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Recent reviews on musculoskeletal disorders have clearly pointed out the need for more good-quality original 
research. Both symptom-based and objective outcome assessment methods should be improved. A variety of 
methods exists to assess exposure for short-term outcomes, whereas exposure assessment strategies for outcomes 
with long induction times should be developed. The change in exposure patterns - less force demands, more 
static, visual, cognitive, psychological and social load - will continue during the next millennium, and a likely 
result is a change in the disease panorama. The pathomechanisms of the effects of low-level static contractions and 
adverse psychosocial conditions need clarification. Genetic epidemiology is an emerging field of research, and it 
will be particularly interesting to study the interaction between genetically determined susceptibility and occupa- 
tional risk factors. Because degeneration of the spine starts in adolescence, the importance of studying the etiology 
of degenerative disorders among young populations is emphasized. 
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The number of articles on musculoskeletal disorders has 
grown remarkably during recent years, maybe more than 
in many other fields of occupational medicine. Towards 
the end of this millennium, published articles have in- 
creasingly been reviews. The reviews on epidemiologic 
studies on musculoskeletal disorders differ in their con- 
clusions about the work-relatedness of various disorders, 
especially as regards the causal role of work-related risk 
factors. Common to systematic critical reviews is a low 
number of original papers with high quality scores. 
Therefore our knowledge on risk factors is largely based 
on studies with moderate-to-low quality. Against this 
background the research needs are clear: more good- 
quality original research. This need creates demands on 
the assessment of the outcomes and exposures, study de- 
signs, and conceptual models. 

Assessment of outcome 

We feel that the development of the methods to assess 
the outcomes for research in the musculoskeletal area 
should be much more in focus. No matter how simple or 
sophisticated the assessment method (questionnaire, 
interview, physical examination, imaging, electrodiag- 

nostic assessment), we should use validated methods that 
can correctly classify states of disease with different se- 
verity and prognosis. Due to the deficient knowledge of 
how to classify musculoskeletal disorders, unspecified 
symptoms have generally been used as indicators. For ex- 
ample, as regards the low back and the neck, it has been 
feasible to differentiate between radiating and nonradi- 
ating pain. These 2 types have a different prognosis, and 
there is some indication that they may be etiologically 
different (1). No generally accepted classification system 
exists, however. Research applying qualitative methods 
could provide a new approach to learning more about 
musculoskeletal disorders and provide a guide to better 
classification systems. Basic science is needed to eluci- 
date structural changes in tissues in association with dis- 
ease. 

Most of the currently used physical examination 
methods were described decades ago for the most com- 
mon disorders, and the methods have been in routine clin- 
ical use for decades. Still today their performance has 
not been standardized in enough detail. Interexaminer 
repeatability is also either insufficient or unknown for 
many of these tests (2, 3). The possibilities that modern 
imaging methods allow have been little used in the 
research of musculoskeletal disorders. With developing 
technology, their use will be more feasible in the future. 

1 Finnish Institute of Occupational Health, Helsinki, Finland. 

Reprint requests to: Dr Eira Viikari-Juntura, Musculoskeletal Research Unit, Department of Physiology, Finnish Institute of 
Occupational Health, Topeliuksenkatu 41 a A, FIN-00250 Helsinki, Finland. [E-mail: eira.viikari-juntura@occuphealth.fi] 

564 Scand J Work Environ Health 1999, vol25, no 6, special issue 



Viikari-Juntura & Riihimaki 

Still, we do not yet understand well what we see, for in- 
stance, in the magnetic resonance image (MRI). Valida- 
tion of MRI findings against pathoanatomical and histo- 
logical findings would be a natural first step - on a long 
and burdensome road. 

Nerve conduction studies have been mostly used for 
the case definition of nerve entrapment syndromes, es- 
pecially carpal tunnel syndrome (CTS). According to a 
recent consensus paper, the diagnosis of CTS in epide- 
miologic studies should be based on symptoms and elec- 
trodiagnostic findings (4). Yet the criteria for a case dif- 
fer markedly between studies, and the advantages and 
drawbacks of various criteria have not been thoroughly 
discussed. For example, the appropriateness of a differ- 
ence in nerve conduction between the median and ulnar 
nerve as the sole basis of CTS diagnosis in epidemiolog- 
ic studies can be questioned on the basis of the results of 
Stetson et a1 (5). These authors studied industrial work- 
ers and managerial or professional employees and found 
that nerve conduction measures differed between the 2 
groups not only for the median but also for the ulnar 
nerve. The performance of nerve conduction studies is 
also a technically demanding procedure. One can say that 
a low-cost solution to improve the knowledge of the eti- 
ology of CTS or other nerve entrapments is unlikely to 
exist. 

In the neck and low-back area, the analysis of the 
electromyographic spectrum has given much insight into 
local muscular fatigue, and it can be used as an objec- 
tive indicator of fatigue. In the neck area, most studies 
have collected information from one particular muscle, 
the trapezius, and much less is known about the more 
deeply lying muscles. With needle electromyography, 
knowledge has been collected about the events in deep 
muscles and for single motor units. Such studies have 
shown that, at the motor unit level, a recruitment pattern 
exists, some motor units being recruited first and unre- 
cruited last, leading to fatigue at the single motor unit 
level (6). Simultaneous recordings of several muscles 
around the shoulder during fatiguing contractions have 
shown no constant order in the development of fatigue 
between the muscles or muscle parts, and it is possible 
that, to avoid fatigue, the load is transferred from one 
muscle to another during contraction (7). This assump- 
tion suggests that the development of fatigue may be a 
complex phenomenon, and surface electromyography of 
one or a few muscles may be a poor reflector of loading 
and fatigue for large studies. 

Exposure assessment 

The assessment of physical loads has been under much 
more extensive development during the end of this 

millennium than the assessment of musculoskeletal out- 
comes has. Numerous validity studies have enabled us 
to see how detailed information can be obtained by ques- 
tionnaires (S), interviews (9), observations (lo), and di- 
rect measurements (1 1). More importantly, the strategy 
of exposure assessment has been brought into focus, and 
it has been emphasized that we should be realistic with 
our endeavors in exposure assessment in epidemiologic 
studies (12). Our ability to assess cumulative work load 
is still in its infancy, and methods should be developed 
and used for outcomes with long induction times. Job 
exposure matrices may be one solution for exposure as- 
sessment in large epidemiologic studies. So far, such data 
on physical load factors have been crude. With accumu- 
lating data from surveys and other studies we expect the 
quality of these data to improve after the turn of the mil- 
lennium. 

Will changes in exposure patterns cause a change 
in the disease panorama? 

The changes in exposure in many jobs during recent years 
- less force demands and more static, visual, cognitive, 
psychological and social load - will undoubtedly con- 
tinue. In fact it is difficult to foresee any point in the near 
future when this development would cease. 

At the same time the human being has undergone only 
small changes. In developed countries the nutrition of the 
population has improved, resulting in an increase in av- 
erage height, an increase in average age, and a decrease 
in or disappearance of some serious disorders, such as 
tuberculosis and rickets. Unfortunately, these positive 
trends have been accompanied by some negative ones, 
such as increasing overweight and a sedentary life-style. 

These changes in exposure and in the human being 
are likely to affect the disease panorama. We have so far 
seen that the prevalence of self-reported back pain has 
been rather stable over a 14-year period from 1979 to 
1992 in the Finnish general population (13). The preva- 
lence of continuous ache was stable also in an interview 
survey by Statistics Finland among wage earners during 
a 20-year period from 1977 to 1997 in all other body re- 
gions but the neck, in which a clear increase was seen 
among both men and women (14). It remains to be shown 
whether there have been changes in the grade of oste- 
oarthrosis or disc degeneration of populations with time. 
One may say - unfortunately not with good supporting 
data -that there has been and will probably be a change 
in the panorama also of upper-limb disorders. Epidem- 
ics of tenosynovitis or peritendinitis, such as were seen 
in the postwar auto industry (15), have not been report- 
ed lately, in the era of the "mouse hand" - whatever 
the concept may entail. Surveillance systems sensitive for 

Scand J Work Environ Health 1999, vol25, no 6, special issue 565 



Research in musculoskeletal disorders 

changes should be used to obtain information about the 
development in both exposure and disease panorama. 

Role of work organizational and psychological 
factors 

The role of work organizational and psychological fac- 
tors has been a topic of interest in musculoskeletal re- 
search for some decades. For work organizational fac- 
tors, the demand-control-support model (16) that has 
been extensively used in research on cardiovascular dis- 
orders has been mostly applied. Bongers and her co- 
workers (17) presented a review on epidemiologic stud- 
ies investigating the associations between psychosocial 
factors and musculoskeletal disorders. They found some 
evidence for associations between musculoskeletal dis- 
orders and work demands, control, and social support. 
Individual characteristics such as psychological and emo- 
tional problems have shown more consistent associations 
with more evidence also from longitudinal studies. Stress 
symptoms have preceded musculoskeletal symptoms in 
several longitudinal studies, and, in the conceptual mod- 
el presented by the authors, stress symptoms were con- 
sidered to be a mediator of the effects of work organiza- 
tional factors. A major future research question is the 
extent to which work organizational and psychological 
factors are causal with respect to musculoskeletal disor- 
ders and modifiers of illness behavior. Although it is cer- 
tainly possible to study the effects of these factors with 
more rigorous study designs and well-defined outcomes, 
the dynamic process of the events with different coping 
and feedback mechanisms calls also for other research 
paradigms, different from those of traditional epidemi- 
ology. New knowledge is needed to learn about the po- 
tential of primary and secondary prevention. 

The changes in the disease panorama and the multi- 
tude of recognized risk factors create research needs in 
the pathomechanical processes: what are the effects of 
low-level static loads, visual strain, and psychological 
strain in the musculoskeletal organs? How are the endo- 
crinological functions associated with these phenomena? 

There is a vast body of literature on the effects of 
mental demands and work organizational factors on neu- 
romuscular function. There is evidence that motivation- 
al factors and mental states (anger, hostility, and fear) 
can increase muscle activation (18). A motor system of 
predominantly monoaminergic descending pathways 
from the brain stem has been suggested to initiate or con- 
trol motor responses of emotional stimuli. At the periph- 
eral level, in association with low contraction levels, the 
hypothesis that the recruitment order in a contracting 
muscle is constant with small units recruited first and 
staying active the longest, and that this phenomenon is 

associated with neck disorders, has gained support even 
in a longitudinal study (19). Several other hypotheses 
exist on pain mechanisms (20) which should be tested in 
the future. The metabolic effects of adverse psychoso- 
cia1 conditions have been explained by catabolism and 
have, in some studies, been seen as a decreased produc- 
tion of anabolic hormones, such as testosterone (21). 
However, the associations between musculoskeletal pain 
and the levels of such hormones have not been consist- 
ent in studies and should be investigated more rigorous- 
ly. 

Genetic epidemiology in musculoskeletal 
disorders 

Recent fast progress in molecular genetic techniques has 
resulted in the ambitious Human Genome Project that 
will map and sequence the human genome. This project 
is expected to be completed during the first decade of 
the new millennium. It opens a new avenue of genetic 
epidemiology also for researchers of musculoskeletal dis- 
orders. There is evidence that degenerative disorders of 
the musculoskeletal system, such as disc degeneration 
and osteoarthrosis, are influenced by hereditary factors 
(22, 23). A few studies have already appeared showing 
that mutations of the vitamin D receptor gene are associ- 
ated with disc degeneration (24) and osteoarthritis (25), 
and mutations of the type IX collagen gene are associat- 
ed with degeneration of articular cartilage and interver- 
tebral discs (26). It is likely that also other musculoskel- 
etal disorders are influenced by genetic factors. 

It will be particularly interesting to study the interac- 
tion between genetically determined susceptibility and 
occupational risk factors. Case-control studies are the 
most suitable to investigate genetic risk factors and their 
interactions with other risk factors of a disease (27). In 
case-control studies several candidate genes can be test- 
ed. Such testing is made easy by modern molecular ge- 
netic techniques, such as DNA (deoxyribonucleic acid) 
chips which allow the identification of several mutations 
of genes at low cost. 

Role of major and minor traumas 

The assessment of the role of various types of major and 
minor traumas in back and limb disorders has been one 
of the most difficult areas in research on musculoskele- 
tal disorders. As accidents or losses of balance are rare 
stochastically occurring events, it is difficult to record 
and characterize them systematically for epidemiologic 
purposes. Although we believe in a major role of trauma 
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in the etiology of musculoskeletal disorders, convincing 
scientific proof on how much importance various types 
of traumas have for different outcomes is lacking. This 
question should be rigorously tackled with prospective 
studies. Future development in modern technology may 
make it possible to detect minor injuries in the interver- 
tebral disc or cartilage or other tissues. 

Workplace modifications central to primary and 
secondary prevention 

We believe that primary prevention will always be more 
effective than secondary prevention. The high occurrence 
of musculoskeletal disorders shows that primary preven- 
tion has so far not been very successful. A third, and 
among some worker groups almost half, of all days of 
sick leave are due to musculoskeletal disorders. 

As primary care physicians see patients with muscu- 
loskeletal disorders almost daily, some of them with a 
recent onset of symptoms, they have a unique possibility 
to initiate secondary preventive measures often at a rela- 
tively early stage of the disease. As we have convincing 
evidence that physical work load factors, if not causa- 
tive, can trigger or aggravate most musculoskeletal dis- 
orders, directing secondary preventive measures towards 
workplace adjustment should be a first priority for treat- 
ment, and in some cases a major component of treatment. 
This practice has not been common so far, but it should 
be so in the future. The process of making changes at 
the workplace is not simple and requires co-operation of 
the employer and often several bodies at the workplace. 
Investigating the effects of intervention requires a multi- 
disciplinary approach and the application of different re- 
search paradigms. 

New kno wledge from young populations 

Most epidemiologic studies on the etiology of low-back 
disorders have been carried out in working age popula- 
tions. A large number of risk factors, both work- and per- 
son-related, have been identified. Accordingly, preven- 
tive programs and efforts have mainly been targeted to- 
ward the working-age population. During the past 10 
years evidence has accumulated that disc degeneration 
of the lumbar spine and low-back pain start to appear al- 
ready in adolescence (28,29). This occurrence raises the 
question of whether the preventive programs should ac- 
tually be directed toward young people. For this end, we 
should learn more about the risk factors of low-back dis- 
orders among the young. Probably the best way to pro- 
ceed would be to start prospective cohort studies with 

repeated assessments of risk factors and disease out- 
comes. 
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