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OBJECTIVES — Many pregnant women have musculoskeletal complaints, the onset and aggravation of
which are thought to be associated with their activity or work postures. The purpose of this paper was
to obtain more insight into the influence of pregnancy on the load of the musculoskeletal system at
work to provide a better basis for preventing complaints.

MEeTHODS — To this end, literature pertinent to a model called “work load of the musculoskeletal sys-
tem” was reviewed. The model was developed to describe how work contributes to musculoskeletal
complaints.

ResuLts — It was found that pregnancy causes changes in a worker’s characteristics. These changes
can lead to changes in the work situation, activity pattern, and postural characteristics and possibly
result in a change in work load. In addition, physical changes such as weight gain increase the work
load in a given posture. The load-bearing capacity of the musculoskeletal system decreases due to
pregnancy.

Concrusions — The changes in load and the decrease in load-bearing capacity singly or simultane-
ously increase the risk of musculoskeletal complaints. The multifactorial cause of musculoskeletal com-
plaints during pregnancy reveals various possibilities for prevention.

KEy TERMS — biomechanics, ergonomics, low-back pain, models, prevention, review, women, work,

work posture.

During pregnancy, many women have musculoskel-
etal complaints. About half of pregnant women have
low-back pain at some time during pregnancy (1—
4), the intensity of the back pain increasing as preg-
nancy advances (5). The personal and financial con-
sequences of the complaints can be considerable.
Low-back pain during pregnancy considerably lim-
its the daily activities of 12% of pregnant women (6),
and as many as 9% (3) to 21% (7) are given sick
leave. Of 710 employed Norwegian women, 17%
were certified as sick during pregnancy because of
musculoskeletal diseases (8). Furthermore, com-
plaints during pregnancy are associated with prob-
lems after delivery, such as persistent back pain (3,
7,9). Due to the traditional focus on back pain during
pregnancy, hardly any research has as yet been done
on the occurrence of other musculoskeletal com-
plaints, with the exception of muscle soreness (10).

The kind of work and the work posture, for ex-
ample, heavy physical work, standing with the trunk
bent forward, and twisting, have occasionally been
shown to influence the onset and aggravation of back
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pain during pregnancy (1—4, 11). However, none of
the authors reporting these results were able to ex-
plain the mechanism of the association.

The extent of the problem indicates the necessity
to study the suggested role of work and work pos-
ture. Our objective in writing this communication
was to obtain more insight into the influence of
pregnancy on the work load of the musculoskeletal
system. To this end we have reviewed the literature
and have given an overview that will improve in-
sight into the mechanisms involved and provide a
better basis for preventing complaints. The re-
viewed literature concerned the model “work load
of the musculoskeletal system,” according to the
following description.

Model for work load of the musculoskeletal
system

We developed the model “work load of the muscu-
loskeletal system” (figure 1 and table 1) by integrat-
ing two existing models [ie, the process by which
work contributes to musculoskeletal complaints (12)
and the way in which a worker’s characteristics in-
fluences work load, its consequences, and vice ver-
sa (13)]. In our model the worker is an active ma-
nipulator.

The “work situation” can be manipulated by work-
ers who anticipate their (changed) capacity (eg, by
eliminating heavy tasks after illness). A worker’s
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characteristics can influence the use of decision lat-
itude and change the “actual work performance.” For
example, when a worker does not feel physically fit,
he or she will try to postpone tiring tasks. The “work
posture and exerted force” are determined by factors
such as the nature of the tasks, the work methods,
the worker’s characteristics (eg, body dimensions and
their fit with the workplace layout and work tech-
nique) (14). The “load of the musculoskeletal sys-
tem” is determined by external forces that act on the
body (gravitational forces due to body segment mass
and the reaction to the force exerted by the worker
on the environment). External forces tend to rotate

| Work situation | e—

] Actual work performance l
- Worker’s
characteristics

| Posture and exerted force 1-——-—0

Load on the
musculoskeletal system

Musculoskeletal complaints }———»

Pregnancy

Figure 1. Model “work load of the musculoskeletal system.”
The way in which pregnancy influences the process through
which work contributes to musculoskeletal complaints has
been added to the model.

the body segment on which they apply around a joint.
This rotational motion is called a moment, and its
magnitude is influenced both by the position of the
body segments in space and by a worker’s charac-
teristics, such as body segment dimensions. When
movement is present, the inertia of the body seg-
ments and handled objects should also be considered
(15). To maintain postures and to exert force, mus-
cle force must be generated and ligaments must be
loaded. Whether or not “musculoskeletal complaints”
develop or become aggravated depends on the bal-
ance between the load and the load-bearing capaci-
ty of the musculoskeletal system (ie, the capacity of
the musculoskeletal system to sustain a certain load
with complete recovery of the system afterwards, not
causing musculoskeletal complaints in the short term
and the long term).

The process by which work contributes to musc-
uloskeletal complaints can also change a worker’s
characteristics. For example, work posture influences
the peak muscle force, the load may lead to muscu-
lar fatigue and damage, and the presence of com-
plaints may reduce a worker’s motivation.

A step-by-step analysis may yield insight into the
mechanisms associated with the onset of muscu-
loskeletal complaints and possibilities for prevention.

Literature reviewed

A literature search was performed up to December
1992 in Medline. References identified from perti-
nent literature and Dutch research reports on preg-
nancy were also incorporated. The indexing terms
used concerned the concepts of the model “work load
of the musculoskeletal system” in combination with
pregnancy. Since literature was scarce, almost all of
the located references were studied in detail and

Table 1. Terminology used in the model “work load of the musculoskeletal system.”

Term Definition

Work situation
Loading factors

Decision latitude
Actual work performance

Work posture and exerted force

L.oad on the musculoskeletal system

Musculoskeletal complaints

Worker's characteristics

The whole of loading work factors and decision latitude for both paid and unpaid
work, such as domestic work

Aspects of task contents, work conditions, social relationships and conditions
of employment

Potential control of loading factors

The work situation as it stands (ie, the tasks performed and the work conditions,
social relationships and conditions of employment present)

The body postures during work and forces exerted on the environment by a worker
(eg, pushing and pulling); movements are considered to be a succession of
postures

The net biomechanical load (ie, reaction forces and reactive moments on joints,
their magnitude, direction, frequency and duration determining the total load over
a period); this net load results in loading of muscles, ligaments, and joints

Self-reported discomfort, pain, or reduced functionality with regard to the mus-
culoskeletal system

The whole of physical, cognitive, and mental characteristics and capacities of a
worker and the motivation to use these capacities; the characteristics, capacities
and motivation are dynamic (ie, subject to change); examples are body dimensions,
strength, coping capacity, and expertise; determinants are, for example, pregnan-
cy, age, and gender
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judged as to quality and relevance. Findings relevant
to our investigation were combined to yield qualita-
tive results.

Influence of pregnancy on the work load of
the musculoskeletal system

For each step of the process through which work con-
tributes to musculoskeletal complaints, relevant
changes in a worker’s characteristics due to pregnan-
cy are described, along with their influence on the
corresponding step in the process.

Work situation

Many women develop problems at work because of
pregnancy. Tasks and work conditions (eg, heavy
physical work, standing, squatting, night work, and
irregular workhours) generate problems, particularly
during pregnancy (16). In one study the performance
of 32 of 46 everyday tasks was judged to be more
difficult during pregnancy (17). Difficulties with work
may reflect a reduced capacity of pregnant workers.
Moreover, pregnancy may affect both a woman’s
willingness and motivation to perform activities that
can harm herself or her unborn child. The acceptance
of certain activity patterns during pregnancy differs
between cultures. In 51 of 112 societies studied all
over the world, full work duties are maintained until
childbirth. In the other societies, the work is light-
ened during pregnancy, the change ranging from mi-
nor alterations to major inactivity (18).

Adaptations of the work situation may be neces-
sary. The main strategies for reducing the work load
are to remove loading factors and reduce exposure
time. Adaptations can, in several countries, be at-
tained through existing legislation. In The Nether-
lands, an appeal based on the Working Environment
Act (1980) is possible, with refusal to perform dan-
gerous work as a last resort. However, there is no
agreement on what should be considered dangerous,
and the legislation is often not obligatory. Therefore,
adaptations in the work situation can probably be
more effectively implemented through informal mu-
tual agreement with the employer (19).

Several studies show adaptations in the work sit-
uation during pregnancy. Among 2387 French work-
ers, such adaptations as breaks and shorter workhours
(33%), more frequent sitting (18%), and a reduction
in the required output (9%) have been made. Adap-
tations were not made either because of refusal by
the employer or because they were thought to be un-
necessary or impossible by the women themselves
(20). In another study, in French firms that conduct
activities considered harmful during pregnancy, ad-
aptations granted by employers or physicians were
studied among 1168 pregnant women. Changes were
made in the workstation (7.5%), the number of
workhours was reduced by 1 h (40%) or 0.5 h (26%)
per day, and sick leaves were given as “preventive
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rest periods” (many cases) (21). The Quebec Occu-
pational Health and Safety Act provides possibilities
for adapting the work situation, and 30% (ie, close
to 15 000 women) of the pregnant workers took ad-
vantage of this legislation in 1987. Leave with full
pay was obtained by 87% of the women, and only
13% were able to change their work conditions (22).
Among 124 pregnant Dutch women with various oc-
cupations, adaptations were attained by about 40%,
for instance, improved equipment, work on one floor
only (omitting stair climbing), sitting instead of
standing, and no stooping and lifting (16).

All these findings show that many pregnant work-
ers can adapt their work situation to fit the circum-
stances; nevertheless the majority of women with
problems are not able to make such changes.

Actual work performance

Changes in a worker’s capacity and motivation due
to pregnancy, as has been suggested in the preced-
ing discussion, may influence the use of decision lat-
itude and result in loading factors being manipulat-
ed. Of the various aspects of the actual work per-
formance, the time spent at various tasks has been
examined in studies on energy requirement during
pregnancy. For 162 full-time Scottish housewives
(23) and 26 American women with various occupa-
tions (24), no change in activity pattern during preg-
nancy was found, as measured with an activity dia-
ry technique. However, for 18 Dutch women with-
out paid employment and with a sedentary life-style,
an increase in activity level was found, as measured
with detailed physical-activity diaries. On the aver-
age they spent 40 min more in light and moderate
household activities in late pregnancy than in early
pregnancy (25). Among 40 rural Philippine women
occasionally engaged in farming activities, a reduc-
tion in physical activity was found during pregnan-
cy (26). The same was the case with 30 rural Gam-
bian women (27). Changes as early as the second
gestational month could be assessed by multimoment
observation, with the greatest reductions near term
(27). It appears that, when the activity level is low,
either no change occurs or an increase in activity is
seen during pregnancy, while at higher activity lev-
els a reduction in activity is found. However, it is
questionable whether the diary technique is sensitive
enough to assess the magnitude and kind of chang-
es that occur in activity pattern during pregnancy.

Posture and force exerted on the environment

Workers’ characteristics, such as body dimensions
and body weight (distribution), change in a relatively
short time during pregnancy. Of 55 body dimensions
studied during pregnancy, several depths, widths, and
circumferences were shown to change (28). The in-
crease in abdominal depth, on the average 0.38 cm
per week (29), is the most apparent. The average total
weight gain during pregnancy is about 12.5 kg, with
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a considerable range from weight loss to weight gain
of 23 kg or more (30). Since the weight increase is
mainly located at the anterior side of the trunk, the
truncal center of mass is shifted forward (29).

The effects of pregnancy on (muscle) strength
have been studied. Upper-extremity strength (ie, hand
grip, static arm strength, and dynamic arm strength)
did not differ in pregnant and nonpregnant women
(31). Another study showed a decline in grip strength
from the first to the second trimester, without fur-
ther changes during the third trimester (28). The max-
imal push-and-pull force during standing and sitting
with the arms at various heights is lower in the third
trimester than in early pregnancy (28). The effect of
pregnancy on the abdominal muscles was investigat-
ed using three kinds of sit-ups (6). Of 164 pregnant
women (median pregnancy duration 38 weeks)
13.5% could perform the most difficult sit-up, while
89% of 164 nonpregnant women could. Of the preg-
nant women, 16.6% could not perform any sit-up,
whereas all the nonpregnant women completed one
of the three sit-ups as required. The authors attrib-
uted the difference in sit-up performance between the
two groups to the enlarged uterus, which in pregnan-
cy overstretches the abdominal wall and leads to in-
sufficiency of the abdominal muscles.

The changes in body dimensions and strength may
limit or change postures and the exertion of force
during pregnancy. The flexion and extension of the
hip and trunk decreases systematically throughout
pregnancy, and this change has been attributed to
spatial obstruction by the protruding abdomen (28).
When rising from a chair without the aid of the arms
in late pregnancy, the women in one study had a
straight back that was hardly inclined to the verti-
cal, while after delivery the women flexed the trunk
forward before rising (32). The increased size of the
abdomen may cause this postural difference.

The changed mass (distribution) due to pregnan-
cy may increase the risk of loss of equilibrium dur-
ing activities in which the projection of the whole-
body center of mass is displaced forward. Pregnant
women in the third trimester have often attributed the
increased difficulty with reaching high shelves and
cleaning windows to instability and loss of equilib-
rium (17).

Furthermore, changes in fit may occur with the
workplace layout. When working at a desk, 64 of 200
pregnant women complained of difficulties of fit as
the main limiting factor in the third trimester (17).
The change in fit may cause postural changes. In
pregnant secretaries, trunk flexion increased by an
average of 10 degrees from the second to the third
trimester while they typed in a sitting position (33).

Changes in posture and in exertion of force dur-
ing pregnancy may interact. The reduction of maxi-
mal push-and-pull force (28) may be due to a reduc-
tion in muscular strength, as shown by reduced
hand-grip strength, but it may also be due to the in-
ability to adopt postures best suited to apply force.
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The inability to perform a sit-up in advanced stages
of pregnancy (6) may, besides being due to the sug-
gested abdominal muscular insufficiency, also be
caused by the increased weight of the trunk that
causes the same sit-up to be heavier in the last
stages of pregnancy and by the spatial obstruction
of the abdomen that makes the sit-up a difficult
movement to perform.

Load on the musculoskeletal system

Changes in a worker’s characteristics may increase
work load, given a specific posture. Changes in body
segment mass and the forces exerted on the environ-
ment change the external forces that act on the body.
In addition, changes in posture and the truncal cent-
er of mass alter the rotational motion (moment). The
changes interact (eg, the increase in low-back load
caused by an increase in trunk mass is larger during
flexion than in an upright position).

Two studies estimated the effects of weight gain
in pregnancy on work load (32, 34). Reactive forc-
es and moments around the hip joint were estimat-
ed by biomechanical modeling. An increase in body
weight of 18.5% was assumed, as well as a posture
with straight legs, a horizontally flexed trunk, and
arms which hung loose, vertically downward. The
increase in load from before pregnancy to 40 weeks
of pregnancy was similar to an increase in load when
holding 5 kg in the hands in this posture before preg-
nancy (34). Others found that, when a pregnant wom-
an rose from a chair with the aid of the arms so that
the pregnancy would have no influence on the pos-
ture during the rise, the forces in the knee joints and
muscles were higher in late pregnancy than after de-
livery (32). Thus a given posture can be associated
with a higher load on the musculoskeletal system
because of pregnancy.

Musculoskeletal complaints

Several findings suggest a reduction of the load-bear-
ing capacity of the musculoskeletal system during
pregnancy. Peripheral joint laxity, assessed by hy-
perextension at the metacarpophalangeal finger joint,
was higher during the last four months of pregnan-
cy than after delivery (35). For the neck, shoulder,
elbow, and knee, the range of movement in the flex-
ion-extension plane and adduction-abduction plane
of joints increased during pregnancy (28). In both
studies the effects of pregnancy were attributed to
relaxin or to changed steroid metabolism. Relaxin,
mainly generated by the corpus luteum, is present
throughout pregnancy, reaching the highest level in
the first trimester (36). Relaxin remodels collagen
(37), which lowers the strength of connective tissue,
permits its expansion, and makes it less rigid (38).
Laxity of ligaments has been suggested as a cause
of separation and movement in fixed joints of the
pelvic girdle (38). In the spine, relaxation of the pos-
terior longitudinal ligament would allow bulging of



the disk and herniation (39). An increased range of
joint movement may reduce joint stability, which
may be compensated by constant contraction of the
muscles around the joint. This phenomenon would
lead to muscular fatigue and longer recuperation pe-
riods. The laxity of ligaments and the reduction of
muscular strength may shift the burden among the
elements of the musculoskeletal system.

The reduction in load-bearing capacity and chang-
es in load may contribute to complaints. Half of preg-
nant women have low-back pain at some time dur-
ing pregnancy (1—4). From 12 to 36 weeks of preg-
nancy the cumulative incidence of back pain was
27% in one study, but the point prevalence remained
stable (mean 25%, range 22—28%) (4). Muscle sore-
ness due to pregnancy developed in half of the wom-
en without previous complaints (69%) and became
aggravated in two-thirds of the women who already
had complaints (31%) (10).

The etiology of low-back pain during pregnancy
is poorly understood. Several pathophysiological
causes have been suggested, such as laxity of liga-
mentous structures in the spine and pelvis due to re-
laxin (3, 39), direct pressure on the lumbosacral
nerve roots due to the increased dimensions of the
uterus or herniated discs (2), muscular fatigue, re-
ferred pain, and pull or pressure on structures of the
musculoskeletal system. Various causes of back pain
seem to exist during pregnancy.

Three kinds of back pain vary in the course of
pregnancy. The number of women with low-back
pain decreases, the number with high-back pain re-
mains unchanged, and the number with sacroiliac
pain increases (4). Furthermore, positions such as
lying, sitting, or standing are aggravating factors for
back pain in some women, while they relieve the pain
in others (1, 2).

The various changes that increase the load or re-
duce the load-bearing capacity may operate singly
or simultaneously, and their relative contributions
may change during pregnancy (2, 40). In early preg-
nancy, complaints may be mainly due to changes in
load-bearing capacity, while later on in pregnancy
the load increase from weight gain or postural chang-
es contributes. Three studies (figure 2) (1, 2, 41) have
shown that, at all stages of pregnancy, back pain de-
velops but that a peak exists from the fifth to the sev-
enth month.

However, in other studies this peak did not exist.
Among 34 women without a previous history of back
pain, 21 women already had back pain before (av-
erage) 18 weeks of pregnancy, and only a small
number gained or regained pain during the major
growth period (40). For the majority of women with
sacroiliac joint dysfunction, pain started in the sec-
ond trimester (66% before a pregnancy duration of
26 weeks) (3). Since there is inconsistency with re-
gard to the pattern of onset of back pain during preg-
nancy, no further insight has been gained into the rel-
ative contribution of the changes in load and load-
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Figure 2. Percentage of women with onset of back pain, per
month of pregnancy. The percentages were assessed to en-
able comparison of the studies, and they were calculated
from the number of women with onset of back pain and the
population size studied. Population sizes: N=180 (1), N=99
(41), and N=200 (2).

bearing capacity. In addition, the finding that the in-
tensity of back pain increases with advancing preg-
nancy (5) does not give more insight.

Concluding remarks

The idea that during pregnancy back pain is normal,
in the sense of being inevitable, is still common. We
have negated this idea by discussing various factors
and mechanisms that may contribute to the develop-
ment of complaints and by revealing various possi-
bilities for prevention.

To recapitulate, a worker’s characteristics that are
changed by pregnancy have a substantial impact on
the work load of the musculoskeletal system. The
work situations and activity patterns are altered dur-
ing pregnancy for only a minority of women. Fur-
thermore, postures may be limited and postural char-
acteristics may be changed due to spatial obstruction
by the enlarged abdomen, changes of fit with the
workplace, and an increased risk of loss of equilib-
rium. The changes in time spent in various work pos-
tures and with certain postural characteristics change
the load. Given a specific posture, increased body
segment mass and the shift of the truncal center of
mass may increase the load, the magnitude of the
load increasing according to the posture adopted. The
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load-bearing capacity of the musculoskeletal system
is probably reduced during pregnancy due to changes
in connective tissue and a reduction in muscular
strength. The changes in load and the decrease in
load-bearing capacity may increase the risk of mus-
culoskeletal complaints during pregnancy.

To prevent musculoskeletal complaints, various
measures are possible, for example, adapting the
work situation, changing the use of decision latitude,
adapting workplace layout, and improving work pos-
ture and work technique. The application of these
measures can be stimulated by educating and train-
ing workers, employers, and health practitioners and
by providing financial incentives and legislation.
With regard to some changes that contribute to mus-
culoskeletal complaints during pregnancy, such as
weight gain and changes in connective tissue, pre-
ventive measures are hardly possible. Prevention has
been shown to be effective. Women for whom back-
care classes were available in early pregnancy, in-
cluding ergonomic advice on favorable work postures
and lifting techniques, had a lower incidence of back
pain than women for whom these classes were not
available (42).

However, the literature is limited, even lacking, on
some aspects and sometimes inconsistent. Before pre-
vention can be directed more effectively, more in-
sight is needed into the exact nature of various
changes and mechanisms occurring during pregnan-
cy and their consequences with respect to muscu-
loskeletal complaints.
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