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Introduction
In 1991, nearly 200,000 births, and thus completed pregnanties, were
registered in The Netherlands (CBS 1993). Daily, pregnant women are
active in paid work, household and free time. In view of the considerable
physical changes in e.g. the cardiovascular, respiratory and musculo-
skeletal systems (Hytten and Chamberlain 1991), the well-being and the
health risks associated with these daily activities may change. Apart from
this, the effects on the health of the unborn child have to be considered.
Health effects may be caused by various aspects of the work. The major-
ity of research concerns the unborn child, such as the effects of working
with chemicals on congenital malformations (Meyers 1988; Blijleven et
al. 1989), and the effects of maternal activity on low birth weight and
premature delivery (Marburry 1992). Research on the health of pregnant
women is less elaborate. It mainly concerns the effects of the physical
workload and other working conditions on genera) health complaints
such as fatigue and low back pain (Cherry 1987; Berg et al. 1988;
Ostgaard et al. 1991), and sick leave (Lenshoek 1987; Saurel-Cubizolles
and Kaminski 1987).
In The Netherlands at least 41% of the pregnant women had paid work in
1984 and 1985, i.e. at least 70,000 pregnant workers per year (Amstel
1988). An increase in the number of pregnant workers since that time is
likely because the participation' of women increased from 42% (1984)
to 54% (1990), and actually more women in the labour force were
employed (84% in 1985 and 87% in 1990) (Ministry SolaWe 1991a).
Participation of pregnant women may differ from country to country
since participation of women varies: in 1989 77% in Denmark, 67% in
Great Britain, 56% in France, 52% in The Netherlands, and 44% in Italy
( Hooghiemstra and Niphuis-Neil 1993).
Common to paid work for women is the considerable static load on the
musculoskeletal system (Slappendel and Lenior 1983; Kilbom and
Broberg 1988). Static load can be defined as continuous load on the
musculoskeletal system by long-lasting postures of one or more body
segments or by repetitive slow motions with concomitant high load with-
out rests (Grandjean and HQnting 1977; Ayoub 1990). Also in the house-
hold, activities result in static load on the musculoskeletal system, e.g.
meal preparation, doing the dishes, and ironing. Thus, women with a
double workload, with both paid and unpaid work, and full-time house-
wives, daily perform activities that result in static loading. This situation
continues when women become pregnant.

1 Participation is defined as the percentage of the female population between 15 and 64
years of age in the labour force i.e. employed women (employees, selfemployed and

unpaid family workers), and unemployed women (Ministry SolaWe 1991).
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Scope of this thesis

This thesis concentrates on the effects of pregnancy on the musculo-
skeletal system of women with the afm to obtain more insight into the
effects on the load of the musculoskeletal system during common activ-
ities.
We made a restriction to standing work. Standing work is commonly
associated with a considerable static load on the musculoskeletal sys-
tem, and frequently occurs both in paid work and household (Table 1).

Table 1. Examples of static standing work
(Slappendel and Lenior 1983; Philips 1985; McDonald et al. 1988;
Teitelman et al. 1990; Messing 1991; Kant et al. 1992).

Jobs Domestic tasks

Cashier, teller, sales clerk Meal preparation
Laboratory assistant Doing the dishes
Operating room staff Ironing
Cantine, hotel and catering worker Child care
Hairdresser Cleaning
Service worker
Manufacturing worker
Laundry worker

Meal preparation, doing the dishes, and ironing, jointly already takes on
average more than two hours a day, in 1984 (Philips 1985). In paid
work many pregnant women continue to work in the standing position
(Table 2), since only few women are relieved from it during pregnancy
(Saurel-Cubizolles and Kaminski 1987; Turcotte 1992). Pregnant wom-
en in the third trimester who work in standing position with the trunk
bent, are at high risk for low back pain (Cherry 1987). Pregnant women
who work in standing position not only have more days of sick leave but
also more women stop working before the third trimester, compared to
women who do not work in upright position (Saurel-Cubizolles and
Kaminski 1987). When back pain exists during pregnancy, standing is
one of the conditions that tends to worsen the pain (Mantle et al. 1977;
Fast et al. 1987).
The load on the musculoskeletal system during standing work may be
influenced by the prevailing ergonomic conditions such as the layout of
the workplace. Therefore, when we assessed the effects of pregnancy
on the load, various aspects of workplace layout were imposed for two
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Table 2. Literature survey on the standing position in paid work during
pregnancy.

Authors
+ year

Country
+ period

Number of
pregnant
employees

Method of
investigation

Percentage of
women with
standing work

Bertucat France 2363 interview 17% (average)
et al. 1987 1982-1983 (in 50 in pregnancy 39% (banks)

companies) + after 20-30% (various
delivery industries)

Cherry Canada 2251 postal 20% (>4 hours
1987 1983-1984 questionnaire per day)(in third

after delivery trimester)

Saurel and France 2387 interview 35% stood for
Kaminski 1981 after most of the
1987 delivery ti me

McDonald Canada 22761 interview 10% (>8 hours
et al. 1988 1982-1984 (hours>30) after per day)

delivery

Teitelman USA 1206 interview 15% had
et al. 1990 1980-1982 during standing jobs;

pregnancy estimation based
on job title

Saurel France 875 interview 53% was often
et al. 1991 1987-1988 after or always in

delivery standing position

reasons. (1) It is likely that the layout of the workplace that pregnant
women encounter in the normai work situation, varies. (2) The relative-
ly favourable workplace layout for the pregnant condition can thus be
assessed. This may support designers and occupational health services
in adapting the work to the capacities of the pregnant worker, as
demanded by the Dutch Working Environment Act (1980).
The static load on the musculoskeletal system is determined by the work-
ing posture, the body segment characteristics and the forces exerted on
the environment. This thesis mainly focusses on the working posture.

9



The mais objectives of this thesis are:

(1) describe the changes in standing working posture due to pregnancy;
(2) estimate the changes in load on the musculoskeletal system due to

pregnancy while performing a standing task;
(3) describe the influence of various aspects of workplace layout on the

postural changes due to pregnancy; and to
(4) evaluate the suitability of various aspects of workplace layout for

the pregnant condition.

More knowledge about the nature and magnitude of changes in posture
and load on the musculoskeletal system may yield insight in the
changed risks associated with standing work during pregnancy, and the
necessity and timing of preventive measures.
Postural effects of pregnancy were expected, but the nature and magni-
tude of changes in the standing working posture have not been studied
before. To be able to show even smalt effects, standardisation and accu-
rate measurements were required. To meet these requirements we per-
formed our experimental studies in the laboratory.
Three experimental studies were performed: a validity study of the
method of posture recording; a study comparing postures of women
late in pregnancy with postures after delivery (chapters 2 and 4); and a
longitudinal study of posture during pregnancy and after delivery
(chapters 5, 6 and 7).

Structure of this thesis

The influence of pregnancy on the workload of the musculoskeletal sys-
tem is reviewed on the basis of the literature with special attention to
the risk of musculoskeletal complaints during pregnancy and the robe of
the kind of work and the working posture (chapter 1).
The fit between the layout of the workplace and the pregnant worker
influences the load associated with working at this workplace. For
standing work at a working surface, the working surface height and the
working surface areas are important layout aspects. These aspects are
evaluated for the condition of pregnancy (chapter 2).
Two-dimensional photographic posture recording and description was
chosen to assess the effects of pregnancy on the working posture.
General guidelines for its use are presented and its validity for the
above purpose is assessed (chapter 3).
The effects of pregnancy on the standing working posture are described
i.e. the postural differences between late pregnancy and after delivery
(chapter 4), as well as the onset and course of postural changes during
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pregnancy and after delivery (chapter 5). The influence of various
aspects of workplace layout on the postural effects of pregnancy are
assessed, i.e. table height (chapters 4 and 5), task position from the
table edge (chapter 4), and leaning against the table edge (chapter 5).
The mechanisms of postural adaptation to pregnancy are discussed.
The workplace layout that minimises the load associated with working
at that workplace may change due to pregnancy. Therefore, the suit-
ability of guidelines for working surface height and the recommendation
to lean are evaluated during the whole period of pregnancy and after
delivery (chapter 6).
Changes in working posture, segment mass and trunk centre of mass
during pregnancy change the load on the musculoskeletal system. The
effect of these changes on low back load white performing a standing
task, is estimated with a two-dimensional static model. In addition, the
relative contributions of the three above changes to the increase of low
back load are estimated (chapter 7).
Finally, measures to reduce the load on the musculoskeletal system are
suggested and propositions for future research are presented.

11



Chapter 1

Musculoskeletal complaints due to
pregnancy

A review of the literature on the influence of
pregnancy on the workload of the

musculoskeletal system

Jeannette A. Paul a , Frank J.H. van Dijk',
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1 Coronel Laboratory and Study Centre on Work & Health,
Faculty of Medicine, University of Amsterdam.

Accepted for publication in the Scandinavian Journal of Work,
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Parts of the manuscript have been published in:
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Zwangerschap, werkhouding, en klachten over het bewegingsapparaat;
een modelmatige benadering.

Tijdschrift voor Sociale Gezondheidszorg 1990; 9: 371-378.
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Abstract

Many pregnant women have musculoskeletal complaints, the onset and
aggravation of which is thought to be associated with the kind of activi-
ty or the working posture. The objective of this chapter is to obtain
more insight in the influence of pregnancy on the workload of the mus-
culoskeletal system; this wilt provide a better basis for prevention of
complaints. To this end, a review of the literature was made and the
selected knowledge ordered by the model 'workload of the musculo-
skeletal system'. This model was developed to describe how work may
contribute to musculoskeletal complaints. Pregnancy causes changes
in workers' characteristics. This may lead to changes in the work situa-
tion, activity pattern, and postural characteristics, which may change
the workload. In addition, physical changes such as weight gain
increase the load at a given posture. The load-bearing capacity of the
musculoskeletal system decreases due to pregnancy. This decrease in
capacity and the changes in load singly or simultaneously increase the
risk of musculoskeletal complaints. Suggestions for prevention are given.
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Introduction

During pregnancy, many women have musculoskeletal complaints.
About half of the pregnant women have low back pain at some time dur-
ing pregnancy (Mantle et al. 1977; Fast et al. 1987; Berg et al. 1988;
Ostgaard et al. 1991), the intensity of back pain increasing with
advancing pregnancy (Ostgaard and Andersson 1991). The personal
and financial consequences of the complaints may be considerable.
Low back pain during pregnancy causes considerable limitation of daily
activities in 12% of the women (Fast et al. 1990), as welt as sick leave in
9% (Berg et al. 1988) to 21% (Ostgaard and Andersson 1992). Of 710
employed Norwegian women 17% were certified as sick during pregnan-
cy due to musculoskeletal diseases (Lundby et al. 1991). Furthermore,
complaints during pregnancy are associated with problems after deliv-
ery, such as persistence of back pain (Berg et al. 1988; Svensson et al.
1990; Ostgaard and Andersson 1992). Due to the traditional focus on
back pain during pregnancy, hardly any research has as yet been done
on the occurrence of other musculoskeletal complaints, with the excep-
tion of muscle soreness (Mamelle et al. 1987).
The kind of work and the working posture, e.g. heavy physical work,
standing with the trunk bent forward, and twisting, have occasionally
been shown to influence the onset and aggravation of back pain during
pregnancy (Mantle et al. 1977; Cherry 1987; Fast et al. 1987; Berg et
al. 1988; Ostgaard et al. 1991). However, none of these authors
explains the mechanism of the association.
The extent of the problem indicates the necessity to study the suggested
role of work and working posture. The objective of the present article is
to obtain more insight in the influence of pregnancy on the workload of
the musculoskeletal system. To this end a review of the literature is
made, which overview will improve the insight in the mechanisms
involved and provide a better basis for prevention of complaints. The lit-
erature will be ordered by the model `workload of the musculoskeletal
system', described below.

The model `workload of the musculoskeletal system'

The model 'workload of the musculoskeletal system' (Figure 1; Table 1)
developed by integrating two models i.e. the process by which work
may contribute to musculoskeletal complaints (Hildebrandt 1988), and
the way in which the characteristics of the worker may influence the
workload, its consequences and vice versa (Dijk et al. 1990). In our
model the worker is an active manipulator.
The `work situation' may be manipulated by workers who anticipate
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Figure 1. Model 'workload of the musculoskeletal system'. The way in which pregnancy
influences the process by which work may contribute to musculoskeletal complaints is
added to the model.
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Table 1. Terminology used in the model 'workload of the musculoskeletal system'.

Work situation:
the whole of loading work factors and decision latitude for both paid and
unpaid work, such as domestic work.

Loading factors: aspects of task contents, working conditions, social rela-
tionships and conditions of employment.

Decision latitude: potential control of the loading factors.

Actual work performance:
the work situation as it stands, i.e. the tasks performed and the working con-
ditions, social relationships and conditions of employment present.

Working posture and exerted force:
the body postures during work and forces exerted on the environment by a
worker, e.g. pushing and pulling. Movements are considered to be a succes-
sion of postures.

Load on the musculoskeletal system:
the net biomechanical load, i.e. 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.

Musculoskeletal complaints:
self-reported discomfort, pain or reduced functionality with regard to the
musculoskeletal system.

Worker's characteristics:
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, i.e. subject to change. Examples are:
body dimensions, strength, coping capacity and expertise. Determinants are
e.g. pregnancy, age and gender.

their (changed) capacity e.g. by eliminating heavy tasks when reinte-
grating after illness. Workers' characteristics may influence the use of
decision latitude, changing the 'actual work performance'. For exam-
ple, when a worker does not feel physically fit he will try to postpone tir-
ing tasks. The 'working posture and exerted force' are determined by
factors such as the nature of the tasks, work methods, workers' charac-
teristics e.g. body dimensions and their fit with the workplace layout,
and work technique (Kilbom and Persson 1987). The 'load on the mus-
culoskeletal system' is determined by external forces that act on the
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body: gravitational forces due to body segment mass and the reaction
to the force exerted by the worker on the environment. The external
forces tend to rotate the body segment on which they apply around a
joint. This rotational motion is called a moment and its magnitude is
influenced by the position of the body segments in space as well as
workers' characteristics such as body segment dimensions. When
movement is present, the inertia of body segments and handled objects
should also be considered (Chaffin and Andersson 1984). To maintain
postures and to exert force, generation of muscie force and loading of
ligaments are necessary. Whether or not `musculoskeletal complaints'
develop or aggravate depends on the balance between the load and the
load-bearing capacity of the musculoskeletal system, i.e. the capacity
of the musculoskeletal system to sustain a certain load with complete
recovery of the system afterwards, not causing musculoskeletal com-
plaints in the short term and the long term.
The process by which work may contribute to musculoskeletal com-
plaints may also change the workers' characteristics. For example, the
working posture influences the peak muscle force, the load may lead to
muscle fatigue and damage, and the presence of complaints may
reduce the workers' motivation.
The step by step analysis may yield insight in the mechanisms associ-
ated with the onset of musculoskeletal complaints and possibilities for
prevention.

Literature reviewed

Up to December 1992 a literature search was performed by means of
the Medline. References identified from pertinent literature and Dutch
research reports on pregnancy were also incorporated. The indexing
terms used concerned the concepts of the model 'workload of the mus-
culoskeletal system' in combination with pregnancy. Since literature
was scarce, almost all references found were studied in detail and
judged on quality and relevance. Findings relevant to our investigation
were combined to yield qualitative results.

Influence of pregnancy on the workload of the musculoskeletal
system

For each step of the process by which work may contribute to musculo-
skeletal complaints, relevant changes in workers' characteristics due to
pregnancy were described and their influence on the corresponding
step in the process.

18



Work situation

Many women get problems with their work due to pregnancy. Tasks and
working conditions, e.g. heavy physical work, standing, squatting, night
work, and irregular working hours, generated problems particularly dur-
ing pregnancy (Maan-Faber et al. 1984). Performance of 32 out of 46
everyday tasks was judged to be more difficult due to pregnancy
(Nicholls and Grieve 1992a). Difficulties with the work may reflect a
reduced capacity of the pregnant workers. Moreover, pregnancy may
affect both the willingness and motivation to perform activities that can
harm the woman or the unborn child. The acceptance of certain activity
patterns during pregnancy differs between cultures. In 51 of out of 112
societies studied all over the world, full work duties maintain until child-
birth. In the other societies, the work is lightened during pregnancy,
ranging from minor changes to major inactivity (Jimenez and Newton
1979).
Facilities, i.e. adaptations of the work situation, may be necessary. The
main strategies for reduction of the workload are removal of loading
factors and reduction of exposure time. Facilities can in several coun-
tries be obtained by an appeal on the legislation. In The Netherlands, an
appeal on the Working Environment Act (1980) is possible, with as last
resort refusal of dangerous work. However, there is no agreement on
what should be considered dangerous and the legislation is often not
obligatory. Therefore, a more effective way to arrange facilities may lie
in informal mutual agreement with the employer (Monster and
Timmers-de Vin 1989).
Several studies show adaptations in the work situation during pregnan-
cy. Of 2387 French workers, facilities were obtained such as breaks and
shorter working hours (33%), more frequent sitting (18%), and reduc-
tion of the required output (9%). Adaptations were absent either
because of refusal by the employer, or because thought unnecessary or
i mpossible by the women themselves (Saurel-Cubizolles and Kaminski
1987). In another study, in French firms that conduct activities consid-
ered harmful during pregnancy, facilities granted by employers or
physicians were studied among 1168 pregnant women. Facilities grant-
ed were change of work station (7.5%), reduction of working hours by
1 hour (40%) or 0.5 hours per day (26%), and sick leaves as 'preventive
rest periods' ("many cases" Mamelle et al. 1989). The Quebec
Occupational Health and Safety Act provides facilities of which 30%
(i.e. close to 15.000 women) of the pregnant workers took advantage in
1987. Leave with full pay was obtained by 87% of the women, and only
13% got changes in their working conditions (Turcotte 1992). Among
124 Dutch pregnant women with various occupations, facilities were
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obtained by about 40% of the women: for instance, improved equip-
ment, working on one floor only omitting walking stairs, sitting instead
of standing, and no stooping and lifting (Maan-Faber et al. 1984).
All this shows that adaptations in work situation occur for many preg-
nant workers, but that the majority with problems regarding their work
situation does not obtain facilities.

Actual work performance

Changes in workers' capacity and motivation due to pregnancy, as sug-
gested above, may influence the use of the decision latitude resulting in
manipulation of the loading factors. Of the various aspects of the actual
work performance the time spent at various tasks is examined in stud-
ies on energy requirement during pregnancy. In 162 Scottish full-time
house-wives (Durnin 1991) and in 26 American women with various
occupations (Blackburn and Caloway 1976), no change in activity pat-
tern during pregnancy was found as measured with an activity diary
technique. However, an increase in activity level was found among 18
Dutch women without paid employment and with sedentary life styles,
as measured with detailed physical-activity diaries; on average they
spent 40 minutes more in light and moderate household activities in
late pregnancy compared to early pregnancy (Raaij et al. 1990).
Among 40 rural Philippine women occasionally engaged in farming
activities, a reduction in physical activity was found during pregnancy
(Tuazon et al. 1987). The same was the case with 30 rural Gambian
women (Lawrence and Whitehead 1988). Changes as early as the sec-
ond gestational month could be assessed by multi-moment observation,
with the greatest reductions near term (Lawrence and Whitehead 1988).
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
levels a reduction in activity is found. However, it is questionable
whether a diary technique is sensitive enough to assess the magnitude
and the kind of changes in activity pattern occurring 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 span during pregnancy.
Of 55 body dimensions studied during pregnancy several depths,
widths, and circumferences change (Moustafa 1986). The increase in
abdominal depth, on average 0.38 cm per week (Hummel 1987), is the
most apparent. The average total weight gain during pregnancy is
about 12.5 kg, with a considerable range from weight loss to weight
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gain of 23 kg or more (Hytten 1991). Since the weight increase is main-
ly located at the anterior side of the trunk, the truncal center of mass is
shifted forward (Hummel 1987).
The effects of pregnancy on (muscle) strength have been studied.
Upper extremity strength, i.e. hand grip, static arm strength, and
dynamic arm strength, did not differ in pregnant and non-pregnant
women (Masten and Smith 1988). Another study showed a decline in
grip strength from the first to the second trimester, without further
changes during the third trimester (Moustafa 1986). The maximal push-
and-pull force while standing and sitting with the arms at various
heights is lower in the third trimester compared to early pregnancy
( Moustafa 1986). The effect of pregnancy on the abdominal muscies
was investigated using three kinds of sit-ups (Fast et al. 1990). Of 164
pregnant women (median pregnancy duration 38 weeks) 13.5% could
perform the most difficult sit-up, while 89% of 164 non-pregnant women
could. Of the pregnant women, 16.6% could not perform any sit-up,
whereas all the non-pregnant women completed one of the three sit-ups
as required. The authors attributed the findings to the enlarged uterus
which in pregnancy overstretches the abdominal wall and leads to insuf-
ficiency of the abdominal muscles.
The changes in body dimensions and strength may limit or change pos-
tures and exertion of force during pregnancy. Flexion and extension of
hip and trunk decreased systematically throughout pregnancy, which
was attributed to spatial obstruction by the protruding abdomen
( Moustafa 1986). When rising from a chair without the aid of the arms
in late pregnancy, the women had a straight back which was hardly
inclined to the vertical, while after delivery the women flexed the trunk
forward before rising (Ellis et al. 1985). The increased size of the
abdomen may cause this postural difference. The changed mass (distri-
bution) due to pregnancy may increase the risk of loss of equilibrium
during activities in which the projection of the whole body center of
mass is displaced forward. Pregnant women in the third trimester often
attributed the increased difficulty with reaching high shelves and clean-
ing windows to instability and loss of equilibrium (Nicholis and Grieve
1992a). Furthermore, changes in fit may occur with the workplace lay-
out. When working at a desk, 64 out of 200 pregnant women com-
plained of difficulties of fit as the main limiting factor in the third
trimester (Nicholls and Grieve 1992a). The change in fit may cause pos-
tural changes. In pregnant secretaries, trunk flexion increased by on
average 10 degrees from the second to the third trimester while sitting
typing (Nicholls and Grieve 1992b).
Changes in posture and in exertion of force during pregnancy may
interact. The reduction of maximal push-and-pull force (Moustafa 1986)
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may be due to a reduction of muscle strength as shown by reduced
hand grip strength, but may also be due to the inability to adopt pos-
tures best suited to apply force. The inability to perform a sit-up in
advanced stages of pregnancy (Fast et al. 1990) may, besides being
due to the suggested 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 workers' characteristics may increase the load given a spe-
cific posture. Changes of body segment mass and exerted force change
external forces, while changes in posture and the truncal center of mass
change the rotational motion (moment). The changes interact, e.g. the
increase in low back bad by an increase in trunk mass is larger when
the trunk is flexed compared to the upright position. Two studies esti-
mated the effects of weight gain in pregnancy on the load (Snijders et
al. 1984; Ellis et al. 1985). Reactive forces and moments around the hip
joint were estimated by biomechanical modelling. An increase of 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 down-
ward. The increase in load from before pregnancy to 40 weeks of preg-
nancy is similar to an increase in load when holding 5 kg in the hands in
this posture before pregnancy (Snijders et al. 1984). Others found that,
when rising from a chair with the aid of the arms, in which case preg-
nancy bas no influence on the posture while rising, knee-joint and mus-
cles forces were higher in late pregnancy compared to after delivery
( Ellis et al. 1985). Thus, a given posture may be associated with a high-
er load on the musculoskeletal system due to pregnancy.

Musculoskeletal complaints

Several findings suggest a reduction of the load-bearing capacity of the
musculoskeletal system during pregnancy. The peripheral joint laxity,
assessed by hyperextension at the metacarpophalangeal finger joint,
was higher during the last four months of pregnancy compared to after
delivery (Calguneri et al. 1982). For the neck, shoulder, elbow, and
knee, the range of movement in the flexion/extension plane and adduc-
tion/abduction plane of joints increased during pregnancy (Moustafa
1986). In both studies the effects of pregnancy were attributed to relax-
in or to a changed steroid metabolism. Relaxin, mainly generated by the
corpus luteum, is present throughout pregnancy, reaching the highest
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level in the first trimester (Bell et al. 1987). Relaxin remodels collagen
(Clnemori and Amento 1990), which lowers the strength of connective
tissue, permits its expansion and makes it less rigid (Maclennan 1991).
Laxity of ligaments has been suggested as cause of separation and
movement in fixed joints of the pelvic girdle (Maclennan 1991). In the
spine, relaxation of the posterror longitudinal ligament would allow
buiging of the disk and herniation (McCarthy et al. 1985). The increased
range of movement of joints may reduce joint stability, which may be
compensated by constant contraction of the muscles around the joint.
This leads to muscle fatigue and long er recuperation periods. The laxity
of ligaments and the reduction of muscle strength suggested above
may shift the burden among elements of the musculoskeletal system.
The reduction in load-bearing capacity and changes in load may con-
tribute to complaints. Half of the pregnant women have low back pain
at some time during pregnancy (Mantle et al. 1977; Fast et al. 1987;
Berg et al. 1988; Ostgaard et al. 1991). From 12 to 36 weeks of preg-
nancy the cumulative incidence of back pain was 27%, but the point
prevalence remained quite stable (on average 25%, range from 22-28%)
( Ostgaard et al. 1991). Muscie soreness due to pregnancy developed in
half of the women without previous complaints (69%) and aggravated in
two-third of the women who already had complaints (31%) (Mamelle et
al. 1987).
The aetiology of low back pain during pregnancy is ill understood.
Several pathophysiological causes are suggested, such as laxity of liga-
mentous structures in the spine and pelvis due to relaxin (McCarthy et
al. 1985; Berg et al. 1988), direct pressure on the lumbosacral nerve
roots due to the increased dimensions of the uterus or herniated discs
(Fast et al. 1987), muscle fatigue, referred 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 varied in
course during pregnancy; the number of women with low-back pain
decreased, those with high-back pain remained unchanged, and those
with sacroiliac pain increased during pregnancy (Ostgaard et al. 1991).
Further, positions such as lying, sitting or standing were aggravating
factors for back pain in some women, while they relieved others (Mantle
et al. 1977; Fast et al. 1987).
The various changes that increase the load or reduce the load-bearing
capacity may operate singly or simultaneously and their relative contri-
butions may change with pregnancy duration (Fast et al. 1987; Buslock
et al. 1987). In early pregnancy, complaints may be mainly due to
changes in load-bearing capacity, while later on in pregnancy the load
increase by weight gain or postural changes contributes. Three studies
(Figure 2; Mantle et al. 1977; Nwuga 1982; Fast et al. 1987), showed
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Figure 2. Percentage of women with onset of back pain, per month of pregnancy. The
percentages were assessed to enable comparison of the studies, and were calculated from
the number of women with onset of back pain and the population size studied. Population
sizes: n=180 (Mantle et al. 1977), n=99 (Nwuga 1982), and n =200 (Fast et al. 1987).
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that at all stages of pregnancy back pain develops but that a peak
exists from the fifth to the seventh month of pregnancy.
However, other studies did not show the existence of this peak. Among
34 women without a previous history of back pain, 21 women already
had back pain before (on average) 18 weeks of pregnancy, and only a
small number gained or regained pain during the major growth period
(Bullock et al. 1987). For the majority of women with sacroiliac joint
dysfunction pain started in the second trimester (66% before a pregnan-
cy duration of 26 weeks) (Berg et al. 1988). Since there is inconsisten-
cy with regard to the pattern of onset of back pain during pregnancy, no
further insight is gained into the relative contribution of the changes in
load and load-bearing capacity. Also the finding that the intensity of
back pain increases with advancing pregnancy (Ostgaard and
Andersson 1991) does not give more insight.

Concluding remarks

The idea that during pregnancy back pain is normal, in the sense of
inevitable, is stilt common. We here negate this idea by discussing vari-
ous factors and mechanisms that may contribute to the development of
complaints, revealing various possibilities for prevention.
To recapitulate, workers' characteristics that are changed due to preg-
nancy have a substantial impact on the workload of the musculoskele-
tal system. Adaptation of the work situation and the activity pattern
occur during pregnancy, but only for a minority of women. Further, pos-
tures may be limited and postural characteristics may be changed due
to spatial obstruction by the enlarged abdomen, changes of fit with the
workplace, and an increased risk of loss of equilibrium. The changes in
time spent in various working postures and in 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 load increase depending on the posture adopted. The
load-bearing capacity of the musculoskeletal system is probably
reduced during pregnancy due changes of connective tissue and reduc-
tion of muscle strength. The changes in load and the decrease in load-
bearing capacity may increase the risk of musculoskeletal complaints
during pregnancy.
To prevent musculoskeletal complaints, various measures are possible
e.g. adaptation of the work situation, changing the use of decision lati-
tude, adaptation of workplace layout, improvement of the working pos-
ture and work technique. The application of these measures may be
stimulated by education and training of workers, employers and health
practioners, as well as by financial incentives and legislation. With
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regard to some changes that contribute to musculoskeletal complaints
during pregnancy, preventive measures are hardly possible such as
weight gain and changes in connective tissue. Prevention has been
shown to be effective. Women for whom back-care classes were avail-
able in early pregnancy, including ergonomic advice on favourable
working postures and lifting techniques, had a lower incidence of back
pain compared to women for whom these classes were not available
( Mantle et al. 1981).
However, the present literature is limited, even lacking on some aspects
and sometimes inconsistent. To be able to direct prevention more effec-
tively, more insight is needed as to the exact nature of various changes
and mechanisms occurring during pregnancy and their consequences
for musculoskeletal complaints.
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Abstract

Physically loading aspects of work may have adverse effects on the
health of both the pregnant woman and the unborn child. lmproving the
fit between the pregnant woman and the workplace layout contributes
to minimise the load associated with given tasks. The aim of this chap-
ter was to evaluate two layout aspects for standing manual work, i.e.
working surface height and working surface areas, for the condition of
pregnancy. Two approaches were used. (1) The effects of changed
body dimensions were evaluated with regard to (a) fit problems while
working at a workplace in accordance with common guidelines and
(b) the validity of assumptions of these guidelines. (2) The appreciation
of relevant aspects of workplace layout at a specific manual task was
assessed. Twenty-seven women were examined in pregnant and non-
pregnant conditions. The first approach showed that fit problems are
likely: guideline working surface height is just (2 to 7 cm) under the
most protruding abdominal point, and areas based on non-pregnant
abdominal depth are relatively large in pregnant condition. Further,
existing methods to assess working surface areas have various assump-
tions that are not valid in pregnant condition. The second approach
showed that at a specific manual task, women in late pregnancy pre-
ferred a considerably lower table height than the common guideline
heights. Possibly, abdominal height becomes a relevant design factor
with regard to working surface height during pregnancy. The task posi-
tion on the working surface at which effort started became closer to the
table edge due to pregnancy. Both approaches show that common
guideline working surface heights for manual work, and working sur-
face areas assessed in non-pregnant condition seem not suitable in
pregnant condition.
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Introduction

Physically loading aspects of work during pregnancy increase the risk
of low back pain (Cherry 1987), arterial hypertension (Saurel-
Cubizolles et al. 1991a), and premature delivery (Marburry 1992), and
are associated with a higher sick leave (Lenshoek 1987; Saurel-
Cubizolles and Kaminski 1987). To prevent adverse effects for both
woman and unborn child, various facilities to reduce physical work
demands during pregnancy have been asked for and provided.
Facilities are: a change of job or workstation, replacement of work e.g.
by more frequent sitting work, reduction of the required output, shorter
working hours by more breaks or a shorter working day, sick leave as
periods of preventive rest, and precautionary leave with full pay (Maan-
Faber et al. 1984; Saurel-Cubizolles and Kaminski 1987; Mamelle et al.
1989; Turcotte 1992). These facilities affect the kind of tasks performed,
and the frequency and duration of task performance. Facilities that aim
to reduce the load associated with a given task have, as yet, not sys-
tematically been described.
Reduction of load associated with given tasks may be obtained by opti-
mising the fit between the worker and the workplace layout, for which
guidelines have been formulated. It is questionable, however, whether
common guidelines for workplace layout are suitable during pregnancy,
given the fast and sizeable physical changes in this period. This ques-
tion is considered for standing work, since many women work in stand-
ing position. For example, of 875 French pregnant employees 53%
worked often or always in standing position (Saurel-Cubizolles et al.
1991a). Pregnancy adds considerably to the perceived load associated
with standing tasks (Maan-Faber et al. 1984; Nicholls and Grieve
1992a). This chapter concentrates on manual work with moderate visu-
al control.
The height of the working surface and the working surface areas for
standing manual work are layout aspects to be optimised. These
aspects were evaluated for the condition of pregnancy, using two
approaches: (1) the effects of changed body dimensions with regard to
common guidelines were evaluated conceptually. Furthermore, for a
specific manual task (2) the appreciation of pregnant women of rele-
vant layout aspects was assessed. The findings contribute to the neces-
sary knowledge for the design and evaluation of workplace layout for
pregnant women.
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Materials and methods

Twenty-seven women (age 29.9 years, s.d. 4.4 years; stature 167.3 cm,
s.d. 7.6 cm) were examined in pregnant and non-pregnant conditions,
i.e. between 31 and 39 weeks of pregnancy (mean 36 weeks, s.d. 2 weeks)
and between 5 and 15 weeks after delivery (mean 7 weeks, s.d. 2 weeks).
None of the pregnant women had a multiple pregnancy. In both condi-
tions, relevant anthropometric measures were taken in the standing
position: elbow height, and height and depth of the abdomen with as
reference points the navel and the most protruding point. The Jatter
point was difficult to assess after delivery, and was therefore omitted.

Effects of changed body dimensions

The effects of changed body dimensions by pregnancy with regard to
the likelihood of fit problems between the pregnant abdomen and the
working surface was assessed, at a workplace layout in accordance
with common guidelines. To this end, the height of the abdomen was
compared with the guideline height of the working surface, and the
effects of the enlarged abdomen for working at the normal working area
were evaluated. Next, the validity of the assumptions of the guidelines
were examined for the condition of pregnancy. Two guidelines from lit-
erature were used in this evaluation:

• Working surface height: guideline of Grandjean (1980).
This guideline was chosen because it is often referred to and used. For
manual work, the working surface height should be 10 to 15 cm under
elbow height.

• Working surface area: Squires' guideline for normal working area.
This guideline was chosen because it is often quoted and its foundation
is explained extensively (Das and Grady 1983). The normal working
area (Figure 1) is the zone on the working surface where the hands
may work with relaxed upper arms and relaxed, unrestrained and natu-
ral movements of the forearms and the wrists (Das and Grady 1983;
Das and Behara 1989). Among others this area is determined by the
spatial relations between shoulder, elbow, hand and edge of the working
surface. The guideline assumes that the upper arms are relaxed when
the trunk is upright and the hands are together on the working surface
at the midline of the body with the elbows situated above the edge of
the working surface.
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Figure 1. Squires' guideline for normal working area. Top view of a woman standing in
front of a working surface. When she sweeps her arms out- and side-wards with the trunk
upright and the upper arms relaxed, the covered (shaded) area is the normal working
area. The elbows and shoulders are indicated by black markers. Illustrated are: abdominal
depth / 2 (k), bi-acromial shoulder breadth (1), elbow grip length (m), path of the position
of the elbow due to rotation of the upper arm (n), path of the position of the hand grip

position, due to rotation of the forearm and upper arm (o). The boundary co-ordinates of
the normal working area with respect to the intersection point of the table edge and the
midline of the body are calculated as:
X co-ordinate = k * sin(rotational angle of upper arm) - m * sin(rotational

angle of forearm) + 1/2.
Y co-ordinate = k * cos(rotational angle of upper arm) + m * cos(rotational

angle of forearm) - k.
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Appreciation of workplace layout

The appreciation of relevant aspects of the workplace layout was
assessed in the laboratory while the women performed an assembly
task, standing at a table. This task consisted of winding screw boits
onto a screw thread positioned 9 cm above the working surface. Six
task positions on the working surface were created by positioning the
screw thread at 20, 30, 40, 50, 60, and 70 cm from the table edge.

• Selection of the preferred working surface height.
In a fitting trial, each woman in pregnant condition had to select the
preferred height of the working surface while performing the assembly
task. The authors gave two suggestions: to prevent the abdomen being
stuck between the working surface and the body, and to choose a height
at which the woman was willing to lean with the front of her body against
the edge of the working surface, since this might relieve some load.
The self selected height was compared to two guideline heights for
manual work: a guideline for working surface height, i.e. 10 to 15 cm
under elbow height (Grandjean 1980), and a guideline for the working
height of the hands, i.e. 5 cm under elbow height (Schuffel 1989). The
working height of the hands minus the object size (9 cm) resulted in a
working surface height of 14 cm under elbow height, which is within the
range recommended by Grandjean.

• Task position at which effort started.
In pregnant and non-pregnant conditions, the women performed the
task at the self selected height as chosen in the pregnant condition and
at the working surface height of 14 cm under elbow height. The task
position at which effort started was asked in both conditions.

Results

Effects of changed body dimensions

For 24 out of 27 women at the stage of pregnancy considered here, the
navel coincided with the most protruding point of the abdomen. The
height of the most protruding point of the abdomen (96.9 cm, s.d. 5.5
cm) was 8.0 cm (s.d. 2.6 cm) lower than the elbow height (104.9 cm,
s.d. 5.1 cm). This means that the guideline working surface height,
which is 10 to 15 cm under elbow height, will be on average 2 to 7 cm
(s.d. 2.6 cm) under the most protruding abdominal point (Figure 2).
The abdominal depth in late pregnancy (32.7 cm, s.d. 4.2 cm) was 8.3
cm (s.d. 2.0 cm) deeper than after delivery (24.4 cm, s.d. 4.2 cm). The
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Figure 2. Mean (and standard deviation) (n=27) of:
1. elbow height: 104.9 cm (5.1 cm).
2. height most protruding abdominal point: 96.9 cm (5.5 cm).
3. intra-individual height difference between 1 and 2: 8.0 cm (2.6 cm).

Three table heights are shown, two in accordance with the guideline of Grandjean (1980),
i.e. from 10 to 15 cm under elbow height, resulting in table heights from 94.9 cm (5.1 cm)
(guideline H) to 89.9 cm (5.1 cm) (guideline L). The third table height is selected by the
women in pregnant condition: 83.1 cm (6.0 cm).

4. The guideline table heights are 2 to 7 cm (2.6 cm) under the most abdominal point.
5. The self selected table height is 6.8 to 11.8 cm (6.0 cm) lower than the guideline table

heights.

33



increase in abdominal depth due to pregnancy means that working sur-
face areas assessed in non-pregnant condition will be too large in preg-
nant condition. At least two assumptions of Squires' guideline are not
valid in pregnant condition due to the enlarged abdomen: when viewed
from above, the shoulders are not halfway the abdominal depth
( Figure 1, calculation of k), and when the trunk is held upright and the
elbows are hold above the edge of the working surface, the upper arms
are not relaxed.

Appreciation of workplace layout

The self selected height of the working surface during the assembly
task was 6.8 to 11. 8 cm (s.d. 3.5 cm) lower than the guideline working
surface height according to Grandjean (Figure 2), and 7.8 cm
(s.d. 3.5 cm) lower than that of Schuffel (1989).
When performing the assembly task, the task position at which effort
started was closer to the table edge in pregnant condition compared to
the non-pregnant condition (Table 1).

Table 1. Number of women with onset of effort at the six task positions (20 to
70 cm from the table edge) in pregnant and non-pregnant conditions
(n=25). 'None' means that effort started at none of the six task posi-
tions.

Task position (cm) 20 -40 50 60 70 none

Condition:
• pregnant 0 3 7 13 2
• non-pregnant 0 0 2 8 15

Discussion

Although design may deviate to some extent from the optimal design
(Siewertsen and Molenbroek 1990), really bad fit should be prevented
because of its possible adverse effects on comfort, physical welf-being
and performance (McCormick and Sanders 1982; Green and Briggs
1989; Ayoub 1990). Special spatial requirements for pregnant women
will mainly be relevant between the third and the ninth month of preg-
nancy (Culver and Viano 1990).
Working surfaces at abdominal height are likely to cause difficulties of
fit in pregnant condition due to space requirements of the enlarged
abdomen. This is the case at working surface heights for manual work
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in accordance with the guidelines of Grandjean (1980) and Schuffel
(1989). The enlarged abdomen may force pregnant women to stand far-
ther from the table, or women may turn the enlarged abdomen away
from the table inducing torsion of the trunk. These changes may have
postural effects such as an increase in trunk flexion or arm elevation,
especially when the location of the hands on the working surface is
fixed. If the hand position can be changed, e.g. when the objects to be
handled are movable, postural effects should not necessarily occur.
A guideline for working surface height proposes an optimum between
limits in both directions, i.e. not too high nor too low, to optimise the
posture (Pheasant 1987). The self selected working surface height in
pregnant condition, which was lower than the guideline heights accord-
ing to Grandjean (1980) and Schuffel (1989), gave a suggestion how to
account for pregnancy. We propose that in the pregnant condition the
abdominal height should be considered as an additional relevant design
factor for working surface height for manual work, this in contrast with
the non-pregnant condition. People can reliably select their preference.
For sitting microscope work, women were able to select the most com-
fortable mean table height on two days within +/- 1 cm (Kumar and
Scaife 1979).
The guidelines for working surface height for delicate work and for work
that involves much effort, differ from those for manual work which were
evaluated in this chapter. According to Grandjean (1980), the height
should be 5 to 10 cm above elbow height for delicate work, in which
case the working surface will be positioned well above the enlarged
abdomen. For work that involves much physical effort, the height
should be 15 to 40 cm under elbow height, resulting in a surface in the
lower region of the abdomen or below the abdomen. Thus, for these
kinds of work few difficulties of fit are expected. For delicate work this
only holds true when there is free space under the table for the
abdomen and when the table top is thin.
The positioning of e.g. tasks and controls on the working surface may
be directed by guidelines for various kinds of working surface areas
such as the normai working area (Das and Grady 1983), the area of
convenient reach (Pheasant 1987), and the maximal reach distances for
various working heights (Keyserling et al. 1988). Common features of
these areas are that (a) they are a maximum (McCormick and Sanders
1982) i.e. determined by an upper limit, and (b) the abdominal depth is
considered a relevant design factor. When estimating the areas, approx-
i mately the 5th percentile arm length and the 95th percentile abdominal
depth are likely to be used. Estimating the abdominal depth per month
of pregnancy (Pheasant 1986) shows that the non-pregnant 95th per-
centile abdominal depth (29.5 cm) is exceeded by the pregnant 50th

35



percentile depth in the sixth month, and by the pregnant 5th percentile
depth in the eight month of pregnancy. This illustrates that working sur-
face areas assessed for a non-pregnant woman or population will be too
large in the pregnant condition. This is supported by our finding that
the onset of effort in the pregnant condition was at task positions closer
to the table edge compared to the non-pregnant condition, when per-
forming an assembly task. Other changes due to pregnancy, such as
feelings of instability when performing various tasks (Nicholls and
Grieve 1992a) and changes in the movement range of joints (Moustafa
1986) may influence the optimal area.
Some assumptions of methods to assess the working surface areas are
not valid in the pregnant condition, as we showed for Squires' guideline.
The same is true for other areas. For example, the assumption of the
area of convenient reach that the subject's acromion will be located
vertically above the table edge without the need to incline the trunk
(Pheasant 1987) cannot be valid due to the enlarged abdomen.
Therefore, existing methods should be used with caution in pregnant
condition.
It must be pointed out that we made inferences about spatial fit, from
body dimensions measured in a rigid upright posture which does not
represent the actual working posture (Kroemer 1989). Further, the self
selected height and the onset of effort were assessed after task perform-
ance of only a few minutes. The only other study on spatial design
requirements for pregnant women concerns the definition of a foetal
region for seated pregnant women in research on the protection in
motor vehicle crashes (Culver and Viano 1990). Further study is neces-
sary and may be directed to (1) the effects of pregnancy while working
at common workplace layouts using criteria such as comfort, working
posture and performance, and (2) specific requirements of pregnant
women regarding the workplace layout. The adagium of Kelly and
Kroemer (1990) for the elderly is also valid for pregnant women:
"Knowledge about human body size alone is not sufficient for ergonom-
ic design for the elderly. Information is needed about functional capabil-
ities, mobility, abilities, or limitations to perform certain tasks as a func-
tion of changes in biomechanical, physiological, psychological, and
mental characteristics and in attitude and behaviour".

Recommendations

To meet specific requirements of pregnant women with regard to work-
place layout, we propose a general design approach which may also
benefit other workers. Pregnant women are just a part of the user popu-
lation! The height of the working surface should be continuously
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adjustable to individual and situational needs, and the range of adjusta-
bility should include the heights necessary for pregnant women. The
table height that was self selected in this study indicates that for manu-
al work the lowest height should be at least the 5th percentile height of
the point just below the abdomen of the female population. To accom-
modate pregnant women, working surface areas may be reduced by
e.g. making workpieces and tools movable. Changes in the work organi-
sation, e.g. so that only one worker has to work at the same working
surface, may enhance the utilization of workplace adjustability. The
existing workplaces should be evaluated to assess whether women are
likely to encounter fit problems due to pregnancy.
Adjusting the workplace layout to accommodate pregnant women con-
tributes to minimise the load during given tasks. This is an essential
minimal condition for pregnant women to maintain their work.
Especially organizations with many female employees should take care
of the needs of pregnant women when (re)designing the workplace lay-
out. For these organizations pregnancy is not a temporary, 9-month,
phenomenon but a permanent one.
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Abstract

Posture recording and description is necessary to yield data by which
postural load can be assessed. In this chapter an inexpensive and sim-
ple method to gather these data is described, i.e. two-dimensional (2-d)
posture recording and description by means of photography. A disad-
vantage of this method, perspective error, is discussed and guidelines
are given to reduce it. The validity of the method was experimentally
tested for a situation slightly conflicting with some guidelines, i.e.
recording of the whole body, with a small distance between camera and
subject. For this purpose, posture recording and description with pho-
tography (2-d) was compared with that by means of a three-dimensional
opto-electronic system (Vicon). In general, 2-d photographic posture
recording and description is a valid method as long as some guidelines
for reduction of perspective error are followed.
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Introduction

In ergonomics some postures are considered to be a serious risk factor
for discomfort, reduced efficiency and musculoskeletal disorders. To
assess postural load, posture recording and description may be used.
Postural data are often used to estimate the biomechanical load on the
musculoskeletal system (Chaffin and Andersson 1984).
Accurate three-dimensional (3-d) posture description is possible nowa-
days by the use of advanced systems such as Selspot and Vicon (Atha
1984), and advanced computational methods for description such as
direct linear transformation (Li et al. 1990). However, the budget, time
and expertise to acquire and use the equipment and to process the data
are not always available. Furthermore, advanced measuring devices are
not always applicable. At the workplace, for example, the available
space may be limited and thus prevent the positioning of measuring
apparatus. Also, light reflections may hamper the recording (Atha
1984). Moreover, the use of such advanced recording devices and com-
putational techniques is not always necessary to answer a specific
research question. In the absence of twisting, lateral bending, limb
abduction and rotation around the length axis of a body segment, two-
dimensional (2-d) biomechanical models can be used, for which two-
dimensional postural angles are required as input (Chaffin and
Andersson 1984). These data can be provided by two-dimensional pos-
ture recording and description'.
In this chapter we shall discuss an inexpensive and simpte method for
2-d posture recording and description. Only one camera and some
basic goniometric formulae are needed to apply this method. By record-
ing a posture, which is a three-dimensional phenomenon, with photo-
graphy one dimension is ignored, yielding a flat image. This may result
in perspective error. The goal of this chapter is to evaluate the valide
use of 2-d photographic posture recording and description.
In the next section, sources of perspective error are listed and guide-
lines are given to reduce this error. Then an experiment is presented in
which the validity of the method was studied.ln the laboratory, postures
were simultaneously recorded with photography (2-d) and with an opto-
electronic system, Vicon (3-d).

1 Recording is here defined as the registration of postures on film; description is the quan-
titative representation of the information on the recording.

2 A valid measuring instrument measures what it intends to measure; the validity depends
upon the purpose of the use of the instrument. For a certain purpose a method is valid
when its measuring data display no systematic error, when compared to the measuring
resuits Erom a method known to be valid for that purpose. The validity decreases with
increasing systematic error. Validity is a matter of degree. (Carmines and Zeller, 1979)
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Figure 1. Definition of terminology on the basis of recording of the thigh with photogra-

phy. Illustrated in (a) are the optical axis of the camera (o.a.), the photographic plane

( X-Z plane), the distance between the camera and the body segment (dl), the distance

between the optical axis and the body segment in the photographic plane (d2), the postu-

ral angle (a), and the reference coordinate system (XYZ). To illustrate the concept rota-
tional angle, two postures of the thigh are given (both in topview and sideview): (b) the

rotational angle (6) is the angle between the postural angle plane of the thigh (shaded

plane) with the photographic plane (X-Z plane); (c) if the postural angle plane is parallel

to the photographic plane the rotational angle is zero.
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Table 1. Definition of terminology.

Body segment:

segment of the body, defined as a line through two markers along the length

axis of that segment.

Postural angle:

angle between a body segment and the line of gravity. In this paper five types

of postural angles are distinguished:

• actual (a): real 3-d postural angle.

• predicted: theoretical prediction of the 2-d projected postural angle from

actual angle and rotational angle by mathematical calculation.

• photographic: 2-d postural angle as measured from the photographic

recording.

• Vicon 3 -d: 3-d postural angle as measured by the Vicon system.

• Vicon calculated 2-d: projection of the Vicon 3-d postural angle on the

photographic plane, as calculated by the Vicon system.

Postural angle plane:

plane through the body segment and the line of gravity.

Rotational angle (8):

angle between the postural angle plane and the photographic plane.

Optical axis:

line through the optical centre of the camera and perpendicular to the photo-

graphic plane.

Photographic plane:

plane of the camera on which the image is projected.

Camera - segment distance:

horizontal distance between the camera and the body segment.

Optical axis - segment distance:

distance in the photographic plane between the optical axis and the body

segment.

Reference coordinate system:

3-d coordinate system in space. One of the axes of the coordinate system

parallels the optical axis of the camera, another parallels the line of gravity.

Perspective error (e):

systematic difference between the (3-d) actual angle and the (2-d) observed

angle.
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In the discussion attention is paid to the implications of the experimen-
tal resuits for the guidelines to reduce perspective error. The terminolo-
gy and symbols are defined in Table 1 and illustrated in Figure 1.

Sources of perspective error and guidelines to reduce this dis-
tortion

The sources of perspective error stem from the position and orientation
of the camera with respect to the object of interest and the characteris-
tics of the lens. These factors determine how the camera observes the
posture, i.e. the body segments.
The magnitude of the perspective error is determined by the following
variables: the rotational angle, the distance between the camera and the
body segment, the distance in the photographic plane between the opti-
cal axis and the body segment, and some lens characteristics. These
sources of perspective error interact. In addition, if perspective error is
present, its magnitude is influenced by the magnitude of the actual pos-
tural angle. For each source of error the mechanism of perspective
error is discussed below and guidelines for reduction of this error are
given.

Rotational angle

The perspective error due to projection of the actual postural angle on
the photographic plane depends on the magnitude of the rotational
angle and the actual angle. To obtain better insight into the way these
angles influence the magnitude of the perspective error, a theoretical
estimation of this error can be made as follows:

(a) perspective error = a - predicted 2-d postural angle
(b) predicted 2-d postural angle = arctan (tan a cos Li)

Figure 2 shows that the perspective error increases as the rotational
angle (6) increases. In addition, with increasing rotational angle, the
influence of the actual angle on the magnitude of the perspective error
increases.
To minimise the rotational angle, the optical axis should be placed per-
pendicular on the postural angle plane of interest, the photographic
plane thus being parallel to the postural angle plane. A problem may
arise if one is interested in postural angles of various body segments at
the same time. The rotational angles of the body segments may not be
similar and may change asynchronously when posture changes.
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Figure 2. Theoretical estimation of the perspective error due to projection as a function
of the rotational angle (8) for eight actual postural angles (a) (after Douwes and Dul
1990).

Therefore, reduction of the rotational angle is possible only for one or
for a limited number of body segments at the same moment.
Part of the rotational angle is caused by the position of the two markers
used to define a body segment. For example, by describing from a side-
view the position of the trunk by a line through the greater trochanter
and the prominent vertebra, a spatially oblique line and thus a rotation-
al angle would be introduced, causing perspective error. By defining the
trunk as a line through the greater trochanter and the acromion, per-
spective error can be reduced.
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Distance between camera and body segment

Perspective error increases as the distance between camera and body
segment decreases. Onder special circumstances no perspective error
occurs at small camera-to-body segment distance, namely when the dis-
tance in the photographic plane between the optical axis and the body
segment is zero or when the rotational angle is zero. Both circustances
rarely occur in practice, however, and are difficult to establish. The
perspective error due to small camera-to-body segment distance
increases with increasing distance between optical axis and body seg-
ment, increasing rotational angle and increasing actual angle.
To minimise perspective error due to camera-to-body segment distance,
biomechanical handbooks recommend that the camera be positioned as
far away from the subject as possible (Miller and Nelson 1973; Grieve et
al. 1975). In many field situations, however, only relatively small camera-
to-body segment distances can be obtained. The magnitude of the error
resulting from this is, however, unknown. In the experiment presented
below, the valid use of 2-d photographic posture recording and descrip-
tion was studied at a small distance (4.5 m) between camera and subject.

Distance in the photographic plane between optical axis and body
segmen t

When the distance between the optical axis and the body segment in-
creases, perspective error increases. No error occurs when the camera-
to-body segment distance is large or when the rotational angle is zero,
circumstances which rarely occur and are difficult to establish. The dis-
tance in the photographic plane between the optical axis and the body
segment can be kept small by a welt-considered orientation of the cam-
era. In some cases, however, one may be interested in various body
segments at the same time; for example, in a description of the posture
as a whole, which necessitates description of postural angles from head
to foot. In that case, the camera should be positioned halfway between
the two outer body segments of interest. In this way the mean distance
between the optical axis and the body segments will be minimised. No
information is yet available on the magnitude of the error, however, the
experiment presented below gives some insight into this.

Lens characteristics

The deformation of the image caused by the refraction characteristics of
the lens shows as image distortion, usually at the lens edges. In general,
it is recommended not to fill the total image with the object of interest.
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Guidelines to reduce perspective error

Based on current knowledge, guidelines to reduce perspective error
using 2-d photographic posture recording and description are as fol-
lows.

(1) Minimise the rotational angle by keeping the optical axis perpen-
dicular to the (average) postural angle plane.

(2) Maximise the distance between the camera and the body seg-
ment(s) of interest.

(3) Minimise the (average) distance in the photographic plane between
the optical axis and the body segment(s) of interest.

(4) Do not fill the total image with the object of interest.

The first and third guidelines are easiest to comply with when only one
or a limited number of body segments are studied simultaneously.

An experiment to evaluate the validity of 2-d photographic pos-
ture recording and description

An experiment was carried out to assess the perspective error of 2-d
photographic recording and description for a situation in which some of
the above guidelines for reduction of perspective error could not be
met. The camera-to-subject distance was rather small (4.5 m) which is
no optimal follow up of the second guideline. In addition, recording of
the whole body was intended, making it difficult to comply with the first
and the third guidelines. These experimental conditions are actually
required by the research project "Pregnancy and Working Posture", but
similar conditions may be present in other research situations. The
research questions were as follows.

(1) What is the magnitude of the perspective error due to the distance
between the optical axis and the body segments in the photographic
plane, at a camera-to-subject distance of 4.5 meter?

(2) What is the magnitude of the perspective error due to projection, at
various rotational angles of the body segments? At which rotational
angle of the overall body is this perspective error minimal and/or
acceptable? Acceptability of the perspective error due to projection was
set at 2 degrees.

These questions were examined by recording various postures using
photography and the Vicon system simultaneously.
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Methods

Six women, mean age 26.5 years (s.d. 2.8 years) and mean stature
175.7 cm (s.d. 6.9 cm), participated in the experiment. The women
adopted various postures while standing at a table (table height 10 cm
under elbow height). The postures differed in the rotational angle of the
overall body, and were enforced by a predetermined hand position on
the table: on the table surface nine lines were drawn which made vari-
ous angles (from -80

0
 to 80°) with the photographic plane (Figure 3a).

At each line, three postures with comparable rotational angles of the
overall body were adopted: (a) the hands positioned on the line at
40 cm from the table edge and the feet turned in the direction of the
hand position line; (b) the hands positioned on the line at 40 cm from
the table edge and the feet held parallel to the photographic plane; (c)
the hands positioned on the line at 60 cm from the table edge and the
feet held parallel to the photographic plane. The women were asked to
position their hands flat on the table, to look at their hands and not to
lean on their arms. The posture was recorded at the right side of the
body. To facilitate the analysis of posture, body reference points were
accentuated by markers (Figure 3b).
The markers were cylindrical in shape (height 12 mm, diameter 15 mm).
Body segments were defined as a straight line through the centres of
two markers as follows: head (above the ear - prominent vertebra (C7)),
trunk (acromion - upper border of the greater trochanter), upper arm
(acromion - lateral epicondyle of the humerus), forearm (lateral epi-
condyle of the humerus - centre of grip of the hand), thigh (upper bor-
der of the greater trochanter - lateral epicondyle of the femur), calf (lat-
eral epicondyle of the femur - lateral malleolus) and the foot (lateral
malleolus - head of the fifth metatarsal bone). The posture is defined as
the angle between a body segment and the line of gravity (Figure 3b).
The line of gravity was determined by means of a plumb line.
The camera (Nikon F801, Nikkor lens 50 mm, f/11, shutter time
1/125 Ts, film ASA 3200 upgraded to 6400) was positioned at a hori-
zontal camera-to-subject distance of 4.5 meter. The optical axis was
positioned at a height of half the subjects' stature above the ground and
parallel to the table edge (Figure 3). The photonegatives were projected
with an enlarger on to a digitizer (Laipen CT-1 170). The markers and
two points on the plumb line were digitalized. The resulting co-ordinates
were stored in a computer and used to calculate the photographic pos-
tural angles.
The Vicon system is an opto-electronic measuring device capable of
reproducing 3-d postural angles by recording the light retroflected by
markers. The reference coordinate system and scaling is defined by a
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calibration frame. An arithmetic projection of the 3-d postural angles on
the photographic plane generates the Vicon calculated 2-d postural
angles. The posture recording with both systems was synchronised by
means of a synchronisation cable which triggered the camera and
which sent a time signal to the Vicon recording.
Thus, three kinds of data subject to various sources of perspective error
were collected: (1) photographic postural angles which may be subject
to the four sources of perspective error; (2) Vicon calculated 2-d postu-
raI angles which are subject to perspective error due to projection only;
(3) Vicon 3-d postural angles which are assumed to be free of perspec-
tive error.

To answer the first research question, the differences between the pho-
tographic and the Vicon calculated 2-d postural angles were calculated.
By computing the differences between the Vicon 3-d postural angle and
the Vicon calculated 2-d postural angle, the second research question
could be answered. Per body segment and per rotational angle of the
overall body, the mean and the standard deviation of perspective error
over the six women and the three postures with the specific rotational
angle of the overall body were assessed. For the calf and the foot, the
relationship between the rotational angle of the overall body and the
perspective error wilt only be described for the nine postures in which
the feet were turned in the direction of the hand position line. To aid
clarity, hereafter the rotational angle of the overall body is named as
the hand position accompanied by the degrees of the hand position line
by which this rotational angle was enforced, e.g. hand position -400
( Figure 3a).

Results

The mean differences between the photographic postural angles and
the Vicon calculated 2-d postural angles were smal) (Table 2). This indi-
cates that the perspective error due to the distance between the optical
axis and a body segment at a camera-to-subject distance of 4.5 meter,
and the perspective error due to lens characteristics, were small. Some
data from the photographic recordings were missing because body seg-
ments obstructed the markers. On many Vicon recordings the markers
on the foot feil outside the field of view, causing a considerable loss of
data for the calf and the foot.
The differences between Vicon 3-d and Vicon calculated 2-d postural
angles are given in Figure 4. These results show that the perspective
error due to projection at various rotational angles of the overall body
(named "hand positions") can be rather large. The hand position at
which the error was minimal varies for body segments. Minimal error
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occurred at hand position -40
0
 for the head, -20

0
 for the calf and the

foot, 00 for the upper arm, 20° for the trunk and the forearm, and 60°
for the thigh. There is no hand position at which the perspective error
(and thus the body segment specific rotational angle) was minimal for
more than two body segments simultaneously. The hand positions at
which the perspective error due to projection was acceptable, i.e. < 2
degrees, are also shown in Figure 4. At hand positions 0° and -20° per-
spective error was acceptable for various body segments simultaneously.

Table 2. Comparison of the photographic postural angles with the Vicon calculated
2-d postural angles: mean difference (degrees), standard deviation of one
measurement (degrees) and the number of synchronised data-pairs (n)
for the various body segments.

Mean Standard
difference deviation

Body segment (degrees) (degrees)

Head 2.07 3.17 110

Trunk 0.27 0.74 143

Upper arm -0.40 1.15 138

Forearm -0.70 1.92 125

Thigh 0.02 0.51 142

Calf 0.07 0.71 49

Foot 1.40 3.36 24

Discussion

The largest systematic differences between photographic postural angles
and Vicon calculated 2-d postural angles were found for the two outer
body segments: the head and the foot. It is unlikely that this is caused by
distortion at the lens edge because the subjects filled less than 75% of the
total image height, the head and the foot thus not being close to the lens
edge. So, a camera-to-subject distance of 4.5 meter, while recording the
whole standing posture, is insufficient to prevent perspective error due to
the distance between the optical axis and the body segment for the postu-
raI angles of head and foot. lf one is inte-rested in other than these two
outer body segments then a camera-to-subject distance of 4.5 meter suf-
fices. In recording sitting work, perspective error for the head and the
foot wilt be negligible because the distances between the optical axis and
the body segments are smaller in sitting than in standing.
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O 9
Ó

Gd

0Ni 2

r

(seaibep) flVO )oua oA!pedsied

d
°' C W C 'y w.. L

m V O O

r u u, o a o c' o A
ó v_ 3 ^ 3 c ^^ ó^ d
° o v K c `w m E

, O N 7 
2 O U  N N E

N OC Ol N ? O
T •

U,

V d N C N c OG

^:v ^ á v 
>4) 

á y^

O L 0: N d ` Y

A V N C) v •

c
3 v ívo

_ N 
c Ol L ,^

: 
N p O i0

w U C Wr N N 
.
p
 

O  

. N N +' v N .0 O% 10
y V M 4) w y c O O v U

ó E 3 t a; s
v (J vv c c f v m

L y
^0 

y N V O
{L .^ > I-' L 10 L

53



It is evident from Figure 4 that the magnitude of the perspective error
due to projection, and the hand position at which this error is minimised,
vary for the various body segments. The shape of the curves in Figure 4
resembles that of the theoretical relationship between perspective error
and rotational angle (Figure 2). The relatively small standard deviations
of error at a specific hand position suggest that the adopted body seg-
ment specific rotational angles and actual angles are roughly the same,
both within persons and between persons. The variation within subjects
is caused by the three postures adopted at each hand position. The
interindividual differences in anthropometry and postural adaptation
techniques cause interindividual differences in posture at a given hand
position.
For various body segments, the perspective error at a specific hand
position differs owing to differences in the body segments specific rota-
tional angles and actual angles. It is likely that, in practice, these angles
will vary too. Therefore, to minimise perspective error by minimising
the rotational angle, the camera position and orientation should be
assessed for each body segment separately. For a specific field situa-
tion we suggest a measurement strategy in which a photograph is taken
for each body segment, with the optical axis perpendicular to the postu-
ral angle plane of that specific body segment. Because the correct ori-
entation of the camera takes some time, the method is most usable for
recording static postures.
In the research project "Pregnancy and Working Posture" the influence
of pregnancy on the standing working posture will be assessed by
repeated measurements of women over time. As discussed before, at a
camera-to-subject distance of 4.5 meter perspective error due to the
distance between optical axis and body segment will occur mainly for
postural angles of head and foot. The direction of this perspective error
will be the same at all measurements because camera position and ori-
entation are the same at all measurements. Further, to keep perspec-
tive error due to projection acceptable in the pregnancy study, a work-
ing posture is selected which corresponds to the postural characteris-
tics of the postures at hand position 0°. At this hand position only the
perspective error for the head and for the thigh were more than
2 degrees. The error for the head may be reduced by changing its seg-
ment definition to a line through two markers on the head, by which the
rotational angle will be reduced. For the thigh, the line through the
greater trochanter and the lateral epicondyle of the femur generates a
rotational angle, owing to the female body form. Alternative definitions
of this body segment are hard to find.
In this chapter the focus has been on gathering data with negligible per-
spective error. To compare postural data with data from literature, or to

54



use them as input data in a biomechanical model, perspective error has
to be negligible. Even when using postural data to compare two or more
situations, e.g. before or after an intervention, attention should be paid
to the influence of perspective error. Although the direction of the per-
spective error of these data may be the same, the magnitude of the
error may differ owing to differences in rotational angle and/or actual
angle between the (two) situations. However, when following the first
guideline, i.e. minimising the rotational angle, perspective error in both
situations will be small. Then the difference in photographic postural
angles shows the difference in actual postural angles between situations.

Conclusions

Two-dimensional photographic posture recording and description can
be used to gather useful data as long as guidelines to prevent perspec-
tive error are followed. The experiment indicated that the use of the
method for whole body posture recording and description at a restricted
camera-to-subject distance of 4.5 meter is legitimate as long as special
consideration is given to the use of the postural data for the head and
the foot, and to the working posture studied.
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Abstract

During pregnancy, an increase in body weight occurs together with
changes in body weight distribution and in fit between body dimensions
and workplace layout. These changes may cause alterations in working
posture which may, in turn, have adverse consequences for the load on
the musculoskeletal system and so increase the risk of musculoskeletal
disorders. Using photographic posture recording the standing working
posture was studied in 27 women in late pregnancy and after delivery
(the experimental group). The women performed an assembly task
while standing at various workplace layouts. The postural differences
between the pregnant condition and the non-pregnant condition were
studied and the effect of the various workplace layouts assessed. Ten
non-pregnant controls were also studied twice to establish the effect of
the time interval between the measuring occasions. We found that the
women of the experimental group stood farther away from the table in
the pregnant condition compared to the non-pregnant condition, the
hips were positioned more backwards, and, in order to reach the task,
they increased the flexion of the trunk, increased the anteflexion of the
upper arms, and extended the arms more. At the workplace layout in
which the table height was self selected, the postural differences due to
pregnancy were smallest or even absent, compared to the postural dif-
ferences in the other workplace layouts studied. Ergonomists and work-
ers in occupational health services should be alert to the consequences
for the load on the musculoskeletal system and the risk of health com-
plaints caused by postural changes due to pregnancy. An adjustable
workplace layout may prevent some problems.
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Introduction

During pregnancy many women have health problems; about 50% of
pregnant women suffer from low back pain (Fast et al. 1987; Berg et al.
1988; Ostgaard et al. 1991), and 67% of pregnant women complain of
considerable to serious fatigue (Kleiverda 1988). The increased
absence from work during pregnancy (Lenshoek 1988) may be caused
by these health problems. The decrease in the load-bearing capacity of
the musculoskeletal system during pregnancy due to an increase in
joint laxity (Calguneri et al. 1982) and insufficiency of the abdominal
muscles (Fast et al. 1990) may contribute to the problems. In addition,
the problems may result from an increase in load of the musculoskele-
tal system due changes in body weight (distribution) (Snijders et al.
1984). Changes in working posture due to pregnancy may also change
the load. Research on posture during pregnancy has until now concen-
trated on changes in spinal curvature, spatial positioning of the spine,
and pelvic inclination, all studied in an erect standing posture (Snijders
et al. 1984; Bullock et al. 1987; Hummel 1987; Moore et al. 1990). As
yet, we know no research on changes in working posture while these
changes are likely to occur due to changes in body weight (distribution)
and in fit between changing body dimensions and workplace layout.
Contrary to changes in body weight (distribution) and body dimensions,
a workplace layout can be adjusted during pregnancy and provide pos-
sibilities for prevention of adverse changes in working posture.
The standing working posture was studied since during pregnancy the
onset of health complaints such as low back pain, and absence from
work are associated with standing work (Cherry 1987; Saurel-Cubizolles
and Kaminski 1987). In addition many pregnant women work in an
upright position. Of 875 French pregnant workers, 53% were found to
stand often or always (Saurel-Cubizolles et al. 1991b), while in 1206
American pregnant workers 15% stood for more than 3 hours per day,
predominantly in one position, and 44% had active work comprising
standing activities (Teitelman et al. 1990).
We studied the working posture in the laboratory while the women per-
formed an assembly task white standing. The working posture in the
pregnant condition (i.e. in late pregnancy) was compared with that in
the non-pregnant condition (i.e. after delivery). The workplace layout
was varied i.e three table heights and six task positions from the table
edge were imposed. The effects of the workplace layout on the postural
differences due to pregnancy are discussed. Finally, we compared the
postures adopted at the various situations and task positions since the
posture contributes to the load on the musculoskeletal system.
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Materials and methods

Experimental design

A group of 27 pregnant women (experimental group) and a group of 10
non-pregnant women (control group) participated in this study. The pos-
ture and some anthropometric measures of the pregnant women were
examined on two occasions, i.e. in late pregnancy (pregnant condition)
( mean 36.1 weeks of pregnancy, s.d. 2.1) and after delivery (non-preg-
nant condition) (mean 52.1 days after delivery, s.d. 14.3). The non-preg-
nant women were also examined twice, synchronously in calendar time
with the pregnant women, to assess the influence of the time interval
between the two measuring occasions. This time interval was on average
79.4 days (s.d. 18.7) for the experimental group, and on average 76.6
days (s.d. 24.6) for the control group. All variables were measured twice.

Subjects

Thirty-three pregnant women volunteered to participate when they visit-
ed the department of Gynaecology and Obstetrics of the Academic
Medical Centre of Amsterdam, or the midwives' practice "Amsterdam
Z-O" for antenatal care. The results concern 27 women (mean age 29.9
years, s.d. 4.4; mean stature 167.3 cm, s.d. 7.6) since four women did
not complete the study and two women had incomplete data sets. None
of the women had a multiple pregnancy. Fifteen women were pregnant
of their first child, eleven of their second and one of her third. The ten
non-pregnant women who participated in the study (mean age 28.2
years, s.d. 6.6; mean stature 169.4 cm, s.d. 6.5) were employees or stu-
dents of the University of Amsterdam. Before participating, all women
signed an informed consent.

An thropometry

Stature, elbow height, height of the most protruding point of the
abdomen and navel height were determined with an anthropometer
while the women stood in a relaxed upright position with the arms
stretched alongside the body. The same researcher measured a woman
on both occasions.

Assembly task

On both measuring occasions all women performed a standardised
assembly task in the laboratory while standing at a table adjustable in
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height. They had to wind two screw bolts onto a horizontal screw thread
in front of them with two hands simultaneously (Figure la). The centre
of the screw thread, and thus the centre of motion of the hands, was
positioned 9 cm above the table surface so that the hands could freely
move around it. This relatively static task was characterised by moder-
ate visual control.

Workplace layout

Six task positions were enforced, covering the range of task positions
frequently encountered in practice. The position of the screw thread
was fixed at 20, 30, 40, 50, 60 and 70 cm from the table edge (Figure
la). In addition, four situations were enforced as follows:

Situations for task performance

(1) Guideline height without restraints: We used a Dutch ergonomic
guideline for this type of work, defining the working height of the hands
as 5 cm below elbow height (Schuffel 1989). The table height, deter-
mined as the working height minus the object size (9 cm), is thus 14 cm
below elbow height. The mean guideline table height for the group of
pregnant women was 90.0 cm (s.d. 5.1). The women had complete free-
dom in choosing their posture, as long as they fastened the screw bolts
with two hands.
(2) Guideline height with restraints: The table height in this situation
was also 14 cm below elbow height. For the sake of standardisation, the
women were instructed to adopt a symmetrical posture by aligning the
feet and dividing the body weight equally over both feet. In addition, the
women were not allowed to lean against the table edge with the anterior
side of their body.
(3) Protuberance height: The table height was positioned at the height of
the most protruding point of the abdomen, which is thought to be a very
unfavourable height in pregnant condition. For the pregnant women the
table height was positioned at navel height (mean 96.9 cm; s.d. 5.5)
since in the pregnancy stage considered here the most protruding point
of the abdomen coincides with the navel. For the non-pregnant women it
was difficult to determine the most protruding point; so for these women
the navel height was also taken as a reference point. The postural
restraints were the same as those described for the second situation.
(4) Self selected height: This situation was only imposed on the experi-
mental group. On the first measuring occasion, i.e. in the pregnant con-
dition, the women selected their own preferred table height (mean 83.1
cm; s.d. 6.0) following the instruction that she should be able to per-
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Fiaure 1.

A. Schematic representation of the perform-
ance of the assembly task; the women
stands at a table. The six task positions
(from 20 to 70 cm from the table edge)
and the body reference points are illus-
trated.

The postural angles of the six segments
(unbroken line) with the line of gravity
(broken line) are illustrated for: 1. fore-
arm, 2. upper arm, 3. trunk, 4. thigh and
5. calf. The horizontal distance between
the ankle and the table edge is illustrated
by arrow 6.

C. Assignment of the sign (- = negative;
+ = positive) and magnitude of the pos-
tural angles are illustrated. The un-
broken line illustrates the position of
the segment with respect to the line of
gravity (broken line).

D. The genera) pattern of the postural dif-
ferences between the pregnant and non-
pregnant conditions are illustrated. The
magnitude of the differences is not
according to scale to obtain better
insight.
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form the task without the abdomen getting stuck between the working
surface and her body. Similar to the second and third situations the
women were asked to adopt a symmetrical posture. In contrast to the
previous situations they were asked to lean against the table edge with
the anterior side of their body.

For all four situations the task was performed at all six task positions
and in duplicate, resulting in 48 task performances. The sessions start-
ed with the task performance at guideline height without restraints, so
that the postural restraints and instructions given in the other situations
were unlikely to influence the posture chosen freely. The order of the
other situations was randomised.

Photographic posture recording

The posture was recorded by means of two-dimensional photography,
which method was validated (chapter 3). During each task perform-
ance, one photograph was taken. The camera (Nikon F801, Nikkor lens
50 mm, F/8, shutter time 1/60, film Asa 100) was positioned at a hori-
zontal camera to subject distance of 4.5 m. The optical axis was hori-
zontal, at half the woman's height and parallel to the table edge. A scal-
ing bar was positioned next to the women to be able to calculate the
true dimensions of the distances on the photograph. The direction of
the line of gravity was determined by means of a plumb line. To facili-
tate the analysis of posture, body reference points were accentuated
with black balts (16 mm diameter)(Figure la).

Definition of posture

The working posture was defined in terms of angles between body seg-
ments and the line of gravity in the photographic plane (Figures 1 b and
le). Five body segments were defined as a straight line through the een-
tres of two markers along the length axis of the segment in the photo-
graph:

• trunk acromion - upper border of the greater trochanter.
• upper arm acromion - lateral epicondyle of the humerus.
• forearm lateral epicondyle of the humerus - lateral epicondyle of

the ulna.
• thigh upper border of the greater trochanter - lateral epicon-

dyle of the femur.
• calf lateral epicondyle of the femur - lateral malleolus.
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The position women adopted with respect to the table was defined as
the horizontal distance between the lateral malleolus and the table
edge. The assignment of the sign and the magnitude of the postural
angles is illustrated in Figure lc.

Processing of the photographic data

The photonegatives were projected onto a digitiser (Laipen CT-1 170)
with an enlarger and the markers, two points on the plumb line, two
points on the scaling bar and the table edge, were digitalized. The
resulting co-ordinates were stored, and the postural variables calculated.

Statistical analysis

The postural differences due to pregnancy (experimental group) and
due to the time interval (control group) were determined. In every situa-
tion, the postural variables on the two measuring occasions were com-
pared within each group with the paired Student's t-test. For every pos-
tural variable the mean of the six task positions and the two duplicates
was used. Confidence intervals (95%, 2-tailed) of the mean intra-individ-
ual differente between the measuring occasions were calculated.
The effect of the situations and the task positions on the postural differ-
ences due to pregnancy was determined. Analysis of variance (two
fixed factors, i.e. situation and task position, and one random factor,
i.e. woman) was applied to the average of the duplicates of the intra-
individual differences between the pregnant and the non-pregnant con-
ditions. In the case of significance, differences between the various situ-
ations and the various task positions were tested with Bonferroni
t statistics (Miller 1981).
To determine the effect of the situations and the task positions on the
posture adopted, analysis of variance (with two fixed factors, i.e. situa-
tion and task position, and one random factor, i.e. woman) was applied
to the average of the duplicates of the postural variables in both the
pregnant and the non-pregnant condition. Again, differences between
the various situations and the various task positions were determined
with Bonferroni t statistics.
When the postural variables changed primarily linear with increasing
task position, linear regression of the postural variables (mean of the
duplicates) on the task position was determined, per situation, per
woman and per measuring occasion.
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Resuits

Mean and standard deviation of the working posture data for both
groups, for both measuring occasions, and for the four situations are
displayed in Table 1.

Table 1. Working posture data for the experimental and control groups for the two
measuring occasions, the intra-individual differences between these two
occasions, in the four situations. Mean (and standard deviation) over the
six task positions and over the duplicaten are given of the distance to the
table edge (cm) and of the postural angles (degrees). For the mean
intra-individual difference between the measuring occasions, 95% con-
fidence intervals (C.l.) are given. * = p <.05, ** = p <.01, *** = p <.001,
ns = not significant. EXP = experimental group (n = 27); C = control group
(n=10).

Distante to table edge (cm)

Situation Group Measuring
First

occasion
Second

Intra-indiv.
difference

C.l.

Guideline EXP 22.2 (2.8) 18.5 (3.0) 3.7 (2.9)*** 2.6 4.7
without C 16.9 (5.0) 18.8 (4.3) -1.8 (5.4)ns -5.7 2.0

Guideline EXP 24.6 (3.7) 20.3 (3.8) 4.3 (3.6)*** 2.8 5.7
with C 18.7 (4.5) 19.4 (4.0) -0.7 (2.5)ns -2.4 1.1

Protuberance EXP 26.3 (3.5) 21.2 (3.6) 5.1 (3.5)*** 3.7 6.5
C 19.4 (2.5) 19.4 (3.5) 0.1 (2.8)ns -1.9 2.1

Self selected EXP 17.5 (3.6) 16.3 (3.8) 1.2 (2.1)** 0.4 2.0

Trunk angle (degrees)

Situation Group Measuring occasion Intra-indiv. C.1.
First Second difference

Guideline EXP -19.4 (4.5) -13.5 (4.0) -5.8 (3.5)*** -7.2 -4.5
without C •-12.4 (2.7) -14.5 (4.9) 2.2 (3.8)ns -0.8 5.1

Guideline EXP -21.6 (5.1) -16.8 (4.2) -4.8 (3.6)*** -6.2 -3.4
with C -- 16.9 (3.1) -17.0 (4.6) 0.1 (2.9)ns -2.1 2.3

Protuberance EXP --20.2 (5.5) -14.7 (4.3) -5.5 (3.3)*** -6.8 -4.2
C --12.9 (2.0) -13.2 (2.6) 0.4 (2.5)ns -1.5 2.3

Self selected EXP --16.2 (4.6) -15.7 (3.9) -0.5 (3.8)ns -2.0 1.0
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Table 1. (continued)
Upper arm angle (degrees)

Situation Group Measuring occasion Intra-indiv. C.1.
First Second difference

Guideline EXP
without C

Guideline EXP
with C

Protuberance EXP
C

Self selected EXP

34.1 (5.2) 26.3 (7.0)
22.2 (5.6) 20.6 (6.5)

35.3 (5.2) 29.5 (5.9)
25.1 (5.8) 24.1 (6.7)

40.7 (4.9) 34.3 (5.1)
33.2 (4.6) 32.1 (6.3)

21.0 (6.2) 17.1 (6.3)

7.7 (3.8) 6.2 9.2
1.5 (6.5)ns -3.1 6.2

5.8 (4.0)*** 4.3 7.4
1.0 (3.3)ns -1.3 3.3

6.5 (3.4)*** 5.1 7.8
1.2 (3.6)ns -1.4 3.7

3.9 (5.3)** 1.8 6.0

Forearm angle (degrees)

Situation Group Measuring occasion Intra-indiv. C.I.
First Second difference

Guideline EXP 69.7 (3.7) 73.3 (4.1)
without C 74.0 (4.2) 73.6 (3.7)

Guideline EXP 70.4 (3.4) 72.9 (4.0)
with C 72.0 (3.3) 72.2 (3.0)

Protuberance EXP 75.9 (3.6) 78.8 (4.6)
C 83.8 (3.7) 83.9 (3.9)

Self selected EXP 60.9 (6.1) 64.5 (6.7)

-3.6 (2.8)*** -4.7 -2.5
0.4 (1.7)ns -0.8 1.7

-2.5 (3.3)** -3.8 -1.2
-0.2 (2.0)ns -1.6 1.3

-2.8 (3.1)*** -4.0 -1.6
-0.1 (1.9)ns -1.4 1.2

-3.6 (3.5)*** -5.0 -2.2

Thigh angle (degrees)

Situation Group Measuring occasion Intra-indiv. C.1.
First Second difference

Guideline EXP 0.5 (3.7) -3.0 (4.3) 3.5 (3.8)*** 2.0 5.0
without C -0.8 (5.1) -0.6 (3.7) -0.2 (3.0)ns -2.6 2.1

Guideline EXP 0.5 (3.6) -1.6 (4.1) 2.1 (3.9)** 0.6 3.7
with C -1.6 (3.6) -0.2 (3.0) -1.4 (2.6)ns -3.5 0.6

Protuberance EXP 0.2 (3.7) -1.4 (3.9) 1.7 (3.4)* 0.4 3.0
C -0.2 (3.6) 1.0 (3.3) -1.2 (2.3)ns -3.0 0.6

Self selected EXP -3.4 (3.9) -4.6 (4.0) 1.3 (3.8)ns -0.3 2.8

66



Table 1. (continued)
Calf angle (degrees)

Situation Group Measuring occasion Intra-indiv. C.I.
First Second difference

Guideline EXP -2.5 (4.2) -5.7 (4.4) 3.2 (3.7)*** 1.7 4.6
without C -7.8 (5.5) -9.0 (5.4) 1.1 (4.8)ns -2.3 4.6

Guideline EXP -2.3 (4.3) -3.4 (4.3) 1.1 (3.0)ns -0.1 2.4
with C -1.9 (3.0) -4.3 (4.2) 2.4 (3.2)* 0.1 4.7

Protuberance EXP -1.8 (4.6) -3.6 (3.9) 1.8 (2.9)** 0.7 3.0
C -2.6 (4.0) -3.9 (3.4) 1.3 (3.1)ns -0.9 3.5

Self selected EXP -8.1 (4.3) -7.7 (4.0) -0.4 (3.7)ns -1.9 1.0

Postural differences between the measuring occasions

The intra-individual differences between the pregnant and the non-preg-
nant conditions for the experimental group and the intra-individual differ-
ences between the two measuring occasions for the control group are giv-
en in Table 1. All postural variables differed significantly between the
pregnant and the non-pregnant conditions with the exception of trunk
angle and thigh angle at the self selected height, and calf angle at guide-
line height with restraints and at self selected height. Compared to the
non-pregnant condition, in the pregnant condition (Figure ld) the feet
were positioned farther away from the table, the calf angle was smaller as
a result of more backward leaning from the ankle and the thigh was in a
more vertical position due to more flexion in the knee joint, together lead-
ing to a more backwards position of the hips. In order to reach the task
position, the trunk was flexed more, the upper arms were more anteflexed
and the forearms were held more vertical i.e. the arm was more extended
in the elbow joint. The intra-individual differences between the two meas-
uring occasions in the control group were small and not significant,
except for the calf angle at the guideline height with restraints.

Influence of situation and task position on the postural differences
between the pregnant and non-pregnant conditions

At the self selected height, the differences due to pregnancy in trunk
angle and distance to the table edge were significantly smaller com-
pared to the differences in the other situations. At the self selected
height the differences in calf angle were smaller compared to protuber-
ance height and guideline height without restraints.
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The relationship between the task position and the differences due to
pregnancy in trunk angle, upper arm angle and calf angle was linear.
The differences due to pregnancy at task positions farther away from
the table edge became larger for the trunk and calf but smaller for the
upper arm. This also appears from the linear regression lines that
describe the postural variables as a function of task position (Table 2).

Table 2. Postural angles as function of task position. Mean linear regression lines of
the postural angles (degrees) on task position (TP) (range 20 - 70 cm from
the front of the table) for the experimental group (n =27) for the two meas-
uring occasions and the four situations. For the slope and the intercept of
the average regression lines the 95% confidence intervals are given.

Trunk angle

Situation Measuring Linear regression Confidence interval
occasion line slope intercept

Guideline First -0.78 * TP + 15.53 -0.81 -0.74 13.26 17.81
without Second -0.66 * TP + 16.12 -0.69 -0.62 14.11 18.13

Guideline First -0.83 * TP + 15.76 -0.87 -0.79 13.37 18.15
with Second -0.76 * TP + 17.52 -0.81 -0.71 14.86 20.19

Protuberance First -0.80 * TP + 15.90 -0.84 -0.76 13.70 18.10
Second -0.74 * TP + 18.57 -0.79 -0.69 16.13 21.02

Self selected First -0.66 * TP + 13.45 -0.69 -0.63 11.01 15.89
Second -0.66 * TP + 13.81 -0.68 -0.63 11.81 15.81

Upper arm angle

Situation Measuring Linear regression Confidence interval
occasion line slope intercept

Guideline First 0.68 * TP + 3.40 0.63 0.73 0.15 6.65
without Second 0.75 * TP - 7.32 0.70 0.80 -11.15 -3.49

Guideline First 0.74 * TP + 2.14 0.68 0.80 -1.57 5.84
with Second 0.79 * TP - 5.88 0.72 0.85 -10.42 -1.34

Protuberance First 0.79 * TP + 5.28 0.71 0.86 1.62 8.95
Second 0.86 * TP - 4.20 0.79 0.92 -8.30 -0.09

Self selected First 0.62 * TP - 6.79 0.56 0.68 -10.66 -2.91
Second 0.65 * TP -12.31 0.59 0.72 -16.75 -7.86
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Forearm angle

Situation Measuring Linear regression Confidence interval
occasion line slope intercept

Guideline First -0.03 * TP + 71.30 -0.06 0.00 69.36 73.25
without Second -0.10 * TP + 77.59 -0.13 -0.06 75.51 79.66

Guideline First -0.01 * TP + 70.87 -0.04 0.02 69.15 72.59
with Second -0.07 * TP + 75.96 -0.11 -0.03 73.05 78.87

Protuberance First -0.15 * TP + 82.80 -0.20 -0.10 79.97 85.62
Second -0.21 * TP + 88.37 -0.26 -0.16 84.82 91.93

Self selected First 0.08 * TP + 57.36 0.03 0.12 53.67 61.06
Second 0.10 * TP + 60.14 0.05 0.15 56.39 63.88

Thigh angle

Situation Measuring Linear regression Confidence interval
occasion line slope intercept

Guideline First -0.02 * TP + 1.54 -0.07 0.02 -1.09 4.16
without Second -0.07 * TP + 0.17 -0.10 -0.04 -2.15 2.48

Guideline First -0.02 * TP + 1.31 -0.05 0.01 -0.19 2.82
with Second -0.02 * TP - 0.56 -0.04 -0.01 -2.19 1.08

Protuberance First -0.03 * TP + 1.57 -0.05 -0.01 0.13 3.00
Second -0.03 * TP - 0.03 -0.05 -0.01 -1.75 1.69

Self selected First -0.09 * TP + 0.68 -0.11 -0.07 -1.11 2.47
Second -0.08 * TP - 1.14 -0.10 -0.05 -3.15 0.87

Calf angle

Situation Measuring Linear regression Confidence interval
occasion line slope intercept

Guideline First 0.08 * TP - 6.30 0.05 0.12 -8.68 -3.93
without Second 0.05 * TP - 8.08 0.02 0.09 -10.24 -5.93

Guideline First 0.12 * TP - 7.39 0.09 0.15 -9.43 -5.36
with Second 0.10 * TP - 8.03 0.08 0.13 -9.88 -6.17

Protuberance First 0.12 * TP-6.97 0.09 0.14 -8.83 -5.12
Second 0.10 * TP - 8.36 0.08 0.13 -10.05 -6.67

Self selected First 0.00 * TP - 8.14 -0.02 0.02 -9.85 -6.42
Second -0.01 * TP - 7.31 -0.03 0.01 -8.88 -5.73
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For the trunk and the calf the linear regression lines for the pregnant
and non-pregnant conditions diverge with increasing task position giv-
en a situation, while for the upper arm the lines converge. The relation-
ship between task position and the differences due to pregnancy in fore-
arm angle was made up of first-order, second-order and third-order
components and therefore difficult to interpret.

Posture adopted in the pregnant and the non-pregnant conditions
at various situations and task positions

At the self selected height (when compared to the other situations) the
women stood closer to the table, kept the upper arms more relaxed,
kept the forearms more vertical, and had increased thigh and calf
angles in both the pregnant and the non-pregnant conditions. At the self
selected height in the pregnant condition the trunk was kept more
upright compared to the other situations. But in the non-pregnant con-
dition the trunk was more flexed when compared to guideline height
without restraints, while no differences existed compared to the other
situations.
At protuberance height, when compared to the other three situations,
the upper arms had an increased anteflexion and the forearms were in a
more horizontal position in both the pregnant and the non-pregnant
conditions. On both measuring occasions the distance to the table
increased compared to guideline height without restraints and self
selected height. In addition, on both measuring occasions at protuber-
ance height the trunk flexion was smaller compared to guideline height
with restraints. In the non-pregnant condition the calf angle was smaller
compared to guideline height without restraints.
The postural restraints at guideline height resulted in both the pregnant
and the non-pregnant conditions in an increased distance to the table,
an increased trunk flexion and, in the non-pregnant condition, in
increased upper arm anteflexion and decreased calf angles.
In the pregnant and non-pregnant conditions with increasing task posi-
tion trunk flexion increased, upper arm anteflexion increased, the fore-
arm was positioned more vertical, the calf angle became smaller due to
more backward leaning in the ankle and the thigh gradually changed
from a small positive to a small negative angle due to some extension
in the knee. With increasing task position no changes were found for
distance to the table. The postural angles change primarily linear with
task position. Therefore the relationship between posture and task posi-
tion could be described by linear regression of the postural angles on
the task position (Table 2).
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Discussion

Postural differences between the pregnant and the non-pregnant
conditions

The postural differences in the experimental group are most likely due
to pregnancy and are not solely the effect of repeated measurements in
time, since in the control group the difference in posture between the
two measuring occasions was negligible. What we call the non-pregnant
condition is the condition measured on average seven weeks after deliv-
ery. It is unknown to what extent this posture represents the 'real' non-
pregnant posture.
The enforcement of postural restraints at guideline height had no signif-
icant influence on the postural differences due to pregnancy, so the
standardisation by means of postural restraints did not influence the
effect of pregnancy on posture.Several changes and mechanisms asso-
ciated with pregnancy explain the postural differences between the
pregnant and non-pregnant conditions. The increased size of the
abdomen requires more room in front of the body, which is obtained in
the pregnant condition by adopting an increased distance from the
table and a more backward position of the hips. The latter is achieved
by more backward leaning from the ankle and increased flexion in the
knee compared to the non-pregnant condition. Besides the need for
more room, women may keep the abdomen away from the table edge to
`protect' the unborn child. Thirdly, in order to retain balance, the hips
are positioned more backwards to compensate the anterior shift in the
centre of mass of the trunk. The backward positioning of body parts to
compensate for the anterior shift in the centre of mass of the trunk due
to pregnancy is already suggested in 1943 (Fries et al.) and later
reported by Snijders et al. (1984) and Hummel (1987) when studying
the erect posture.
The magnitude of the postural differences due to pregnancy (generally
a few degrees) resembles that of the postural differences in industrial
sewing machine operators resulting from adjustment of table height.
The postural changes caused by this intervention coincide with signifi-
cant changes of the total body score for postural discomfort (Dul et al.
1988). Although we did not study the postural discomfort, the postural
differences found wilt probably cause a difference in postural comfort
due to pregnancy.
The postural adaptation to pregnancy has, from a biomechanical point
of view, adverse and undesirable consequences, e.g. for the lower back.
The increased flexion of the trunk and anteflexion of the upper arms
result in greater moment arms of the gravitational forces of trunk and
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arm, and thus in a higher biomechanical load on the lower back
(Chaffin and Andersson 1984). This adverse effect adds to and aug-
ments the increase in low back load, resulting from the changes in body
weight (distribution). The compressive and shear forces on the spine
and the strain on ligaments will differ in the pregnant and the non-preg-
nant conditions. Also to be expected are differences in force and force
patterns of skeletal muscles influencing the endurance time of the work
performance and the recovery period after work.
The postural differences due to pregnancy vary between women, which
may partly explain why some women get complaints while others do
not. The variety may be caused by differences in body build, in changes
in body dimensions due to pregnancy, in work technique, or in postural
adaptation strategy to pregnancy. In studying the erect posture,
Hummel (1987) finds that the postural adaptation during pregnancy
depends on panty, body weight before pregnancy, and stature. Postural
adaptation to pregnancy thus seems a complex phenomenon.

Influence of situation and task position on the postural differences
between the pregnant and the non-pregnant conditions

Given certain work, i.e. an assembly task, and given the gross body
posture, i.e. standing, the workplace layout may influence the effect of
pregnancy on posture. Influence of situation and task position on the
postural differences give an indication of the relative contribution of
some causal mechanisms, and may generate ideas for workplace lay-
outs that could minimise postural differences due to pregnancy, there-
by minimising adverse biomechanical effects.
At the self selected height the postural differences due to pregnancy of
the trunk, the thigh and the calf are absent and the differences of dis-
tance to the table edge are small. Among other things, fewer fit prob-
lems due to pregnancy may occur at the self selected height since then
the tabletop was positioned on average 13.8 cm under the most pro-
truding point of the enlarged abdomen.
At task positions farther away from the table edge, the differences due
to pregnancy of the trunk increased but those of the upper arm
decreased. This may indicate a shift in the relative contribution of upper
arm to trunk in bridging the increased distance to the table due to preg-
nancy. Since it is difficult to weight the adverse effect of an increase in
upper arm angle and of an increase in trunk angle, no clear judgement
can be given about at which task position the adverse postural differ-
ences due to pregnancy are minimised.
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Posture adopted in the pregnant condition in various situations and
task positions

In the pregnant condition the posture at the self selected height is
favourable, from a biomechanical point of view, compared to the pos-
ture at the other situations, since the women were able to stand closer
to the table, kept the trunk more upright, and held the upper arms more
relaxed. The guideline height and protuberance height are not advisable
in late pregnancy. Task positions close to the table edge are favourable
when considering the trunk, the upper arm, and the decreased stretch-
ing and backward push of the legs. It must be stressed that in compar-
ing situations and task positions other important criteria, such as neck
angle, visuat control of the task performance, physiological load, and
health complaints, were not considered.
Of significance is that the table height selected by the pregnant women
on the basis of their preference is also the most advantageous in the
pregnant condition from a biomechanical point of view. Contrary to the
pregnant condition, in the non-pregnant condition the self selected
height for the pregnant condition is not desirable since the trunk is more
flexed compared to the trunk flexion in the other situations. Varghese et
al. (1985) find that in kitchen work the energy expenditure and time
spent in meal preparation tasks is less at a self selected height of the
kitchen platform compared to a standard fixed height. These are indica-
tions that people are able to select a height of the working surface asso-
ciated with advantageous physical load and effective performance.

Conclusions

Postural differences exist between the pregnant and the non-pregnant
conditions while performing a standing assembly task. In the pregnant
condition the woman stood farther away from the table, with the hips
positioned more backwards, and in order to reach the task, increased
the flexion of the trunk, increased the anteflexion of the upper arms,
and extended the arms. These postural differences augment and add to
the increase in load of the musculoskeletal system due to the increase
in body weight and change in distribution of the body weight by preg-
nancy. The postural differences due to pregnancy, although present at
all workplace layouts studied, were smaltest at the self selected table
height when compared to the effects at a guideline advised table height
and those at the height of the most protruding point of the abdomen. In
addition, the posture adopted at the self selected table height in the
pregnant condition, and at task positions close to the table edge in both
the pregnant and the non-pregnant condition seemed to be rather
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advantageous from a biomechanical point of view. Ergonomists and
workers in occupational health services should be aware of the increase
in load due to pregnancy. At an adjustable workplace, the layout may
be adopted so as to minimise the postural changes due to pregnancy,
taking into account an optimised overall posture. Since in many practi-
cal settings the workplace layout is not adjustable, the load may be
reduced by reduction of hours spent working in a standing position,
variation of gross body posture from standing to sitting, or by task
adaptation.
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Abstract

Postural compensation for physical changes during pregnancy may
change working postures, thereby changing the daily postural load. In a
longitudinal study in 16 pregnant women, adaptation of the standing
working posture was assessed by monthly photographic recording.
Postural changes occurred from at least 14 weeks of pregnancy.
Continuous postural changes in a predominantly linear fashion were
found during pregnancy, while some minor changes persevered after
delivery. The observed postural changes were considered biomechani-
cally adverse. The postural changes of various segments showed little
coherence. The ergonomic situation strongly influenced the postural
effect of pregnancy, and postural changes were larger when changes in
weight and abdominal depth were larger.
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Introduction

In the relaxed standing posture, postural changes due to pregnancy
have been shown, for instance a posterior displacement of the trunk
and changes in the shape of the spine. The observed changes were
interpreted as compensation for the forward shift of the truncal centre
of gravity and the increase in mass, to maintain equilibrium around var-
ious joints and to stabilise the whole-body centre of gravity (Snijders et
al. 1984; Hummel 1987; Bullock et al. 1987; Moore et al. 1990).
The influence of pregnancy on postures that are held long or adopted
frequently in everyday life has been studied only incidentally, whereas
these postures in particular determine the daily load on the musculo-
skeletal system. The working posture changes due to pregnancy when
sitting while typing (Micholls and Grieve 1992b), when rising from sit-
ting to standing (Ellis et al. 1985), and when standing while performing
assembly work (chapter 4). Theoretically, changes in working posture
due to pregnancy may be caused by spatial repositioning of body parts
to retain equilibrium, and by changes in fit between changing body
dimensions and workplace layout. Furthermore, protection of the pro-
truding abdomen may impose additional postural constraints e.g. to
keep distance from objects to avoid bumping.
Besides more knowledge about the nature of postural adaptation, its
onset and course during pregnancy is important, to assess the magni-
tude of postural changes as well as the appropriate timing for possible
preventive measures in case of adverse changes. Therefore, in a longitu-
dinal follow-up study during pregnancy and after delivery, the standing
working posture in women performing an assembly task was studied.
The main objective was to describe the onset and course of postural
adaptation during pregnancy and after delivery. Factors that could influ-
ence the postural changes during pregnancy were also studied. (1) The
coherence between changes in various postural variables was studied
because if the body is considered as a kinematic linkage, a change in
one postural variable during pregnancy may be expected to affect other
postural variables. (2) The influence on the postural changes of various
table heights and a point of support in addition to the base of support
formed by the feet was studied because in everyday life the ergonomic
situations encountered also vary. (3) The coherence between postural
changes and anthropometry was studied to explain some interindividual
differences in postural adaptation. Suggestions are made whether or not
changes in fit, equilibrium and protection of the abdomen actually
caused the postural changes observed. In general, this study yields argu-
ments for the necessity and timing of measures to prevent adverse pos-
tural changes or the consequences of such changes during pregnancy.
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Materials and methods

Study design

In a longitudinal follow-up study between January 1991 and January
1992, 16 women were examined monthly during pregnancy and on
average 10 and 17 weeks after delivery. The number of measuring occa-
sions per woman varied from 7 to 10 times due to differences in preg-
nancy duration at the first measurement (8 - 17 weeks) (Figure 1). In
addition, one woman had a premature delivery and two women were
confined to bed in late pregnancy. At each measuring occasion, the
working posture was recorded and anthropometric variables were meas-
ured.

Pregnancy duration in weeks Weeks after delivery
5 1 0 15 20 25 30 35 40 1 0 1 5	20

average observation period
1 q q q q q q q q
2 q q q q q q q q
3 q q q q q q q
4 q q q q q q q q q
5 q q q q q q q q q q
6 q q q q q q q q
7 q q q q q q q q

M 8 q q q q q q q
o 9 q q q q q q q q q

10 q q q q q q q q q
11 q q q q q q q q
12 q q q q q q q q
13 q q q q q q q q
14 q q q q q q q q
15 q q q q q q q q q
16 q q q q 0— 0 0b113

a c

Figure 1. Measuring occasions per woman during pregnancy (duration in weeks) and
after delivery (weeks after giving birth), average observation period, and method of data
treatment illustrated for the 16th woman: a, linear interpolation between every two mea-
surements; extrapolation by (b1) using the value of the first measurement or (b2) of the
last measurement; c, average of the measurements.

Subjects

Women who visited the midwives' practice "Amsterdam Z-O", women
who worked at the Faculty of Medicine of the University of Amsterdam,
and acquaintances of the researcher were invited to participate by let-
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ter. Sixteen women participated in the study after informed consent.
None of them had a multiple pregnancy. Nine women expected their
first child, six their second and one her third. The mean age of the
women was 30.4 years (s.d. 2.9 years), and the mean stature 171.9 cm
(s.d. 5.2 cm).

Pregnancy duration and number of weeks after delivery

In early pregnancy the women were asked for the expected date of birth
as determined by ultra-sound scan so we were able to calculate the
pregnancy duration at the measuring occasions. The number of weeks
after delivery when the measurements took place were calculated start-
ing from the actual day of delivery.

Working posture

• Task and ergonomic situations for task performance
The working posture was recorded while the women performed a stan-
dardised assembly task in the laboratory while standing at a table with
an adjustable height (Figure 2). The women had to wind two screw bolts
onto a horizontal screw thread simultaneously with two hands. The
screw thread was positioned in front of them, 45 cm from the table edge
and 9 cm above the table top. This was a relatively static task with mod-
erate visual control. The women were instructed to adopt a symmetrical
posture by aligning the feet and dividing the body weight equally over
both feet. In addition, the women were asked to look at their hands.
The task had to be performed at three table heights:

(1) Guideline one (GL1), the highest table height, following the highest
common guideline for this task, i.e. 7 cm under elbow height (Shephard
1974);
(2) Guideline two (GL2), the middle table height, following the two low-
est common guidelines for this task, i.e. 14 cm under elbow height
( Grandjean 1980; Schuffel 1989);
(3) Pubic height (PH), the lowest table height i.e. at the height of the top
of the pubic bone. At this height the table surface is under the pregnant
abdomen and fit problems are avoided.

At each table height, the task had to be performed while leaning with
the anterior side of the body against the table (coded : +), and without
leaning (coded : -). Whether or not a woman leaned against the table
edge was verified by a switch on the edge. So, six ergonomic situations
for task performance were imposed: GL1+, GL1-, GL2+, GL2-, PH+, PH-.
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Fiaure 2. Workina oosture durina oer-
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At each measuring occasion, the six ergonomic situations were
i mposed at random, and twice for duplicate measurements. The task
performance lasted 24 minutes in total.

• Posture recording and definition (Figure 2)
The posture was recorded by two-dimensional photography (chapter 3).
One photograph was taken during task performance at each ergonomic
situation, recording the woman in profile. The camera (Nikon F801,
Nikkor lens 50 mm, F/8, shutter time 1/60, film speed ASA 100) was
positioned at a horizontal camera to subject distance of 4.5 meter. The
optical axis was horizontal, at half the woman's height above the
ground and parallel to the table edge. A scaling bar was positioned next
to the women to calculate the true distances on the photograph. The
direction of the line of gravity was determined by means of a plumb
line. Body reference points were marked with black balts (16 mm diam-
eter) to facilitate the analysis of posture. A headband with markers was
fastened parallel to the Frankfurter horizontal around the head to deter-
mine the head position. The photonegatives were projected and
enlarged onto a digitiser (Laipen CT-1170). The location of the centre
of the markers, two points on the plumb line, two points on the scaling
bar, and the projection of the table edge were digitised and yielded the
co-ordinates.
The working posture was defined as angles between body segments and
the line of gravity. A body segment was defined as a straight line
through the centres of two markers along the length axis of the segment
in the photograph. The position women adopted with respect to the
table was defined as the horizontal distance between two markers and
the projection of the table edge.

Anthropometric variables

At each measuring occasion the women were weighed, and navel
height, abdominal depth at navel height and at the height of the most
protruding point were measured (Young et al. 1983; Moustafa 1986).
After delivery it was difficult to determine the most protruding point of
the abdomen, so measurement of abdominal depth at this point was
omitted. To adjust the table height for each woman, at the first measur-
ing occasion the heights of the elbow and that of the top of the pubic
bone were measured. All anthropometric variables were measured twice
by the same researcher.
Larger postural compensation was expected (a) at larger disturbances
of equilibrium and fit, and (b) in lighter women with shorter segments
who have more difficulty to compensate for these disturbances

81



(Hummel 1987; Tichauer et al. 1973). Selected parameters for above-
mentioned concepts were: (a) changes in body weight and in abdominal
depth per week of pregnancy, and (b) body weight, trunk length and
stature in early pregnancy.

Data analysis

The average of the duplicate measurements was used. The level of sig-
nificance was chosen as 5 percent (two-sided).
To generate an average curve (n=16) of the variables with pregnancy
duration per ergonomic situation, interpolation and extrapolation of the
data was necessary since the number of measurements and the preg-
nancy duration at the measuring occasions varied between women
(Figure 1). Per woman and per ergonomic situation the data were lin-
early interpolated between two measurements. Per woman and per
ergonomic situation the value of the first measurement was used for
extrapolation before the first measurement to 0 weeks and the value of
the last measurement for extrapolation after this measurement to 40
weeks. From 14 to 37 weeks of pregnancy, the behaviour of the curves
appeared to be independent of the type of extrapolation so the curves
are shown for this period (Figure 3). From 17 to 31 weeks of pregnancy
the curves are based on observed and interpolated data only. For the
periods from 17 to 14 weeks and from 31 to 37 weeks of pregnancy, the
contribution of extrapolated data increases.
At 14 and 37 weeks (the median first and last measurements) the val-
ues are based half on extrapolated data.To describe the course of the
variables during pregnancy orthogonal polynomials of the first, second,
and third order were fitted on the original data per woman and per
ergonomic situation. The presence of a common linear, quadratic or
cubic term was assessed with weighed t-tests. The weighing factor
depended on the number and the range of the measurements per wom-
an. Since for most variables linear regression lines suitably described
the course during pregnancy, the slopes of these lines were used to test
the existence of a trend with the duration of pregnancy per ergonomic
situation with unweighed t-tests.
To assess whether or not the posture was recovered after delivery, the
first measurement during pregnancy and the measuring occasions after
delivery were compared, using analysis of variance for repeated mea-
sures (fixed factors: measuring occasion and ergonomic situation; ran-
dom factor: woman). In the case of significance, differences were
assessed with paired t-tests. For the anthropometric variables the differ-
ences between the measuring occasions were tested with paired t-tests.
The coherence between changes of various postural variables was
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assessed by calculation of correlation coefficients per ergonomic situa-
tion. The influence of the three table heights and leaning on the postu-
ral changes during pregnancy was assessed by analysis of variance for
repeated measures (fixed factors: table height and leaning; random fac-
tor: woman). In the case of significance, contrasts were assessed with
paired t-tests. The coherence between postural changes and anthropo-
metric variables was assessed by correlation coefficients per ergonomic
situation. In the Jatter analyses the slopes of the linear regression lines
were used as measure for the postural changes during pregnancy. Since
a linear fit was not appropriate for the head and foot angles, these vari-
ables were not analysed.

Results

Table heights

The average table height at GLI was 102.3 cm (s.d. 4.1 cm), at GL2 it
was 95.3 cm (s.d. 4.1 cm), and at PH 88.1 cm (s.d. 3.8 cm). Both guide-
line table heights are at the level of the protruding abdomen during
pregnancy. At the first measurement during pregnancy the table top
was 0.1 cm (s.d. 2.6 cm) under the navel at table height GL1; at GL2
this was 7.1 cm (s.d. 2.6 cm).

Onset and course of postural adaptation during pregnancy and
after delivery

The average course of the postural variables with pregnancy duration is
shown in Figure 3. This course could be suitably described by linear
regression lines (Table 1), except for the head angle and the foot angle.
The course of the head angle only showed a cubic term, but for the foot
angle no pattern was found at all. For the calf angle and the thigh angle,
in addition to a linear term, a cubic term was found but its contribution
to the total variance was minor. The deviations of the linear course also
appeared from twists in the curves.
Postural changes consisted of: an increase in horizontal distance
between the greater trochanter or the ankle and the table edge, a more
vertical position of the calf, a change from a forward leaning position of
the thigh to a backward leaning position, an increase in trunk flexion
and anteflexion of the upper arm, and a more vertical position of the
forearm (Figure 2). The changes in head angle during pregnancy had
no clear pattern (Figure 3) and there were no changes in the foot angle.
Since there were no postural differences between the two measuring
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weeks) and the average value after delivery (a.d.) (in weeks) per ergonomic situation for
task performance;
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Table 1. Linear changes in posture during pregnancy. Changes in (a) distances
from the table and (b) postural angles in 16 women during pregnancy:
mean change per week of pregnancy (m), standard deviation (s.d.)
and 95% confidence interval (C.1.) for six ergonomic situations: 3 table
heights (GL1, GL2, PH) combined with leaning (+) and not leaning (-).
The existence of a linear trend with pregnancy duration was tested:
level of significance * p <_ 0.05, ** p <_ 0.01, *** p <_ 0.001, n.s. = not
significant.

(a) Changes in horizontal distance (cm.week- 1 ) between table edge and:

Greater trochanter Ankle

m s.d. C.I. m s.d. C.1.

GL1+ 0.52 0.12 (0.46, 0.58)*** GL1+ 0.20 0.10 ( 0.15, 0.25)***

GL1- 0.46 0.13 (0.39, 0.53)*** GLI- 0.17 0.12 ( 0.10, 0.23)***

GL2+ 0.41 0.18 (0.32, 0.51)*** GL2+ 0.12 0.16 ( 0.04, 0.21)**

GL2- 0.45 0.18 (0.35, 0.54)*** GL2- 0.17 0.10 ( 0.12, 0.22)***

PH+ 0.17 0.10 (0.12, 
0.23)***

PH+ 0.06 0.11 ( 0.00, 0.12) *

PH- 0.29 0.17 (0.20, 0.38)*** PH- 0.06 0.17 (-0.03, 0.15)n.s.

(b) Changes In angle with the vertical (degrees.week' 1 ) for:

Trunk Upper arm

m s.d C.1. m s.d. C.I.

GLI+ -0.39 0.19 (-0.49, -0.29)*** GLI+ 0.31 0.21 ( 0.20, 0.42)***

GL1- -0.40 0.21 (-0.51, -0.29)*** GL1- 0.21 0.17 ( 0.12, 0.30)***

GL2+ -0.28 0.24 (-0.41, -0.16)*** GL2+ 0.29 0.25 ( 0.16, 0.42)***

GL2- -0.36 0.20 (-0.46, 
-0.25)***

GL2- 0.17 0.21 ( 0.06, 0.29)**

PH+ -0.18 0.21 (-0.29, -0.07)** PH+ 0.00 0.22 (-0.12, 0.12)n.s.

PH- -0.21 0.24 (-0.34, -0.08)** PH- 0.15 0.32 (-0.02, 0.32)n.s.
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Forearm Thigh

m s.d. C.I. m s.d. C.I.

GLI+ -0.21 0.15 (-0.29, -0.13)*** GL1+ 0.25 0.15 (0.17, 0.33)***

GLI- -0.13 0.13 (-0.20, -0.07)*** GL1- 0.22 0.14 (0.15, 0.30)***

GL2+ -0.18 0.16 (-0.26, -0.09)*** GL2+ 0.25 0.14 (0.17, 0.33)***

GL2- -0.06 0.17 (-0.15, 0.03)n.s. GL2- 0.20 0.11 (0.15, 0.26)***

PH+ -0.01 0.16 (-0.10, 0.07)n.s. PH+ 0.14 0.11 (0.08, 0.20)***

PH- -0.08 0.21 (-0.19, 0.03)n.s. PH- 0.19 0.11 (0.13, 0.25)***

Calf

m s.d. C.1.

GL1+ 0.16 0.14 ( 0.09, 0.24)***

GLI- 0.17 0.13 ( 0.10, 0.24)***

GL2+ 0.13 0.14 ( 0.05, 0.20)**

GL2- 0.16 0.15 ( 0.08, 0.23)**

PH+ 0.00 0.14 (-0.07, 0.07)n.s.

PH- 0.11 0.17 ( 0.02, 0.20) *

occasions after delivery, their average was taken per ergonomic situa-
tion. Between the first measuring occasion during pregnancy and the
average after delivery differences were found for the horizontal distance
between the greater trochanter and the table (13.8 cm, s.d. 2.0 and
16.1 cm, s.d. 2.7, respectively), the thigh angle (-2.5 degrees, s.d. 3.4
and 0.1 degrees, s.d. 2.3, respectively) and the forearm angle (72.2 de-
grees, s.d. 5.5 and 74.9 degrees, s.d. 5.5, respectively). The averages
over the ergonomic situations were compared since the effect of meas-
uring occasion was independent of the ergonomic situation. The trunk
angle differed between the first measurement during pregnancy and
after delivery at situation PH+ (-11.1 degrees, s.d. 6.1 and -14.1 de-
grees, s.d. 6.9, respectively). The differences for the trunk angle were
tested per ergonomic situation because the effect of measuring occa-
sion depended on the ergonomic situation.
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Coherence between changes of various postural variables

Valid coherence only exists when correlations are found at several
ergonomic situations. Larger increases in horizontal distance between
greater trochanter and table edge during pregnancy were associated
with larger increases in trunk flexion (correlations between 0.77 and
0.91) and, only in case of not leaning, with larger increases in horizon-
tal distance between ankle and table edge (correlations between 0.65
and 0.74). Further correlations between postural changes were either
absent or only present at one ergonomic situation.

Influence of table height and leaning on postural changes

Ergonomie situations for task performance differed with regard to the
presence and magnitude of trends with pregnancy duration (Table 1)
but when trends were present the nature of change was similar.
The slope of the linear regression line is a good measure for the change
per week of pregnancy. Differences in postural changes between
ergonomic situations appear from diverging, converging and even
crossing of curves (Figure 3). The postural changes at table height PH
were smaller than those at both guideline table heights. While leaning,
this is the case for all variables except the head and the foot; while not
leaning, this is true for the horizontal distances between the greater
trochanter or the ankle and the table edge, the trunk angle, and the calf
angle (but for the calf angle only when compared to GL2). The postural
changes at GL2 were smaller than those at GLI for the trunk angle
(both while leaning and not leaning), the horizontal distance between
the greater trochanter and table edge (while leaning), and the forearm
angle (without leaning). While leaning, the changes in trunk angle were
smaller at all table heights and the changes in calf angle were smaller at
table height PH compared to not leaning.

Onset and course of anthropometric changes during pregnancy and
after delivery

The course of the anthropometric variables with pregnancy duration
could be suitably described by linear regression lines (Table 2). For
body weight a cubic term was present too, but its contribution to the
total variance was minor and therefore it had no practical meaning in
this study. An increasing trend in depth and weight, and a decreasing
trend for navel height were found with pregnancy duration.
Body weight, abdominal depth, and height of the navel were the same at
the first measurement during pregnancy and after delivery.
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Table 2. Linear changes in weight and body dimensions during pregnancy.
Anthropometric changes in 16 women during pregnancy: mean change
per week of pregnancy (m), standard deviation (s.d.) and the 95% con-
fidence interval (C.I.). The existence of a linear trend with pregnancy
duration was tested: level of significance *** = p <_ 0.001.

Variable m s.d. C.1.

Body weight (kg.week-') 0.38 0.18 ( 0.29, 0.47)***

Navel height (cm.week-') -0.10 0.06 (-0.13, -0.07)***

Depth at navel height 0.39 0.08 ( 0.34, 0.43)***
(cm.week-1)

Depth at height most 0.33 0.10 ( 0.28, 0.38)***
protruding point
abdomen (cm.week-1)

Coherence between postural changes and anthropometric variables

Valid coherence only exists when correlations are found at several ergo-
nomic situations. The increase in abdominal depth and weight per week of
pregnancy were highly correlated. No other correlations were present
between the selected anthropometric variables. Larger increases in abdom-
inal depth per week of pregnancy were associated with larger increases
in trunk flexion at GL1 and GL2, with larger changes in thigh angle at
GL1 and GL2 and larger distances in the horizontal distance between
the greater trochanter and table edge at GL1. Further, it appeared that
larger increases in weight were associated with larger increases in trunk
flexion at all ergonomic situations, and with larger increases in the hori-
zontal distance between the greater trochanter and table edge at both
guideline table heights. The changes in trunk flexion and in distance
between the greater trochanter and table edge were highly correlated, as
described above. Further correlations between anthropometry and pos-
tural adaptation were absent or only present at one ergonomic situation.

Discussion

Repeatability of posture and a remark on the general research
approach

The absence of postural differences between the two measuring occa-
sions after delivery shows the repeatability of the working posture over an
average time period of seven weeks. In a previous study, a comparable
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result was found over an average time period of 11 weeks (chapter 4).
No literature could be found on the reproducibility of static working
postures. However, more dynamic activities, such as screwing, sawing
and nailing, showed good intra-individual reproducibility of work move-
ments at a two-week interval (Hammarskjold et al. 1989). The good
reproducibility of the working posture justifies to ascribe the longitudi-
nal trends in posture found in the present study to pregnancy and not to
the effect of time or learning.
The body weight plotted against the stage of pregnancy has a sigmoid
shape (Hytten 1991; Raaij et al. 1988) and in the present study a similar
shape was found. This is an indication that the approaches used in this
study are appropriate, in spite of the short period of observation, the small
group of women, and the method of interpolation and extrapolation.

Postural adaptation during pregnancy and after delivery

The postural changes during pregnancy are functional. Changes in fit
and avoidance of "threats" to the abdomen forced the women to stand
further from the table, while the hand position was fixed. The increased
distance was bridged by increases in trunk flexion and upper arm eleva-
tion. To maintain equilibrium, the more backward positioning of the
hips, achieved among other things by more backward leaning from the
ankle (so-called `ankle strategy'), contributed to counteract the anterior
shift of the truncal centre of gravity. The nature of postural changes
found in the present study coincide those found in our previous study,
in which the standing working posture between late pregnancy and after
delivery was compared (chapter 4).
Although the postural changes are functional, they have negative conse-
quences for the load on the musculoskeletal system, e.g. the postural
change of the upper arm and the trunk increase the lever arms of the
gravitational forces with respect to shoulder and hip joints (Chaffin and
Andersson 1984). Postures varying in postural stress differ with respect
to discomfort and holding time (Boussenna et al. 1982). Changes in the
sitting working posture from the second to the third trimester of pregnan-
cy, coincided with an increase in discomfort (Nicholls and Grieve 1992b).
It is likely that the postural compensation found in the present study wilt
augment postural discomfort. The postural changes may alter the con-
traction level of the muscles that maintain the posture. Higher levels of
contraction reduce the endurance time (Sjógaard 1986) and increase
muscular fatigue and recovery time if worktimes and rest times do not
change (Dul et al. 1991). In the long term, the postural changes may lead
to musculoskeletal disorders, which occur frequently during pregnancy
(Cherry 1987; Fast et al. 1987; Berg et al. 1988; Ostgaard et al. 1991).
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In the present study postural adaptation occurred from at least 14 weeks
of pregnancy. This may be explained by changes in weight and in
abdominal depth after 14 weeks of pregnancy, disturbing postural equi-
librium and fit. The onset and magnitude of the changes in weight and
in abdominal depth coincide with those found in other studies (Hummel
1987; Hytten 1991). The linear course of the changes in posture sug-
gests that the posture was not maintained until a certain limit of weight
gain or increase of abdominal depth was reached, except perhaps for
the calf angle. This is in analogy with the idea that only a certain trunk
flexion causes loss of equilibrium, so that the 'ankle strategy' to secure
stability starts at that time (Oddson 1990).
The total change in postural angle during pregnancy is a requisite for
estimation of the change in biomechanical load or for comparison with
postural changes due to other factors, such as ergonomic interventions.
The total change can be estimated by multiplying the average change
per week of pregnancy by a time period. Restriction to the average
observation period (i.e. 23 weeks: from 14 - 37 weeks of pregnancy),
may be too conservative since it is likely that beyond this period postu-
ral changes persevere. An estimation over the 40 weeks of pregnancy
may exaggerate the total change. The actual change will be in between
the two above-mentioned estimations. For example, the total change in
trunk flexion during pregnancy at table height GL1 is between 9.0 and
15.6 degrees (0.39 degrees/week times 23 and 40 weeks, respectively).
Considering the situation after delivery as the non-pregnant condition,
we expected the posture after delivery to follow the course of the pos-
ture before the first measurement during pregnancy. However, the val-
ues after delivery are within the range of pregnancy, for the horizontal
distance between the greater trochanter and table edge, thigh angle and
trunk angle. It appears that the posture after delivery, measured at the
time the women have to resume their work, had not recovered (yet) to
the non-pregnant condition. Changes in fit and equilibrium, and
"threats" to the abdomen are unlikely to be causa) after delivery, since
the weight and body dimensions did not differ from those at the first
measurement during pregnancy. Getting used to the posture during
pregnancy or altered physical characteristics may explain the persis-
tence of the postural change. The negative consequences of postural
adaptation described above will thus partly remain after delivery.
Possibly this contributes to the persistence of 1ow back pain postpartum
(Ostgaard and Andersson 1992).
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Postural coherence

That the body parts form a coherent whole appears from the observa-
tion during pregnancy that the position of most body parts change, and
not only that of one. However, when we consider the body as a kinemat-
ic linkage where a change of posture of one segment is likely to affect
the posture of other segments, more associations between changes in
postural variables were expected than the two we found. However, an
existing relationship could have been overlooked in this study since the
group studied was small. An association could only be found when simi-
lar postural strategies are followed by all women and at all ergonomic
situations, and further when the association is strong and the sample of
women is homogeneous.
A notable feature of postural behaviour found in this study is the simulta-
neous increase in upper arm elevation and increase in trunk flexion from
14 weeks of pregnancy onwards to compensate for the increasing dis-
tance to the table. This is contrary to the existing views that, when reach-
ing forward or performing anteriorly placed work, trunk flexion occurs
only when arm elevation reaches a certain limit or the length of the upper
extremity is exceeded (Bendix et al. 1985; Keyserling et al. 1988).
Further, it is inconsistent with the finding that the distal segment is more
likely to be moved than the proximal segment (Hsiao and Keyserling
1991). Especially during pregnancy a trade-off between arm and trunk
was expected in favour of the trunk since increasing the lever arm of a
segment growing in mass is unfavourable for the load on the back.

Influence of table height and leaning on postural changes

It is clear that the postural changes during pregnancy are to a large
extent influenced by the existing ergonomic situation. The postural
changes were larger when the table top was shifted from under the
abdomen (PH), to the lower region (GL2) and to the centre of the
abdomen (GLI). This may be due to an increased disturbance of fit or
by the increased tendency of women to increase the distance from the
table to protect the enlarged abdomen; discrimination between these
two causes is difficult. In addition, postural changes for the calf and the
trunk were larger when the base of support was restricted to the feet
(i.e. not leaning) so that postural equilibrium was relatively easily dis-
turbed, compared to the situation when leaning. The postural changes
of the calf and the trunk point to a more backward position of the hips
in order to retain equilibrium, accomplished by more backward leaning
from the ankle and the increased distance compensated for by more
trunk flexion. However, no statistically significant increase in distance
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between the greater trochanter and the table edge was found. Whereas
changes in fit, equilibrium and protection of the abdomen appear to
contribute to postural changes in this study, no statement can be made
with regard to their relative contributions.

Coherence between postural adaptation and anthropometric vari-
ables

The interindividual variation in changes of trunk angle, thigh angle and
distance from the table could be explained by interindividual differ-
ences in change of abdominal depth and weight. Roughly, women with
larger increases in weight and depth have larger increases in trunk flex-
ion so that regarding the load increase on the low back these women
have a two-fold disadvantage. However, the correlations between
changes in anthropometry and posture are not strong enough to predict
the changes of posture on the basis of some simple anthropometric
measurements. Since in practice the changes in abdominal depth and
weight occur simultaneously, their single contribution to postural adap-
tation is a theoretical question and is not further answered here.
Posterior displacement of the trunk and increase in lumbar lordosis dur-
ing pregnancy in the relaxed upright posture are more pronounced in
lighter and shorter women (Hummel 1987). This coincides with the find-
ing that women with an endomorph body type could more easily coun-
terbalance loads in static position than women with an ectomorph body
type, due to their weight distribution (Tichauer et al. 1973). However, in
this study the hypotheses that body build influences the magnitude of
postural adaptation during pregnancy could not be confirmed.

Final remarks

Adverse postural changes during pregnancy may be limited by reducing
fit problems and removing "threats" to the abdomen by correct design
of the environment. In addition, extending the base of support by lean-
ing against the table edge, by advancing one foot, or by leaning with the
arms or hands on the table, will probably reduce the need for postural
compensation to retain equilibrium. When generalising the obtained
results, the specific characteristics of the enforced task must be consid-
ered since these may differ from ergonomic situations encountered in
practice. In the present study the postural options available were
reduced by two contacts with the environment, i.e. a fixed position of
the hands and the restriction to visual control of the task (Grieve and
Pheasant 1982). In addition, no load was applied on the hands, the feet
were not in front of one another, the task duration was short, and the
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results were based on a smalt sample. However, it is likely that in many
settings postural adaptation during pregnancy will be caused by distur-
bance of equilibrium, changes of fit and "threats" to the abdomen.

Conclusions

Postural changes occurred from at least 14 weeks of pregnancy
onwards. Continuous changes in a predominantly linear fashion were
found during pregnancy, while some minor changes persevered after
delivery. The distance between the hips or the ankle and the table at
which the women stood increased, trunk flexion and anteflexion of the
upper arm increased, the forearm and calf were positioned more verti-
cal, and the thigh position altered. The change of head position during
pregnancy was unclear and no changes in foot position were found.
Although functional in several respects, the observed changes are con-
sidered biomechanically adverse since they increase the load on at
least the shoulders and the back. Only few correlations between
changes of various postural variables were found. The onset of changes
in weight and abdominal depth coincided with the onset of postural
adaptation. Women with a relatively large increase in weight and in
abdominal depth had relatively large increases in the distances to the
table and in trunk flexion. The postural changes were larger when the
table height, at which the work was performed, was closer to the centre
of the enlarged abdomen, and without leaning compared to leaning.
Changes in fit, equilibrium, and "threats" to the abdomen are likely to
contribute to the observed postural adaptation. In other settings these
mechanisms are also likely to cause postural adaptation during preg-
nancy. Physical and occupational therapists, ergonomists,
orthopaedists and others should be alert to adverse postural changes or
the consequences from early pregnancy onwards. In chapter 6, suitable
workplace layout for pregnant women is discussed.
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Abstract

Problems due to pregnancy while working at existing workplaces raised
interest in the suitability of common guidelines for workplace layout.
The suitability of the recommendation to lean and of three table heights
was assessed, in a longitudinal study during pregnancy and after deliv-
ery. The highest and middle table heights were in accordance with com-
mon guidelines, while the lowest one was set at pubic height. The
effects of leaning and table height on comfort, degree of leaning and
working posture were assessed in a group of 16 women, who performed
a standing assembly task in the laboratory. During pregnancy and after
delivery, leaning was associated with more comfort, a better posture of
the trunk and the upper arm, and theoretically the support reduced the
load on the legs. Hence, the recommendation to lean appears suitable
during pregnancy as welt as in non-pregnant condition. In general, the
middle table height may be a good compromise between the favourable
posture of the head, the trunk and the calf at the highest table height,
and the favourable posture of the arm at the lowest table height. But,
when specific musculoskeletal disorders prevail in a population or
occupation, the table height that optimises the posture of the concern-
ing body part may be chosen. In general, common guidelines for table
height appear suitable during pregnancy. But in late pregnancy, only
when leaning, gradually the lowest table height was preferred based on
comfort, degree of leaning, and working posture.

Relevance to industry

Following suitable guidelines during pregnancy reduces the ergonomic
stress and reduces discomfort, musculoskeletal disorders, and sick
leave, which are increased in this period. Further, the advantages of
leaning are shown in pregnant and non-pregnant conditions and recom-
mendations for workplace design that stimulate the use of leaning are
presented.
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Introduction

Guidelines for workplace layout and posture aim to improve the work-
ing posture, the comfort, and the efficiency, and to prevent musculo-
skeletal disorders (Ayoub 1990). However, workplaces designed or
adjusted according to common guidelines may not be appropriate dur-
ing pregnancy. Pregnant secretaries seated at their usual work station,
showed increases in trunk inclination and general discomfort during
pregnancy while typing (Nicholls and Grieve 1992b). Further, women
attributed difficulties due to pregnancy with doing various common
tasks, to problems with reach, clearance, and fit (Nicholis and Grieve
1992a). In addition, women in late pregnancy preferred a considerable
lower table height than that in accordance with a common ergonomic
guideline, while performing a standing assembly task (chapter 2).
Support at the anterior side of the body at the height of the pelvis (from
now on called leaning) is said to improve the standing working posture
at a given hand position on the table (Snijders 1984). Another advan-
tage is support of the body. This can reduce the load on the musculo-
skeletal system, as has been shown for back rests (Andersson 1986;
Colombini et al. 1986) and arm supports (Erdelyi et al. 1988). It is
questionable whether leaning against the enlarged abdomen during
pregnancy is appreciated by the women and whether indeed leaning
i mproves the posture.
The aim of this chapter is to determine the suitability of the recommen-
dation to Jean and of three table heights, during pregnancy and after
delivery. Two table heights are in accordance with frequently used and
quoted common guidelines, and the third height was preferred in late
pregnancy in a previous study (chapter 2). Suitability is assessed by
mutual comparison, yielding a preferred table height and a preference
for leaning or not leaning. The concept of suitability is task-specific
( Ward and Kirk 1970; Corlett 1989) i.e. here for standing work with
moderate visual control.
Criteria for suitability were (1) the subjective judgement of the women,
measured as the degree of comfort while working, and (2) the load on
the musculoskeletal system. Measures for the load were (a) the report-
ed degree of leaning, and (b) the adopted working posture.
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Materials and methods

Sixteen women (mean age 30.4 years, s.d. 2.9 years; mean stature
171.9 cm, s.d. 5.2 cm) were examined, between January 1991 and
January 1992, during pregnancy and on an average of 10 and 17 weeks
after delivery. During pregnancy, the women were measured at monthly
intervals: 5 times (2 women), 6 times (9 women), 7 times (4 women),
and 8 times (1 woman). The average observation period ranged from
14 to 37 weeks of pregnancy. Early and late pregnancy refer to about
3.5 and 8.5 months of pregnancy, respectively.

Task

At each measuring occasion, the women performed a standardised
assembly task, winding screw bolts onto a screw thread while standing
at a table in the laboratory (Figure 1). It was a rather static task charac-
terised by moderate visual control. The task position was 45 cm from
the table edge in front of the women and 9 cm above the table surface.
The women were instructed to adopt a symmetrical posture by aligning
the feet, dividing the body weight equally over both feet, and by work-
ing simultaneously with two hands. In addition, the women were asked
to look at their hands. Besides the hands and the feet no body parts
contacted the environment.

Table height and leaning (independent variables)

The women performed the task at three table heights:

(1) Guideline 1 (GLI), the highest table height in this study, according
to the highest common guideline for this task, i.e. 7 cm under elbow
height (Shephárd 1974). The mean GLI table height was 102.3 cm
(s.d. 4.1 cm);
(2) Guideline 2 (GL2), the middle table height in this study, according
to a combination of the two lowest common guidelines for this task, i.e.
table height 14 cm under elbow height (Grandjean 1980; Schuffel 1989).
The mean GL2 table height was 95.3 cm (s.d. 4.1 cm);
(3) Pubic Height (PH), the lowest table height in this study, which was at
the height of the top of the pubic bone. At this height the table surface is
under the pregnant abdomen, as was preferred by women in late preg-
nancy (chapter 2). The mean PH table height was 88.1 cm (s.d. 3.8 cm).

At each table height, the women performed the task when following the
recommendation to lean (coded +) and without leaning (coded -). So, six
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Figure 1. Task and definition of working posture. The assembly task is schematically

shown. The body reference points illustrated are: a, lateral epicondyle of the ulna; b, later-

al epicondyle of the humerus; c, acromion; d, upper border of the greater trochanter; e,

lateral epicondyle of the femur; f, lateral malleolus; g and h, two markers with 15 cm inter-

space on a headband. The inset defines the postural angle i.e. between the body segment

(unbroken line) and the line of gravity (broken line), being positive (+) or negative (-).

The postural angles are: 1, forearm; 2, upper arm; 3, trunk; 4, thigh; 5, calf; and 6, head.

ergonomic situations were imposed: GL1+, GL1-, GL2+, GL2-, PH+, PH-.
These were imposed at random, and twice to provide duplicate meas-
urements. The task performance lasted 24 minutes in total (standing
with pause).
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Criteria and measures for suitability (dependent variables):

(1) Subjective judgement
At each measuring occasion and after each ergonomic situation, the
women immediately indicated how they experienced working at the spe-
cific ergonomic situation, on a four-point scale ranging from uncomfort-
able (score 1) to comfortable (score 4).

(2) Load on the musculoskeletal system
(a) Degree of leaning
At each measuring occasion and after each ergonomic situation when
leaning, the women immediately indicated the degree of leaning on a
four-point scale which ranged from leaning with almost no body weight
(score 1) to leaning with full body weight (score 4).
(b) Working posture (Figure 1)

The working posture was recorded by two-dimensional photography,
recording the women in profile (chapter 3). One photograph was taken
during task performance at each ergonomic situation. The posture
recorded at this photograph was assumed representative of the average
working posture at this specific situation. The working posture was
defined as postural angles (Figure 1). Relevant points on the photograph
were digitalised, using the co-ordinaten to calculate the postural angles.

Data analysis

The effects of table height and leaning on the comfort, the degree of
leaning, and the working posture were assessed, at three reference
occasions: in early and late pregnancy, and after delivery.

• Comfort and degree of leaning
Since the duplicate measurements did not systematically differ, their
sumscores were assessed (range from 2 to 8).
Possible trends in comfort and degree of leaning with pregnancy dura-
tion were assessed with the non-parametric trend-test of Page (signifi-
cance p<0.05, two-sided) (Page 1963). This test can only be used in a
balanced design. Therefore, per woman only the last six measurements
during pregnancy were used. For two women the sixth occasion lacked,
and it was estimated by giving it the score of the fifth measurement. For
the group of 16 women, the six occasions ranged on average from 3.5
to 8.5 months of pregnancy, with monthly intervals.
The comfort and the degree of leaning after delivery and in early preg-
nancy were compared, per ergonomic situation with Wilcoxon's
matched pairs test. Since the scores between the two occasions after
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delivery did not differ, their average was used.
The effects of table height and leaning on the comfort and the degree of
leaning were assessed with the test of Friedman and Wilcoxon's
matched-pairs test, per reference occasion.
Interactions between the effects of table height and leaning on the com-
fort were tested with analysis of variance with repeated measures (fixed
factors: table height and leaning; random factor: woman). The test was
applied on the average score per woman during both the period of preg-
nancy and the period after delivery.

• Working posture
The effects of table height and leaning on the postural angles were
assessed by two-way analysis of variance with repeated measures (fac-
tors: table height and leaning), per reference occasion. The levels of the
table height could be ordered (decreasing from GL1 to GL2 to Pil). A pos-
sible linear or non-linear change in the postural angles with decreasing
table height was tested. No postural differences existed between the two
measuring occasions after delivery, therefore their average was used.

Preferred table height, and p reference for leaning or not leaning

Per criterium and per measure the preference for a specific table height,
and for leaning or not leaning was assessed. A table height, or leaning
or not leaning, was preferred when it was associated with (1) the high-
est degree of comfort, and (2)(a) the highest degree of leaning,
because this reduces the most load of the musculoskeletal system, and
(2)(b) the least loading working posture. Postural angles at which the
lever arms of the gravitational force of the segments are smallest and
consequently the load in the adjacent joint is smallest are favourable,
i.e. postural angles of the trunk, the upper arm, the forearm, the thigh,
and the calf that are closest to zero, and large postural angles of the
head. In addition, extreme joint postures should be prevented. When
assessing a preference for leaning or not leaning the postural angles of
the thigh, the calf and possibly the trunk were not used. Because these
body parts are supported when leaning, and therefore their posture is
not maintained by the body itself, the posture of these body parts is not
a good measure for the load in the adjacent joint. In general, whether or
not the preferences are similar at the three reference occasions shows
whether pregnancy had any influence.
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Results

Comfort (Figure 2a)

During pregnancy, the comfort decreased in time at both guideline
table heights, irrelevant whether leaning or not. The comfort at PH table
height showed no trend during pregnancy. After delivery, the comfort
score at PH table height was higher than in early pregnancy, with and
without leaning.
Comfort was higher when leaning compared to not leaning, at all three
table heights both during the whole of pregnancy and after delivery.
Table height had no influence on the comfort in early pregnancy, after
delivery and when considering the average comfort in pregnancy.
However, in late pregnancy when leaning, PH table height was more
comfortable than both guideline table heights. There was an interaction
between the effects of leaning and table height, i.e. the increase in com-
fort by leaning was larger at PH table height compared to GL1 and GL2
table heights, when considering the average comfort in pregnancy.

Degree of leaning (Figure 2b)

During pregnancy, the degree of leaning increased at PH table height,
decreased at GL1 table height, and remained the same at GL2 table
height. The degree of leaning after delivery did not differ from early
pregnancy.
Table height had no influence on the degree of leaning in early pregnan-
cy and after delivery. By late pregnancy, and when considering the
average degree of leaning in pregnancy, the degree of leaning at PH
table height was higher than at GL1 and GL2 table heights.

Working posture (Figure 3)

All postural angles differed between leaning and not leaning, except for
the head angle in late pregnancy, and for the trunk angle after delivery.
When leaning, trunk flexion and upper arm elevation were smaller com-
pared to not leaning, while the head was more bend and the forearm
more elevated. Therefore, preference to leaning was given when consid-
ering the trunk and the upper arm, while not leaning was preferred
based on the head and the forearm. These preferences were the same at
the three reference occasions.
All postural angles differed between the three table heights except for
the calf angle after delivery. With decreasing table height (from GL1 to
GL2 to PH) there is more bending of the head, more trunk flexion, less
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Figure 2. Comfort and degree of leaning. Average (n = 16) course of the sumscore on the
( A) comfort scale and the (B) degree of leaning scale during pregnancy, and the average
sumscore after delivery (a.d.), for the three table heights (GLI, GL2, and PH), when lean-
ing (+; closed symbol) and without leaning (-; open symbol). Higher scores correspond to
( A) more comfort and (B) leaning with more body weight.
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elevation of the upper arm and forearm, and more dorsal flexion in the
ankle. In general, GLI table height will be preferred when considering
the trunk, the head and the calf, white when considering both arm
angles, PH table height will be preferred. No specific table height is pre-
ferred when considering the thigh angle. These preferences were similar
at the three reference occasions. In general, the differences in postural
angle between GLI and GL2 table heights were similar to those between
GL2 and PH table heights, with the following exceptions. The differ-
ences were not equidistant for the thigh angle and the calf angle in late
pregnancy, and for the trunk angle and the head angle in early pregnan-
cy and after delivery.
The effects of leaning depended on table height and vice versa (i.e.
interaction existed), in early pregnancy for the forearm angle, and in
late pregnancy for the trunk angle, the calf angle and the thigh angle.
For the trunk angle this means that in late pregnancy when leaning the
trunk posture at the three table heights was similar.

Preferred table height and preference for leaning or not leaning, per cri-
terium for suitability and per measure, at the three reference occasions
are shown in Tables 1 and 2.
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Table 1. Preference for leaning or not leaning per criterium for suitability (1 and
2), and per measure, in early and late pregnancy and after delivery.

Early Late After
pregnancy pregnancy delivery

(1) Subjective judgement
• comfort leaning leaning leaning

(2) Load on the
musculoskeletal system
• working posture

head angle not leaning no preference not leaning
trunk angle leaning leaning no preference
upper arm angle leaning leaning leaning
forearm angle not leaning not leaning not leaning

• theoretical assump-
tion on load reducing leaning leaning leaning
effect leaning

Table 2. Preferred table height per criterium for suitability (1 and 2), and per meas-
ure, in early and late pregnancy, and after delivery.
PH = preference for table height at pubic height.
GL1 = preference for table height at first guideline height.

Early Late After
pregnancy pregnancy delivery

(1) Subjective judgement
• comfort no preference PH / no pref. * no preference

(2) Load on the
musculoskeletal system
• degree of leaning no preference PH no preference
• working posture
head angle GLI GLI GL1
trunk angle GL1 no pref. / GL1 •* GL1
upper arm angle PH PH PH
forearm angle PH PH PH
thigh angle no preference no preference no preference
calf angle GL1 GL1 no preference

* PH is preferred when leaning, no table height is preferred without leaning.
** no table height is preferred when leaning, GLI is preferred without leaning.
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Discussion

Whether or not the differences in comfort and working posture actually
result in differences in long-term effects, such as musculoskeletal disor-
ders, depends on other factors also. For example, smalt postural differ-
ences may have considerable consequences when postures are hold for
a long time. Therefore, in this study each statistical significant differ-
ence was considered of practical value.
Leaning was clearly more comfortable than not leaning, and pregnancy
had no influence on this finding. When asked, the women reported the
following advantages of leaning: standing closer to the table, better
reachability of the task, and less tiring (loading) for legs, back, shoul-
ders and arms. Their experience can be explained by the support of
some body parts, the smaller upper arm elevation, and the smaller
trunk flexion, when leaning. The women frequently reported as draw-
backs of leaning the cutting of the table edge in the abdomen, and the
pressure exerted on the abdomen. These can be overcome by using a
supportive device with a padded, rounded off and sufficiently large con-
tact area to prevent concentration of pressure at one point. Further, the
disadvantages may be prevented by taking support under the abdomen.
The pregnant women reported an additional advantage when leaning at
PH table height i.e. the table supports the enlarged abdomen.
In this study, in general, table height had no influence on the comfort. A
similar result was found in sitting sewing machine work where adjust-
ment of the table height from 5 to 15 cm above elbow height did not
influence the total body score for discomfort (Delleman and Dut 1990).
However, other studies showed that when the height was adjusted over
another range, i.e. from 5 cm under to 5 cm above elbow height (Dul et
al. 1988), and over a wider range (Yang and Yu 1990), height did affect
the comfort. Further, it is possible that in our study the various table
heights differed in comfort per body segment, but that this resulted in a
similar total body comfort. Differences in comfort between table heights
may occur when the task lasts longer. In our study, at one occasion, i.e.
in late pregnancy when leaning, PH table height was more comfortable
than both guideline table heights. Pregnant women may be more sensi-
tive to suboptimal design, which remains more or less unnoticed to the
average user, as is suggested for persons with back pain (Pheasant
1986). More likely is that the requirements of optimal design are essen-
tially different in case of pregnancy. This is illustrated by comments of
women in an advanced stage of pregnancy while working at both guide-
line heights. They said that the abdomen formed an obstacle, that there
were difficulties of fit, and that the task was hard to reach.
It is a point of discussion whether the increase of the degree of leaning

107



during pregnancy at PH table height, means an actual increase in lean-
ing weight against the table. It is also possible that the absolute degree
of leaning did not change, but that women increased their score at PH
table height to emphasize the increasing contrast with GL1 and GL2
table heights. The same interpretation may be valid for the trends in
comfort during pregnancy. Further, it is unknown whether the discom-
fort threshold, which is higher two weeks before delivery (Cogan and
Spinnato 1986), is increased during the whole period of pregnancy and
whether or not this affects the comfort score.
Generally, considering the posture per body segment, the preferred
table height and the preference for leaning or not leaning was not
affected by pregnancy. This despite the postural adaptation to pregnan-
cy (chapter 5). Considering various body parts, different preferences
emerged. Conversely, it can be said that a certain table height and lean-
ing or not leaning, is associated with a relatively favourable loading of
some joints and a relatively unfavourable loading of others. In our
study, conflicting effects of decreasing table heights were found, on the
head and the trunk (unfavourable: both more bend) and the arms
(favourable: less elevated). Similar results were found in sitting work
while typing (Lepoutre et al. 1986), and while working at a sewing
machine (Delleman and Dul 1990).
Since each body segment is a link in a kinematic chain, its posture not
only influences the load in the adjacent joint but also influences the
load in other joints of the chain. Therefore, conflicting changes in load
may occur within joints. For example, with decreasing table height the
less elevated arm posture decreases the load on the back, while the
increase in trunk flexion increases this load. In such a case, the net
effect for the low back may be determined by biomechanica) modelling.
Long-term effects of working at maladjusted working surface heights
have been reported. Low back pain in women working at an assembly
line in the confection industry had probably been caused by too low a
height of the conveyor belt (Kondo et al. 1985). Disorders in the region
of the neck and shoulders of kitchen workers were associated with the
raised position of the upper limbs caused by too high working surfaces
(Pekkarinen and Anttonen 1988).

Multicriteria analysis

Various approaches exist to integrate various criteria and measures to
judge suitability of e.g. working surface heights (Ward 1971; Yang and
Vu 1990), working heights while working with hand tools (Delleman
1991), and manual materials handling (Jung and Freivalds 1991).
However, for many guidelines it is unknown how the criteria on which
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they are based, are combined (Dul and Hildebrandt 1987).
The two criteria that were used in this study, subjective judgement and
load on the musculoskeletal system, are both considered to give essen-
tial and complementary information, as proposed by Delleman (1991).
While the measures comfort and degree of leaning each yield one pref-
erence, working posture gives conflicting preferences emerging from
the different body parts. Whether or not all the postural angles are
equally important had to be determined. The occupation (task) and the
specific population (individual) under study may increase the impor-
tance of those body parts that are relative heavily loaded, that have a
high incidence of disorders, or that are considered vulnerable. In preg-
nant women, the trunk posture is important, because of the increase in
low back load by changes in mass (distribution) (Snijders et al. 1984),
and the high prevalence and incidence of low back pain (Fast et al.
1987; Ostgaard et al. 1991). That the onset of back problems in the
third trimester of pregnancy is strongly associated with working with
the trunk bent forwards (Cherry 1987), also shows the importance of
the trunk posture in pregnant condition.
When we integrate the criteria and the measures, the recommendation
to lean during standing work appears suitable, during the whole period
of pregnancy as well as after delivery. Leaning was considered more
comfortable and was associated with a favourable posture of the upper
arm and the trunk. Further, theoretically, due to support leaning
reduces some load on the legs and (possibly) also on the trunk. In spite
of a less favourable position of the head and the forearm, leaning seems
to have more pros than cons.
In general, integrating the criteria and the measures, the preference for
a certain table height is based on the postural data since the comfort
and the degree of leaning did not differ between the table heights. The
GL2 table height (middle height) may be a good compromise since GL1
table height (highest height) was preferred based on the posture of the
head, the trunk and the calf, while PH table height (lowest height) was
preferred based on the posture of the upper arm and the forearm. But,
when specific musculoskeletal disorders prevail in a population or
occupation, the table height that optimises the posture of the concern-
ing body part may be chosen. However, there is an exception in late
pregnancy, only when leaning. Then, PH table height has to be pre-
ferred since it is associated with more comfort, a higher degree of lean-
ing, and no adverse trunk posture, when compared to both guideline
heights. The shift in preference from the guideline table heights to PH
table height occurred gradually during pregnancy. This is shown by the
gradual onset of differences in the degree of leaning (Figure 2b) and
from the gradual decrease in the differences in the trunk angle during
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pregnancy. In late pregnancy, a combination of guidelines is necessary
to yield optimal advice i.e. PH table height when leaning, and GL1 or
GL2 table heights without leaning.
Inclusion of other or more table heights, and additional or alternative
criteria could have given other results. Further, the suitability question
is conditional i.e. valid for the kind of work and setting studied here.
Therefore generalisation of the results to work situations should be
made with caution. Further research on the suitability of guidelines for
table height and leaning is recommended, and should be done in nor-
mal work situations, using various criteria for suitability.

Recommendations

Leaning while standing might be stimulated when devices are offered
against which support can be taken that are stable, mechanically
strong, and comfortable in softness, form and temperature. These sup-
portive devices can be placed in front of the working surface, creating a
vibration free structure to lean against at e.g. machines or a conveyor
belt. When placement of a supportive device is not possible and when
support is taken against the table edge, the edge should be higher than
the surface so that when fluids are spilled while working it can not flow
against the body. To stimulate the use of the correct table heights, a
table adjustable in height is the minimal boundary condition. The sup-
portive device should be height adjustable too, so that advantages of
both adjustments might be combined. The necessary ranges of adjusta-
bility are determined by the population and the task. Besides an
adjustable workpiace layout, the adjustment criteria i.e. the guidelines
should be clear. Further, repeated and extensive instruction, close fol-
low-up and guidance for each user should be taken care off.
Ergonomists, (industrial) designers, physical and occupational thera-
pists, occupational physicians, employees themselves and employers
could play a role in the process.

Conclusions

Leaning was preferred to not leaning in pregnant and non-pregnant con-
ditions, since it was associated with more comfort, a better position of
the trunk and the upper arm and with reduction of load for, at least, the
legs.
In general, GL2 table height (middle height) may be a suitable compro-
mise between adverse effects of GL1 table height (highest height) for
the upper arm and the forearm, and adverse effects of PH table height
(lowest height) for the trunk, the head and the calf. But, when specific
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musculoskeletal disorders prevail in a population or occupation, the
table height that optimises the posture of the concerning body part may
be chosen. In late pregnancy, only when leaning, Pil table height (low-
est height) was preferred since then this height was associated with
more comfort, a higher degree of leaning and no adverse trunk posture.
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Abstract

Low back problems during pregnancy raised an interest in the load on
the low back. In this chapter the combined effect on low back load of
changes in (1) segment mass, (2) trunk centre of mass, and (3) work-
ing posture during pregnancy was estimated, and the relative contribu-
tions of these three changes to the change in load were assessed. The
situation studied concerned standing work at a table. Sixteen women
were studied monthly during pregnancy. Working posture was assessed
by two-dimensional photographic posture recording and description.
Body dimensions were measured to assess segment characteristics. A
two-dimensional static model was used to estimate the low back load at
10, 20, 30, and 40 weeks of pregnancy. Between 10 and 40 weeks of
pregnancy the load increased 52 Nm (s.d. 24 Nm), i.e. with a factor 2.8
(s.d. 1.2). On average half of this increase was due to postural changes,
i.e. upper arm elevation and trunk flexion. Changes in segment mass,
trunk centre of mass, and the interaction between the three changes
accounted for 12%,21%, and 16% of the load increase, respectively. To
minimize the increase in low back load during pregnancy, (a) adverse
postural changes during pregnancy should be prevented, and (b) the
working posture should be optimized such that the changes in body
weight (distribution) have minimal effect on the load.

Relevance

This chapter shows the importance to take into account the actual pos-
tural changes in pregnancy when estimating the effect of pregnancy on
the low back load. Epidemiological research should take into account
that the load, i.e. the exposition associated with standing, increases
during pregnancy. The considerable inter-individual differences in load
and load increase could be a clue to inter-individual differences in low
back pain.

114



Introduction

Low back pain frequently develops and aggravates during pregnancy
(Fast et al. 1987; Berg et al. 1988; Fast et al. 1990; Ostgaard and
Andersson 1991; Ostgaard et al. 1991; Lundby et al. 1991). Increase in
low back load by changes in body weight (distribution) and posture
may contribute to the problems, but this has as yet scarcely been stud-
ied: only two studies actually estimated the effect of pregnancy on the
load of the musculoskeletal system (Snijders et al. 1984; Ellis et al.
1985). The reactive moment at the hip joints increased by 16% white
stooping due to body weight gain during pregnancy (Snijders et al.
1984). Knee joint and muscle forces when rising from a chair increased
considerably, e.g. a 33% increase in the mean peak tibio-femoral forces,
due to the combined effect of body weight gain and postural changes in
pregnancy (Ellis et al. 1985).
The aim of this chapter is to estimate the combined effect on low back
load of changes in (1) segment mass, (2) trunk centre of mass, and
(3) working posture during pregnancy. Furthermore, the relative contri-
butions of these three changes to the load increase during pregnancy
were estimated. The (influence of pregnancy on) low back load is
strongly posture-specific and thus task-specific. This chapter concerns
standing work at a table, which is associated with some trunk flexion
and some arm elevation. Many pregnant women adopt a similar work-
ing posture in paid work as well as in domestic work. In a French study,
more than half of 875 pregnant employees worked often or always in
standing position (Saurel-Cubizolles et al. 1991b). Especially standing
work with the trunk bent forward was associated with the onset of low
back pain during pregnancy (Cherry 1987).
Existing methods are used to estimate the change in low back load dur-
ing pregnancy. This is a first attempt to assess the combined effect of
the three changes mentioned above on low back load. The relative con-
tributions of the changes to the load increase may yield more insight in
(a) the importante to account for these changes when estimating the
effect of pregnancy, and (b) the effectiveness of measures that mini-
mize the changes with regard to their effects on the load. Further, this
quantification enabies comparison with the effects on the load of other
factors and their associated risks.
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Materials and methods

Sixteen women (mean age 30.4 years, s.d. 2.9 years; mean stature
171.9 cm, s.d. 5.2 cm) were measured monthly during pregnancy
(chapter 5). The average observation period ranged from 14 to 37
weeks of pregnancy. At each measuring occasion, the women perform-
ed a standardised assembly task while standing at a table in the labora-
tory. The task was rather static, with moderate visual control. The wom-
en had to wind screw bolts onto a screw thread positioned in front of
them at 45 cm from the table edge and at 9 cm above the table surface.
The table height was 14 cm under elbow height, in accordance with two
common guidelines for this kind of work (Grandjean 1980; Schuffel
1989), resulting in an average height of 95.3 cm (s.d. 4.1 cm). The
women were instructed to adopt a symmetrical posture by aligning the
feet, dividing the body weight equally over both feet, and by winding the
screw bolts simultaneously with two hands. In addition, they were asked
to look at their hands. Besides the hands and the feet no other body
parts contacted the environment.

Estimation of low back load

The low back load was estimated for each woman individually at 10, 20,
30, and 40 weeks of pregnancy. A two-dimensional static model for
symmetric postures in the sagittal plane was used (see Appendix). With
this model the reactive moments at the hip joints were estimated as a
measure for low back load. Input data of the model were mass, centre
of mass, link length, and position of body segments. The input data
were estimated for 10, 20, 30, and 40 weeks of pregnancy.

Mass of segments

The women were weighed with a calibrated bascule at each measuring
occasion. For each woman, the total body mass was assessed as func-
tion of pregnancy duration by linear regression. The gain in total body
mass is located in various components (Hytten 1991). (a) Some com-
ponents only affect the mass of the trunk i.e. fetus, placenta, amniotic
fluid, uterus, and breasts. This trunk-specific mass increase is difficult
to assess for an individual woman. Therefore, it was assumed to be: 0.2,
1.34, 3.68, and 6.27 kg for 10, 20, 30, and 40 weeks of pregnancy,
respectively (Hytten 1991). (b) Further, other components affect the
mass of all body segments i.e. blood volume, fat, extravascular and
extracelluar water. This a-specific mass increase was estimated by sub-
tracting the trunk-specific mass increase from the increase in total body
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mass. The a-specific mass increase was divided among all segments,
proportional to their mass. The segment masses at 10, 20, 30, and 40
weeks of pregnancy were estimated for each woman individually. The
following steps were used. (1) First, at the first measuring occasion the
proportions of the volumes of the hand, forearm, upper arm, head,
neck, trunk, thigh, calf, and foot, were estimated. Volume proportions
were assumed to represent mass proportions. The segment volumes
were estimated with regression equations (Young et al. 1983) based on
body dimensions that were measured in duplicate. (2) Second, the seg-
ment masses at the start of pregancy, i.e. 0 weeks of pregnancy, were
estimated. To this end, total body mass at 0 weeks of pregnancy was
estimated using the linear regression equation of total body mass with
the duration of pregnancy. This total body mass was divided among the
segments in the proportions assessed above. (3) Third, segment mass-
es at 10, 20, 30, and 40 weeks of pregnancy were estimated. The a-spe-
cific mass increase was added to all segments, proportional to their
mass. Hereafter, the trunk-specific mass increase was added to the
trunk.

Link length and centre of mass of segments

Link length and centre of mass were estimated as a proportion of bone
length (Dempster 1955; Chaffin and Andersson 1984), which were
measured in duplicate at the first measuring occasion. The eentres of
mass of the forearm and upper arm were assumed to be located on
these links. The forward shift of the centre of mass of the trunk was
assumed to be on average 1.2 mm per week of pregnancy, in upright
position (Hummel 1987).

Working posture

The working posture was assessed by two-dimensional photographic
posture recording and description, recording the women in profile
(chapter 3). For each woman, the postural angles of the forearm, the
upper arm and the trunk with the vertical axis were measured, and
described as function of pregnancy duration by linear regression.

Overall load increase and relative contributions to the load increase

The overall load increase between 10 and 40 weeks of pregnancy by the
combined effect of changes in (1) segment mass, (2) trunk centre of
mass, and (3) working posture, was estimated. Hereafter, the relative
contributions of these three changes to this overall load increase were
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estimated. To this end, load increase by a single change (1, 2 or 3) was
estimated, assuming for the other two variables the value belonging to
a pregnancy duration of 10 weeks. Theoretically, interaction exists
between the effects of the three above changes on the load, for example
the load increase due to mass increase is larger at an increasing trunk
flexion. The interaction was assessed by subtracting the load inerease
by the single changes from the overall load increase.

Results

The average increase in total body mass was 0.38 kg (s.d. 0.18 kg) per
week of pregnancy. The collective mass of the trunk, the neck and the
head increased on average 8.8 kg (s.d. 2.8 kg) between 10 and 40
weeks of pregnancy, while the mass of the arm hardly changed (Table 1).
Between 10 and 40 weeks of pregnancy trunk flexion increased on aver-
age 10.7 degrees (s.d. 6.0 degrees), as did upper arm elevation (5.3
degrees, s.d. 6.2 degrees) (Table 1). The position of the forearm had a

Table 1. Mean (and standard deviation) (n = 16) of masses (kg), postural angles
(degrees) and reactive moment M at the hip joints (Nm), at 10, 20, 30,
and 40 weeks of pregnancy.

Pregnancy duration
( weeks) 10 20 30 40

Mass forearm and 1.0 1.0 1.0 1.1
hand (kg) (0.2) (0.2) (0.2) (0.2)

Mass upper arm 1.6 1.7 1.7 1.7
(kg) (0.2) (0.2) (0.2) (0.2)

Mass trunk, head 34.3 36.8 39.9 43.1
and neck (kg) (4.1) (4.0) (4.2) (4.6)

Forearm angle (a f) 71.4 70.7 70.1 69.5
(degrees) (5.3) (4.7) (4.6) (5.2)

Upper arm angle (a u) 32.3 34.0 35.8 37.5
(degrees) (6.1) (4.9) (4.4) (4.9)

Trunk angle (a t) 8.3 11.8 15.4 19.0
(degrees) (5.9) (5.5) (5.9) (6.9)

M hip joints 34.3 49.7 67.2 86.3
(Nm) (14.0) (15.7) (20.4) (27.1)
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tendency to a more vertical position during pregnancy but this was not
statistically significant. The longitudinal changes in working posture
during pregnancy and after delivery have extensively been described
elsewhere (chapter 5).
The reactive moments at the hip joints increased on average 52.1 Nm
(s.d. 23.9 Nm), i.e. with a factor 2.8 (s.d. 1.2), between 10 and 40
weeks of pregnancy. Further, the variance of the reactive moments
increased with pregnancy duration, indicating increasing inter-individu-
al differences with advancing pregnancy (Table 1).
Half of the average increase of load during pregnancy was due to postu-
ral changes (Table 2). Changes in mass and trunk centre of mass con-
tributed on average 12% and 21%, respectively. The interaction of the
changes accounted for 16% of the overall load increase.

Table 2. Mean (and standard deviation) (n=16) of the load increase between 10
and 40 weeks of pregnancy by the combined effect (= overall increase)
of changes in segment mass, trunk centre of mass, and working posture,
and the relative contributions of the above three changes and their
interaction to the overall load increase.

Load increase (Nm)
mean s.d. percentage

Overall 52.1 23.9 100
Contributions of changes in:
• segment mass 6.1 3.7 12
• trunk centre of mass 10.7 1.4 21
• working posture 26.7 16.8 51
• interaction 8.6 5.9 16

Discussion

Segment characteristics

The equations to estimate segment volume (Young et al. 1983) are spe-
cific for women in a non-pregnant condition. Our data on body dimen-
sions that were used for the estimations of segment volumes and the
estimated volumes, all concerning the first measuring occasion, were
compared to the data of Young et al. (1983). The women in our study
had a larger stature, longer arms and Jonger legs, but the estimated vol-
umes corresponded.
According to Hytten (1991), the variance of gain in total body mass du-
ring pregnancy is mainly due to differences in fat gain and extracellular
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water retention. Even in cases with an overall loss, an increase in trunk
mass occurs, shifting the trunk centre of mass forward. The assumed
shift (1.2 mm per week of pregnancy) was measured in the upright posi-
tion (Hummel 1987). Therefore, in our estimations of low back load, the
increase of the lever arm of the gravitational force of the trunk by the
shift of the trunk centre of mass was corrected for trunk flexion (see
Appendix).

Estimation of low back load

The net reactive moment at both hip joints was assumed to be a good
measure for low back load. These moments are comparable to those at
the joints of the lumbar spine, since these are anatomically close
(Chaffin and Andersson 1984). This is illustrated by the fact that a low
back biomechanical model estimates the load at the lumbosacral disc
(L5/S1) on the basis of the estimated moments at the hips (Chaffin and
Andersson 1984). This low back model estimates muscie forces and
disc compression force. These estimations are based on many assump-
tions e.g. on intra-abdominal pressure, on kinematic relationships
between pelvis, thigh and torso, and on distribution of forces over indi-
vidual muscles. Pregnancy may conflict with various of these assump-
tions. Since intra-abdominal pressure is created when the diaphragm
and abdominal wall muscles are tensed (Chaffin and Andersson 1984),
it may be affected by changes in strength characteristics and force line
of action of abdominal muscles due to pregnancy (Fast et al. 1990). In
addition, pelvic and spinal kinematics may change due to pregnancy.
Furthermore, when defining a free body diagram with the cutting plane
through the lower lumbar region, it will be difficult to assess the
changes in mass and centre of mass of the body parts above this plane
due to pregnancy. Thus, for various reasons the effects of pregnancy on
muscle forces and compressive force on lumbar discs were not quanti-
tatively assessed during pregnancy.
Since model simplifications and assumptions affect the load estimated
by simple models, biomechanics is recommended as a comparative
method and the absolute results should be used with caution (Tracy
1990; Delleman et al. 1992). We used the estimated loads comparative-
ly i.e. comparing the loads between various stages of pregnancy and
comparing the load increase by various single changes occurring dur-
ing pregnancy.
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Load increase during pregnancy

The load increased considerably in a relatively short time span. In oor-
mal live, the increased load will be imposed on the low back day after
day when performing similar tasks. Simultaneously, the load-bearing
capacity of the musculoskeletal system probably decreases during
pregnancy by an increase of joint laxity (Calguneri et al. 1982;
Maclennan 1991) and by possible reduction of (muscle) strength
(Moustafa 1986; Fast et al. 1990). Because of this reduced capacity,
caution should be taken to compare the estimated load with norms
such as joint moment strength data, since these may be too high in
pregnancy. The increase in load and reduction of capacity may
increase the muscle load (percentage of the maximum voluntary
strength). This may reduce the maximum holding time, increase dis-
comfort and fatigue (Sj6gaard 1986; Dul et al. 1991) and, as long-term
effect, increase the risk of musculoskeletal disorders. A decrease in
comfort was actually found during pregnancy while performing this task
(chapter 6).
Considerable inter-individual differences in load increase were found
due to differences in total body mass gain and postural changes during
pregnancy. Since in pregnancy, more gain in total body mass is associ-
ated with a larger increase of trunk flexion (chapter 5), some women
have a two-fold disadvantage. The inter-individual differences in load
increase would probably have been larger when the shift of the trunk
centre of mass would have been assessed per woman.
Although we estimated the load at the elbow and shoulder joints, these
data are not presented since the changes in load during pregnancy were
small because the changes in mass and position of the arm were small.
In addition to the table height at 14 cm under elbow height, the low
back load was studied when the women worked at tables which were on
average 7 cm higher and 7 cm lower. Although small differences in load
were found due to postural differences between the table heights (chap-
ter 6), these data are not presented since they gave no new insight in
the load increase during pregnancy and the relative contributions to
this load increase of the various changes occurring during pregnancy.
The effect of weight gain and shift of the trunk centre of mass on low
back load are influenced by the working posture and the postural adap-
tation to pregnancy. Since the working posture and the postural adap-
tation are task specific, the overall increase of low back load in preg-
nancy will differ in tasks and postures.
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Relative contributions to the load increase

The large contribution to the load increase of postural changes in preg-
nancy, emphasizes the importance to prevent these adverse postural
changes. Load increase by weight gain and shift of the trunk centre of
mass can only be prevented indirectly. The weight gain and the shift of
the centre of mass can hardly be reduced, but their effect on low back
load may be minimised by optimizing the working posture, especially
that of the trunk.
This study showed that for an estimation of the effect of pregnancy on
low back load, the actual changes in working posture during pregnancy
should be taken into account since these have a considerable effect on
the load and on the effects of changes in weight (distribution). Further
research on postural changes during pregnancy in various (work) situa-
tions is therefore recommended.

Conclusions

(1) Low back load at 40 weeks of pregnancy is on average 52 Nm (s.d.
24 Nm) larger (2.8 times) than the load at 10 weeks of pregnancy. This
is specific for the situation studied here i.e. a standing assembly task.
(2) Half of the load increase is due to postural changes. This shows the
i mportance of studying postural changes due to pregnancy in various
( work) situations and taking them into account when estimating the
effect of pregnancy on low back load.
(3) Measures to prevent an increase of low back load during pregnancy
should be directed at (a) prevention of adverse postural changes due to
pregnancy and (b) optimizing the working posture to minimize the
effect on the load of changes in body weight (distribution).
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Appendix chapter 7

A free body diagram was made of the upper body, with the cutting
plane through the hip joints (Figure 1)(Chaffin and Andersson 1984).
The parts of the upper body cause gravitational loading of the hip
joints. The gravitational forces (in N) are: (1) weight of the forearm and
the hand (Wfh), (2) weight of the upper arm (Wu), and (3) weight of the
trunk, the head and the neck (Wthn). The weight of a segment is the
segment mass times the gravitational acceleration. The force on the
hands while performing the task was assumed negligible, so all forces
are considered to act in parallel. The net reactive moments on the hip
joints (Mh) were estimated (in Nm) as:

Mh = 2Wfh (a + b + d) + 2Wu (c + d) + Wthn (e) + Wt (x)

a, c and e = sin (postural angle) * distance between joint and centre of
mass; b and d = sin (postural angle) * link length.
The term `Wt (x)' is not shown in Figure 1; Wt is the weight of the trunk,
x is the increase of the lever arm of Wt, caused by the forward shift of
the trunk centre of mass in pregnancy. Per week of pregnancy, x
increases with: cos (postural angle trunk) * 0.0012 meter.

at Upper arm

Trunk
' Wu

Wthn
b Forearm

af

Wfh

' a

Mh

Figure 1. Free body diagram of the upper body to estimate the reactive moments at the
hip joints (Mh). Shown are: weight forearm and hand (Wfh), weight upper arm (Wu),
weight trunk, head and neck (Wthn), postural angles of the forearm (af), the upper arm
(au), and the trunk (at), and the lever arms (a, b, c, d, and e).
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Conclusions, discussion and
recommendations

The effect of pregnancy on the load of the musculoskeletal system
while working in standing position was studied, with a focus on the
working posture which contributes to the load. We also studied the
influence of various aspects of workplace layout. The findings con-
tribute to the necessary knowledge for effectave prevention of muscu-
loskeletal complaints during pregnancy.

Changes in standing working posture due to pregnancy

Postural changes due to pregnancy occurred, while performing a stand-
ing assembly task. Comparison of the posture in late pregnancy with
that after delivery (chapter 4), as welt as the longitudinal follow-up
study of posture during pregnancy (chapter 5) showed similar postural
effects of pregnancy: a larger horizontal distance between the hips or
the ankle and the table at which the women worked, more plantar flex-
ion in the ankle, more backward positioning of the hips with respect to
the feet, more trunk flexion, more elevation of the upper arm, and more
extension of the arm resulting in a more vertical position of the forearm.
The reported postural changes occurred at least from 14 weeks of preg-
nancy and progressed mainly linear during pregnancy. Postural chang-
es are functional in that they compensate for changes in equilibrium
and fit between the worker and the workplace. On the other hand, the
postural adaptation is such that it will increase the load on the muscu-
loskeletal system.

Influence of varlous aspects of workplace layout on the postural
changes

Various aspects of the workplace layout influenced the occurrence and
magnitude of postural adaptation to pregnancy, illustrating some mech-
anisms of postural adaptation. In general, the postural changes were
larger when the table height was closer to the most protruding point of
the abdomen (chapters 4 and 5). This was ascribed to larger changes in
fit and more "threat" to the abdomen. With an increasing distance
between the task position on the working surface and the table edge,
the postural effects of pregnancy were larger for the trunk and the calf,
but smaller for the upper arm (chapter 4). And, when not leaning
against the table edge while working, the postural changes were larger
than when leaning. This may be due to larger disturbances of equilibri-
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um in the case of not leaning. Also changes in body dimensions influ-
enced the postural adaptation. More increase in abdominal depth
(changing the fit) and in weight gain (disturbing the equilibrium) were
associated with larger changes in horizontal distance between the hips
and the table, and trunk flexion (chapter 5).

Changes In load on the musculoskeletal system due to pregnancy

Pregnancy may change the load on the musculoskeletal system, e.g. by
elimination of heavy tasks, and by changes in activity pattern, work
technique, and exerted force on the environment. However, the
research on this topic is scarce and inconclusive (chapter 1). Load on
the low back while performing a standing assembly task increased dur-
ing pregnancy by changes in posture, segment mass, and forward shift
of the trunk centre of mass. The load at 40 weeks of pregnancy was on
average 2.8 times the load at 10 weeks. On average half of the load
increase was due to postural changes (chapter 7).

Suitability of common guidelines for workplace layout in preg-
nant condition

Difficulties of fit between the working surface and the enlarged
abdomen were expected to occur in the pregnant condition, at manual
standing work at working surface heights according to common guide-
lines (Grandjean 1980; Schuffel 1989)(chapter 2). Indeed, adverse pos-
tural changes due to pregnancy were found when performing a manual
task at working surface heights in accordance with these guidelines
(chapters 4 and 5). However, based on the adopted working posture
and subjective judgement on workplace layout, these guideline table
heights were preferred to other table heights during pregnancy
(chapter 6), late pregnancy excepted. In late pregnancy a table height
under the abdomen is favourable but only when leaning (chapters 2, 4
and 6). Thus, guideline table heights for manual work appear suitable
during pregnancy, late pregnancy excepted.
Working surface areas, such as `normai working area' (Das and Grady
1983) and 'area of convenient reach' (Pheasant 1987), assessed for a
non-pregnant woman or population are relatively large for pregnant
women and may result in difficulties of fit. This, and the finding that
some assumptions made to assess the working surface areas are not
valid in the pregnant condition, suggest that the areas are not suitable
for pregnant women (chapter 2).
Leaning with the anterior side of the body against the table edge was
more favourable compared to not leaning in the whole period of preg-
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nancy and after delivery, based on the posture, comfort and theoretical
load relieving effect of support (chapter 6). Therefore we conclude that
the recommendation to lean (Snijders 1984) appears suitable during
pregnancy.

Possible consequences of the findings

In general, knowledge of health risks of work for pregnant women and
the unborn child may have positive and negative consequences. This
holds also true for the known increase in load on the musculoskeletal
system white working in standing position. A positive consequence is
that the need for preventive measures is shown, and preventive meas-
ures can be demanded by women. Further, other kinds of research may
use the knowledge. Epidemiological research directed at e.g. the health
risks associated with various working postures and activities, such as
the onset of low-back pain during pregnancy (Cherry 1987), and
preterm birth and low birth weight (Rabkin et al. 1990) may benefit
from this. The finding that the load increases due to pregnancy means
an increase in the exposition associated with standing. This should be
taken into account by assessing the relative risk of health complaints of
various working postures at different stages of pregnancy, since the rel-
ative risk may change as pregnancy proceeds.
On the other hand, knowledge of health risks associated with certain
work may result in a forced exclusion of pregnant women from this kind
of work. For example, the "feta) protection policy" of a battery manufac-
turer consisted of barring all fertile women from jobs involving lead expo-
sure (Bertin et al. 1992). Although judged as sex discrimination, this illus-
trates how known health risks and protective legislation may decrease
the competitive position of women on the labour market (Kotch et al.
1984; Chavkin 1986; Mamelle et al. 1989; Bertin et al. 1992).

Measures to reduce the load on the musculoskeletal system

Measures to reduce the load on the musculoskeletal system in standing
work at a working surface are proposed, bearing in mind two principles.
Firstly, to keep a pregnant women, as far as possible, in her own work
situation, among others since pregnant women do not like to move to a
different work station (Mamelle et al. 1986). Secondly, when pregnant
women are working in the standing position, the characteristics of the
task make this position the most appropriate one.
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The measures are:

(1) adjustment of the workplace layout;
(2) reduction of working time;
(3) possibilities to work in a sitting or supported-standing position;
(4) changes in tasks.

Measures to reduce the load should already be considered from early
pregnancy onwards since postural changes occur at least from 14
weeks of pregnancy, as does weight gain, both increasing the load.
Since the load continues to increase during pregnancy, the importante
of taking measures also increases during pregnancy.

(1) Given the tasks and the primary standing position, adjustment of
the workplace layout may reduce the load associated with working at
this workplace. Some suitable guidelines for adjustment in the condi-
tion of pregnancy are described above. The design of the workplace
should be such that it is possible to follow these guidelines. In stead of
re-designing the workplace for pregnant women, the general design
should enable adjustment to their needs. Especially with many female
employees, organisations are continuously faced with the needs of
pregnant women and should seriously consider to incorporate these
needs in the general design. The following recommendations for the
design of the workplace are made and should be taken into account by
designers and purchasers of furniture:

• the height of the working surface should be adjustable. The lower lim-
it of adjustability should be at least under the pregnant abdomen, so in
late pregnancy the table may be set at this height;

• the position of objects, appliances and tools on the working surface
should be movable. When this is not possible, they should be positioned
well within the boundaries of working surface areas based on non-preg-
nant anthropometric data;

• a height-adjustable device to lean against should be placed in front of
the working surface. When this is not possible, the edge of the working
surface should be made suitable for leaning;

• there should be ample room behind the woman so that postural adapta-
tion to pregnancy, such as backward positioning of the hips, is possible.
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An additional advantage of incorporating the needs of pregnant women
in the general design is that others may also benefit from the design.
Although by adjustment of the workplace layout, the increase in load
due to pregnancy may be reduced, it is hardly to avoid when the stand-
ing position remains the primary position. Therefore, additional meas-
ures are proposed.

(2) Given the tasks and the primary standing position, reduction of
working hours may prevent possible adverse effects of an increase in
load at standing work during pregnancy. This measure is regularly rec-
ommended and obtained in pregnancy (Saurel-Cubizolles and Kaminski
1987; Mamelle et al. 1989). In The Netherlands, occupational health
and safety regulations from the labour inspectorate prescribes that after
20-24 weeks of pregnancy workers cannot be obliged to stand more
than four hours a day (Ministry SolaWe 1991b). It must be pointed out,
however, that the effectiveness of reduction in working time, e.g. to pre-
vent health complaints or sick leave, has not yet been studied amongst
pregnant workers.

(3) Given the tasks, possibilities to work in a sitting or supported-stand-
ing position (standing chair) should be provided. At first sight, this
seems favourable because the seat, backrest, armrests, working sur-
face and floor support body parts, relieving some load on the musculo-
skeletal system (Dul and Weerdmeester 1991). However, standing is
the appopriate primary position for mobile work, work with a large
demand for strength or reach, and in places with poor legroom
(Voskamp 1991). These work characteristics remain the same when
changing the primary position. Mobile work forces workers to raise fre-
quently from the sitting position, which is physically loading. Pregnancy
considerably adds to the load associated with raising from a chair (Ellis
et al. 1985). Application of force is difficult while sitting, but may be
done in the supported-standing position when the forces are not too
large (Dul and Weerdmeester 1991). For creation of a sitting workplace
or a combined sitting-standing workplace considerable legroom is need-
ed (Voskamp 1991), although supported-standing may be feasible in
places with poor legroom (Bendix 1985). Thus, although changing
standing into sitting or supported-standing seems an obvious solution,
some work characteristics do not allow or question the benefit of chang-
ing the primary position.

(4) When the previous measures do not sufficiently relieve the load, the
tasks may be changed e.g. replace standing work by sitting work. Then,
in addition . to the primary position also other work characteristics will
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change. Epidemiological research gives some indications that sitting
work is associated with less risks for the health of pregnant women than.
standing work (Cherry 1987; Saurel-Cubizolles and Kaminski 1987).

Propositions for further study

Studies on the effects of pregnancy on the musculoskeletal system of
the woman are hardly known. Many, rather fundamental questions
remain to be answered, such as: (1) what are the effects of pregnancy
on the load on the musculoskeletal system associated with various
working postures and activities? (2) what are the effects of pregnancy
on the load-bearing capacity of the musculoskeletal system? Further,
(3) the effectiveness of various measures to reduce the load should be
studied.

(1) To be able to give well-founded advice with regard to changing the
primary working posture or activities at work, the load associated with
various postures and activities during pregnancy should be known. We
studied a symmetrical standing working posture while performing a
standardised task. The effects of pregnancy on asymmetrical postures
and movements while performing various activities should be studied in
the laboratory, using advanced systems (Atha 1984; Pearcy et al.
1987). Further, studies in the normal work situation are important since
the effects of pregnancy may differ from those assessed in the laborato-
ry. Changes in daily load due to pregnancy can be assessed by shrink-
age (Eklund and Corlett 1984) and by measuring the position and
movements of the spine (Snijders et al. 1987). Measurement methods
used in the normal work situation are usually less accurate. Therefore,
pilot studies to assess if the study can yield result are recommended.
These pilot studies may profit from the data presented in this thesis on
postural effects of pregnancy that can be expected.

(2) Knowledge on the load-bearing capacity of the musculoskeletal sys-
tem during pregnancy may yield insight in its contribution to the
increased risk of musculoskeletal complaints. Reservations on the
examination of features of the musculoskeletal system in pregnant
women have been found, because of the fear to harm the woman and
the unborn child. With regard to (muscie) strength, which is considered
an active aspect of the load-bearing capacity, strength testing usually
concerned the upper extremities (Moustafa 1986; Masten and Smith
1988). In the Jatter study the authors explicitly stated that, in pregnant
women, testing of the static strength of the trunk was viewed a risk for
back injury, as was testing of the lower extremity for loss of balance.
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The only study on the abdominal muscies used various kinds of sit-ups
(Fast et al. 1990), which is a rather inaccurate method. With regard to
the effects of pregnancy on connective tissue, which is considered a
passive aspect of the load-bearing capacity, peripheral joint range of
motion has been studied (Calguneri et al. 1982). Pelvic girdle relaxation
was thought to illustrate the influence of pregnancy on joints, ligaments
and capsule (Hagen 1974). The data of these studies may be consid-
ered rather non-specific. We suggested a reduction of load-bearing
capacity due to pregnancy, based on literature (chapter 1). On the
other hand, changes in load during pregnancy may also have a training
effect on the load-bearing capacity. Prospective follow-up study during
pregnancy to assess various aspects of the load-bearing capacity using
more specific methods is recommended.

(3) Although various measures to reduce the workload during pregnan-
cy are proposed in literature, such as reduction of working hours and
change of work station (see chapter 1), their effectiveness with regard
to the health of the pregnant woman and the unborn child is, as yet, not
known (Saurel-Cubizolles and Kaminski 1987; Mamelle et al. 1989).
The effectiveness of such measures should be studied in a prospective
study, with random allocation of a measure or not. The effects on wom-
en of their obtaining a measure may be assessed with regard to the fol-
lowing parameters: welf-being, comfort, output, efficiency, health com-
plaints, medical consumption, sick leave, costs or savings of money,
and with regard to the unborn child, preterm delivery and Iow birth
weight. The effectiveness of the four measures mentioned above to
reduce the load on the musculoskeletal system should be assessed with
regard to prevention of musculoskeletal complaints.

It is clear that much remains to be done.
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Summary

Pregnancy and the standing working posture. An ergonomic
approach.

Nearly 200,000 women have a completed pregnancy each year in The
Netherlands. Daily, they perform various physically loading activities at
work, in the household and free time. This thesis is on the effect of preg-
nancy on the load of the musculoskeletal system at static manual work
while standing, which occurs frequently. The thesis focuses on the
changes in the standing working posture due to pregnancy, the mecha-
nisms behind it, and the effect of the postural changes on the load of
the musculoskeletal system. Further, various aspects of workplace lay-
out were considered to assess their influence on the postural adaptation
to pregnancy, as well as to select the most suitable aspects for the con-
dition of pregnancy. The findings contribute to the necessary knowl-
edge for effectave prevention of musculoskeletal complaints during
pregnancy.

In chapter 1 the combined effect of work and pregnancy on the load of
the musculoskeletal system is described, by a review of the literature.
The findings from literature were ordered by a model that describes how
work may contribute to musculoskeletal complaints. During pregnancy
various workers' characteristics change, such as body dimensions and
force. This may lead to e.g. elimination of heavy tasks, and changes in
activity pattern, work technique and working posture, which may
change the load. Changes in load and the probable decrease of the load-
bearing capacity of the musculoskeletal system due to pregnancy may
explain the increase in musculoskeletal complaints in this period. How-
ever, the literature on this topic is scarce and inconclusive. More insight
is necessary, specifically to improve the effectiveness of prevention.

The load of the musculoskeletal system at standing manual work may
be reduced by optimising the fit between the worker and the workplace
layout. Two relevant layout aspects, i.e. working surface height and the
dimensions of working surface areas, are evaluated in chapter 2 for the
condition of pregnancy. The effects of changes in body dimensions due
to pregnancy for the fit with the workplace layout were assessed. The
women's appreciation of the workplace layout was also determined. To
this end, 27 women were studied in pregnant and non-pregnant condi-
tions. Fit problems are to be expected in pregnancy since common
guideline working surface height is just (2 to 7 cm) under the most pro-
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truding abdominal point. Also, working surface areas which are based
on non-pregnant abdominal depth are relatively large in pregnant con-
dition and may result in difficulties of fit. Further, it became clear that
women in late pregnancy preferred a considerably lower table height
than the common guideline heights, when performing a specific manual
task. Besides, the task position, and thus the position of the hands, on
the working surface at which effort started became closer to the table
edge due to pregnancy. Common guideline working surface heights and
working surface areas for standing manual work seem not suitable for
pregnant women. Working at such workplaces may cause difficulties of
fit that may lead to postural changes.

To assess the postural effects of pregnancy, an inexpensive and simple
method was chosen to assess the standing working posture, i.e. two-
dimensional (2-d) photographic posture recording and description. This
method is described in chapter 3, where also general guidelines for
reduction of perspective error when using the method are presented.
The validity of the method was specifically assessed for the purpose of,
and the situation present in our studies. This situation slightly conflict-
ed with some guidelines, i.e. recording of the whole body, with a rela-
tively smalt distance between camera and subject. Posture recording
and description with photography (2-d) was compared with that by a
three-dimensional opto-electronic system (Vicon). This comparison
showed that the perspective error when using 2-d photographic posture
recording and description was acceptable for the recording and descrip-
tion of the static standing working posture, which is studied in this thesis.

Postural effects of pregnancy were expected. However, the nature and
magnitude of the postural changes were not known beforehand.
Therefore, standardisation and accurate measurement were necessary.
In the studies described below the measurements were performed in a
laboratory, and the women performed a standardised assembly task,
while standing at a table.
First, the standing working posture was compared between late preg-
nancy and after delivery in 27 women (chapter 4). Working surface
height and task position from the table edge were varied. The postural
effects of the time interval between the two measuring occasions were
assessed by measuring ten non-pregnant women (controls) simultane-
ous with the pregnant women. Compared to the non-pregnant condi-
tion, the pregnant women stood farther away from the table, with more
plantar flexion in the ankle, the hips in a more backwards position with
respect to the feet, the trunk more flexed, the upper arms more elevat-
ed, and the arms more extended, leading to a more vertical position of
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the forearms. These postural differences were attributed to pregnancy
because there were no postural effects of the time interval in the control
group. The postural adaptation was considered functional in that it
compensated for changes in fit between the changed body dimensions
and the workplace layout, and for disturbances in equilibrium by
changes in body weight(distribution). On the other hand, the postural
effects of pregnancy are such that they probably increase the load on
the musculoskeletal system. The working surface height and the task
position from the table edge influenced the postural effects of pregnan-
cy. Further, the relatively low table height that was selected by the
women in late pregnancy (see chapter 2) was associated with the most
favourable trunk posture at that time, and seems suitable in late preg-
nancy. Also, in both pregnant and non-pregnant conditions, task posi-
tions closer to the table edge seem suitable, since they are associated
with relatively favourable working postures.

After it was shown that pregnancy influences the standing working pos-
ture, a longitudinal study was performed in a group of 16 women during
pregnancy and after delivery (chapters 5, 6 and 7). The women
worked at three table heights: two in accordance with common guide-
lines (the highest and middle heights), and one set at pubic height (the
lowest height). They also worked white following the recommendation
to lean against the table edge, and when not leaning. In addition to the
working posture, the comfort and the degree of leaning were assessed,
and body dimensions were measured. Measurements were made month-
ly during pregnancy, resulting in an average observation period from 14
to 37 weeks of pregnancy. The women were measured again on average
10 and 17 weeks after delivery.

In chapter 5, the onset and course of postural adaptation during preg-
nancy and after delivery are described. Postural changes occurred at
least from 14 weeks of pregnancy and continued during pregnancy in a
predominantly linear way. The nature of postural adaptation was com-
parable to that found by comparing postures in late pregnancy to those
after delivery (see chapter 4). Some minor postural changes persevered
after delivery. Considering the time course of the changes, measures to
prevent adverse postural changes or their consequences should be con-
sidered from early pregnancy onwards. Postural adaptation was related
to changes in body dimensions. The onset of changes in body weight
and abdominal depth coincided with the onset of postural adaptation.
Further, women with relatively large increases in weight and abdominal
depth had relatively large changes in some postural variables. Postural
adaptation was also influenced by various aspects of workplace layout.
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Postural changes were larger when the table height was closer to the
most protruding point of the enlarged abdomen, possibly due to more
difficulties of fit. In addition, some postural variables changed more
when not leaning compared to leaning. It is possible that when not lean-
ing the equilibrium is more easily disturbed and the postural adaptation
necessary to restore equilibrium is larger.

In chapter 6, the suitability of the recommendation to lean and of the
three table heights was assessed during pregnancy and after delivery.
To this end, the effects of leaning and table height on comfort, degree
of leaning and working posture were assessed. The suitability was
assessed by mutual comparison of leaning and not leaning, as well as
of the three table heights. A multicriteria analysis was used. During
pregnancy and after delivery, leaning was associated with more comfort
and a more favourable posture of the trunk and the upper arm, from a
biomechanical point of view. Also, theoretically, the support against the
table edge reduced the load on (at least) the legs. Thus, the recommen-
dation to lean seems suitable, in pregnancy as well as after delivery. At
the highest table height, the posture of the head, the trunk and the calf
were relatively favourable, while at the lowest table height those of the
upper arm and forearm were relatively favourable. Thus, the middle
table height may be a good compromise. In general, there are no indica-
tions that common guidelines for table height are not suitable during
pregnancy (these were the highest and middle heights). However, an
exception should be made for late pregnancy. Then the lowest table
height seems most suitable when leaning, since it was associated with
the most comfort, the highest degree of leaning, and no adverse trunk
posture. Leaning and the use of the most suitable table height may be
stimulated by offering a supportive device and a table continuously
adjustable in height. Organisational changes, instruction and guidance
may stimulate the use of workplace adjustability.

In chapter 7, the effect of pregnancy on the low back load was estima-
ted using a two-dimensional static biomechanical model. Body segment
characteristics were estimated based on body dimensions. The changes
in segment mass, trunk centre of mass, and working posture, all con-
tribute to the increase of low back load. The combined and individual
contributions of these changes to the load increase were assessed.
Between 10 and 40 weeks of pregnancy the low back load increased
with 52 Nm (s.d. 24 Nm), which is a factor 2.8 (s.d. 1.2). On average
half of this increase was due to postural changes. Changes in segment
mass, trunk centre of mass, and interaction between the three changes
accounted for 12%, 21% and 16% of the load increase, respectively. To
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minimise the increase of low back load due to pregnancy, biomechani-
cally unfavourable changes in posture due to pregnancy should be pre-
vented. Further, the working posture should be optimised to minimise
the effect of changes in weight (distribution) on the low back load.
Actual changes in posture due to pregnancy should be taken into
account when estimating the effect of pregnancy on the low back load.
At the end of this thesis, propositions are given for further study and for
measures to reduce the load on the musculoskeletal system during
pregnancy, including recommendations for workplace layout.
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Samenvatting

Zwangerschap en de staande werkhouding. Een ergonomische
benadering.

In 1991 werden er in Nederland bijna 200,000 kinderen geboren, en dus
had een evenredig aantal vrouwen een voltooide zwangerschap.
Dagelijks zijn zij lichamelijk actief op hun werk, in het huishouden en in
de vrije tijd. Dit proefschrift gaat over het effect van zwangerschap op
de belasting van het bewegingsapparaat tijdens statisch handmatig
werk in een staande houding, dat frequent voorkomt. Het proefschrift
richt zich op de veranderingen in de staande werkhouding door
zwangerschap, de hierachter liggende mechanismen, en de invloed van
de houdingsveranderingen op de belasting van het bewegingsapparaat.
Ook werden diverse aspecten van de werkplekinrichting bestudeerd om
de invloed op de houdingsaanpassing tijdens de zwangerschap te
bepalen, alsook om aanwijzingen te verkrijgen voor de meest geschikte
werkplekinrichting in het geval van zwangerschap. De bevindingen dra-
gen ondermeer bij aan de benodigde kennis voor preventie van aan-
doeningen van het bewegingsapparaat in de zwangerschap.

In hoofdstuk 1 wordt de invloed beschreven van de combinatie van
werk en zwangerschap op de belasting van het bewegingsapparaat, aan
de hand van een literatuuroverzicht. De bevindingen uit de literatuur
werden gestructureerd met een werkbelastingsmodel dat beschrijft hoe
werk kan bijdragen aan het ontstaan of verergeren van aandoeningen
van het bewegingsapparaat. Tijdens de zwangerschap veranderen
diverse eigenschappen van werkneemsters zoals lichaamsafmetingen
en -kracht. Dit kan leiden tot bijvoorbeeld ontheffing van fysiek zware
taken, en veranderingen in activiteitenpatroon, werktechniek en
werkhouding. Deze kunnen op hun beurt de werkbelasting veranderen.
Dit en de waarschijnlijke afname van de belastbaarheid van het bewe-
gingsapparaat door de zwangerschap kunnen de toename van aan-
doeningen van het bewegingsapparaat in deze periode verklaren. De
li-teratuur op dit gebied is echter schaars en geeft geen eenduidig beeld.
Meer kennis is nodig, ondermeer om de effectiviteit van preventie te
kunnen verbeteren.

De belasting van het bewegingsapparaat bij staand handmatig werk kan
worden verminderd door de ruimtelijke afstemming tussen de werkplek
en de gebruikster te optimaliseren. Twee belangrijke aspecten van de
werkplekinrichting, namelijk de hoogte van het werkvlak en de afme-
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tingen van de werkzone op het werkvlak, worden in hoofdstuk 2 geëva-
lueerd voor zwangere vrouwen. De gevolgen van veranderingen in
lichaamsafmetingen door de zwangerschap voor de ruimtelijke afstem-
ming werden bepaald. Tevens werd het oordeel van de vrouwen zelf over
de werkplekinrichting gevraagd. Hiertoe werden 27 vrouwen onderzocht
terwijl zij hoogzwanger waren en na de bevalling. Het is te verwachten
dat tijdens de zwangerschap problemen ontstaan in de ruimtelijke
afstemming want het werkvlak, ingesteld volgens de algemene richt-
lijnen voor werkvlakhoogte uit de literatuur, lag net onder (2 tot 7 cm)
het meest vooruitstekende punt van de buik. Tevens waren de werk-
zones op het werkvlak, die zijn gebaseerd op de buikdiepte van niet-
zwangere vrouwen, relatief groot in het geval van zwangerschap. Verder
bleek dat hoogzwangere vrouwen een werkvlakhoogte prefereerden die
aanzienlijk lager was dan de hoogten ingesteld volgens algemene richt-
lijnen, tijdens het uitvoeren van een specifieke handmatige taak. In
vergelijking met na de bevalling kregen hoogzwangere vrouwen al pro-
blemen met het uitvoeren van deze taak bij een taakpositie, en dus posi-
tie van de handen, die dichter bij de tafelrand lag. Algemene richtlijnen
uit de literatuur voor werkvlakhoogte en werkzones lijken niet geschikt
voor zwangere vrouwen. Werken op werkplekken die zijn ingericht vol-
gens deze richtlijnen kan ruimtelijke afstemmingsproblemen veroorza-
ken die kunnen leiden tot houdingsveranderingen.

Om de invloed van zwangerschap op de houding te kunnen bepalen
werd een eenvoudige en voordelige methode gekozen, namelijk twee-
dimensionale (2-d) fotografische houdingsregistratie en -beschrijving.
Deze methode is beschreven in hoofdstuk 3, waar ondermeer richt-
lijnen worden gegeven ter vermindering van de perspectivische fout bij
het gebruik van de methode. De validiteit van deze meetmethode werd
specifiek bepaald voor het doel en de situatie van onze studies. Het ge-
hele lichaam werd geregistreerd bij een relatief kleine afstand tussen de
fotocamera en de persoon, wat enigszins strijdig is met enkele richtlijnen
ter vermindering van de perspectivische fout. Ter validering werden de
meetgegevens van de 2-d methode vergeleken met die van een drie-
dimensionaal opto-elektronisch systeem (Vicon). Glit deze vergelijking
bleek dat de perspectivische fout bij het gebruik van 2-d fotografie aan-
vaardbaar was voor het registreren en beschrijven van de statische
staande werkhouding die in dit proefschrift verder is onderzocht.

Houdingsveranderingen door zwangerschap werden verwacht, echter de
aard en grootte waren vooraf niet bekend. Daarom waren standaardisa-
tie en nauwkeurige meting noodzakelijk. In de hieronder beschreven
studies werden de metingen daarom uitgevoerd in een laboratorium en
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verrichtten de vrouwen een gestandaardiseerde montagetaak, terwijl zij
aan een tafel stonden.
De staande werkhouding van 27 hoogzwangere vrouwen werd
vergeleken met de houding van deze vrouwen na de bevalling (hoofd-
stuk 4). De vrouwen werkten zowel bij een werkvlakhoogte volgens een
algemene richtlijn, als bij een tafelhoogte ter hoogte van het meest
vooruitstekende punt van de buik, en bij een zelfgekozen hoogte. Tevens
werd de taakpositie vanaf de tafelrand gevarieerd. De invloed van het
tijdsverloop tussen de twee metingen op de houding werd bepaald door
het meten van 10 niet-zwangere vrouwen (controles), tegelijkertijd met
de zwangere vrouwen. Vergeleken met de houding na de bevalling ston-
den de hoogzwangere vrouwen verder weg van de tafel, met meer plan-
tair flexie in de enkel (meer achterwaarts leunen vanuit de enkel), de
heupen in een meer achterwaartse positie ten opzichte van de voeten, de
romp meer gebogen, de bovenarmen sterker geheven, en de armen
meer gestrekt resulterend in een meer verticale positie van de onder-
armen. Deze houdingsverschillen werden toegeschreven aan de zwan-
gerschap omdat het tijdsverloop tussen de twee metingen bij de contro-
les geen invloed had op de houding. De houdingsaanpassing aan de
zwangerschap is functioneel, aangezien het compenseert voor veran-
deringen in de ruimtelijke afstemming tussen de werkplek en de veran-
derde lichaamsafmetingen, en voor verstoringen van het evenwicht door
veranderingen in de verdeling van het lichaamsgewicht. Aan de andere
kant is het waarschijnlijk dat de houdingsaanpassing de belasting van
het bewegingsapparaat verhoogt. De werkvlakhoogte en de taakpositie
vanaf de tafelrand beïnvloedden de houdingsaanpassing aan de zwan-
gerschap. Verder lijkt de relatief lage tafelhoogte die door de
hoogzwangere vrouwen zelf was gekozen (zie hoofdstuk 2) de meest
geschikte hoogte in een vergevorderd stadium van de zwangerschap,
ondermeer vanwege de relatief gunstige romphouding die daarbij wordt
aangenomen. Tevens lijken taakposities dichterbij de tafelrand gun-
stiger in zowel de zwangere als de niet-zwangere toestand, vanwege de
relatief gunstige werkhoudingen bij deze posities.

Nadat was aangetoond dat zwangerschap de staande werkhouding beïn-
vloedde werd een longitudinaal onderzoek uitgevoerd bij een groep van
16 vrouwen gedurende de zwangerschap en na de bevalling (hoofd-
stukken 5, 6 en 7). De vrouwen werkten bij drie tafelhoogten: twee vol-
gens algemene richtlijnen (de hoogste en de middelste hoogte), en één
op de hoogte van het schaambeen (de laagste hoogte). Tevens werkten
zij terwijl ze een aanbeveling om te leunen tegen de tafelrand opvolgden,
en terwijl ze niet leunden. Naast de werkhouding werden het comfort en
de mate van steun tegen de tafelrand tijdens het leunen bepaald, en
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werden diverse lichaamsmaten gemeten. De metingen werden tijdens
de zwangerschap maandelijks verricht, hetgeen resulteerde in een
gemiddelde observatieperiode van 14 tot 37 weken van de zwanger-
schap. De vrouwen werden 10 en 17 weken na de bevalling nogmaals
gemeten.

In hoofdstuk 5 is het verloop van de houdingsaanpassing gedurende
de zwangerschap en na de bevalling beschreven. Vanaf 14 weken van
de zwangerschap werden veranderingen in houding gevonden. Deze
veranderingen zetten zich voort gedurende de zwangerschap, voor-
namelijk lineair met de zwangerschapsduur. De aard van de houdings-
aanpassing was goed vergelijkbaar met het houdingseffect van zwan-
gerschap zoals beschreven in hoofdstuk 4. Na de bevalling bleven
enkele kleine houdingsaanpassingen bestaan. Gezien het tijdsverloop
van de houdingsaanpassing dienen maatregelen ter preventie van
ongunstige houdingsveranderingen of hun gevolgen, te worden over-
wogen vanaf een vroeg stadium van de zwangerschap. De houdingsaan-
passing was gerelateerd aan de veranderingen in lichaamsafmetingen.
Het begin van de veranderingen in lichaamsgewicht en buikdiepte viel
samen met die van de houdingsaanpassing. Verder hadden vrouwen
met relatief grote toenamen in lichaamsgewicht en buikdiepte, relatief
grote veranderingen in enkele houdingsvariabelen. De houdingsaan-
passing werd tevens beïnvloed door diverse aspecten van de werkplek-
inrichting. De houdingsveranderingen waren groter naarmate de tafel-
hoogte dichterbij het meest vooruitstekende punt van de buik lag,
mogelijk door meer problemen in de ruimtelijke afstemming tussen het
lichaam en de werkplek. Daarnaast waren de veranderingen in enkele
houdingsvariabelen groter in het geval van niet leunen vergeleken met
leunen. Mogelijk wordt het evenwicht makkelijker verstoord als er niet
wordt geleund en is de noodzakelijke houdingsaanpassing gericht op
herstel van het evenwicht dan groter.

In hoofdstuk 6 is beoordeeld welke van drie tafelhoogten het meest
geschikt is tijdens de zwangerschap en na de bevalling, alsook of het al
dan niet opvolgen van de aanbeveling om te leunen geschikt is. Hiertoe
werden de effecten van leunen en tafelhoogte op het comfort, de mate
van steun, en de werkhouding bepaald. De geschiktheid werd bepaald
door onderlinge vergelijking van wel of niet leunen, en van de drie tafel-
hoogten. Hierbij werden de verschillende criteria geïntegreerd.
Gedurende de zwangerschap en na de bevalling ging leunen gepaard
met meer comfort en een - uit biomechanisch oogpunt gezien - betere
houding van de romp en de bovenarmen. Daarbij komt dat - theoretisch
gezien - de steun tegen de tafelrand de belasting vermindert op (in ieder
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geval) de benen. De aanbeveling om te leunen lijkt dus geschikt, zowel
in de zwangerschap als erna. Bij de hoogste tafel waren de houding van
het hoofd, de romp, en het onderbeen relatief gunstig, terwijl bij de
laagste tafel die van de bovenarm en de onderarm relatief gunstig
waren. De middelste hoogte van de tafel kan een goed compromis zijn.
In het algemeen zijn er geen aanwijzingen dat de algemene richtlijnen
voor tafelhoogte niet geschikt zouden zijn tijdens de zwangerschap (dit
waren de hoogste en middelste hoogte). Als uitzondering hierop lijkt in
een laat stadium van de zwangerschap de laagste hoogte het meest
geschikt omdat bij deze tafelhoogte het comfort en de steun het groot-
ste was, en de romphouding niet verschilde van die bij de andere tafel-
hoogten. Leunen en het gebruik van de meest geschikte tafelhoogte
kan gestimuleerd worden door het aanbieden van een faciliteit om
tegen te leunen en van een tafel die traploos in hoogte instelbaar is.
Daarnaast kunnen veranderingen in de werkorganisatie, instructie, en
begeleiding het gebruik van de instelbaarheid van de werkplek stimu-
leren.

In hoofdstuk 7 is de invloed van zwangerschap op de belasting van de
lage rug geschat met een twee-dimensionaal statisch biomechanisch
model. De segmentseigenschappen werden geschat op basis van
lichaamsafmetingen. De veranderingen in segmentsmassa, ligging van
het zwaartepunt van de romp, en werkhouding dragen alle drie bij aan
een toename van de belasting van de lage rug. De gezamenlijke en
enkelvoudige bijdragen van deze veranderingen aan de belastingstoe-
name werden bepaald. Tussen 10 en 40 weken van de zwangerschap
nam de lage rug belasting toe met 52 Nm (s.d. 24 Nm), dit is met een
factor 2.8 (s.d. 1.2). Gemiddeld de helft van deze toename kwam door
de houdingsveranderingen. Veranderingen in segmentsmassa, ligging
van het zwaartepunt van de romp, en de interactie tussen de drie veran-
deringen veroorzaakten respectievelijk 12%, 21% en 16% van de belas-
tingstoename. Om de toename van de lage rug belasting door zwanger-
schap te beperken dienen biomechanisch ongunstige houdingsveran-
deringen door de zwangerschap te worden voorkomen. Verder moet de
werkhouding geoptimaliseerd worden om zodoende de invloed van de
veranderingen in lichaamsgewicht(sverdeling) op de lage rug belasting
te minimaliseren. Bij het schatten van de invloed van zwangerschap op
de belasting van de lage rug is het zeer belangrijk om de feitelijke hou-
dingsveranderingen door zwangerschap in de schatting op te nemen.
Het proefschrift wordt afgesloten met voorstellen voor toekomstig
onderzoek en voor maatregelen ter vermindering van de belasting van
het bewegingsapparaat tijdens de zwangerschap, waaronder aanbeve-
lingen voor werkplekinrichting.
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tigste-versie van commentaar te voorzien waren voor mij van onschat-
bare waarde.
Beste Monique (dr. M.H.W. Frings-Dresen, copromotor). Je betrokken-
heid ging veel verder dan de inhoud van het onderzoek: je was mijn
praatpaal, achterwacht, en vriendin. Jouw limburgs optimisme was een
ijzersterk wapen tegen de tegenslagen die het AIO-schap heeft gekend.
Je voortdurende aandacht en inzet heb ik enorm gewaardeerd.
Beste prof. dr. Rients H. Rozendal (promotor). Vanuit de faculteit der
Bewegingswetenschappen bewaakte U de vakinhoudelijke kwaliteit van
het onderzoek en het proefschrift. Ik heb veel steun gehad aan de
nauwgezetheid alsook de snelheid waarmee U dit deed.
Beste dr. ir . Jan Dul (copromotor). In 1989 schiep je de mogelijkheid
om samen met het NIPG/TNO onze meetmethode te valideren. Deze
eerste stap is zeer belangrijk geweest voor het onderzoek. Je bleef daar-
na als lid van de begeleidingscommissie bij het onderzoek betrokken.
Bedankt voor je bijdrage.
Beste Herman Sallé. Je was mijn steun en toeverlaat op het gebied van
de dataverwerking. Verder werd je in de laatste fase van het onderzoek
een steeds belangrijker gesprekspartner. Bedankt voor alle hulp.
Beste Marjolein Douwes. Voor ons allebei was de validering van de
fotomethode één van de eerste echte `klussen'. Alle kinderziekten
hebben we gehad, echter niet zonder uiteindelijk succes. Ik vond onze
samenwerking zeer prettig.
Beste Ulrike Althuisius, Marjolein Brt ning, Margot Goossens, Karin
Kornelius en Carolien Stel. Jullie (kritische) vragen als stagiaires bin-
nen het onderzoek stimuleerden mij om er weer eens goed over na te
denken. Tevens is jullie bijdrage aan de uitvoering en uitwerking van de
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metingen essentieel geweest voor het slagen van het onderzoek. Nadat
jullie weg waren vond ik het bar ongezellig op K-064.
Beste Peter Lowie, John Nunumete en Martijn Overzier (fotodienst clus-
ter 2). Jullie motto 'alles kan' is een verademing binnen de universiteit.
Bedankt voor het ontwikkelen van vele kilo(?)meters fotomateriaal en
de gastvrijheid op de `inleeskamer'.
Beste Wendy van Noppen en Dini Kok-Noorman. Engels en engels is
twee. Heel erg bedankt voor de onvermoeibare inzet waarmee jullie het
proefschrift hebben gezuiverd van taalkundige missers.
Beste Ton Buchener (instrumentmakerij cluster 2). In de beginjaren van
het onderzoek maakte je vakkundig de meest uiteenlopende bouw-
werken, die alle metingen moeiteloos hebben doorstaan. Bedankt hier-
voor.

Beste Rob Kreuger. Jij en de andere medewerkers van de medisch
illustratieve dienst maakten van mijn schetsen professionele illustra-
ties. De vormgeving van dit boekje vertrouw ik jullie zeker toe.
Beste Jos Verbeek en Allard van der Beek. Jullie zaten te dicht bij het
vuur en moesten er daarom aan geloven. Bedankt voor het becommen-
tariëren van diverse hoofdstukken.
Beste Wilco Edens. Je kunt waarschijnlijk geen digitizer meer zien. Ik
was heel blij met je hulp bij het 'inlezen' van ontelbare coordinaten.
De volgende instellingen waren intermediair bij het leggen van contact
met de zwangere deelneemsters, waarvoor mijn hartelijke dank: de
Vakgroep Gynaecologie en Verloskunde van het Academisch Medisch
Centrum, de afdeling Personeel en Organisatie van de faculteit
Geneeskunde, en het centrum voor verloskunde "Amsterdam Z-O".

Lieve familie en vrienden. Volgens traditie worden degenen die in feite
op de eerste plaats komen als laatste bedankt. Mijn herwonnen vrije tijd
ga ik wederom met jullie delen. You have shown to be true friends!

Amsterdam, april 1993

156



Stellingen behorende bij het proefschrift

Pregnancy and the standing working posture;
An ergonomic approach

van Jeannette A. Paul

1. De lichaamshouding bij staand werk verandert door de zwangerschap.
Dit proefschrift

2. De inventarisatie van ergonomische knelpunten dient tijdens de zwangerschap
te worden herzien.
Dit proefschrift

3. Het is onjuist om rugklachten tijdens de zwangerschap te beschouwen als het
onvermijdbare gevolg van de toename in lichaamsgewicht.
Dit proefschrift

4. Standing is only a means to an end, rather than an end in itself.
Vrij  naar P. Branton. Behavlour, body mechantcs and discomfort. Ergonomics 1969;
12:316-327.

5. De opmerking over een zwangere vrouw die haar gehele zwangerschap pro-
bleemloos zwaar lichamelijk werk heeft gedaan, is van dezelfde orde als die over
een kettingrokende grootvader die nimmer iets aan zijn longen heeft gekregen.

6. Naast guidelines for authors zouden guidelines for reviewers niet misstaan.

7. Het niet opnemen van lichamelijk en geestelijk gehandicapten in de Algemene
Wet Gelijke Behandeling suggereert ten onrechte dat zij minder gediscrimineerd
worden dan vrouwen en homosexuelen.

8. Aangezien Albert Heijn op de kleintjes let, dient hij de winkelschappen te verlagen.

9. Waar de Nederlandse politiek onmachtig is, predikt zij tolerantie.

10. Van de gemakkelijkste weg is alleen het begin geasfalteerd.

Amsterdam, 23 juni 1993


