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Abstract Obesity is characterized by increased dimensions
and mass. Functional task limitations and changes in the
mechanical strategies used to complete functional tasks may
be related independently to increased mass or increased
dimensions. Increased mass may not always be detrimental.
The mechanical strategies may vary with the class of obesity
or mass distribution to the trunk or lower limbs. Much of the
literature is equivocal and it is possible that methodological
approaches and class of obesity of participants result in
different or conflicting outcomes.
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Introduction

Obesity is often identified as a factor associated with func-
tional task limitations [1–4] and is viewed as detrimental;
however, the etiology of the mechanical effects of obesity is
not well understood. Obesity is characterized by increased
dimensions and mass, both of which may alter the ability to
undertake daily activities [1, 2, 5, 6] and modify the move-
ment strategies used for successful completion. Daily activ-
ities consist of those we would like to do and those we do
undertake in our lives at home, during recreation, and in
employment and therefore the impact of obesity is important
to consider. Functional tasks, as the building blocks of daily

activities, can be utilized to consider the mechanical effects
of obesity on functional task limitations and the strategies
utilized in the daily lives of adults who are obese.

Spinal Curvatures During Quiet Standing Posture

Obesity is often thought to be associated with poor standing
spinal morphological posture; however, the literature is
equivocal. Using surface measurement techniques such as
a flexible ruler laid on the trunk surface, a decreased lumbar
lordosis [7], and increased thoracic kyphosis [7] is reported
with obesity. However, when adjusted for gender and age
there was no effect of obesity on the lumbar lordosis [7, 8]
or thoracic kyphosis [7]. Using photographs the lumbar
lordosis and thoracic kyphosis are increased with obesity
[9]. Using markers placed on boney landmarks, an increased
anterior pelvic tilt is reported with obesity; however, there
was no significant difference in the lumbar lordosis and
thoracic kyphosis angles [10, 11]. Using radiographs
showed increased lumbar lordosis; thoracic kyphosis and
sacrum slant angle are seen with obesity and further in-
creased when the adipose tissue was more centrally distrib-
uted around the trunk [12]. The lumbar lordosis is reported
to be positively correlated with body mass index (BMI)
although there was no significant correlation for the thoracic
kyphosis [13]. However, Nourbakhsh et al. [14] report a
negative correlation between lumbar lordosis and weight.

The differences in the literature may be related to meth-
odological approaches. Obesity is characterized by addition-
al tissue over the underlying skeleton that is not distributed
uniformly. Thus surface measurement approaches following
the outline of the skin may not represent the underlying
spine. Palpation errors in determining boney landmarks
can also significantly affect the calculated postural angles
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[15]. Radiographic approaches, while being able to image
the spine [12] and thus a more direct measure is allowed,
have significant issues in relation to participation safety.
Some studies include participants with low back pain [12];
however, it is unclear whether the obesity is the cause of the
postural change or a cofactor. It is also possible that obesity
does not have a consistent effect on standing posture as the
spinal curves are the results of not only the boney vertebral
structure but also the trunk musculature and active postural
strategies may be used. During pregnancy, where there is
also increased abdominal mass, a flattening of the lumbar
lordosis, rather than an increase, is reported for some wom-
en [16, 17]. The strategy of flattening of the lumbar lordosis
is thought to reduce the moment arm length of the abdom-
inal weight force and thus reduce the mechanical effect of
the anterior moment [16]. The postural strategy is not seen
in all women nor is it consistent over the pregnancy and
therefore the response is thought to be individual [16, 17].
Such a response may also be seen in obese participants and
may be an explanation for the differences in the literature.
Statistical approaches that are based on individual responses
rather than being based on group means (which mask math-
ematical variations in opposite directions) may be useful in
further research to elucidate the effect of individual responses.

Postural Control and Balance

Balance during static and dynamic tasks is an important
factor in the successful completion of many daily activities.
People with obesity are shown to have poorer static balance
control [18–22], and this is further exacerbated when the
eyes are closed [18–20, 23] and information other than
vision must be used to maintain balance. The underlying
reasons for the poor balance control with increased mass
have been the subject of several investigations. Poor lower
limb strength has been proposed [21, 24]; however, individ-
uals with high lower limb strength as well as high mass also
showed poor static balance control [20] in agreement with
Handrigan et al. [25], who demonstrated weight loss was
more important in balance control than strength. It is possible
that plantar mechanoreceptors may be less receptive due to the
continuous pressure of supporting a large mass [21, 22] and
are therefore less able to contribute to the control of balance.

Balance control may also be affected by the distribution
of adiposity such as that seen in the typical patterns of
adiposity differences between genders [24] although the
literature is equivocal [19]. Balance is poor in an anteropos-
terior direction but not in a mediolateral direction in women
[23, 24]. In men balance is poor in both anteroposterior and
mediolateral directions where typically the mass distribution
is such that the center of mass is located higher in the body
and therefore generates a larger torque around the base of

support [24]. Cruz-Gómez et al. [19], however, report no
difference between genders. The differences in results may
be due to methodological differences, as when comparisons
are made only between genders then no difference is seen
[24]. It is also possible that differences in the literature may
be related to the participants. While genders have typical
patterns of adiposity there are variations and, therefore, the
inclusion of a waist-hip ratio as well as weight to account for
mass distribution is recommended for further research into
the effects of obesity [24].

Much of the literature has focused on static balance control;
however, falls typically result from a postural perturbation
[26]. The increased inertia as a result of the increased mass
may be protective from perturbations where the initial inertia
must be overcome [26, 27]. However, when an initial angular
velocity was imposed balance recovery using an ankle strate-
gy was poor, suggesting that the type of perturbation was
important in balance recovery with obesity [27].

Compensatory strategies to achieve a task may also be an
issue in balance control with increased weight. Increased
girth dimensions in relation to a normal weight base support
dimensions afforded by the foot makes postural control
already more difficult [23]. However, obese individuals
place themselves more at risk of losing balance by moving
the center of mass closer to the edge of the base of support
when asked to undertake an aiming task [28].

Range of Motion of the Trunk Segments

Obese individuals have reported functional limitations in
activities of daily living, particularly for tasks requiring
trunk and hip flexibility [29]. The required range of motion
(ROM) of the trunk and its segments to accomplish a daily
task varies with the task; therefore, an important question is
to first understand the extent of the mechanical limitations in
the affected joints or segments ROM. In sitting, forward
flexion ROM of the thoracic segment [30•] and thoracolum-
bar spine [30•] is decreased for obese participants with no
change in change in pelvic segment [30•] and hip joint
motion [30•]. In standing, forward flexion ROM of the trunk
segment [10, 11], thoracic segment [10, 11, 30•], and thor-
acolumbar spine is decreased [10, 30•] with obesity, with no
change in change in pelvic segment [10, 30•] and hip joint
[30•] forward flexion ROM. Lateral flexion ROM of the
trunk segment in standing is not significant altered with
obesity [10, 11]; however, the thoracic segment ROM de-
creased [10, 11] while the pelvic segment ROM showed no
significant difference [10, 11]. Park et al. [31] reported
lumbar spine extension is decreased; however, contrary to
other reports lumbar spine lateral flexion is decreased.

Trunk forward flexion motion is restricted in both sitting
and standing, in line with reduced hip joint flexion
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magnitude when supine [4]. Obstruction to the seated move-
ment would be expected as the excessive anterior trunk
tissue is located adjacent to the thighs when seated on a
chair. Apposition between the anterior thigh and the abdom-
inal tissue would restrict the forward flexion motion.
Standing forward flexion and lateral bending, however,
although not mechanically obstructed by the thighs, may
be difficult to perform owing to decreased forward stability.
Difficulties with balance [29] may make obese people more
cautious in moving to the end of range.

The reduced forward flexion and lateral bending motion
of the trunk is not seen across all segments and joints. Pelvic
segment displacement [10, 30•] and hip joint ROM [30•] for
both seated and standing motion are similar in normal
weight and obese groups. Therefore, excessive trunk tissue
does not mechanically alter pelvic segment forward flexion
motion. Trunk forward flexion, however, is achieved by a
combination of spinal and pelvic segment motion, with part
of the motion accomplished by reducing the distance be-
tween the thoracic cage and the pelvis. It is possible, similar
to pregnancy [32], that the excessive anterior trunk tissue
provided a physical obstruction to the flexion motion of the
thoracic segment with a consequent reduction in thoracic
segment [10, 30•] and thoracolumbar spinal motion [30•].
Also the higher the BMI, the more the angular displacement
of the thoracic segment and thoracolumbar spine ROM is
decreased [30•], indicating that increasing adiposity will
lead to further motion restriction. The differing response to
changed motion in the different segments of the trunk high-
light the requirements for future investigations to consider
the potential differing responses of the trunk segments and
the pelvis when investigating the effects of obesity on trunk
motion rather than treat the trunk as a single segment.

Thoracic segment-reduced ROM with normal pelvic seg-
ment ROM is generally seen under conditions of increased
mass and trunk girths such as in obesity and late pregnancy
across forward flexion, lateral flexion, and trunk axial rota-
tion [10, 30•, 32]. While the etiology of these differential
changes is not understood, differing effects on individual
trunk segments may also lead to altered movement patterns
within the trunk, which may affect the musculoskeletal
demands on the segment and thus may be a factor in back
pain etiology. The main factor in vertebral osteophyte de-
velopment is obesity [33], with the implication that the
relationship is due to increased mass. However, evidence
for differential effects on trunk segment loads is seen in the
stronger relationship, between increased body mass and the
frequency of vertebral osteophytes, in the thoracic region in
comparison to that in the lumbar spine [34]. Saberi et al.
[35] also show no relationship between nucleus pulposus
dislodgement and modic changes in the lumbar spine with
obesity. Further research is required to investigate the me-
chanical effects of differential effects of obesity on trunk

segment ROM and back pain etiology and spinal morpho-
logical changes.

Upper Limb Motion

While there has been much literature focus on the effects of
obesity on the trunk and overall whole body motion, motion
of the upper limb is also affected by obesity. Shoulder
extension and adduction are significantly reduced due to
obstruction by adipose tissue [31]. For goal-directed aiming
movements, such as reaching for a switch, there is increased
movement time, a longer deceleration phase, and decreased
aiming velocity when standing [36], indicating that the
additional inertial load related to the increased mass of the
upper limb is more difficult to control [28]. This effect is not
seen when seated and it is possible that sitting may provide
more stable posture from which to perform the task [36].

Obesity is also associated with the onset of carpel tunnel
syndrome (CTS) [37–39] although increased obesity is not
predictive of CTS onset [39]. It is possible that poor posi-
tioning of the upper limb due to mechanical constraints at
upper limb joints or fatigue related to holding the additional
upper limb mass result in poor wrist posture with a conse-
quential additional load on the wrist tendons. It is also
possible that obesity affects the anatomy of the hand with
additional adipose tissue altering the dimensions of the hand
and thus affecting the ability to grasp. Further research is
required to more fully understand the relationship between
the onset of CTS and obesity.

Working Posture

While there is a growing body of literature surveying the
effects of obesity and work-based tasks, there is a paucity of
literature investigating the mechanical effects of obesity on
working posture. Gilleard and Smith [30•] reported for a
simulated standing work task that the obese showed a sig-
nificantly more flexed posture for the thoracic and pelvic
segments, the thoracolumbar spine, and the hip joint, and
the hip joint net moment was also significantly larger.
During the initial quiet standing posture, the obese group
stood further back from the bench with the hip-to-bench
distance significantly larger compared to normal weight
subjects [30•], potentially because the excess abdominal
tissue precluded them from standing closer to the bench.
As a consequence, to complete the task, the obese group
showed a more flexed posture of both the thoracic and
pelvic segments, which was reflected in the hip and thor-
acolumbar spine postural adaptations. There was a high
correlation indicating that as BMI increased, the posture
was more flexed, hip joint moment increased, and the hip-
to-bench distance was increased [30•]. The increased hip
joint moment was seen even though the moment was
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normalized to body weight and height [30•]; therefore, the
increase was likely to have been the result of postural
changes rather than increased body mass.

While there is a focus in the literature on the effects of
increased mass, postural adaptations due to changes in body
dimensions are an important effect of obesity and may have
implications for further understanding the etiology of mus-
culoskeletal pain in obesity and the effects may be task- and
body segment-specific. While Peltonen et al. [40] found
self-reported work-restricting pain in the neck area, back
area, and hip joints is more common in obese people,
Yildirim et al. [41] found no correlation between obesity
and neck pain in computer users. Further research is re-
quired to investigate the mechanical effect of obesity with
work-based tasks.

Obesity and Rising from a Chair

Rising from a chair is more difficult with obesity [5] and rise
time is increased [42]. When rising from a chair, obese
participants use a more posterior foot placement [43, 44],
and a reduced trunk flexion [43–45]. Knee extension
moments are increased [43–45] and the hip extension mo-
ment is decreased [43–45].

Rising to stand from a chair is a dynamic motion requir-
ing the body’s center of mass to be moved over the feet
before it then rises. A more posterior foot placement ensures
that the body center of mass is closer to the foot and
therefore less effort is required to move the mass anteriorly
and achieve a successful rise to stand with obesity.

The reasons for the reduced trunk flexion are unclear.
Decreased trunk flexion may be related to physical apposi-
tion with the thighs due to abdominal adiposity. However,
the total percent body fat was shown to be a better predictor
of a decrease in chair rise functionality rather than the
distribution of fat between abdomen and lower limbs [6],
which indicates physical apposition is not the primary cause.
It is also possible that, as seen in pregnancy, the increased
mass of the trunk with obesity may be an advantage when
rising to stand [46]. Forward trunk flexion generates hori-
zontal linear momentum, which is essential for rising to
stand [47]. As the trunk mass is increased, sufficient hori-
zontal linear momentum may have been generated for a
successful rise.

Control of horizontal linear momentum is required to
maintain upright stance at end of the motion; therefore, a
strategy to minimize the horizontal momentum would be
required if balance is to maintained at the end of the motion.
The three studies [43–45] investigating the effect of obesity
on the mechanics of rising to stand from a chair used a
controlled task with arms folded across the chest and a rise
to stance. Therefore, a minimized horizontal momentum
would be used as a strategy particularly with obesity where

difficulties with balance have been reported [29]. Further
studies are required to investigate the mechanics of the task
when participants are required to rise to stand from a chair
using their upper limbs in a normal manner and walk forward.

The literature suggests that the decreased hip extension
moment is a strategy to reduce the load on the lower back
with a consequential increase in knee extension moment and
increased load on the knee [43–45]. However, these studies
included obese participants with lower back pain [43, 45]
and low back pain status was not reported [44] in compar-
ison to control groups with no lower back pain. For partic-
ipants with no lower back pain, Gilleard et al. [46] showed
no significant trends for change in hip and knee extension
moments as pregnancy progressed. Figures shown in Sibella
et al. [44] also indicate that the peak knee and hip moment
occurs earlier in the obese group in comparison to controls
although no time of peak moment nor knee joint extension
velocity data was presented. The thigh is the major contrib-
utor to the vertical linear momentum of the center of mass
during rising to stand [48]; therefore, further research is
required to understand the movement strategies used by
obese participants in the absence of low back pain.

Obesity and Lifting

There is a paucity of literature on the effects of obesity on
the mechanics of lifting. While holding a box in a static
posture when obese results in higher perceived exertion
[49], obesity does not affect the maximum acceptable
weights of lift [50]. Xu et al. [51•] reported that obesity
significantly increased the lumbar spine transverse plane
rotation and sagittal plane velocity and acceleration when
lifting. There was no effect on peak transverse plane rota-
tion, peak sagittal plane displacement, or the ground reac-
tion forces (GRFs) when normalized to mass. There was no
effect of obesity on the variability of the lifting kinematics
[51•] .

It is not clear why an increase in body mass results in a
lifting technique that increases the inertial load on the spine.
There was no evidence that the obese participants had great-
er strength [51•], however, it is possible that the two groups
used a different lifting strategy. The obese participants may
have used an approach that utilized an inertial technique to
raise the box (stoop lift approach) rather than a semi-squat
lift. As knee flexion ROM is significantly reduced with
obesity [31], a squat or semi-squat lift requiring significant
knee flexion may be more difficult than a stoop lift ap-
proach. The additional inertial mass of the trunk and upper
segment may be an advantage when using the stoop lift
technique. While for functional task such as rising to stand
from a chair, and stair ascent and descent as obesity
increases the task are more affected, class of obesity does
not affect lifting mechanics any further [52•]. Further
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research is required to investigate the mechanical effect of
obesity on the selected lifting techniques.

Obesity and Walking

Walking is an important functional task that underpins
work, leisure, and daily tasks. However, the literature is
equivocal on the effects of obesity on the kinematics
and kinetics of walking. Slower velocity [52•, 53–55],
reduced cadence [52•, 54, 55], reduced stride length
[53–56], reduced swing time [55, 57], increased stance
time [53, 55, 57], decreased single support time [53,
56], and increased double support time [53, 58] have
been reported. In contrast, no change in velocity
[56–60], cadence [57, 58, 61], step length [52•, 58,
59], stride length [61], stance time [57], single leg
support time [52•], double leg support time [52•], and
swing phase duration [52•] have also been reported. The
literature is consistent for increased step width [54, 56,
58, 59, 61]. Błaszczyk et al. [57] have reported in-
creased leg swing velocity, which was positively corre-
lated to BMI.

Increased peak hip joint flexion [62], extension [55], and
sagittal plane ROM [63], and increased ankle eversion from
mid stance to pre-swing [53] have been reported. In contrast,
no change in hip joint sagittal plane ROM [62], ankle joint
peak, or ROM of eversion [62] has also been reported. The
literature is consistent showing increased hip adduction
during terminal stance and pre-swing [53, 62], and increased
knee adduction in stance and swing [53, 62]. Increased
ankle plantar flexion [55] and reduced knee flexion [55]
have also been reported.

Lai et al. [53] reported decreased second vertical peak
GRF and propulsive GRF not related to mass. However,
Browning et al. [58] reported no difference in vertical,
anterior posterior, or mediolateral GRF when mass was
accounted for. The transverse coefficient of friction was
reported to be decreased with no change in the anterior-
posterior coefficient of friction [59].

When mass is accounted for there is no difference in
hip flexion moment [55]; however, a lower knee exten-
sor moment [55] and a lower peak ankle plantarflexor
moment [53, 55] is reported. An increase of ankle
inversion moment not related to mass [53] has also
been reported. In line with these findings there is also
no difference in external mechanical work when adjust-
ed for mass [58, 64].

The literature is equivocal on the effect of increased mass
as against the effect of increased girths on gait. The in-
creased step width is thought to be an obstructive mechan-
ical issue related to the increased thigh girth [53, 65] and it is
possible that increased hip and knee adduction are a conse-
quential effect of the increased step width. However, the

increased knee adduction [53, 62] is reported to be related to
weight, not increased thigh girth [66].

Strategies such as slower velocity, shorter step length,
wider base of support, and longer time in stance are similar
to adaptations seen in late pregnancy [67]. These may be a
successful strategy for increasing stability [53, 59, 67],
supporting the finding that when investigated prospectively
obesity does not increase overall fall risk [68]. However, use
of these stability strategies when walking, coupled with the
finding that people who are obese undertake less ambulatory
activity during their daily lives [69], is important informa-
tion for developing strategies used to reduce sedentary life-
style and increase physical activity with a view toward the
regulation of weight [70].

Methodological approaches, and the walking task under-
taken may underpin the differences in the literature. While
the necessary technology restricts much of the gait data
collection to traditional laboratories [53–56, 58, 59, 62,
63], wearable devices have more recently allowed move-
ment data collection over a 24-hour period [52•]. The scope
of data collection variables is limited; however, the data
reflects a more realistic scenario than the constraints im-
posed by use of treadmills or walkways. Familiarization
with the environment is important and while familiarization
methods are sometimes reported [55, 58] many do not report
how the participants practiced the given task [53, 54, 62].
The walking task also varies, with some studies using pre-
ferred walking speed [53–55, 59, 63, 64] and others a
predetermined speed [55, 58, 62]. Further research is re-
quired using wearable devices to more fully understand the
effects of obesity on gait in daily activities where partici-
pants are using their normal gait habits.

Another confounding factor when comparing studies is
the use of participants with varying levels of obesity. Some
studies included participants with BMI>30 kg/m2 [53, 59,
62, 63], another used BMI>35 kg/m2 [54], BMI average
39.6 kg/m2 [64], and BMI ranging from 30 to 51.4 kg/m2

[52•]. The delineation of future studies to particularly clas-
ses of obesity is important to more fully understand the
effects of obesity, as effects may be independent of the
magnitude of obesity while others may be related.

Conclusions

Obesity is characterized by increased mass and dimensions.
Functional task limitations and changes in the mechanical
strategies used to complete functional tasks may be related
independently to increased mass or increased dimensions
and the response may also be individualized. Increased mass
is not always detrimental. In lifting the increased mass
appears to be used positively as part of the strategy of the
lifting technique utilized. The mechanical strategies may
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vary with the class of obesity or mass distribution to the
trunk or lower limbs. Much of the literature is equivocal and
it is possible that methodological approaches and class of
obese participants result in different or conflicting out-
comes. Future investigations into mechanical underpinnings
of the functional task limitations need to consider the class
of obesity within the study group.
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