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Many vibrational environments also subject the worker to qwkwarq, asymmetric and
prolonged postures. This paper reviews the epidemiological, biomechanical and
physiological factors involved in working postures which could lead to musculoskeletal
problems. Too little or too much sitting leads to low back pain. Sedentary postures,
including driving, also lead to a higher risk of a herniated disc. In sitting the pelvis rotates
and higher pressures exist in the disk. A backrest inclined to 110° or more and with a
Iumbar support will reduce the disk pressure. Jobs involving excessive force application will
be more apt to cause muscular and ligamentous damage. However, these excessive demands
can occur in whole body vibration environments too. Neck, shoulder and arm problems
are usually related 1o posture but can occur in WBY environments. Knee problems, in the
standing worker, may be due to a flexed knee posture in an attempt to attenuate vibrations.
Excessive postural demands on the neck, shoulder and arm will lead to higher muscle forces
and higher joint forces. Recommendations are given to reduce risk of disability.

© 1998 Academic Press

1. INTRODUCTION

There is no single posture that can be comfortably maintained for long periods of time.
Any prolonged posture will lead to static loading of the muscles and joint tissues and,
consequently, can cause discomfort. The human being’s natural behaviour is to change
posture often. Even during sleep, there is a need for posture adjustments. At the workplace,
standing and sitting are the two basic forms of postures. These two postures have their
specific advantages and disadvantages for mobility, exertion of force, energy consumption,
circulatory demands, coordination, and meotion control. Workers who are in a WBV
environment are often also subjected to postural stress, whether they are seated or
standing. In this paper we will deal with the epidemiology and biomechanical studies of
musculoskeletal problems associated with the workplace.

2. EPIDEMIOLOGY
2.1. THE LUMBAR SPINE

Magora found that both too much and too little sitting or standing were related to a
high incidence of low back pain (LBP) [1]. An increased risk of prolapsed lumbar disk has
been reported among persons who have had sedentary occupations for several years [2].
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emiology of low back pain, unspecific for dia‘gno.ses, have foupd
ations and occupations with very heavy loadmg increase the risk
his paradox may be explained by prolapsed disks being related

or prolonged driving, while other disorders, such as muscle

to sedentary occupations, \ ' IS, 8¢ : :
strain and ligamentous injury, are associated with heavy wqu. In fact, jobs involving

\nanual materials handling have been reported not to be assocmt.ed with an mcrei.isejd ?Stk
of prolapsed disk. This may be due to the fact that lumbar disks are veryfremst.dn to
compressive loads and that such loads can fracture the ve-rtt.abral endplate be ore ca\\;igl‘%
damage to the disk [5]. Muscle strain and 1igamentou‘s injury can als‘o occur in
environments (i.e., the construction worker operating in an asymmetric posture, at the
controls of a bulldozer). ) )
Several studies, most of which are retrospective, have indicated an increased risk for
back pain in people with predominantly seated working postures [1, 6-9]. They also show
that prolonged sitting aggravates back pain in people with ongoing Ssymptoms. There seerms
to be an increased risk of low back problems from prolonged sitting in a vibrational
environment, such as the professional driving of vehicles [10]. Kelsey and Hardy, in an
epidemiologic survey, stated the evidence that driving of motor vehicles increases the risk
of prolapsed lumbar disks [11]. They suggest the combination of vibration and prolonged
sitting, with little freedom to change posture, as plausible causative factors. Bent-over
postures seem to carry an increased risk for low back pain [8, 12]. Frymoyer et al. found

both bending and twisting to be significantly related to low back pain [13]. Both can be
involved in certain jobs involving driving.

Some studies on the epid
that both sedentary occup
for low back pain [3, 4]. T

2.2. THE NECK, SHOULDER AND ARM

In most epidemiological studies on neck and shoulder pain, the exposure has been
defined by job title rather than job characteristics, such as an objectively quantified load
or a detailed description of working postures, arm and head movements, materials
handled, and work organization. This makes epidemiological studies difficult to interpret.

In the only study that specifically addressed the relationship between musculoskeletal
pain in the upper extremities and working posture, nearly 40% of the patients visiting the
occupational health clinic were diagnosed with a non-traumatic musculoskeletal disorder
[14]. Almost 70% of the patients with shoulder pain stated that they worked with their
hands at or above shoulder level.

Hagberg and Wegman, in a metaanalysis, found significant odds ratios above 1-0 for
cervical spondylosis in meat carriers, dentists, miners, and heavy workers, suggesting high
loading on the cervical spine as the causal exposure [15]. Extreme forward flextion of the
cervical spine was suggested as the causative factor for cervical syndrome in civil servants
[16]. The assumed causative factor for tension neck syndrome is static contraction of the
neck and shoulder muscles to counteract the weight of the head [17]. Thus, the greater the
angle of the neck flexion, the greater the load in the muscles and joints. A high odds ratio
was found in_ keyboard operators, which may reflect the exposure of a static load on the
upper .trape.zms rpuscle as measured by EMG [18]. Neck and shoulder pain was found,
1/;1 ;;r{ﬂggigtol; ggtllxe}.gl:é ‘i:n:(i: stufdy of: t')us a'nd k?rry drivers by Mag.m.xsson et a.l. [!9].

! . y of cervical spine disorders based on clinical examination
was fqund in forest machine operators [20] and in tractor drivers [21]. An increased number
of radlologlcgﬂy defined pathological changes in railway operators was found in one study
[22]. Johanning cgmpared subway operators with switch board operators in the subway
and fouxild.thzft drivers more often reported neck problems than the switch board operators
[23]. This indicates thftt _the combination of vibration and posture is an important factor
as both groups had similar vibration exposure.
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In a study that included machine operators, carpenters, and office workers, it was found
that working in twisted or bent postures increased the occurrence of neck and shoulder
symptoms, an association that was most evident for machu}e operator§ [241. .

Many studies suggest shoulder muscle “overload” as being the major cause for the
increasing incidence of “occupational” shoulder pain [25-29]. A clear relathnsmp between
exposure groups and chronic tendinitis has been demonstr'ated in three stud}es 14,27, 39].
One of the common exposure factors was long periods of time with the arm in an abducted
or flexed position. Burt et al. found an 11% prevalence of shoulder symptoms in newspaper
employees, and the symptoms were associated with t}‘xe amox{nt of time spent typmg at
computer terminals. This was thought of as time spent in a static sitting posture with arms
unsupported [31]. Note that many driving environments do not offer support to Fhe arms.
Hagberg and Wegman demonstrated an association between .elevated work heights and
prevalence of rotator cuff tendinitis and found an Odds Ratio (OR) of 11 for work at
shoulder height compared with work below that level [15) .

Awkward postures of the wrist, for example, working with the wrist not straight,
repetitive forceful work, and vibration, are risk factors for cumulative trauma disorders
affecting the wrist [32].

2.3. HIP AND KNEE

Work that involves much loaded knee bending carries an increased risk for osteoarthritis
of the knee, OR 2.2, [33] and there is a 2-3 times greater risk for male shipyard workers,
farmers, construction workers, and firemen [12, 34, 35, 36]. There seems to be a clear
increased risk for developing osteoarthrosis of the hip among farmers; the relative risk
ranging from 9-7 to 124 in different studies [37, 38]. Severe osteoarthrosis is associated
with prolonged standing at work and heavy lifting. The relative risk for disability pensions
because of osteoarthritis of the hip in men over 59 years was 12-4 (6-7-23-0) for those with
high exposure to physical load compared to those with low exposure [39].

In the standing posture, when subjected to WBYV, the subject will usually adopt a flexed
knee stance to attenuate the vibrations [40]. This will result in higher contact stresses in
the knee, particularly the patellofemoral joint. Although some attenuation occurs in the

knee in an extended posture, significant vibration amplitudes are measureable at the hip
[41].

3. STUDIES OF POSTURAL STRESS ON THE MUSCULO-SKELETAL SYSTEM

The seated posture is determined by both the design of the seat and the task to be
performed. The height and inclination of the seat, the position and shape of the backrest,
and the presence of armrests influence the seated posture. Since all postures become
uncomfortable and may be a risk factor for LBP if maintained too long, the chair should
permit alterations in posture [42]. A “semi-sitting” posture is often desirable to facilitate
changes between standing and sitting when performing different tasks. The authors have
encountered this posture in many bench work jobs. However, a bent forward position is
@ common seated working position, adopted by many drivers and even required in some
(i.e. helicopter pilots). It is also seen when desk work is being performed and in light
mechanical work that demands high precision, such as dentistry, jewelry, and

watchmaking. Leaning backwards positions are preferred at rest but also in such tasks as
car driving.
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3.1. THE LUMBAR SPINE

When sitting, the pelvis rotates backward and the lumbar lordosis decreases [43—47]. Ttole
disk pressure in 2 seated unsupported upright posture me'asured at the L3 h?VGl is 40%
greater than the value obtained in upright standing [48]. Figure 1 shows the disc pressurc
in different postures in relation to the standing posture. This pressure corrgsponds to an
approximate load of 700 N. The reduced lumbar lordosis, which creates an mc‘reasc?d load
moment and deformation of the disk itself caused by the jumbar spine flattening, 18 most
likely a strong contributing factor for the increased disk pressure in unsupported sitting.
Andersson and Ortengren performed an extensive series of experiments to establish the
spinal load during sitting in different chairs and with different back supports [49-52]. These
studies confirm that the disk pressure is significantly higher in unsupported sitting than
in standing. The lowest pressure was found in the upright straight position. The disk
pressure was influenced by several different support factors. Inclination of the backrest,
as well as a Jumbar support, resulted in decreased disk pressure. The disk pressure
decreased with the amount of backrest inclination up to 110°. The effect of a lumbar
support was more pronounced when the backrest inclination was small. Figure 2 shows
the effect of back rest inclination on the disc pressure. The use of armrests also resulted
in a decreased disk pressure.

Electromyographic studies of the erector spinae musculature have shown similar activity
levels in standing as in unsupported sitting [50, 51, 53, 54). There is a general agreement
that the myoelectric activity decreases in sitting when the back is slumped forward, the
arms are supported, when a backrest is used, and when leaning backwards [43, 47-57). The
parameter that has the major influence on myoelectric activity is the backrest inclination.
Figure 3 shows the effect of back rest inclination on electromyographic activity of the spine
muscles. In one of the studies by Andersson et al., it was shown that when the
backrest—seat angle was increased, the muscle activity at all levels of the back decreased
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Figure 1. The relative loads on (he third lumbar disk for vari it in livi
. : > rious body positions in livin; bj i i
to the upright standing posture, depicted as 100%. (Adapted from Nachemson, 1975). g subjects in relation
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{49]. When the backrest inclination was greater than 100°, the effect of further inclination
decreased, however. A lumbar support had only a minor influence on muscle activity,
whereas it was of great importance on the disk pressure. An inclined backrest of 120° was
proven favourable in terms of less height loss during vibration [58]. The muscular activity
of the spinal musculature increases when the knees are bent more than 90°, whereas
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Figure 3. The myoelectric activity (EMG) decreases when the backrest inclination is increased.
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Figure 4. The twisted posture in a vibralional environment siresses the enlire spine by the extreme posture
and the vibrational effect on the muscles and circulatory demands.

extension of the knees reduces the activity. This is probably due to the combined actions
of various muscles that rotate the pelvis and thus influence the lumbar curve [46].

Forklift drivers, farmers and construction workers are exposed to long periods of twisted
posture. Figure 4 shows the typical posture of a forklift driver. The twisted posture in a
vibrational environment has been shown to cause increased energy consumption compared
to twisted posture or vibration as single exposure variables [59]. Seated whole body
vibration in a position that ensured muscular activity of the erector spinae muscles caused
faster and more pronounced muscular fatigue in the lumbar erector spinae muscles when
compared to the absence of vibration [60]. Both static sitting and seated whole body
vibration caused increased height loss in subjects, suggesting increased spinal load [61, 62].
Some other studies, however showed the opposite [63, 64]. Considering the biomechanical
aspects, i.e. the repeated mechanical compressive loading and the out-of-phase muscle
activity [65], which adds load to the spine, it seems more likely that there is an increased
spinal load from seated WBV. The contradictions in some studies are presumably due to
differences in measurement methodology.

3.2. THE NECK

The load on the neck is correlated to the trunk and head position. The load moment
is balanced by muscle forces and tension of the passive connective tissues. The very low
muscle activity in both extreme flexed and extended postures indicates that the load
moment is mainly counterbalanced by passive connective tissues, such as joint capsules and
ligaments [16]. Very little muscle activity is demanded to keep the head in a normal upright
position. The forward bending moment that is created by balancing the head requires only
a low activity of the cervical erector spinae musculature. In the forward flexed position
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of the head, the major load will be carried by the C7-T1 joint. Compared to the r}ormal
upright position, the forward flexed position creates a 3:6 t.imes greater load at th_ls.lev.el
[66]. Thus, flexion of the entire spine in the sitting posture increases the EMG.act%vxty. in
the cervical spine, trapezius, and thoracic erector spinae muscles. For even a 30° mclmghon
angle from the vertical, the moment and corresponding muscle force values are 59% hi gber
than the values achieved at 0°. The lowest activity is obtained when the trunk is leaning
slightly backwards and the neck is vertical. It appears that the .cer\‘rical. extensor muscles
may produce muscle fatigue symptoms quite quickly when head mclme.ltlon angles become
significant. This could be increased in 2 WBV environment. Chaffin, using EMG frequency
shifts, found that the endurance time of young healthy females was considerably decreased
when the neck inclination angle exceeded 30° [67]. In extreme head positions with the neck
fully flexed, the extensor muscles of the cervical spine are not increased compared to the
neutral upright head position, aithough the load moment of the C7-T1 motion segment
is increased 3—4 times [16]. There is a considerable stress of the ligaments and joint capsules
during extreme flexed positions of the cervical spine. The load on the cervical spine
increases by wearing a helmet, especially if the helmet is equipped with equipment that
increases the forward bending moment [68, 69].

3.3. THE SHOULDER AND ARM

The complex function of the shoulder joint, consisting of four separate joints and 15
muscles requiring a synchronized activity, makes the shoulder a very complicated
biomechanical unit [10, 70, 71]. The calculation of joint reaction forces at the glenohumeral
joint when the arm is elevated is a great problem because of the large number of muscles
involved, the various force contributions of the different muscles, etc. Poppen and Walker
[72] as well as Inman [70] found the glenohumeral joint forces at 90° of abduction to be
close to body weight. Great muscle forces are thus necessary to keep the arm elevated, in
particular in working postures where the hand is positioned at or above shoulder level and
the arm is unsupported.

From an ergonomic point of view, it has become more important to detect the
development of muscular fatigue, rather than focus on muscular force in order to prevent
pain and injury. Local muscle fatigue is considered a limiting factor for monotonous and
long lasting static work, although the work can be regarded as light. Muscle fatigue has
been defined as failure to maintain constant force [73] due to a complex metabolic process.
Chaffin [67] as well as Basmajian and De Luca [74] have defined localized muscular fatigue.
Localized muscle fatigue can arise from sustained muscular work and is accompanied by
motor decrement and pain confined to the muscle [67]. The main factor in local muscular
fatigue is reduced blood flow in the contracting muscle, due to increased intramuscular
pressure [75], and a consequent accumulation of metabolites. This vascular shortfall can
appear when the relative force exceeds 15 to 20% of the maximum voluntary contraction
(MVC) [76]. Spine muscles fatigued more and faster when, in a preloading condition
(forward posture), vibration was added [60]. It is reasonable to assume that the shoulder
muscles fatigue for the same reason in situations when the arm is unsupported and exposed
to vibration.

Electromyographic studies have shown localized muscle fatigue in several of the
shoulder muscles in work situations with the hand at or above shoulder level [77, 78].
Sigholm et al. found that the degree of upper arm elevation was the most important factor
determining shoulder load, while upper arm rotation was of little importance and a hand
weight was of less importance [79]. Hand weight was an important factor for the load on
the supra- and infraspinatus muscles [30]. In overhead work, with the neck extended and
the arms elevated, sometimes with a hand tool as extra load, there is a considerable
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muscular activity of the shoulder muscles to keep the arm in this position and at the same
time an increased load moment on the neck, particularly at the C7-T1 level.

Kadefors ef al. measured localized muscle fatigue of the shoulder muscles in three typical
working situations and found localized muscle fatigue in both experienf:ed and
unexperienced welders in overhead work only [78]. In experienced welders, fatigue was
confined to the supraspinatus muscle; whereas fatigue in inexperienced welders was
abundant in several other muscles, suggesting a higher risk than normal to acquire
tendinitis at the suspraspinatus tendon insert in overhead work [80].

Work tasks that demand continuous arm movement generate load patterns with a static
component of the shoulder joint [28]. In an optimal seated work posture, the upper
trapezius static load level is 2.3% of the MVC [18]. Optimal posture was defined as a
vertical position or slightly backwards inclination of the spine, an approximately vertical
position of the upper arm, and 2 work task at about elbow height without material
handling (i.e., data entry work). In this position, intramuscular pressure was close to zero
in the upper trapezius, supraspinatus, and infraspinatus muscies, suggesting normal blood
flow in these muscles. Elevation of the shoulders without raising the arms may increase
the load level on the upper trapezius to about 20% of MVC [26]. Any deviation of the
arm from the vertical position increases the load on the upper trapezius and the rotator
cuff muscles. Both EMG amplitude and intramuscular pressure (IMP) increase linearily
with an increased shoulder torque [77). The IMP and EMG amplitude are markedly
reduced if a given shoulder torque is obtained during flexion instead of abduction. At an
abduction of 30° (in a plane of 45° to the frontal plane) without a hand load, the IMP
in the upper trapezius is only 15mm Hg, while the corresponding value in the
supraspinatus muscle is about 80 mm Hg. The blood flow in the supraspinatus muscle is
significantly impeded at an IMP of about 40 mm Hg. Thus, the supraspinatus muscle is
very vulnerable in work situations with elevated arms.

3.4. THE LOWER EXTREMITY

Leg support is important for the distribution and reduction of the load on the buttocks
and the back of the thighs. The feet should therefore be permitted to rest firmly on the
floor or foot support to avoid the weight of the lower legs being supported by the thighs
resting on the seat. If there is pressure under the thighs close to the knees, it may create
clinical problems in terms of swelling of the legs and pressure on the sciatic nerve. It has
been shown that the volume of the legs increases by 4% during prolonged sitting. When
a seat is too high, the feet do not reach the floor and the pressure on the thighs becomes
uncomfortable [43, 47]. When the seat is too low, the small knee and hip angles soon
become uncomfortable, and the pelvis rotates backward and flexes the spine [46, 7]. If
adjustments are available the worker should be instructed how to use them.

4. CONCLUSION

No single posture can be maintained for a long period of time without considerable
discomfort. LBP is found in both sedentary occupations and in drivers as well as those
involved in manual materials handling. The seated posture leads to inactivity that may
itself be injurious. Lack of motion leads to an accumulation of metabolites, which probably
accelerates the degeneration of the disks and increases the probability of disk herniation.
Drivers’ postures can also lead to musculoskeletal problems in the neck, shoulder and arm.
Hip and knee problems are also related to posture and can be exacerbated in a WBV
environment. Studies of the seated posture indicate that backrest inclinations greater than
100° and a lumbar support reduce disk pressure and muscular activity. An inclination of
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120° indicates less spinal load during vibration. Likewise neutral postures of the neck and

ities reduce musculoskeletal stress. 3
UP%;Z Zxdtsrlzt:tlzt;ges of the seated working posture are that it provides the _Stk.lblllty needed
for tasks with high visual demands and motor control. Flllrth'er.more, it is less enerﬁy
consuming than standing, it puts less load on 10\.Ner ex-tremlty ]Om.tS, and it redu'ces the
hydrostatic pressure on the lower extremity c1rculatlop. Tpe disadvantages are the
increased load on the back and neck, the risk for decalcification, and the low demands

the circulation.

OnAnother factor to consider is that some stress is necessary to maintain the health of the
skeleton. The weightless environment of space decreases bone mineral colntent (BMC).
Experimental studies have shown a close relationship between BMC and static compressive
strength in lumbar vertebral segments [81-83]. Thus a balance (not too much, not too little)
is needed to maintain homeostasis without injury.

4.1. RECOMMENDATIONS
The following considerations about the workplace and work performance should be
taken into account in all kinds of work as a measure of preventing musculoskeletal
disorders or reducing the risk of impairment following an injury.
1. Provide the possibility for variation of sitting posture or variation between standing
and sitting.
. Avoid flexed, twisted, and hyperextended standing postures.
. Avoid extreme postures of the head, especially neck flexion under WBV.
. Avoid work with unsupported arms.
. Provide a seat with sufficient inclination and a good back support. In a vehicle, good
vibration damping characteristics.
Avoid driving or lifting in flexed or twisted postures. Avoid lifting directly after
driving.
7. Avoid prolonged sitting in constrained or fixed postures without stretching.

oA W N
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