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Despite the prevalence of obesity, how obesity aﬀects human physical capabilities is not well documented. As an
eﬀort toward addressing this, the current study investigated the obesity eﬀect on joint range of motion (RoM) based
on data collected from 20 obese and 20 non-obese males. In total, 30 inter-segmental motions occurring at the
shoulder, elbow, knee and ankle joints and lumbar and cervical spine areas were examined. The obesity eﬀect was
found to be non-uniform across the joint motions. Obesity signiﬁcantly reduced RoM for nine of the 30
motions: shoulder extensions and adductions, lumbar spine extension and lateral ﬂexions and knee ﬂexions.
The largest signiﬁcant RoM reduction was 38.9% for the left shoulder adduction. The smallest was 11.1% for
the right knee ﬂexion. The obesity-associated RoM reductions appear to be mainly due to the mechanical
interposition and obstruction of inter-segmental motions caused by excess fat in the obese body.
Statement of Relevance: Currently, obesity is prevalent worldwide and its prevalence is expected to increase
continually in the near future. This study empirically characterised the obesity eﬀects on joint RoM to provide better
understanding of the physical capabilities of the obese. The study ﬁndings will facilitate designing man–artefact
systems that accommodate obese individuals.
Keywords: obesity; fatness; body joint motions; range of motion

1. Introduction
Joint range of motion (RoM) is the measure of motion
available at a body joint for a certain inter-segmental
rotational movement. Joint RoM at body joints has
been an important research topic in physical ergonomics and related disciplines because they greatly
aﬀect individuals’ physical capabilities to perform
work and daily-life activities (Badley et al. 1984,
Verbrugge and Jette 1994, Kee and Karwowski 2002)
and, therefore, are an important consideration in the
design of products, workplaces and living environments (Kee and Karwowski 2002, Zhang et al. 2005).
Joint RoM is also clinically important. Normative
RoM based on large samples of data can serve as a
useful reference when quantifying an individual’s
progress during a rehabilitation process and also
evaluating eﬃcacies of diﬀerent rehabilitation programmes (Stubbs et al. 1993).
Joint RoM is primarily limited by the skeletal and
muscle structures and functions and also the physiological characteristics of connective tissues surrounding a body joint (Alter 1996, Reese and Bandy 2002). It
may vary across populations and can also be aﬀected

by certain intrinsic factors. Numerous studies have
been conducted to provide RoM data for diﬀerent
populations and also to test and characterise the eﬀects
of intrinsic factors, such as age and gender. For
example, Murray et al. (1985), Kuhlman (1993),
Stubbs et al. (1993) and McGill et al. (1998)
investigated the age-related changes of joint RoM for
various body joint motions. Ferrario et al. (2002) and
Sforza et al. (2002) studied the cervical spine RoM for
the younger population. Hu et al. (2006) provided
voluntary joint RoM data of the Chinese elderly in the
Beijing area. Feipel et al. (1999) examined the age and
gender eﬀects on global cervical spine RoM. Doriot
and Wang (2006) characterised the eﬀects of age and
gender on voluntary RoM of the upper body joint
motions. Toren (2001) investigated RoM of truck
drivers and provided estimates of measurements
needed in the design of commercial vehicles and
associated equipment.
Aside from age and gender, there may be multiple
intrinsic factors that aﬀect joint RoM. One such factor
is obesity, which is characterised by excess fat in the
human body. Obesity is prevalent worldwide at the

*Corresponding author. Email: wzp0006@auburn.edu; woojinp72@gmail.com
ISSN 0014-0139 print/ISSN 1366-5847 online
Ó 2010 Taylor & Francis
DOI: 10.1080/00140130903311617
http://www.informaworld.com

103

Downloaded By: [University of Colorado Health Sciences Center] At: 23:20 27 January 2010

Ergonomics
present time (Mokdad et al. 1999, Flegal et al. 2002,
Hertz et al. 2004, Baskin et al. 2005) and is predicted to
continually increase in the near future (Flegal et al.
2002). Obesity is expected to reduce joint RoM as the
adipose tissues around body joints would likely
interpose and obstruct inter-segmental rotations
(Laubuch 1969, Escalante et al. 1999a,b, Chaﬃn
et al. 2006, Gilleard and Smith 2007). If obesity indeed
has a signiﬁcant eﬀect on joint RoM, it should be
characterised so as to provide a better understanding
of the physical capabilities of the obese. Such understanding will facilitate designing man–artefact systems
that accommodate obese individuals.
Despite the need, however, the eﬀect of obesity on
RoM is currently not well documented. Very few
studies have examined the joint RoM of the obese. The
authors are not aware of large-scale RoM databases
pertaining to the obese or studies that comprehensively
documented the obesity eﬀect on RoM for various
body joint motions. To address this, the goal of this
study was to test and characterise the obesity eﬀect on
joint RoM for a number of upper and lower body joint
motions. In total, 20 obese and 20 non-obese males
participated in this study. For each participant, RoM
data for 30 body joint motions were collected. For
each joint motion, the mean RoM values of the obese
and non-obese groups were statistically compared.
2. Methods
There were 20 obese and 20 non-obese male participants in this study. All the participants were relatively
young, most of them being in their twenties and early
thirties. The study participants were randomly recruited from the University of Cincinnati community.
A study participant was classiﬁed as non-obese
if his BMI was 420 kg/m2 and 525 kg/m2. A
BMI 430 kg/m2 was considered obese. The participants’ body masses and heights were measured at the
site of data collection and their BMI were calculated
based on them. Individuals who had any obvious neurological, musculoskeletal and soft tissue disorders were
excluded during the participant recruitment process.
Also, athletes and individuals who were engaged in
regular physical exercises for improving ﬁtness or
ﬂexibility were excluded. A questionnaire containing all
the exclusion criteria was used to assess physical
eligibility of study participants. The questionnaire was
developed by a licensed physical therapist. The participants’ age, height, body mass and BMI data are
summarised for each participant group in Table 1.
Prior to the data collection, each participant
participated in an introductory session in which all
the questions regarding the nature and protocol of the
study were answered. No indications about the

expectation of results were given in order to avoid
conscious or unconscious bias of the results. All the
participants signed an informed consent form prior to
the data collection. The study was approved by the
Institutional Review Board, University of Cincinnati
Medical Centre.
For each participant, joint RoM measurements
were conducted for a total of 30 joint motions
(Table 2). Detailed descriptions of the motions’
deﬁnitions and the standardised measurement
procedures can be found in Reese and Bandy (2002).
The deﬁnitions and methods described in Reese and
Bandy (2002) are largely based on the
recommendations by the American Academy of
Orthopedic Surgeons (1965) and the American
Medical Association (1993).
In a way similar to the procedure employed by
Stubbs et al. (1993), one experimenter who had more
than 6 months of extensive training and experience
with RoM measurements collected all RoM data.
Motion was measured to the nearest 18. For each
participant and each motion, two measurements were
taken repeatedly until two readings were within 48 of

Table 1. Summary of the age, height, body mass and
BMI data for the two participant groups.
Obese

Non-obese

Dimensions

Mean + SD

Mean + SD

Age (years)
Height (cm)
Body mass (kg)
BMI (kg/m2)

26.2
177.8
139.7
44

22.3
176.4
70
22.5

+
+
+
+

5.6
7.9
29.7
7.4

+
+
+
+

1.7
7.6
7.7
1.8

Table 2. Joint motions considered for the range of
motion measurements.
Body joint or area

Type of motion

Cervical spine (neck)

Flexion (unilateral)
Extension (unilateral)
Rotation (left, right)
Flexion (left, right)
Extension (left, right)
Abduction (left, right)
Adduction (left, right)
Lateral rotation (left, right)
Medial rotation (left, right)
Flexion (left, right)
Flexion (unilateral)
Extension (unilateral)
Rotation (left, right)
Lateral ﬂexion (left, right)
Flexion (left, right)
Plantarﬂexion (left, right)
Dorsiﬂexion (left, right)

Shoulder

Elbow
Lumbar spine (back)

Knee
Ankle
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each other. The mean of the last two measurements
was used in the data analyses.
The back RoM instrument (BRoM IITM; Performance Attainment Associates, Lindstrom, MN, USA)
was utilised to measure RoM of the lumbar spine
motions: lumbar spine ﬂexion; extension; rotations;
lateral ﬂexions. Standard goniometers were used to
measure RoM for the rest of the motions. The
measurement devices were validated against known
angles of 08, 458, 908, 1358 and 1808, again similar to
the methods used by Stubbs et al. (1993).
For each of the two participant groups and each of
the joint motions studied, descriptive statistics, such as
mean and standard deviation, were computed to
summarise the collected RoM data. For each joint
motion studied, the mean RoM of the two participant
groups were compared using an unpaired t-test, with
equal means as the null hypothesis. In performing the
t-tests, the Bonferroni correction was used to adjust for
multiple comparisons: the 30 t-tests were separated
into six groups corresponding to the six body joints/
areas shown in Table 2. Within each group of t-tests,
the familywise a was set at 0.05 and the testwise a for
each t-test was determined by dividing the familywise a
by the number of t-tests in the group.

3.

Results

Table 3 summarises the RoM data measured for the
motions at the cervical spine area. For each motion,
the means and standard deviations for the non-obese
and obese groups are provided. Also, the inter-group
mean RoM diﬀerence (obese – non-obese) is presented
as a percentage of the mean RoM of the non-obese
group. Tables 4–8 provide similar summaries for the
motions at the shoulder joints, elbow joints, lumbar
spine area, knee joints and ankle joints. In the tables,
statistically signiﬁcant inter-group mean diﬀerences
identiﬁed by t-tests are indicated with asterisks.
Among the motions at the cervical spine area, no
joint motion was found to exhibit a statistically
signiﬁcant inter-group mean RoM diﬀerence (Table 3).
At the shoulder joints, the obese group was found
to have a signiﬁcantly smaller mean RoM than the
non-obese for the shoulder extensions and adductions
(Table 4). No signiﬁcant inter-group mean diﬀerences
were found for the other shoulder joint motions. The
obesity-associated reductions in mean RoM for the left
and right shoulder extensions were 22% and 20.5%,
respectively. Those for the left and right shoulder
adductions were 38.9% and 35.9%, respectively.

Table 3. Group range of motion (RoM) means and standard deviations and inter-group mean RoM diﬀerences for the
cervical spine motions.

Unilateral
Left
Right

Cervical spine
motion

Non-obese
group (8)

Flexion
Extension
Rotation
Rotation

44.9
72.2
75.2
75.6

+
+
+
+

5.7
12.8
6.1
6.4

Obese
group (8)
40.4
68.2
75
76.3

+
+
+
+

Mean diﬀerence
(obese 7 non-obese, %)

p-value

710
75.5
70.3
0.9

0.0397
0.3162
0.9243
0.7178

7.5
12.1
7.1
5.8

Note: No statistically signiﬁcant diﬀerence found at Bonferroni-adjusted testwise a of 0.0125 (¼0.05/4).

Table 4. Group range of motion (RoM) means and standard deviations and inter-group mean RoM diﬀerences for the
shoulder joint motions.
Shoulder joint
motion
Left

Right

Flexion
Extension
Abduction
Adduction
Lateral rotation
Medial rotation
Flexion
Extension
Abduction
Adduction
Lateral rotation
Medial rotation

Non-obese
group (8)
161.5
51.6
157.7
30.6
82.7
59.9
162
51.3
158.8
32.3
83.6
60.6

+
+
+
+
+
+
+
+
+
+
+
+

14.2
8.5
2.5
6.8
5.8
12.4
14.6
8.1
23.6
7.5
6.2
11.5

Obese
group (8)
162.8
40.2
159.6
18.7
76
59.4
163.9
40.8
158.7
20.7
78.4
61

+
+
+
+
+
+
+
+
+
+
+
+

16.3
11.4
22.3
9.4
14.1
11.4
14.3
11.4
22.8
10
14.3
10.3

*Signiﬁcantly diﬀerent at Bonferroni-adjusted testwise a of 0.004167 (¼0.05/12).

Mean diﬀerence
(obese 7 non-obese, %)

p-value

0.8
722*
1.2
738.9*
78.1
70.8
1.2
720.5*
70.1
735.9*
76.2
0.6

0.7969
0.0009*
0.8010
50.0001*
0.0609
0.9054
0.3462
0.0017*
0.9946
0.0002*
0.1508
0.9082
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For the elbow ﬂexions, the inter-group mean RoM
diﬀerences were found to be statistically not signiﬁcant
(Table 5).
At the lumbar spine area, signiﬁcant inter-group
mean RoM diﬀerences were found for the extension
and two lateral ﬂexions (Table 6). The obesityassociated mean RoM reduction for the lumbar spine
extension motion was 21.7%. The reductions for the
left and right lateral ﬂexions were 20% and 18.4%,
respectively. The lumbar spine ﬂexion and rotations

did not show signiﬁcantly large inter-group mean
RoM diﬀerences.
For the knee ﬂexions, the obese group was
found to have signiﬁcantly smaller mean RoM than
the non-obese (Table 7). The obesity-associated
mean RoM reductions for the left and right
sides were 12.3% and 11.1%, respectively. None
of the ankle joints motions showed statistically
signiﬁcant inter-group mean RoM diﬀerences
(Table 8).

Table 5. Group range of motion (RoM) means and standard deviations and inter-group mean RoM diﬀerences for the
elbow ﬂexions.

Left
Right

Elbow joint
motion

Non-obese
group (8)

Obese
group (8)

Mean diﬀerence
(obese 7 non-obese, %)

p-value

Flexion
Flexion

132.3 + 7.1
131.8 + 6.8

128.5 + 6.8
129.3 + 7.1

72.9
71.9

0.0973
0.2630

Note: No statistically signiﬁcant diﬀerence found at Bonferroni-adjusted testwise a of 0.025 (¼0.05/2).

Table 6. Group range of motion (RoM) means and standard deviations and inter-group mean RoM diﬀerences for the
lumbar spine motions.

Unilateral
Left
Right

Lumbar spine
motion

Non-obese
group (8)

Flexion
Extension
Rotation
Lateral ﬂexion
Rotation
Lateral ﬂexion

58.1
24
12.9
35
13.3
34.8

+
+
+
+
+
+

5.8
4
3.4
4.5
2.7
4.2

Obese
group (8)
53.7
18.8
12.7
28
12.6
28.4

+
+
+
+
+
+

Mean diﬀerence
(obese 7 non-obese, %)

p-value

77.6
721.7*
71.6
720*
75.3
718.4*

0.0696
0.0041*
0.9031
0.0001*
0.5691
0.0009*

8.8
6.4
4.3
5.6
4.3
6.8

*Signiﬁcantly diﬀerent at Bonferroni-adjusted testwise a of 0.008333 (¼0.05/6).

Table 7. Group range of motion (RoM) means and standard deviations and inter-group mean RoM diﬀerences for the
knee ﬂexions.

Left
Right

Knee joint
motion

Non-obese
group (8)

Obese
group (8)

Mean diﬀerence
(obese 7 non-obese, %)

p-value

Flexion
Flexion

128.7 + 10.2
129 + 10.9

112.9 + 6.5
114.7 + 8.1

712.3*
711.1*

50.0001*
50.0001*

*Signiﬁcantly diﬀerent at Bonferroni-adjusted testwise a of 0.025 (¼0.05/2).

Table 8. Group range of motion (RoM) means and standard deviations and inter-group mean RoM diﬀerences for the
ankle joint motions.
Ankle joint
motion
Left
Right

Plantarﬂexion
Dorsiﬂexion
Plantarﬂexion
Dorsiﬂexion

Non-obese
group (8)
31.7
15.5
31.9
15.3

+
+
+
+

7.1
2.9
7.6
4.8

Obese
group (8)
33.7
16.4
33.8
17.4

+
+
+
+

Mean diﬀerence
(obese 7 non-obese, %)

p-value

6.3
5.8
6.0
13.7

0.4255
0.3672
0.4106
0.1211

8.6
3.3
7.2
3.6

Note: No statistically signiﬁcant diﬀerence found at Bonferroni-adjusted testwise a of 0.0125 (¼0.05/4).
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Discussion

This study investigated the obesity eﬀect on male joint
RoM based on data collected from a sample of 20
obese and 20 non-obese males. A total of 30 motions
occurring at the cervical and lumbar spine areas and
shoulder, elbow, knee and ankle joints were examined.
The obesity eﬀect was found to vary across the
body joint motions examined. Obesity signiﬁcantly
reduced RoM for only nine of the 30 motions
examined: shoulder joint extensions and adductions,
lumbar spine extension and lateral ﬂexions and knee
joint ﬂexions (Tables 3–8). For the rest of motions, no
signiﬁcant obesity eﬀect was found. The amount of
RoM reduction varied across the nine motions for
which a signiﬁcant obesity eﬀect was observed. When
expressed as a percentage of the mean RoM of the
non-obese group, the largest signiﬁcant RoM reduction was 38.9 for the left shoulder adduction. The
smallest was 11.1% for the right knee ﬂexion.
It is thought that the observed RoM reductions are
mainly due to the excess fat in the obese body. Such fat
would interpose and mechanically obstruct intersegmental rotations at body joints (Laubuch 1969,
Escalante et al. 1999a,b, Chaﬃn et al. 2006, Gilleard
and Smith 2007). Aside from excess fat, reduced
physical activity might also be hypothesised as a
possible contributor to the observed RoM reductions
as obesity is generally associated with a lower level of
physical activity during daily life (Jebb and Moore
1999, Kaplan et al. 2003, Kvaaik et al. 2003,
Yamakawa et al. 2004) and physical inactivity can
decrease body ﬂexibility (Kottke 1965, Buckwalter
1997). However, the current study did not allow testing
of this physical inactivity hypothesis as the participants’ physical activity levels were not recorded.
What gave rise to the non-uniformity of obesity
eﬀect across diﬀerent body joint motions is not entirely
clear. However, such motion-speciﬁc nature of obesity
eﬀect seems largely attributed to the body fat
accumulation and distribution pattern of human
obesity. When a person gains fat and becomes obese,
fat is known to accumulate non-uniformly across
diﬀerent body regions (Arner 1997). In other words,
in the human body, there are sites where fat deposits
occur more easily than others. Some commonly used
expressions, such as arm ﬂab, love handles and
potbelly, indeed refer to such fat deposit sites.
Logically, non-uniform fat distribution implies that
the degree of mechanical interposition and obstruction
by excess fat would vary across diﬀerent body joint
areas and motions; and thus, the obesity eﬀect on
RoM would be speciﬁc to each motion. The obesityassociated RoM reductions for shoulder extensions
(Table 4) and lumbar lateral ﬂexions (Table 6) seem to

be direct results of the arm ﬂab and love handle
phenomena, respectively. The potbelly style fat deposit
seems to be the main reason for the signiﬁcant RoM
reduction for the lumbar extension (Table 6). During
the lumbar extension, the visceral fat in the abdomen
area would increase the abdominal pressure, which
interferes with the motion. The thigh areas, especially
the back sides, are also known to easily deposit fat. It is
thought to be the main reason for the obesityassociated RoM reductions for the knee ﬂexions.
To some extent, the motion-speciﬁc nature of the
obesity eﬀect could be explained in relation to the
human anatomical structure and how it constrains
human motions. An example illustrating this is the
signiﬁcant obesity-associated RoM reductions for the
shoulder adductions and the lack of such eﬀect for
the shoulder abductions (Table 4). When obese
individuals perform shoulder adductions, the fat
deposited in the chest and abdomen areas of the obese
body obstructs the movements of the upper
extremities. In contrast, during shoulder abductions,
such obstruction does not occur because the upper
extremities move away from the body and, thus, from
the obstructing fat tissues in the chest and abdomen
areas.
The motion-speciﬁc nature of obesity eﬀect might
also be related to the diﬀerences between joint motions
in the frequency of occurrence during routine daily
activities. As mentioned earlier, obesity was found to
signiﬁcantly reduce RoM for the shoulder extensions
and adductions but not for the shoulder ﬂexions
and abductions (Table 4). Also, signiﬁcant obesityrelated RoM reductions were found for the lumbar
extension and lateral ﬂexions but not for the lumbar
ﬂexion and rotations (Table 6). In both cases, the latter
appear to more frequently occur than the former in
normal daily activities. From these observations, it
may be hypothesised that frequent use of a joint
motion mitigates obesity-associated RoM reduction.
From an application point of view, this represents an
interesting possibility for improving the body ﬂexibility
of obese individuals: regular exercises designed to
promote motions that individuals do not frequently
use in daily activities might help obese individuals
regain body ﬂexibility without having to lose
signiﬁcant body mass. The hypothesis is currently
under investigation.
The obesity-associated RoM reductions may cause
decreases in physical abilities to perform work and
daily-life activities. The RoM reductions found for the
shoulder extensions and adductions, lumbar spine
extension and lateral ﬂexions and knee ﬂexions suggest
that obese individuals are likely to have limited
functional reach capabilities in both the standing and
seated positions when compared with non-obese
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individuals. Related to this, Larsson and Mattsson
(2001) have reported that obese individuals experience
diﬃculties in performing reaches during activities of
daily living, such as picking up coins on the ﬂoor and
putting on socks. The current results warrant further
studies for quantifying obese individuals’ reach capabilities. A quantiﬁcation of the reach capabilities of
obese individuals will greatly facilitate inclusive design
of products, workplaces and environments for obese
individuals.
The obesity-associated RoM reductions also seem
to have implications on human working postures and
work-related biomechanical stresses. The human body
is able to perform a manual task based on an inﬁnite
number of postures since it has a kinematically ﬂexible
structure with many body joint degrees of freedom.
This is the so-called kinematic redundancy of the
human body (Bernstein 1967). The obesity-associated
RoM reductions essentially amount to a reduction in
the kinematic redundancy; that is, when planning a
working posture for a given manual task, an obese
worker has a smaller range of feasible body postures to
select from than a non-obese individual. For example,
in performing certain low-lying object lifting tasks,
severely obese individuals may ﬁnd it diﬃcult or
impossible to utilise squat lifting postures due to
reduced knee joint ﬂexion RoM. A reduction in the
kinematic redundancy would hamper exploring and
utilising biomechanically advantageous postures for
manual tasks and, therefore, make it diﬃcult to control
work-related biomechanical stresses. Thus, it would
likely lead to increased biomechanical stresses. Indeed,
Gilleard and Smith (2007) showed that obese and nonobese individuals adopt diﬀerent work postures during
a standing grasp task and the postures adopted by
obese workers were biomechanically more disadvantageous compared with those used by the non-obese.
When combined with larger body masses, such
biomechanically disadvantageous postures would severely aggravate work-related physical stresses for
obese individuals (Gilleard and Smith 2007).
Some limitations of the current study are described
here alongside future research directions. First,
although the sample size in this study allowed
statistical testing and characterisation of the obesity
eﬀect on male RoM, it was not large enough to
generate accurate point estimates of the population
parameters. Thus, the descriptive statistics provided in
Tables 3–8 should not be regarded as clinical
normative RoM data for the obese. Second, the obese
group in the present study represented the extremely
obese category (mean BMI 4 40 kg/m2) among a
number of diﬀerent obesity categories. In future
studies, other obesity categories, such as overweight
and moderately obese groups, should be considered to

107

provide a more complete understanding of the obesity
eﬀect. Third, the current study collected only male
participants’ RoM data. Further research is needed to
characterise the obesity eﬀect on female RoM. Since
gender is known to aﬀect the fat distribution pattern of
obesity (Arner 1997), the obesity eﬀect on female RoM
may diﬀer from that on male RoM.
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