa 
nivelrikkoa sairastavilla henkilöillä. Ylipaino ja aiempi nivelvamma olivat 
nivelkierukkavaurioiden -jotka saattavat olla polven nivelrikon esiasteita- 
itsenäisiä riskitekijöitä. Ylipaino, aiempi polvivamma ja kumulatiivinen 
altistus raskaalle fyysiselle työlle olivat polven nivelrikosta johtuvan 
sairaalahoidon riskitekijöitä. Toisaalta suurin osa lonkan nivelrikosta 
johtuvasta sairaalahoidosta voitaisiin välttää vähentämällä ylipainoa. Lonkan 
tai polven nivelrikosta johtuva työkyvyttömyyseläkkeelle joutumisen riski on 



 

voimakkaasti riippuvainen koulutustasosta ja raskaalle työlle altistumisesta 
molemmilla sukupuolilla, ja lonkan osalta erityisesti miehillä. 

 
Johtopäätökset Vaikea nivelrikko vaikuttaa merkittävästi työhön 

osallistumiseen. Nivelrikon ja siihen liittyvän työkyvyttömyyden ehkäisy on 
siten keskeistä tulevaisuudessa. Polven ja lonkan nivelrikosta kärsivien 
työvuosia voitaisiin lisätä vähentämällä ylipainoa, ehkäisemällä vammoja ja 
muokkaamalla erityisesti fyysistä työtä tekevien henkilöiden työympäristöä 
vähemmän kuormittavaksi.  

 



 

 
Osteoarthritis (OA) is a degenerative joint disease characterized by loss of 

cartilage, narrowing of joint space, deterioration of ligaments, joint capsule 
and menisci as well as changes in bone structure, including osteophytes and 
subchondral bone sclerosis. OA is the most common joint disease causing 
functional limitations, chronic pain and reduced quality of life (1-3). The 
Global Burden of Disease Study 2015 ranked OA as the 13th (overall) and 8th 
(among those above 50 years of age) highest contributor to global burden of 
diseases (2). By 2020, OA is expected to be the fourth leading cause of years 
lived with disability worldwide (4). 

 
Evidence for OA has been reported already in the fossils of the large 

carnivorous dinosaur Allosaurus fragilis and in the spine of a Comanchean 
dinosaur (5, 6), implying that the condition has in fact existed for millions of 
years. Formerly, all types of chronic arthritis were regarded as manifestations 
of gout, until William Heberden the Elder had his doubts in the Commentaries 
on the History and Cure of Diseases (1802), also describing the small nodes 
that were later named after him. Later, Benjamin C Brodie, professor of 
surgery in London (1829) recognized the non-inflammatory joint erosion in 
the elderly population, but it was not until 1890 that the disease was finally 
granted its current title “osteoarthritis” by A E Garrod. The next major step 
forward was the introduction of X-rays in 1895, followed by Kellgren and 
Lawrence developing their famous radiographic scoring system in Manchester 
in the 1950’s, later to be used widely in the clinical and epidemiological field 
(7, 8). During the same era, Collins and other colleagues (9) discovered the 
association of OA with age and preceding trauma. 

 
In previous population-based studies, OA has been diagnosed or defined as 

either radiographic or clinical (symptomatic) OA as well as in a few studies, a 
combination of them. In general, OA can be characterized as idiopathic or 
secondary (10, 11). No standard definition for diagnosing OA has been 
developed, but in previous literature, three possible classification criteria have 
been reported: Kellgren-Lawrence (Heberden’s nodes or interphalangeal OA), 
American College of Rheumatology (OA of the spine and at least two other 
joints) or Dougados (bilateral finger OA or OA of the spine and both knees) (7, 
10, 12). Moreover, several radiological classifications mainly used in research 
exist for joint level OA, such as OARSI (Osteoarthritis Research Society 
International) for knee and hip OA (13) and Samilson-Prieto for shoulder OA 
(14). 

 



 

The Global Burden of Disease study (1) estimated the worldwide age-
adjusted prevalence of knee and hip OA to be 3.8% and 0.85%, respectively. 
Age- and gender-standardized incidence rates for symptomatic OA rise 
sharply after the age of 50 and level off at around 70 years (15). Similarly, the 
prevalence of OA increases with age. According to a few population based 
studies, the prevalence of symptomatic knee OA in adults ≥45-50 years of age 
in North America and Europe is approximately 19-23% among women and 8-
14% among men (16). In a Finnish population aged ≥30 years, the prevalence 
of clinically defined knee OA was 6.1% and 8.3% in men and women, 
respectively (17). Hip OA is much less common and even more age dependent. 
In a North American population, the prevalence of symptomatic hip OA 
among persons ≥60 years was 8% in women and 7% in men (16). The 
prevalence of symptomatic and radiographic OA has varied with geographic 
region, and according to population based studies, a notably lower prevalence 
of hip OA has been found in Asian countries as compared with European 
countries or North America (4). 

 
According to a systematic review, the prevalence of symptomatic hand OA 

is 3% in females and <1% in males in European adults aged 19 years or over 
(16). In a considerably older (over 71 years) North American population, the 
prevalence of symptomatic hand OA has been estimated to be 13% and 26% in 
men and women, respectively (16). The prevalence of radiographic hand OA is 
considerably higher as compared with symptomatic hand OA, being 67% and 
55% among European women and men aged 55 years or over, respectively(16). 

 
Although OA is traditionally considered an age-related disorder, the earlier 

stage of the disease starts at an age when people are still working (18-20). 
According to World Health Organization (WHO) report (21), the percentage 
of people over 60 years of age will increase from 12.1% (1950) to 36.6% (2050) 
and the support ratio (of adults at working age to those aged >65 and <15 
years) will be reduced to one-third of that in 1950. This has led to different 
labor encouragement policies in the Western countries to support work 
participation of the elderly and persons with disabilities. In the future, there 
will be an increasing number of persons with OA related disability in the work 
force. Järvholm et al found in a study in the Swedish construction industry 
that manual workers lost 2.25 years of working life on average, with most of 
the loss occurring in workers over 50 years of age in physically heavy 
occupations and due to musculoskeletal diseases (MSD) (22). 

 
Work participation is in many ways beneficial for persons with disabilities 

(23, 24), however there is also evidence on harmful effects of manual work for 
persons with MSDs (25). As we are approaching retirement ages of 68 or even 
70 years, a person may have several working life years with OA. In addition to 
supporting stable economy in societies, work participation is important for a 
person’s mental and psychosocial well-being. New strategies are required to 



 

integrate people with OA into the active workforce and to avoid unnecessary 
early disability retirement due to this disease. However, little is known about 
factors leading to work disability due to OA.  



 

 

In previous literature, inflammatory rheumatoid diseases and degenerative 
arthritis or osteoarthrosis have often been mixed together. Furthermore, the 
terminology concerning different forms of OA (primary or secondary due to 
trauma) has been confusing for years. However, arthritis itself is an umbrella 
term, consisting of several inflammatory joint diseases such as osteoarthritis 
(OA) or rheumatoid arthritis (RA). “Rubor et tumor cum calor et dolor”, said 
Aulus Cornelius Celsus (30BC to 38AD), a famous Roman encyclopaedist 
known for his vast medical work, by which he described the cardinal signs of 
inflammation. Many of these symptoms are missing in OA, yet the term refers 
to inflammation. Earlier, osteoarthritis was known as osteoarthrosis, and even 
used as a non-inflammatory control in studies of inflammatory joint diseases 
(26). Our knowledge has, however expanded since those days. Instead of 
perceiving OA as a disease with biomechanical background and occasional 
inflammation flares, previous studies have confirmed an ongoing active role 
of immune cells, cytokines and chemokines in during the course of OA (27). 
The term, osteoarthritis, has slowly regained its meaning and modernity. 

The disease can affect every synovial joint, but the main burden of the 
disease is attributed to OA of the weight bearing joints, the hip and knee (1). 
The most often affected joints are the knee and hip joint as well as those of the 
hand (28-30). The disease has an overall deteriorating effect on the general 
health, increasing the risk of injury from a fall (31, 32) or even diabetes and 
ischemic heart disease (33, 34). 

 

 
The hallmark symptom of OA is joint pain, which is typically the cause of 

people seeking medical attention. Pain and stiffness are commonly perceived 
in the morning or after a long period of resting and resolve typically in 
approximately 30 minutes, clearly faster than in inflammatory joint diseases. 
Swelling of the joint occurs after physical activity and can lead to limited range 
of motion. Pain usually gets worse during the day, making it difficult to 
perform ordinary tasks at work or at home. Inflammatory flares are common 
during the course of the disease. OA interferes with a person’s daily activities 



 

and may affect mental well-being and quality of life in general (35). 
Symptomatic OA may be associated with depression and sleep disturbances 
(36, 37). 

 

 
The diagnosis of OA is based on the clinical manifestations and imaging. 

Physical examination is required to record joint involvement and to detect 
other possible underlying conditions. The American College of Rheumatology 
has created criteria for the diagnosis of primary OA of the knee, hip and hand 
(38). Typical clinical findings include crepitus on passive or active movement, 
joint deformities, bony tenderness, stiffness < 30 minutes in the morning, no 
palpable warmth and joint locking. For knee OA, clinical and radiographic 
diagnosis requires, in addition to knee pain and osteophytes, one of three 
features: age > 50 years, stiffness < 30 minutes and crepitus. 

 
Conventional radiography remains the gold standard technique for the 

evaluation of known or suspected OA in clinical practice and research (13), 
however some limitations have become evident as MRI imaging is now widely 
available (39, 40). An MRI definition of OA has been proposed, but requires 
further validation (41). With simple radiography, osteophytes, subchondral 
sclerosis, cysts and bony deformity in more advanced OA can be detected, and 
the total or subtotal loss of joint space width in the X-ray of the knee is an 
important indicator for radiographical knee OA (42). The traditional 
evaluation is based on Kellgren and Lawrence classification, including the 
presence of osteophytes, bone sclerosis, cysts and bony deformities (43), later 
revised to include joint space (44). An increased Kellgren Lawrence grade has 
been shown to correlate with some of the OA related changes in MRI, such as 
cartilage defects, osteophytes and joint effusion (45). 

 
In recent years, other factors such as cartilage damage, meniscal 

subluxation, degenerative meniscal tears or intra-articular fracture have been 
associated with OA and joint space narrowing (41, 46) thus suggesting a poorer 
sensitivity of conventional radiography to detect knee OA progression. With 
MRI, however, visualization of pathologies such as cartilage, menisci, 
ligaments, synovium, capsular structures, fluid accumulation and bone 
marrow lesions can be detected. Interestingly, according to some studies, bone 
marrow lesions and synovitis in the MRI have been associated with reported 
pain in knee OA (47-49).  

 



 

No routine MRI assessment has been developed for hip or hand OA, 
however ultrasound is sometimes useful for diagnosing synovitis in hand OA 
(39). 

 
Biochemical markers for the diagnosis and progression of OA have been 

developed over the years (50), but their role has remained uncertain, mainly 
supporting the understanding of pathophysiology of OA and the prediction of 
structural changes. 

 

 
At an early stage of the disease, the “wear and tear” biomechanical changes 

are causing damage to the cartilage tissue, where clusters of chondrocytes are 
trying to balance the inevitable degradation process (51). A recent study 
showed a successful degeneration model able to predict cartilage destruction 
in bovine calves, supporting this theory (52). It has been thought that clinical 
symptoms are at this point lacking, as articular cartilage is aneural. Previously, 
this process was considered cartilage driven, yet there is also growing evidence 
of synovial inflammation and macrophages being present, thereby 
accelerating the degradation and repair of cartilage matrix (53, 54). A recent 
review emphasizes the dynamic nature of repair and destruction states during 
OA, rather than the previously widely accepted traditional passive 
degenerative disease theory (4). Increasing interest has been directed towards 
the role of subchondral bone and bone marrow lesions in early OA, in an 
attempt to find non-invasive treatments for OA and to better understand the 
pathogenesis of the disease (55). 

 

 
The prevalence of OA is rising worldwide, and it has been largely attributed 

to the obesity epidemic and ageing populations (56-58). Two recent reviews 
summarized findings globally, reporting a rising burden of knee OA, in 
particular (4, 59). The prevalence varies according to age, gender, definition 
of OA, and geographical region (16). According to a recent study based on 
national heath survey clinical data from the United States, 14 million persons 
have been estimated to live with symptomatic knee OA, more than half of them 
under the age of 65 years and 3 million being ethnic minorities (60, 61). In the 
Nordic countries (Sweden, Finland, Denmark, Norway, Iceland and 
Greenland), the prevalence of radiographic OA increased by 43% during 1990-



 

2015, and was among the 10 leading causes of years lived with disability in 
those aged 55-74 in 2015 (62). Recently, Wallace et al (63) found an 
approximate doubling of knee OA prevalence in a postindustrial sample as 
compared with an early industrial sample in a cadaver study, even after 
controlling for age and body mass index (BMI) among other variables, thus 
suggesting the presence of additional risk factors unique to the postindustrial 
era. It is possible that easier access to health care, advances in diagnostics and 
awareness of OA as a treatable condition contribute to the rising prevalence of 
this disease in the developed countries. 

 
Three population-based studies from North Carolina estimated the lifetime 

risk of developing symptomatic knee OA to be approximately 45%, with 
obesity carrying a higher risk (60.5%) (64) The risk of symptomatic hip OA 
was approximately 25% (65) and symptomatic hand OA 40% (66). 

 
Estimating the prevalence of OA is challenging as it has been defined both 

radiographically and clinically in previous studies, and the symptoms do not 
necessarily correlate with the radiographic findings (67). For the symptomatic 
OA, the prevalence is generally lower than for radiographic OA (68-71). 
Comparing previous studies is demanding, in part due to the variable 
assessment of joint pain in OA. There are two pain surveys commonly used in 
the OA research field: The NHANES (National Health and Nutrition 
Examination Survey) (72) utilized in the Multicenter Osteoarthritis Study 
(MOST), and WOMAC questionnaire (Western Ontario & McMaster 
Universities Osteoarthritis Index) (73). The questions concerning knee pain 
include duration of pain (“month”, or “any”) and different periods of recall 
(“last month”, “last year”, “ever”) in NHANES, whereas for WOMAC index the 
scale for pain is 0-5 (pain during walking, using stairs, in bed, sitting or lying 
and standing). Recently, an international study by an OA expert committee 
was published to harmonize the measures and definitions of knee and hip OA 
as well as to generate recommendations for combining OA data within existing 
and future population cohort studies (74). Their recommendation is to 
primarily define OA as a combination of symptoms and radiographic features 
and for WOMAC scale, the best cut-point was 3 when compared with NHANES 
question “pain on most days in the previous month”. This review clearly 
presents the current challenges in OA research and underlines the importance 
of using standardized methods in the future. Moreover, lack of data 
concerning clinically important patellofemoral OA is an issue to be noted in all 
previous publications. The prevalence of patellofemoral OA has been reported 
to be as high as 25% in the general population among persons aged 20 years 
or over (75). 

 
As for hand OA, previous studies found radiography more precise as 

compared to clinical examination for the definition of OA in population-based 
epidemiological studies (76, 77). 



 

 

 
Several recent systematic reviews on OA and related risk factors exist. 

Table 1 summarizes the clinically most important risk factors. 
 
Sociodemographic and lifestyle factors 
 
There are many known risk factors for both incident OA as well as for the 

progression of OA. The prevalence of symptomatic knee OA increases sharply 
with age (61, 78). However, the incidence of OA does not increase after the age 
of 70 (71, 79). Women carry a higher risk of OA in general (68, 80). 
Furthermore, they tend to have more severe knee OA, particularly after 
menopausal age (81).  

 
Of lifestyle factors, obesity has been most extensively studied. The 

prevalence of obesity is increasing (82). A higher BMI is an important risk 
factor for OA of the knee (83), and according to some studies, for hand OA (84, 
85). In a population-based study, obesity was found to be a risk factor for the 
development of knee, hand and hip OA (86). According to a literature update, 
the association of BMI with knee OA is evident but for hip and hand OA still 
somewhat contradictory (59). The association of obesity and hand OA has 
been contributed to systemic effects of obesity (87, 88). Weight reduction of 2 
BMI units or more (approximately 5.1kg or more), on the other hand, was 
associated with a 50% reduction in the risk of development of symptomatic 
knee OA over a follow-up of 10 years (89). The prevalence of metabolic 
syndrome and cardiovascular disease is also rising alongside obesity (90). The 
association between artherosclerosis and OA has been documented in several 
studies in postmenopausal women in particular, yet the causality remains 
somewhat unclear (91, 92). These slowly progressing diseases may share 
common risk factors. Many older patients with OA have several comorbidities, 
and one or more of such conditions together with OA may increase the risk of 
overall deterioration or pain sensation (93). 

 
Different nutritional factors have been proposed to play a role in cartilage 

and bone turnover and modify OA development and progression via the 
metabolic pathway, such as vitamin D (94), vitamin C (95) and vitamin K (96). 
Even so, two recent review articles found no evidence of vitamin D 
supplementation for the management of knee OA (97, 98). Further studies are 
still required to determine the association of OA and antioxidants or vitamins. 

 



 

High systemic bone mineral density (BMD) measured using DXA (dual X-
ray absorptiometry) has been shown to reduce the risk of fractures (99). At the 
same time, it has been associated with an increased risk of radiographic knee 
OA (100) and a reduced risk of radiographic hip OA (101). Recent reviews have 
found BMD as a risk factor of both incidence and prevalence of OA (59). High 
BMD measured in the lumbar spine has been associated with early structural 
changes of lateral tibiofemoral joint in knee MRI of persons without OA 
symptoms (102). 

 
Genetic factors 
 
It has been estimated that approximately 30-65% of the risk of OA could 

be explained by genetic factors (28, 58, 59). A recent review summarized new 
genetic research findings, reporting several new gene loci for OA enriched near 
genes involved in skeletal development and certain rare monogenic bone 
diseases (103). The number of loci increased from 34 to 90 in 2019, indicating 
a rapid increase in the genetic information of OA. 

 
Biomechanical factors 
 
Persons in occupations requiring kneeling or squatting carry a higher risk 

of developing knee OA as compared with persons with low or no exposure 
(104-106). The combined effect of higher BMI and physical work load was 
suggested by Coggon et al (104), when they found a BMI of 30 or over in 
combination with kneeling or squatting to carry a 14-fold risk of developing 
OA as compared with persons with BMI under 25 and no physical work load 
exposure. Heavy lifting has also been linked with knee OA (107, 108), however 
the association has not been as strong. The occurrence and progression of hip 
OA in association with occupational exposure has been little studied compared 
with knee OA, however, moderate evidence exists for the effect of previous 
heavy physical workload on the occurrence of hip OA (109, 110). Moreover, 
work related heavy lifting and standing have been found as hazards for 
developing hip OA in a systematic review (111). Regarding hand OA, the 
epidemiological studies have not provided consistent evidence of heavy 
physical work load increasing the risk of wrist or finger OA (112, 113), however 
a study with a random sample of persons aged  60 years from Beijing found 
an increased prevalence of OA in the IP joint of the thumb and in the second 
and third PIP and MCP joints compared with finger joints of the hand not used 
for chopsticks, thus suggesting an association of thumb IP OA with the use of 
chopsticks and pincer grip activities (114). 

 
Physical activity may not carry a higher risk for incident knee OA (115), yet 

in previous studies an association was found for heavier loads of exercise (116, 
117). Despite this, there is growing evidence of an increased risk for soccer 
participation, elite-level long-distance running, competitive weight lifting and 



 

wrestling to be associated with an increased prevalence of knee OA (118). The 
prevalence of hip OA has been estimated at 8.6% among former male 
professional soccer players compared with 5.6% in persons with no history of 
professional soccer playing, thus suggesting a greater risk for hip OA in 
demanding sports activities likewise (119). 

 
Traumatic knee injuries, such as lateral or medial tibial plateau fractures, 

anterior cruciate ligament (ACL) rupture and concomitant meniscal tears in 
particular, are known predisposing factors for secondary OA of the knee, and 
OA can develop as early as 10 years post injury (120, 121). Furthermore, ACL 
reconstruction and meniscectomy (partial or full), are important risk factors 
for developing knee OA (122, 123). It is also apparent from previous literature 
that cartilage injury is a predisposing factor for the development of knee OA 
(124). For hip OA, prior trauma is infrequent. However, high-energy trauma 
can result in severe OA changes. Typical cases include acetabular fracture and 
dislocation of the femoral head (125, 126). 

 
Local pathologic changes of knee OA are detected by MRI at an early stage 

even before joint space narrowing occurs (127), including cartilage defects, 
bone expansion, bone marrow lesions, meniscal injuries or lesions and ACL 
rupture.The presence of meniscal lesions in persons with radiographic OA of 
the knee has been shown in several studies (128, 129), and early symptoms of 
OA are identical with those of a degenerative meniscal tear (130). Local bone 
abnormalities such as bone marrow lesions have been associated with 
increased pain and areas of accelerated cartilage loss, and so far, bone marrow 
lesions are the only pathophysiological changes known to correlate with the 
progression of the disease (131). 

 
Femoroacetabular impingement (FAI), (132) and its subtype, cam-type 

impingement in particular (femoral head asphericity) (133) as well as hip 
dysplasia (134) have been recognized as risk factors for hip osteoarthritis. 
Furthermore, a population-based study of middle aged women showed that 
measures of hip joint morphology at baseline, such as cam deformity or 
acetabular dysplasia, predict total hip replacement surgery several years later 
(135). A previously documented association between the incidence of both 
pincer- and cam-type FAI and childhood diseases such as Perthes (136), hip 
dysplasia and slipped capital femoral epiphysis exists (137). 

 
Muscle strength has been under constant research interest over the past 

few years. The role of the quadriceps femoris muscle in mediating the risk of 
knee OA is still unknown, however reduced muscle power was found to be an 
independent determinant of pain and poor quality of life in persons with knee 
OA (138). Moreover, muscle weakness could contribute to the onset and 
progression of knee OA (139). Very little has been studied previously 
concerning hand OA, yet according to one population based study, men with 



 

high maximal grip strength are at increased risk for the development of OA in 
the DIP, MCP and CMC joints while in women a corresponding association has 
been found only for the MCP joints (140). 

 
Knee malalignment (varus or valgus) is a strong predictor of knee OA 

progression via excess stress to lateral or medial compartment (141, 142). Also, 
valgus malalignment is a risk factor for lateral knee OA incidence and 
progression (143). 

 
Leg length inequality, resulting to pelvic tilt could carry a higher risk for 

OA or symptoms of the hip (144, 145). A recent review found no association of 
pelvic incidence (or pelvisacral angle) with hip OA (146). According to the 
Multicenter Osteoarthritis Study (MOST), the risk of both knee and hip OA 
was higher in the shorter leg (147, 148). Interestingly, another recent study 
reported, that hip or knee arthroplasty was operated 3 times more often to the 
longer leg than the shorter leg during a follow-up of 29 years (149). 

 

 
Meniscal lesions and cartilage destruction are suspected to present early 

stages of OA of the knee joint, and the association between these degenerative 
changes and symptoms has been shown previously (150). Furthermore, 
natural aging of the menisci contributes to an overall dysfunction of the knee 
joint among older persons (151). Snoeker et al in their review of 11 studies 
reported an increased risk of degenerative meniscal tears among males, those 
aged over 60 years, persons whose work involved kneeling or squatting, lifting 
heavy loads or climbing stairs as well as persons with a higher BMI (152). 
According to one study, type 2 diabetics had an accelerated knee cartilage and 
meniscus deterioration over a 4-year period as compared with healthy 
individuals (153), thus suggesting the presence of other accelerating 
comorbidities in the process of developing degenerative meniscal lesions and 
knee OA. Varus malalignment could cause medial compartment OA of the 
knee via extrusion of the medial meniscus (154).  



 

 Knee OA Hip OA Hand OA 
Individual factors Female gender 

Genetic 
Obesity 
 

Female gender 
Genetic 
Obesity 

Female gender 
Genetic 
Obesity 

Occupational 
factors 

Kneeling  
Squatting 
Heavy lifting 
Carrying  
Climbing 
 

Heavy lifting 
Prolonged standing 
 

Repeated pincer grip 

Lifestyle factors Sports with high risk 
of injury  
Former professional 
sports activity 

Former 
professional sports 
activity 

 

Prior injury Cruciate ligament 
tear  
Meniscal tear 
Tibial plateau 
fracture  
Chondral or 
subchondral lesions 
Knee fracture 

Acetabular fracture 
Dislocation of 
femoral head 

 

Muscle strength Low quadriceps 
strength 

 High grip strength 

Alignment Varus malalignment  
Valgus malalignment 

  

Leg length 
inequality 

Association with 
incident and 
prevalent 
radiographic knee OA 
in the shorter leg 

Association with 
incident and 
prevalent 
radiographic hip 
OA in the shorter 
leg 

 

Bone and joint 
morphology 

Bone marrow lesions 
High systemic and 
local BMD 

Hip dysplasia 
FAI syndrome  

 

 



 

 
Non-pharmacological treatment includes patient information, 

improvement of mental and social wellbeing (155-157) and exercise (158), as 
well as weight reduction (159, 160). Pharmacological treatment involves non-
steroidal anti-inflammatory drugs (NSAIDs) either topically or orally (161). 
The former should, however, be used at the lowest effective dose and the 
shortest duration possible (162). Paracetamol (or acetaminophen) has been 
found to have very low effect size as compared with placebo and according to 
a recent review, long term use of paracetamol up to 4 grams per day carried a 
significant risk of adverse events (163). NSAIDs have only mild to moderate 
efficacy, with > 75% of patients reporting need for additional symptomatic 
treatment (164). Joint replacement surgery is the only effective treatment 
option to improve physical activity and to obtain sufficient pain relief in cases 
of knee or hip OA with severe longterm pain (42, 162, 165, 166). For younger 
and physically active persons with unicompartmental knee OA, knee 
osteotomy or knee joint distraction can sometimes be considered as a surgical 
option, however randomized studies comparing conservative treatment and 
surgery are still lacking (167-169). 

 

 
There are different pathways leading to OA related disability pension, such 

as prolonged sickness absence (SA) or temporary disability retirement (DR). 
Often persons with knee or hip OA are moving between these states until DR 
or return to work. A Dutch nationwide study among sick-listed persons found, 
that those with a diagnosed chronic medical condition have an increased risk 
of SA, however despite this, a greater probability of returning to work after SA 
(170). Very few studies exist on the actual working life years lost due to chronic 
illnesses such as OA. 

Musculoskeletal conditions are along with mental disorders the leading 
cause of both DR and SA (171, 172). According to one cross-sectional study, 
35% of persons aged ≥ 50 years report low back and knee pain, and 25% report 
regional hip pain (173). Moreover, disability due to MSDs was approximately 
three to six times higher in manual as compared with non-manual occupations 
in the Finnish Health 2000 Survey (174). Premature work loss was common 
among persons with OA consulting primary care general practitioners over a 
period of 6 years (175). Women with knee OA have an almost doubled risk of 
sick leave compared with the general population (176). Similarly, females 



 

working in the health care sector and males working in farming had an 
increased risk of sick leave due to knee OA (177). Järvholm et al (22) studied 
the long term effect of heavy work on DR and found that rock workers lost on 
average 3.2 working life years while other salaried employees lost 0.7 working 
life years, mainly due to musculoskeletal conditions and cardiovascular 
diseases. The findings from previous studies are summarized in Table 2. 

 
The association of education, socioeconomic class and lifestyle factors with 

DR has been documented previously (178-180). Nevertheless, a limited 
number of studies have been previously published concerning the effect of 
physically demanding work on DR (181). Very few studies have focused on 
work disability due to OA and in particular, work related exposures such as 
kneeling, squatting or heavy lifting (176, 182, 183). 

 
The high occurrence of knee and hip OA, the ageing of populations as well 

as the development of orthopedic surgery have led to an increasing number of 
arthroplasties performed worldwide in recent years. Arthroplasty is the only 
effective treatment in disabling knee or hip OA not responding to conservative 
treatment (42, 165). Finland has the highest incidence of knee arthroplasty 
among the Nordic countries (184). The highest proportional increase in the 
prevalence of knee arthroplasty was reported in persons under 65 years. A 
recent German study suggested that the number of primary hip replacements 
will grow by 27% by the end of year 2040, mainly due to population ageing 
(185). Despite this, some recent evidence suggests that the rate of joint 
replacement is at least partially dependent on the person’s socioeconomic 
status or occupation, showing a higher rate of joint replacement surgery of the 
hip among those with a high income (186, 187). According to a Finnish register 
study with a follow-up of 2 years, up to 15% of persons undergoing total knee 
arthroplasty experience pain post-operatively and are dissatisfied with the 
outcome (188). The knowledge concerning the patterns of sick leave either 
before or after surgery is still scarce (189). Most studies have looked at the 
employment status before and after arthroplasty. A Finnish study on middle-
aged public sector employees with at least 6 months of employment prior to 
knee or hip arthroplasty showed an 87 and 94 % return to work within one 
year after hospital discharge (190, 191). According to some studies, the 
proportion of patients returning to work after surgery varies, with 
postoperative results being higher for total hip replacement than total knee 
replacement (192, 193). 
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There are only a few studies that would provide evidence on the prevention 

or on the effect of vocational rehabilitation on work disability among persons 
with chronic arthritis (201). Virtually no studies appear to have been published 
on OA and work participation per se (202). A number of studies have looked 
at return to work after knee or hip arthroplasty (192, 203-206). One 
randomized controlled trial among persons sick listed due to MSDs reported 
a faster return to work for those who received education-based intervention 
carried out by health care professionals as compared to those who did not 
receive such education (59 days vs 104 days, p < 0.001) (207). In the same 
study, the mean SA duration for low back pain was 29 days, whereas the 
duration for peripheral OA was 89 days, emphasizing the difference in the 
duration of SA episodes between different MSDs. 

There are no studies addressing the prevention of work disability or 
enhancement of work participation specifically in OA. Most evidence in 
preventing knee OA exists on weight reduction (89, 208), and prevention 
programs to reduce knee injuries (209).  



 

 
The overall aims of the thesis were to study the impact of OA on work 

participation and the risk factors for knee and hip OA. The specific aims were: 
 
1) To examine transitions between different work participation statuses 

after first prolonged SA due to OA and determinants for preterm exit 
from paid employment (Study I) 

2) To estimate working life expectancy and potential working life years lost 
 due to disabling OA (Study I) 

3) To study sociodemographic, lifestyle and occupational risk factors for 
hospitalization due to meniscal lesions, knee injuries as well as knee 
and hip OA (Studies II and III) 

4) To study how occupation, physical work load factors and level of 
education contribute to disability retirement due to knee and hip OA 
(Studies IV and V) 

 



 

 

 
The study base in Studies I, IV and V was a 70% random sample of the 

Finnish population aged 18 to 70 years living in Finland on 31 December 2004 
(∼ 2.5 million). In Study I, included were persons aged 30 to 59 years, who 
were employed or self-employed on 1 January 2006 and had a SA due to OA 
equal to or longer than 2 weeks starting in 2006 (prolonged SA). Excluded 
were persons, who had a prior SA due to OA in 2005 or received any retirement 
related benefit prior to 1 January 2006. The cohort consisted of 4704 persons 
(2644 men and 2060 women), who were followed from the first day of their 
first SA due to OA in 2006 until October 31, 2014. Included in Study IV and V 
were persons aged 30 to 60 years, who were gainfully employed from the 
beginning of January 2005. Excluded were persons who did not have an 
occupational title or those who started to receive any retirement related 
benefit before 1 January 2005. The study cohort consisted of 574,617 men and 
561,037 women (1,135,654 persons in total) and these persons were followed 
for the occurrence of DR due to knee or hip OA, DR due to other cause than 
knee or hip OA, retirement, death or end of follow-up (December 31 2013), 
whichever came first. 

 
Included in Study II were persons from a nationwide comprehensive health 

examination survey, the Mini-Finland Health Survey, carried out by the 
Mobile Clinic of the Social Insurance Institution of Finland in 1978-1980 (210, 
211). The initial study sample consisted of 5087 participants aged 30-59 years, 
who responded to baseline questionnaires and underwent a clinical 
examination. Persons with previous hospitalization due to knee injury, 
persistent complaint from knee injury, or prior diagnosis of knee OA were 
excluded. In total, 4713 persons (2320 men and 2393 women) were followed 
for the first hospitalization due to knee injury until December 31, 2010. 

 
Included in Study III were persons aged 30 to 64 years, who attended the 

Health 2000 Survey physical examination during the years 2000-2001, 
described in detail elsewhere (212, 213). Study subjects with a prior in-patient 
hospitalization due to knee or hip OA, those on DR prior to baseline 
examination or those with missing information on weight or work related 
factors were excluded. The study population comprised 4642 persons, who 
were followed from the baseline health examination until the first in-patient 



 

hospitalization due to knee or hip OA, death or end of follow-up (December 31 
2015), whichever came first. 

 

 

 
Studies I, IV and V were based on national administrative register data 

(Figure 1). Information from the Population Register Centre, the Social 
Insurance Institution of Finland and the Finnish Centre for Pensions were 
linked with the Statistics Finland’s Finnish Longitudinal Employer-Employee 
Data (FLEED). In addition, information on physical and psychosocial job 
exposures was linked to the data via occupational code. The data were 
anonymized and stored by Statistics Finland. The data were analyzed using a 
remote access system. 

 

FLEED - The Finnish Longitudinal Employer-Employee Data 
KELA -The Social Insurance Institution of Finland (SII) 



 

PRC - Population Register Centre 
FCP -Finnish Centre for Pensions 
 
National Hospital Discharge Register 
 
The follow-up information on knee and hip injuries as well as knee or hip 

OA in Study II and III was drawn from the National Hospital Discharge 
Register using the subjects’ personal identification codes. The register is held 
by The National Institute for Health and Welfare, and it contains all in- and 
outpatient visits with their diagnostic codes, and is a previously known reliable 
source of information (214). For the current studies, only in-patient visits were 
included. 

 
The International Classification of Diseases (ICD) 
 
In Finland, the 8th edition of the International Classification of Diseases 

(ICD) has been used before the year 1986, the 9th edition in 1986 – 1995, and 
the 10th edition from 1996 until present. In studies I, IV and V, the 10th revision 
(ICD-10) was used and in studies II- III, the 8th, 9th and 10th revisions. The ICD 
codes were used to identify and classify the hospitalization for the first knee 
injury and hospitalizations for knee or hip OA from The National Hospital 
Discharge Register. They were also used to classify the diagnoses for SA spells 
provided by the Social Insurance Institution of Finland (KELA) register. The 
diagnostic codes used in Studies I–V are described in detail in the original 
publications. 

 
The Mini-Finland Health Survey was carried out between 1978–1980 in 40 

areas of Finland (215). A stratified two-stage systematic sample (n=8000) was 
drawn from a Social Insurance Institution register (210). The sample 
represented the Finnish population aged 30 years and older. A total of 7217 
participants (90% of the sample) participated in the survey including a health 
examination. The implementation of the Mini-Finland Survey has been 
described in detail previously (216). 

The Health 2000 Survey is a nationally representative study coordinated 
by the National Institute for Health and Welfare (previously National Public 
Health Institute in Finland), comprising of several interviews, a physical 
examination and self-administered questionnaires. Most of the methods of the 
Health 2000 Survey are comparable with the Mini-Finland Health Survey 
conducted 20 years earlier. The implementation of the survey has been 
described in detail elsewhere (78). 

 



 

 
Heavy physical work (involving e.g. lifting and carrying heavy loads, 

excavating, shovelling, or hammering), kneeling or squatting at work (for at 
least 1 h a day), manual handling of heavy loads (lifting, carrying or pushing 
items heavier than 20 kg at least 10 times every day), sitting at work (on 
average at least 5 hours per day), and standing or moving at work (on average 
at least 5 hours per day) were estimated with a gender-specific job exposure 
matrix (JEM) developed earlier in a large population survey (217). 
Psychosocial factors, such as job demands and job control were also estimated 
with a JEM (218). The JEMs include exposure information for more than 401 
occupations, coded according to the Classification of Occupations 2001 by 
Statistics Finland. 

 

 

 
In Finland, every resident is entitled to a minimum income benefit, 

providing security against old age, disability, loss of parent or guardian, illness 
or unemployment. In the event of old age, incapability to work or loss of family 
member, pension insurance is paid based on earnings related employment, 
entrepreneur pension or national pension, or in some cases, on industrial 
accident or traffic insurance. 

 
Earnings related pension is defined by income and years spent at work 

while the national pension is paid to persons who have not worked or are 
eligible for a small amount of earnings related pension. The earnings related 
pensions are old age, disability, unemployment and survivors’ pensions, early 
old age pension as well as part-time pension. In accordance with the pension 
reform of 2005 and effective until 2016, old age retirement was possible 
between the ages of 63 and 68 years. The system attempted to encourage 
towards long working careers with additional pension accrual after the age of 
63. This pension reform was made to support the sustainability of the system 
while the population is aging and life expectancy increasing. 

 
Although the retirement age was at the time of the present study 63 years, 

early old-age pension was possible after the age of 60. An unemployment 



 

pension was granted to long term unemployed persons aged between 62 and 
64 years. 

 
Full disability pension is granted, if the work ability is reduced by at least 

three-fifths, and partial disability pension, if the work ability is reduced by at 
least two-fifths. The amount of partial disability pension is half of the 
corresponding full pension. Ten percent of full disability pensioners and 
almost 80 % of partial disability pensioners were working at the end of 2012. 

 

 
Persons living permanently in Finland are covered by a sickness insurance. 

Daily allowance is paid to compensate for days lost from work due to illness. 
The amount of daily allowance depends on the salary level, those with lower 
salaries receiving approximately 70% of earnings. The maximum duration is 
300 days and the allowance takes priority preceding disability pension which 
can only be paid after the sickness allowance has ended. 

 

 
Persons living in Finland permanently are insured against unemployment. 

Persons working in Finland are also insured, regardless of citizenship. 
Unemployment allowance can be paid either as an earnings related allowance 
or basic allowance. 

 

 
Vocational rehabilitation is a statutory right in Finland. Eligible are 

persons with a threat of DR within five years due to an illness or injury and are 
expected to benefit from vocational rehabilitation so that work participation 
can be promoted and DR postponed or prevented. There are two main 
pathways of receiving vocational rehabilitation in Finland: Persons with an 
attachment to working life during the preceding five years are eligible for 
rehabilitation via the earnings-related pension scheme, while others may be 
enrolled by the Social Insurance Institution of Finland (219). Vocational 
rehabilitation periods following motor vehicle accidents are covered by traffic 
insurance. 

 



 

 
Table 3 gives an overview of Studies I-V.  
 

 
For study I, eight work participation statuses were defined for the analysis: 

1) at work, 2) on partial work disability (including part-time SA and partial 
DR), 3) on SA due to OA, 4) on time restricted full work disability (including 
SA for other reasons than OA and vocational rehabilitation), 5) unemployed, 
6) economically inactive, 7) on permanent full DR, and 8) on old age or 
unemployment retirement (Figure 2). 

The main outcomes used were preterm exit from paid employment ie. 
transiting to permanent DR or old age retirement prior to the age of 63 years 
and working life years lost due to being unemployed or economically inactive 
or permanently retired until the official retirement age. Sustained return to 
work was defined as returning to regular duties for a minimum of 28 
consecutive days following initial SA. 

Other outcomes were transitioning to full DR (either temporary or 
permanent) due to knee or hip OA during the period from 1 January 2005 to 
31 December 2013 (Studies IV and V), hospitalization due to knee injury 
comprising any traumatic knee injury at any time between 1 January 1978 and 
31 December 2010 (The National Hospital Discharge Register) (Study II) and 
hospitalization due to knee or hip OA between the physical examination in 
2000 and 31 December 2015 (The National Hospital Discharge Register) 
(Study III). 



 

 

 
Occupational risk factors 
 
In study I, work related physical and psychosocial factors (heavy physical 

work, kneeling or squatting at work, heavy lifting, awkward trunk posture, 
high job demands and low job control) were estimated with the JEM. The 
dominant work participation status during the first year of follow-up and 
participation in vocational rehabilitation were also included as predictors. 
Physical heaviness of work from the Mini-Finland survey (Study II), The 
Health 2000 Survey (Study III), physical work load factors (heavy lifting, 
carrying heavy loads, kneeling or squatting, standing or walking) as well as 
cumulative exposure (high, intermediate or low) for work load factors from 
the Health 2000 Survey (Study III) were included as occupational 
determinants. 

For Studies IV and V, occupational groups (based on FLEED), and 
exposures such as heavy physical work, kneeling or squatting at work, heavy 
lifting, sitting, standing or moving (estimated with the JEM) were included. 

 
Other risk factors 
 
In all studies, age, gender, and level of education were used as 

determinants. Included were also geographic region of Finland (Southern 
Finland, Western Finland or Åland, Eastern Finland and Northern Finland, 
Study I), sector of employment (public, private or other including self 
employment, Studies I, IV and V) and income (capital and wage, classified into 
tertiles high, medium and low, Study I). Of potential lifestyle risk factors, BMI 
was calculated based on measured height and weight in light in-door clothing 
and categorized according to WHO recommendation (<25 kg/m2 normal, 25–
29.9 kg/m2 overweight and ≥30 kg/m2 obese, Studies II and III). Leisure time 
physical exercise (LTPE, Study II) or activity (LTPA, Study III) was inquired 
with the question: “How much do you move about and how hard do you exert 
yourself physically in your spare time?”. The response options were 1) only a 
little physical exercise, 2) physical exercise as part of other hobbies or 
irregularly, and 3) regular physical exercise. For Study III, it was  
dichotomized into no or irregular (2-3 times a month or less) and regular (at 
least once a week) physical activity. 

 In addition, for  Study II utilizing the Mini-Finland Health Survey, persons 
reporting at least irregular exercise at baseline interview were asked to list the 
most common types of exercise they engaged in. Participants with no or little 
physical exercise were assumed not to participate in any specific types of 



 

sports, therefore they were classified as “no exercise” in the further analyses. 
Finally, the records were classified using codes for 90 types of exercise (220). 
High impact sports were chosen based on hypothetical associations with 
meniscal lesions and on previous literature (ballgames, gymnastics, jogging, 
alpine skiing), however some other common types of lower impact sports in 
Finland at the time were also included (skiing, bicycling, walking). 

Smoking was divided into three categories for Study II (smoker, ex-smoker 
never-smoker) and two categories for Study III (ever-smoker, non-smoker).  
Alcohol intake (Study II) was defined as amount of grams of ethanol per week 
(0, 1-49, ≥50). 

 



 

 
 Outcomes Determinants Follow-up time 
Study I Exit from paid 

employment due to 
OA 
Working life 
expectancy 

Age 
Gender 
Duration of SA due to OA 
Level of education 
Geographic region of Finland 
Sector of employment 
Income 
Work related physical factors 
Work related psychosocial factors 
Dominant work participation 
status during the first year 
Participation in vocational 
rehabilitation 
 

1 January 2006 until 
31 October 2014 

Study II Hospitalization due to 
meniscal lesion or 
other knee injury 

Age 
Gender 
Level of education 
Physical heaviness of work 
BMI 
Leisure time physical exercise 
High risk sports 
Smoking 
Alcohol intake 

1 January 1978 until 
31 December 2010 

Study III Hospitalization due to 
knee or hip OA 

Age 
Gender 
Level of education 
Prior injury 
BMI 
Cumulative exposure to work load 
factors* 
Composite cumulative workload 
Leisure time physical activity 
Smoking 

I July 2000 until 31 
December 2015 

Study IV*** DR due to knee OA Age 
Level of education 
Physical work load factors** 
 

1 January 2005 until 
31 December 2013 

Study V*** DR due to hip OA Age 
Level of education 
Physical work load factors** 
 

1 January 2005 until 
31 December 2013 

*Heavy physical work, manual handling of heavy loads, kneeling or squatting, standing or walking 
**Heavy physical work, kneeling or squatting, heavy lifting, sitting, standing or moving 
***For studies IV and V, analyses were gender-stratified.  



 

 
Kaplan-Meier curves were drawn for sustained return to work analysis 

(Study I). The follow-up began on the 1st compensated day of SA due to OA and 
ended when a person returned to work sustainably, retired permanently or 
died, whichever came first. The log-log hazards plots were assessed visually 
and the proportional hazard assumption was found to be satisfactory. Linear 
trend for loss of working life years across age groups was tested with a 
generalised linear equation model (Study I). To calculate years expected to be 
spent in different work participation statuses, the Sullivan method (221) for 
healthy life expectancy was adapted using the age range 30 to 59 years, 
corresponding to the study population at baseline (Study I). 

 
The Cox proportional hazards regression analysis was used for the 

estimation of the associations of potential determinants with preterm exit 
from paid employment (Study I) and the associations of potential risk factors 
with hospitalization for meniscal lesion and other knee injury (Study II), as 
well as with hospitalizations due to knee or hip OA (Study III).  

 
Age-adjusted incidence rates (IR) (per 100,000 person years) of DR due to 

knee or hip OA by occupational group were calculated, and 95% CIs estimated 
assuming a Poisson distribution (Studies IV – V). Competing risk regression 
model to estimate hazard ratios (HR) was used to test for the association 
between occupation, physical work load factors, education and full DR for both 
knee and hip OA (Studies IV – V). The following competing risks were 
considered: full DR due to other causes than knee or hip OA, old age 
retirement and death. While examining the occupational differences, 
professionals was chosen as the reference group. Formula (HRModel_i-
HRModel_i+1)/(HRModel_i-1)*100%, i=1, 2 was used in estimating the 
contribution of explanatory factors to the statistically significant associations 
and to calculate the percentage of attenuation of HR for all occupations (222). 
HRs adjusted for age, education and each physical work load factor were 
compared to scrutinize the contribution of physical work load factors to the 
excess risk of DR (studies IV – V). 

 
Population attributable fraction (PAF) was calculated to estimate the 

proportion of new cases of hospitalizations due to knee or hip OA attributable 
to prior injury, overweight and cumulative physical workload (Study III). PAF 
is defined as the fraction of all cases of a particular disease in a population that 
are attributable to a specific exposure; PAF = (X − Y)/X, where X and Y refer 
to the observed number of cases and the expected number of cases under no 
exposure, respectively (223). PAFs can be used in cohort studies to estimate 
the public health impact of a disease due to a specific exposure and are usually 
expressed as percentages. The higher the percentage, the greater the risk due 



 

to the exposure, in Study III being OA due to prior injury, obesity or 
cumulative workload. 

For a dichotomous risk factor (prior injury) the following formula was 
used: PAF= p(RR-1)/(p(RR-1)+1), where p denotes the prevalence of the risk 
factor in the population and RR denotes the relative risk of hospitalizations 
due to knee or hip OA associated with the risk factor. For a risk factor with 
more than two categories (BMI and composite cumulative workload) the 
following formula was used: 

 , 

where pi is the proportion of population at exposure level i, RRi is the 
relative risk at exposure level i and n is the number of exposure levels. After 
the calculation of PAF for each risk factor of interest, the overall PAF was 
calculated with the sum formula (224):PAF overall= 1- (1-PAF1)(1-PAF2) …. 
(1-PAFn). 

K means clusters analysis was used in Study III to identify three latent 
clusters for composite cumulative work load to define the duration and pattern 
of co-occurrence of exposures. These clusters were referred to as low, 
intermediate and high composite cumulative workload. 

 
The statistical software used were SAS version 9.4 , STATA version 14 and 

SPSS version 23.0.  



 

 
According to the Finnish legislation, ethics committee approval is not 

required for fully anonymous register data. Register data from the Social 
Insurance Institution of Finland and the Finnish Centre for Pensions were 
linked with the data of Statistics Finland. All data were anonymized and stored 
by Statistics Finland. The anonymous data were analyzed via remote access 
system and all extracted outputs were approved by Statistics Finland. The 
access to data was granted by permission from each of the administrative 
sources who provided the data (Studies I, IV-V). 

 
All participants of the Mini-Finland Health Survey were fully informed 

about the study, the use of acquired data for medical research, and voluntary 
participation in the baseline health examination was considered an indication 
of informed consent. The linkage of  the National Hospital Discharge Register 
data and the national mortality data with the Mini-Finland data were 
approved by the National Institute of Health and Welfare and Statistics 
Finland, respectively (Study II). 

 
All participants of the Health 2000 Survey gave written informed consent, 

and the study was approved by the Ethics Committee for Epidemiology and 
Public Health of the Hospital District of Helsinki and Uusimaa, Finland on 31 
May 2000 (Study III).  



 

 

 
There were altogether 4704 persons with a SA of ≥2 weeks due to OA at 

baseline. The average age of the study population was 51.5 (95% Cl 51.3 - 51.6 
years) with a slight preponderance of women (2644 persons, 56.2%). Knee OA 
was the most common cause of OA-related SA (57.6%), followed by hip OA 
(18.6%). Only 7.8% of OA-related SAs were caused by polyarthritis or CMC 
joint OA. SA due to polyarthritis or CMC joint OA was most common among 
women, while SA due to hip OA was more common among men. Persons with 
SA due to polyarthritis or CMC joint OA were slightly older, had a lower 
education and were more likely engaged in manual work compared with the 
others. No major differences with regard to age or gender were observed in the 
hip and knee OA groups. 

During the follow-up, persons with prolonged SA due to hip OA returned 
to work sustainably after a median of 84 (95% CI 81 to 87) days, while persons 
with SA due to knee OA showed the fastest return to work with a median of 31 
(95% CI 27 to 35) days. Only a few persons in any of the groups returned to 
work after a SA of four months. 

The average follow-up time was 8.01 (95% CI 7.98 to 8.03) years and 
maximum 8.8 years. Six transitions, on average, from one work participation 
status to another were detected per person during the follow-up, however 10% 
had only one transition and 12.5% had at least 11 transitions. If a person had 
only two transitions, they were usually from SA to work followed by full 
disability or old age retirement.  

 
The annual proportion of time spent at work was lowest during the first 

year of follow-up for study subjects with polyarthritis or CMC joint OA 
(Figure 3A). Moreover, only approximately 20% of time was spent at work 
during the last year of follow-up for persons with polyarthritis or CMC joint 
OA, and the proportion of permanent DR was higher than in any other group 
(Figures 3 and 4A). Among persons who did not retire, almost 10% of time 
was spent being economically inactive (Figure 4B), however it was more 
infrequent in the polyarthritis or CMC group. Other differences between 
different diagnostic groups were minor. 
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Altogether, 412 persons (8.6% of the total study population) received 

vocational rehabilitation during 9 years of follow-up. A substantial proportion 
of those with a longer SA and a rehabilitation period of less than 3 months 
transitioned to permanent DR relatively early during the follow-up (Figure 
5). 

 

 



 

 
Higher age, low education, long initial SA, having not returned to work 

sustainably after the initial SA, having received vocational rehabilitation, low 
income, physical work related factors, as well as dominant work participation 
status during the preceding year predicted preterm exit from paid 
employment during the follow-up in the univariable model. The associations 
of physical work load factors and low income lost their statistical significance 
in the multivariable model. 

The calculations for time spent in different statuses during working life 
span showed that a 30-year old person with a prolonged SA due to OA is 
expected to spend 13 years at work and to lose almost 11 working life years due 
to full disability or preterm old age retirement, over 3 years due to being 
unemployed or economically inactive and at least 1 year due to being on ill-
health related benefit while employed (SA benefit, partial SA benefit, partial 
work DR, vocational rehabilitation benefit, time restricted full work DR). 
Similarly, a 50-year old person with a prolonged SA due to OA is expected to 
work approximately 5 years and lose another 5 years predominantly due to 
disability or preterm old age retirement (Figure 6.). In general, 45 to 53% of 
potential working life years were estimated to be spent at work depending on 
age, being highest for those aged 55 years. 
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Altogether 93,2% of the study population participated in the medical 

examinations and questionnaires of the Mini-Finland Health Survey. After 
exclusions, 4713 persons (2320 men and 2393 women) comprised the study 
population. During the 32-year follow-up, 338 persons (147 men and 191 
women) sustained a knee injury. A total of 224 persons (4.8%) had a meniscal 
lesion (97 men and 127 women) and 114 (2.4%) had another type of knee 
injury. 

The cumulative incidence of hospitalization due to meniscal lesions was 
sharply decreasing with increasing baseline age. The mean age at the time of 
the event (meniscal lesion or other knee injury) is shown in Figure 6. 

Men had their hospitalization at a younger age than women for both 
outcomes (at a median of 56.2 years, SD 10.9 versus 58.5 years, SD 9.0 for 
meniscal lesion and 55.4 years, SD 12.9 versus 62.0 years, SD 14.1 for other 
knee injury, respectively (Figure 7). In the mutually adjusted model, meniscal 
lesions were more frequent among younger persons and those engaged in 
regular leisure time physical exercise (LTPE) than others. 

Obesity and regular LTPE increased the risk of having a meniscal lesion 
and age was a protective factor. Any type of LTPE and not being at work 
increased the risk of other type of knee injury (Figure 8A-B).  
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Sports associated with contracting a meniscal lesion were ballgames, 
gymnastics and jogging (HR 1.78, 95% Cl 1.18-2.72, 1.78, 95% Cl 1.14-2.77 and 
1.69 95% CI 1.24-2.30, respectively). 

 
Altogether, 4642 persons (2247 men, 2395 women) were eligible for the 

study after appropriate exclusions. During the follow-up, 237 persons were 
hospitalized due to knee or hip OA. Hospitalizations were more common due 
to knee than hip OA (3.2 and 1.9%, respectively). Women had hospitalizations 
due to knee OA more frequently than men. The risk of hospitalization due to 
knee or hip OA was clearly higher among older persons as compared with 
those aged below 39 years at baseline, as well as among persons with a higher 
BMI (Figure 9A-B). Heavy physical work increased the risk of knee 
hospitalizations, but only a borderline significance for exposure to kneeling 
and squatting was observed for persons hospitalized due to hip OA. 
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More than 20 years of exposure to heavy workload increased the risk of 
hospitalization due to knee OA (HR 1.67, 95%Cl 1.09-2.56), while no clear 
association was observed for hip OA. 

 
The total cumulative workload for each workload factor for each person 

was defined in two reference periods, before baseline and during follow-up. 
Before the baseline, self-reported information on physical work load factors 
for each occupation and the time spent in the occupation was inquired for each 
occupation held for at least one year. During the follow-up, exposure 
information in the most recent occupation was used and the years in the 
occupation were approximated based on register information on employment 
and unemployment periods as well as pensions. Furthermore, three latent 
clusters (low, intermediate and high) of composite cumulative workload were 
empirically identified to capture the co-occurrence of exposures. The clusters 
are referred to as low (n=2324, 50%) intermediate (n=1855, 40%) and high 
(n=463, 10%) composite cumulative workload. The descriptive characteristics 
are shown in Figure 10.  
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LTPA - leisure time physical activity 
Low N = 2324 (50%), Intermediate N = 1855 (40%), High N = 463 (10%)  



 

A linear association between composite cumulative workload and 
hospitalization due to knee OA was observed, however, no such association 
between hip OA and cumulative workload was observed (Figure 11). 

In the fully adjusted model, three main predictors for hospitalization due 
to knee OA were prior injury, high BMI as well as intermediate or high 
composite cumulative workload, while for hip OA, hospitalizations could be 
mainly attributed to higher BMI (over 60% of the cases) and older age (Table 
4). 

 Knee OA  Hip OA  
Total < 60 years1 > 60 years1 Total < 60 years1 > 60 years1 

Prior 
injury2 

0.37  
(0.29-0.46) 

0.34  
(0.24-0.45) 

0.46 
(0.31-0.62) 

0.06 
(0.02-0.17) 

N/A 0.06 
(0.01-0.22) 

BMI 
(kg/m2) 

0.34 
(0.12-0.53) 

0.45 
(0.23-0.63) 

0.52 
(0.23-0.73) 

0.61 
(0.34-0.79) 

0.68  
(0.36-0.85) 

0.73 
(0.33-0.90) 

Composite 
cumulative 
workload 

0.27 
(0.08-0.44) 

0.32  
(0.12-0.51) 

0.32 
(0.11-0.58) 

N/A 0.24 
(-0.18-0.47) 

N/A 

Overall 
PAF 

0.70  
(0.42-0.86) 

0.75  
(0.48-0.90) 

0.79 
(0.53-0.96) 

0.67  
(0.25-0.88) 

0.76  
(0.25-0.93) 

0.74 
(0.17-0.96) 

1Age at the end of follow-up 
2 Injury of the knee was used for associations with hospitalization due to knee OA; injury of the hip 

was used for associations with hospitalization due to hip OA 
 



 

 
In total, 1,135,654 persons (49.4% women) were in gainful employment on 

1 January 2005 and had an occupational title. At baseline, women were slightly 
older (45.3 ± 8.4 vs. 44.6 ± 8.3 years), had more frequently attained tertiary 
education (30.5% vs. 16.7%) and were more often employed in the public 
sector (46.2% vs. 17.1%) than men.  

 
Incidence rate of full disability retirement due to knee and hip 

osteoarthritis 
 
From 1 January 2005 until 31 December 2013, a total of 6117 persons (2836 

men and 3281 women) and a total of 2212 persons (1180 men and 1032 
women) had full DR due to knee and hip OA, respectively. The overall age-
adjusted incidence rate (IR) of DR due to knee OA was 60 and 72 per 100,000 
person years for men and women, respectively. For hip OA, the IR was lower 
in women than men (22 and 25 per 100,000 person years, respectively; 
incidence rate ratio (IRR)=0.88, 95% CI 0.81-0.96). Among men, construction 
workers, electricians and plumbers showed the highest IRs for knee OA, while 
for hip OA also agricultural and fishery workers, unskilled transport, 
construction and manufacturing workers, metal and machinery workers and 
professional drivers had a higher IR than the population average. Among 
women, building caretakers, cleaners, assistant nurses and kitchen workers 
had the highest IR for knee OA. Among professional drivers, the IR for hip OA 
was the highest (Figure 12A-B). 

Women in certain manual occupations (such as cleaners, kitchen workers, 
metal processing workers) had statistically significantly higher age-adjusted 
IR of DR due to hip OA than men in the corresponding occupational groups.
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Physical work-related factors and disability retirement due to knee and 
hip osteoarthritis 

 
The prevalence of physical work load factors by occupational group among 

men and women are presented in Figures 13A-B. Building trades as well as 
agricultural and fishery workers had a very high prevalence of physical work 
load factors among both genders, while occupations involving less manual 
work, such as customer services clerks and teaching professionals had a high 
prevalence of sitting and a low prevalence of other physical work load factors. 
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In the age-adjusted models, the majority of physical work load factors were 
statistically significantly associated with DR due to knee and hip OA in both 
genders (Table 5). 

 

Knee OA Hip OA 

Men 
 

HR* 95% Cl HR* 95% Cl 

Heavy physical work 1.39 1.23-1.59 1.34 1.10-1.64 

Kneeling/squatting ≥ 1 hour/day 1.35 1.20-1.51 1.17 0.99-1.39 

Heavy lifting ≥ 20kg, ≥ 10 times/day 0.97 0.86-1.09 1.23 1.02-1.48 

Sitting ≥ 5 hours/day  0.44 0.38-0.51 0.43 0.34-0.54 

Standing or moving ≥ 5 hours/day 1.28 1.14-1.44 1.24 1.04-1.48 

Women Heavy physical work 1.92 1.76-2.10 1.65 1.39-1.95 

Kneeling/squatting ≥ 1 hour/day 1.34 1.20-1.49 1.53 1.27-1.84 

Heavy lifting ≥ 20kg, ≥ 10 times/day 1.04 0.92-1.16 1.08 0.87-1.34 

Sitting ≥ 5 hours/day  0.33 0.29-0.38 0.48 0.39-0.58 

Standing or moving ≥ 5 hours/day 1.2 1.11-1.29 1.13 0.98-1.29 

 *Adjusted for age and mutually 
 
Four out of five physical work load factors increased the risk of DR whereas 

sitting reduced the risk. With all physical load factors in the model, the 
associations of heavy lifting with DR (both genders) lost their statistical 
significance for knee OA, while for hip OA, kneeling or squatting (in men) as 
well as heavy lifting and standing or moving (in women) likewise lost their 
significance. 

 
Risk of disability retirement due to knee and hip osteoarthritis by 

occupation 
 
Among men, the age-adjusted risk of DR due to knee and hip OA was 

increased in all occupations except managers and teaching professionals 
compared with professionals. Construction workers, electricians and 
plumbers had the highest (for knee OA, HR 16.6, 95% CI 12.5.-22.2, for hip OA 
HR 12.7, 95% CI 8.44-19.7 ), and service workers, as well as unskilled 
transport, construction and manufacturing workers the second highest risk. 
Among women, the age-adjusted risk of DR due to knee OA was increased in 
all occupations compared with professionals. The risk was highest in building 
caretakers, cleaners, assistant nurses and kitchen workers (HR 2.61, 95% Cl 
1.86-3.66). Compared with professionals, the age adjusted risk of DR due to 
hip OA was elevated among women in all but teaching professionals, physical 



 

and engineering science technicians as well as construction workers, 
electricians and plumbers. Professional drivers had the highest risk of DR (HR 
15.2, 95% CI 7.47-30.8). 

In both genders, adjustment for education considerably attenuated the 
occupational differences in DR. 

 
The influence of physical work load factors on occupational differences in 

disability retirement due to knee and hip osteoarthritis. 
 
Among men, the largest influence of the physical work load factors on 

occupational differences in DR due to knee OA was found among building 
trades workers, such as construction workers, electricians and plumbers 
(85.2% of the risk, Figure 14). The second highest contribution of work load 
factors to the risk was among agricultural and fishery workers (77.7%). 

 
The physical work load factors completely mediated the effect of 

occupation on DR due to knee OA among female construction workers, 
electricians and plumbers as well as metal and machinery workers and 
teaching professionals. In general, the contribution of physical work load 
factors to occupational differences in DR was larger among women than 
among men in manual occupations. Among female managers and office clerks, 
adjustment for physical work load factors increased the  risk of DR, suggesting 
that occupational factors do not play a role in the increased risk for these 
occupations. 

 
Among men, kneeling and squatting and among women, heavy physical 

work appeared to have the highest contribution to the excess risk of DR due to 
knee OA (Figure 14, Panel A and C), especially among male and female 
construction workers, electricians and plumbers (84.3 and 96.2%, 
respectively). Among persons with DR due to hip OA, the results were similar 
in males for kneeling and squatting (78.9%), while for females, heavy physical 
work in general explained up to 50% of the excess risk of DR among laborers 
in manufacturing and construction, such as building caretakers, cleaners, 
nurses and kitchen workers (Figure 14, Panel B and D)
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Persons with disabling OA were found to have a considerably reduced work 

participation in the long term, despite their initial return to work within a few 
months. It was estimated that they lose almost half of their potential working 
life years. Predictors for preterm exit from paid employment included male 
gender, higher age, lower education, long initial SA due to OA, not having 
returned to work sustainably after the initial SA as well as receiving vocational 
rehabilitation. Persons with a long initial SA and relatively short rehabilitation 
period exited to permanent DR early during the follow-up. 

 
The risk of DR for knee and hip OA was found to be higher among persons 

working in manual and lower-level nonmanual occupations as compared with 
professionals. For knee OA, the occupational differences were to a large extent 
explained by the level of education and markedly mediated by physical work 
load factors. The overall age-adjusted IR of DR due to knee OA was higher 
among women than men, and physical work load factors contributed to 
occupational differences in DR more among women than men in manual 
occupations. For hip OA, the age-adjusted IR of DR was higher in men than in 
women, and the contribution of physical work load to the risk of DR was 
similarly higher. The risk of DR due to hip OA was high among female 
professional drivers, and chemical, wood, and metal processing workers, as 
compared with female professionals, even after controlling for education and 
physical work load factors. As sitting typical to professional driving would 
reduce the risk of lower extremity OA according to our results, the high risk of 
professional drivers suggests that the occupation also includes high physical 
workload, possibly due to loading and unloading of heavy objects. 
Furthermore, other lifestyle factors such as smoking, obesity and inactivity 
could play a role. Moreover, persons with lower limb problems may have 
chosen a driving occupation with lower demands.  

 
Cumulative workload, higher BMI and prior injury of the knee predicted 

the incidence of hospitalization due to knee OA. For hospitalizations due to 
hip OA, most cases were attributed to higher BMI and only a small fraction to 
prior injury of the hip. The roles of obesity and regular physical exercise as 
independent risk factors for meniscal lesions - a known precursor of later knee 
OA - were confirmed in the general population. Regular sports involving 



 

repetitive or acute injurious strain on the knee joint such as ballgames and 
gymnastics, involve higher risk for meniscal lesions than other types of sports. 
Obese or overweight persons are at higher risk for being hospitalized due to 
knee and hip joint problems. 

 



 

 

 
Previous literature concerning the etiology of reduced work participation 

due to OA is scarce, and very few exist on occupational risk factors (20, 25). 
There are several studies reporting DR rates after OA (176, 177) and return to 
work after arthroplasty (190, 191, 225, 226). A review by Bieleman et al (182) 
found only mild negative effect of OA on work participation. A follow-up study 
in the Cohort Hip and Cohort Knee (CHECK) found that only age is a 
prognostic factor for sustained return to work, not OA related factors (227). In 
contrast, based on previous literature, SAs due to OA are typically longer than 
SAs due to other MSDs and peak at age groups over 50 years (183, 228). A 
recent Portuguese study showed that persons with knee OA are at increased 
risk for exiting paid employment prematurely, while the same association was 
not found for hand or hip OA (229). In our study, the impact of OA on work 
participation was very large. A considerable proportion of working age persons 
were either soon retired after their first SA due to OA or were expected to lose 
almost half of their potential working life years. Surprisingly, among persons 
who did not retire, 10% of their time during the follow-up was spent being 
economically inactive, not receiving any benefit nor working. 

There is evidence that persons with chronic diseases, particularly MSDs, 
exit paid employment through disability and unemployment benefits (230) 
but not through early retirement benefits (231). However, very few 
publications exist on associations of ill-health with working life expectancy 
and working life years lost. According to a Norwegian general population 
study, the mean age of individuals with awarded disability benefit for MSDs 
was 55.0 years, resulting in an average loss of 12.0 potential working years 
(assuming statutory retirement at age 67) (232). Furthermore, Swedish male 
construction workers were found to lose about 0.7–3.2 working life years, 
mainly due to musculoskeletal and cardiovascular diseases (22) (Järvholm et 
al. 2014). A recent Finnish register-based population study found a markedly 
reduced working life expectancy among persons with a disabling shoulder 
lesion (233). Preventive measures are needed to prolong working life despite 
chronic MSDs such as OA. 

Vocational rehabilitation is typically offered to persons with a threat of 
preterm DR and who are expected to benefit from work modifications or re-
education. Our hypothesis was that vocational rehabilitation could be included 
as a protective factor for preterm exit in our analyses. However, in our study, 
participation in vocational rehabilitation was associated with preterm exit 
from working life. Indeed, a recent Finnish study showed, that vocational 
rehabilitation does not appear to reduce the expected DR years (234). 



 

 

 
Recent literature concerning meniscal pathology has increasingly focused 

on either traumatic meniscal tears or degenerative lesions (often in 
combination with other knee injuries) and their association with the 
progression or development of knee OA (235-237). The role of menisci in the 
development of tibiofemoral OA is now widely accepted (238, 239), yet the 
epidemiologic data on the risk factors of meniscal lesions is still somewhat 
scarce (152). As there are many definitions for meniscal damage (degenerative 
lesion, acute tear, ligament injuries of the knee) and OA definitions vary 
largely (clinically defined OA, radiographic OA, symptomatic OA), systematic 
reviews are challenging. Previously identified risk factors of meniscal tears 
include high impact sports (ballgames such as soccer, basketball) especially in 
younger patient groups. Among older persons, occupational risk factors such 
as heavy lifting, kneeling and squatting, age, obesity, knee malalignment and 
generalized OA play a role (152). In study II, an attempt was made to define 
lifestyle risk factors such as obesity, physical activity, alcohol intake and 
smoking for knee injuries, with particular focus on the menisci. The study 
focused on persons aged 30 to 59 years and the mean age at the time of event 
was in both cases (injury and meniscal damage) over 55 years, therefore our 
cases had presumably primarily degenerative lesions. This is to our 
knowledge, one of the few population-based studies on risk factors for 
degenerative lesions of the menisci.  



 

 
The lifetime risk of undergoing knee joint replacement surgery varies 

globally, however in the developed countries it has increased substantially 
over the years 2000-2015. In Finland, the risk was over 22,8% in females and 
11,7 in males according to an arthroplasty registry study of 5 countries 
(Finland, Sweden Denmark, Australia and Norway) (240). All countries 
showed a noteworthy rise in the lifetime risk of knee replacement for both 
genders over the 10-year study period, with the largest increases observed in 
Australia (females: from 13.6% to 21.1%; males: from 9.8% to 15.4%). For hip 
replacement surgery, the lifetime risk in 2003 ranged from 8.7% (Denmark) 
to 15.9% (Norway) for females, and from 6.3% (Denmark) to 8.6% (Finland) 
for males, increasing markedly by year 2013 (Finnish males reaching a 10 % 
risk) (241). A study conducted in New Zealand reported a relative increase in 
the overall lifetime risk of total knee replacement of 78% and 97% in females 
and males from 2000 to 2015, respectively (242).  

Previously, longitudinal studies have found overweight, obesity and knee 
injury as risk factors for knee OA (243-245). Studies concerning hip OA are 
controversial and there are only few longitudinal studies. Some found an 
association linking obesity and clinically advanced hip OA but no association 
between overweight or obesity and radiographically defined OA (246). A meta-
analysis showed a weak positive association between BMI and hip OA (247). 
According to a few studies, prior injury and physical or occupational activity 
were risk factors of hip OA (107, 248). In Study III, baseline age, BMI and prior 
injury were associated with the risk of first hospitalization due to knee and hip 
OA, the outcome being equivalent to clinically advanced OA. 

 

 
There are several known work related risk factors for knee OA, including 

kneeling or squatting as well as heavy physical work in general (249). Persons 
with knee OA have reduced work participation, loss of work productivity and 
most importantly, they are at risk of withdrawing from the labour force 
prematurely (20, 25). Many previous studies have considered men only, or the 
study designs were either cross-sectional or case-control. Our study estimated 
the risk of DR across a wide selection of occupations. The results were in line 
with the previous research linking occupations with heavy physical work and 
knee OA (177, 196, 197, 250). 

Regarding occupational risk factors of hip OA, previous literature is scarce. 
One systematic review reported an association between long-term exposure to 
heavy lifting and standing as risk factors for developing hip OA (111), and 



 

known high risk occupations include farmers and construction workers (194, 
251). Very few, contradictory studies exist on work participation concerning 
hip OA. A Finnish study reported a reduced participation in working life 
among 30 to 59-year-old males with hip OA (19), and a Dutch study stated 
similar work participation rates among middle-aged workers with and without 
hip OA (252). Furthermore, only one study on the risk of DR due to hip OA 
across different occupations exists (177). The results of the current study point 
out an excess risk of DR in manual occupations across genders, which is in line 
with previously published findings. However, a larger proportion of excess DR 
in certain occupations could be explained by physical work load factors among 
men than women. According to previous literature, a larger proportion of 
women with hip OA continue working after having been diagnosed as 
compared with men (19), despite that the prevalence of symptomatic hip OA 
has been reported to be higher among women than men (4). It has also been 
shown earlier, that excess DR due to MSDs in manual occupations is largely 
caused by heavy physical workload and inadequate possibilities for 
modification of working conditions, thereby further suggesting an easier 
adjustment of work environment towards more favorable setting in female 
manual occupations. 

 

The overall strength of the present thesis is that the included studies were 
conducted using longitudinal designs with fairly long follow-up times. 
Nationwide register-based datasets from a 70% random sample of the Finnish 
population were utilized (Studies I, IV and V) as well as data from two national 
population-based surveys: the Mini-Finland Health Survey (Study II) and the 
Health 2000 Survey (Study III). The study designs and comprehensive 
register data gave a possibility to quantitate the burden of low limb OA on work 
participation by estimating working life expectancy among persons with 
severe knee or hip OA and calculate working life years lost due to OA. The 
prevention potential of interventions aiming to reduce physical work load in 
order to prolong working life were estimated with calculating the proportion 
of DR due to OA attributable to the physical work-related factors. 
Furthermore, the prevention potential of modifiable occupational (cumulative 
physical work load) and non-occupational (previous injury and lifestyle 
related) risk factors for OA were assessed by calculating PAFs. 

 
In the register-based study sample, individual records from various 

administrative registers, such as KELA, the Finnish Centre for Pensions (FCP) 
and the Finnish Longitudinal Employer Employee Data (FLEED) of Statistics 
Finland, were linked using unique personal identification code. The KELA 
registers provided information on SA periods, diagnoses of SA, as well as 



 

national pensions. The FCP registers provided information on employment 
and unemployment periods, temporary and permanent DR with primary and 
secondary diagnoses, old age retirement, vocational rehabilitation, as well as 
other social benefits. The data from FLEED used in the thesis included 
sociodemographic information, occupational history and income. 

 
The used register data provide several advantages with regard to studying 

the impact of OA on work participation. The data in the KELA and FCP 
registers are collected for administrative purposes to be used as the basis of 
monetary reimbursement and have, therefore, complete coverage and 
relatively high accuracy (253). The register-based cohort has a low likelihood 
of selection and attrition bias. The sociodemographic, occupational history 
and income data derived from the registers are reliable and more accurate as 
compared with self-reports and are therefore not prone to recall bias. The rich 
and complete merged data provided the day-to-day information on persons’ 
work participation status and transitions between them over a long period of 
time. The large sample size of the register based cohort allowed gender- and 
occupational group-specific analyses to identify occupational groups with the 
most detrimental impact of OA on work participation. 

 
As the data in Studies I, IV and V were register based, there were some 

weaknesses due to the nature of these studies in general, such as lack of 
information of onset or the severity of the diseases, information on joint 
arthroplasty or other surgical treatment, or medical rehabilitation as well as 
information on general health status and lifestyle factors. The use of the JEMs 
for the assessment of physical and psychosocial work-related factors can be 
interpreted as a strength or a limitation. Despite the low risk of recall bias in a 
JEM-based exposure assessment there may have been a non-differential 
misclassification of the exposures, particularly in occupations with larger 
within-occupation differences in the physical or psychosocial work-related 
factors. 

 
For the Mini- Finland Health Survey, a random sample from the 

population register was drawn using a two-stage sampling design to represent 
Finnish adults aged 30 years or over, residing in 40 representative 
geographical areas. The data were collected via self-administered postal 
questionnaires, face-to-face interviews and clinical examinations (including 
laboratory and functional tests). The data collection in the Health 2000 Survey 
was similar (face-to-face interviews, self-administered questionnaires, 
measurements and clinical examinations). The majority of the methods of the 
Health 2000 Survey are comparable with the Mini-Finland Health Survey. The 
Mini-Finland Health Survey data were linked with both prospective and 
retrospective register data on hospitalizations due to knee injuries from the 
Finnish Hospital Discharge Register, while the Health 2000 Survey data were 
linked with both prospective and retrospective register data on 



 

hospitalizations due to knee or hip OA, as well as hospitalizations due to knee 
or hip injuries. In addition, for each participant in the Health 2000 Survey, 
information on employment and unemployment periods, DR and old age 
retirement from FCP registers and information on national pensions from 
KELA registers was available. 

 
Both population-based cohorts had high participation rates, with an 

exceptionally high rate of over 90% in the Mini-Finland Survey. Therefore, the 
likelihood of selection bias in Studies II and III is low. Furthermore, the 
likelihood of recall and attrition bias is probably low, as the information on of 
knee injury (Study II) and hospitalization due to knee or hip OA (Study III) 
were obtained from the discharge register. The National Discharge Register 
contains nearly complete coverage and has been shown to have sufficient 
quality (214, 254). However, there are some limitations in assessing the 
outcomes of interest. Sole meniscal tears or lesions could not be separated 
from combinations of ligamentous injuries often present in knee traumas. 
Moreover, any given risk factor could have predicted a knee injury per se, 
hospitalization once the injury occurred, or both. In the recent years it has 
become evident that meniscal tears are present in knee MRIs and 
arthroscopies among persons aged 40-50 years with symptoms similar to that 
of knee OA, further supporting their role as part of the degenerative process of 
the knee joint (129). However, distinguishing types of meniscal tears was not 
feasible in the study. In study III, hospitalizations due to joint arthroplasty, 
arthroscopy or any other reason could not be distinguished, which is a 
limitation. Because the hospitalization due to knee or hip OA was as a proxy 
for knee or hip OA, only clinically more severe cases of OA were included in 
this type of selection. Furthermore, patients with hip OA leading to 
hospitalization might be under-sampled because the OA cases were defined 
based on the first hospitalization due to lower limb OA irrespective of the 
affected site (whether knee or hip). It is unlikely that this would have affected 
the main results of the study, however. 

 
Follow up times ranging from 9 years in Studies I, IV and V up to 15 years 

in Study III facilitated the analysis of longitudinal associations of occupational 
and non-occupational risk factors with knee or hip OA and impact of OA on 
work participation. However, generalization of the thesis results to the broader 
knee or hip OA outcomes is not warranted, because the subjects were chosen 
either based on SA or DR or hospitalizations due to OA and include cases of 
disabling or clinically severe OA and thus represent only a minority of persons 
diagnosed with OA in Finland. Furthermore, no information on lifestyle 
factors or comorbidities were available for these studies.  



 

 
According to the results on OA and work participation, persons with 

disabling OA could lose up to half of their potential working life years. 
Clinicians are advised to keep this in mind when prescribing SA or other ill-
health related benefits. 

 
A high risk of DR due to knee and hip OA was observed in male and female 

manual occupations as well as lower-level nonmanual occupations, and the 
excessive risk was attributed to physical work load factors particularly among 
men. To increase work participation among persons with knee or hip OA, 
interventions are needed to modify working conditions, especially kneeling or 
squatting. The role of occupational health care sector in primary and 
secondary prevention is crucial. 

 
The roles of obesity and regular physical activity as independent risk 

factors for meniscal lesions were confirmed in the general population. 
Prevention or control of overweight and avoiding injuries in high risk sports  
are required to prevent meniscal lesions and knee OA. Reduction of 
cumulative workload among persons with knee or hip OA could substantially 
reduce the number of hospitalizations due to knee OA (by 27%) and earlier 
(prior to the age of 60 years) hospitalizations due to hip OA by 24%.  

 

 
Future research should focus on identifying effective surgical and 

conservative treatments of OA for sustained work ability, work participation 
and work retention for persons with disabling OA. Futhermore, intervention 
studies on the effectiveness of aids and working methods for reducing knee 
and hip straining activities are necessary. Register based research on knee and 
hip OA would benefit from linking information on work related and individual 
factors from survey data. In addition, cross-country comparisons on the 
impact of OA on work participation could be further explored.  



 

 
The results of this thesis show that persons with disabling OA, leading to a 

longer sickness absence spell, can experience a stubstantial loss of their 
potential working life years. Prescription of sick leave or temporary work 
disability without a clear treatment or return to work plan should be carefully 
considered.  

 
Excess weight, prior knee injury and cumulative physical workload are risk 

factors for disabling knee OA. For hip OA, it was found that high BMI alone 
explained the majority of the hospitalizations after controlling for other 
modifiable risk factors. To prevent clinically severe OA, clinicians should 
recommend reducing physically heavy work, and avoiding injuries and 
overweight. Furthermore, obesity and regular physical exercise are 
independent risk factors for meniscal lesions. Previous findings from clinical 
observational studies on risk factors for meniscal lesions were in this study 
confirmed in the general population. Regular high impact sports involve 
higher risks than other types of sports for meniscal lesions. For prevention of 
meniscal lesions, weight control is necessary and more resources should be 
directed towards prevention of injuries in high risk sports. 

 
The studies on disability retirement due to knee and hip osteoarthritis 

provide comprehensive information on occupational differences in both 
genders and across a broad range of occupations. An exceptionally high risk of 
disability retirement due to knee osteoarthritis was observed for male and 
female manual occupations and the risk was strongly attributed to physically 
heavy work. Physical work load factors along with education appear to be 
major reasons for excess disability retirement due to hip osteoarthritis, 
particularly among men. Preventive measures should focus on the reduction 
of physically heavy tasks, kneeling or squatting activities and lifting and 
carrying of heavy loads. If adjusting the working environment is not feasible, 
work tasks should be modified in order to reduce physical exposures on the 
lower extremities. More intervention studies are needed on the effectiveness 
of work modifications to reduce lower extremity exposures.  
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