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Endomorphs Show Higher Postural Sway Than Other Somatotypes Subjects
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Background: The somatotype may influence the balance control ability. The quality of balance performance is an important factor to
prevent injuries during sport activities.
Objectives: The purpose of this study was to investigate the influence of somatotype on the static and dynamic balance indices as well as
falling risk index.
Patients and Methods: A total of 141 university student healthy young females were recruited. We measured anthropometric somatotypes
(10 parameters, Heath-Carter’s method) and the mean of center of pressure (COP) displacement on a Biodex balance system during
unilateral (static balance indices) and bilateral standing (dynamic balance indices) with their eyes open and eyes closed.
Results: In this research, the frequency of somatotypes was as follows: endomorph, 51; mesomorph, 43; and ectomorph, 47. During
dynamic tests, the endomorph group showed significantly higher COP sway (P < 0.01) and falling risk index (P < 0.05) than other
somatotype groups did. The mesomorph group showed significantly better postural control during dynamic balance control test with
eyes closed (P < 0.05) in comparison to the other somatotype groups.
Conclusions: The mesomorph subjects had a higher degree of static and dynamic balance control, while a lower degree of balance control
was found among endomorph subjects, especially when standing on the unlocked balance platform with both eyes open and eyes closed.
Keywords:Mesomorph; Endomorph; Ectomorph; Balance Control

1. Background

Postural control or postural stability is the ability to
maintain equilibrium and orientation in a gravitational
environment (1). It has been also defined as the ability to
maintain an upright posture and to keep the center of
gravity (COG) within the limits of the base of support in
an unsteady environment (2, 3). An intact balance control
strategy is necessary to prevent injury during physical
activities such as sport activities (4); it has been shown
that balance disturbance may increase the risk of injury
during sport activities (5, 6). McGuine et al. have reported
higher injury incidence in athletics with poor postural
control (7). It has been suggested that balance control
may be influenced by anthropometric parameters and
somatotypes (8-10), which is an overview of the physical
characteristics of the human body (11). The somatotype
has been defined as the quantification of the shape and
composition of the human body, according to the measurements of anthropometry, it has been expressed in
a three-number rating representing endomorphy (fatness), mesomorphy (musculature), and ectomorphy
(linearity), (11). There are some studies indicating the association between the type of somatotypes and health
conditions (12, 13) as well as physical performance (14, 15).
While no study has been done to investigate the somato-

type effect on dynamic balance control, a few studies
have investigated its effects on the static balance control
(8-10). Allard et al. reported reduced standing posture stability of the ectomorphic group in comparison with the
mesomorphic and endomorphic groups (8). They suggested low muscle component, an elevated position of
the body center of mass, and high height to weight ratio
are the main reasons for the poor stability of this population. These results were later confirmed by Farenc et al.
study, which showed thinner subjects have larger sway
amplitude of the COG (9). They found that ectomorphs
demonstrated larger horizontal displacements of the
COG and concluded that because of their less musculature structures, endomorphs present better postural control than ectomorphs do. In another study, mesomorphic
population showed significantly smaller mean of center
of pressure (COP) radius than other somatotypes did (10).
They explained that better single leg postural stability in
mesomorphic subject might be due to the significantly
lower body height and higher proportion of muscular
profile. However, some other studies reported poor correlations (16) or even no correlation between developmental factors (height, weight, and body mass index [BMI])
and the composite equilibrium score (17). Most of these
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studies focused on the static postural control while a dynamic postural control is an important factor to reduce
the risk of injury during physical activities (6, 7). To the
best of our knowledge, no studies had examined the influences of body composition on the balance control in
dynamic situation; moreover, there were contradictory
results from the few available studies about the effects
of somatotype on postural control. Therefore, this study
was designed to investigate the effects of somatotype on
static and dynamic balance control quality as well as the
rate of falling risk in university student young females
who might take part in amateur sport activities.

2. Objectives

The purpose of this study was to find how dynamic and
static postural control might be influenced by somatotype characteristics in young females.

3. Patients and Methods
3.1. Subjects

The proposal of this cross-sectional study was approved
by the Ethical Committee of the Semnan University of
Medical Sciences. A total of 141 nonathletic female university students were recruited from three different universities. All participants were healthy and had no musculoskeletal or neurologic disorders that might have affected
their sense of balance control. All participants signed
informed consent forms and were familiarized with the
study’s procedure.

3.2. Anthropometric Measurements
For all anthropometric measurements, we followed
standard International Society for the Advancement of
Kinanthropometry procedure. The Heath-Carter method
was used to determine the participants' somatotype (11).
The method consists of ten anthropometric measurements including height, weight, four skinfolds, two
girths, and two breadths. A stadiometer was used to
measure stretch stature (height) to the nearest 0.1 cm.
A calibrated balance beam scale was used to measure
body mass that was rounded to the nearest 0.1 kg. BMI
was calculated from these two measurements, using the
following equation: weight (kg)/square of height (m2).
The height to weight ratio (HWR), calculated by dividing
height by the cube root of weight, was used in somatotyping. Sum of four skinfolds was calculated from measurements at the triceps, subscapular, suprailiac, and medial
calf regions using skinfold caliper (Harpender, UK). All
measurements including four skinfolds, girths (upper
arm and calf), and breadth (humerus and femur), which
have been shown very high reliable method to measure
circumferences, breadths, and four skinfold thicknesses
(18), were performed three times from the right side and
the means of them was rounded to the nearest 1 mm. In
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order to calculate the anthropometric somatotype of
each participant, the following equations were used:
A) Endomorphy = -0.7182 + (0.1451X) – (0.00068X2) +
(0.0000014X3), where X = (sum of triceps, subscapular,
and supraspinal skinfold) × (170.18/height).
B) Mesomorphy = (0.858 × humerus breadth) + (0.601 ×
femur breadth) + (0.188 × corrected arm girth) + (0.161 ×
corrected calf girth) − (height × 0.131) + 4.5, where corrected arm and calf circumferences are the respective
limb circumferences minus the triceps and medial calf
skinfolds, respectively.
C) Three equations were used to calculate ectomorphy
according to the HWR:
a) If HWR was ≥ 40.74, then ectomorphy = (0.732 ×
HWR) − 28.58.
b) If 39.65 < HWR < 40.74, then ectomorphy = (0.463 ×
HWR) − 17.63
c) If HWR ≤ 39.65, then ectomorphy = 0.1.
Each participant was described by three numbers determining their morphological structure, which represent
respectively endomorphic, mesomorphic, and ectomorphic components of somatotype. Then all participants
were assigned to three groups according to the highest
value of their somatotype components (8, 11).

3.3. Stability Assessment
A Biodex Balance System (BBS) was used to evaluate dynamic and static balance indices. Its great reliability for
evaluating dynamic and static postural balance has been
reported in previous studies (19, 20). Its reliable measurements were indicated by r = 0.94 for overall stability index, r = 0.95 for anteroposterior stability index, and r =
0.93 for mediolateral stability index (21). The device uses
a circular platform that is free to move in the anteroposterior and mediolateral axes simultaneously. The BBS allows up to 20° of foot platform tilt and calculates three
separate measurements: mediolateral stability (MLSI),
anteroposterior stability (APSI), and overall stability (OSI)
indices, which indicate the postural sway in the anteroposterior, mediolateral, and overall directions, respectively. A higher score in each index, such as MLSI, indicates poor balance. It is believed that the OSI score is the
best indicator of the overall patient ability to maintain
balance on the free platform (22).
The static and dynamic balance tests were performed in
single leg standing and bilateral standing, respectively.
In order to measure the MLSI, APSI, and OSI, a technician
who was unaware of the experimental groups asked the
subjects to step onto the BBS platform with bare feet and
assume a comfortable position. The foot position on the
platform varied among the subjects. The exact position of
the feet was detected by the graded surface of the platform
and recorded in the software for further correction. The
subjects were asked to maintain their foot position on the
platform throughout the test session. Before starting the
test procedure, participants were trained for one minute
Middle East J Rehabil Health. 2014;1(2):e23470
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for adaptation to the test procedure. Then, all participants
performed three test conditions in a systematic order
from a simple task to a difficult task: 1) single leg static test,
with both eyes open and eyes closed, alternatively on left
and right limb; 2) bilateral standing dynamic test, with
both eyes open and closed; and 3) falling risk test.
During the static balance test, the platform was locked
under the feet, while during the dynamic balance test the
platform was unlocked with stability levels ranging progressively from six (most stable) to one (least stable). After the static and dynamic balance tests, falling risk index
was immediately evaluated by BBS for all subjects. During
the falling risk test procedure, the platform was unlocked
and was completely free to move in all directions (no progressive change in resistance). In all stages of balance
test conditions, the assessor instructed the participants
to maintain their COP in the smallest concentric rings
(balance zones) on the BBS monitor, named A zone. Each
of the test conditions were repeated three times, each
lasting for 20 seconds with 15 seconds rest interval. The
OSI, APSI, and MLSI were calculated by the mean of COP
displacement during three test trials. The APSI and MLSI
were calculated by machine from COP displacement in a
sagittal plane and frontal plane, respectively, while OSI
was calculated by considering COP displacement in both
anteroposterior (sagittal plane) and mediolateral (frontal plane) directions. All balance indices were normalized
with subject’s height (stability index/subject’s height in
meters) and expressed as mean ± SD (23).

3.4. Statistical Analysis

The normalized mean of static and dynamic OSI, APSI,
and MLSI and falling risk were compared between experimental groups by one-way ANOVA. Post hoc Tukey's
test with 95% confidence coefficients and α < 0.05 was
performed to identify the groups that were statistically
different from each other. SPSS 17.0 (SPSS Inc, Chicago, IL,
USA) was used to analyze the recorded data.

4. Results

The mean of participants age, weight, and height was

20.6 ± 1.6 years, 60.1 ± 10.9 kg, and 165.9 ± 5.4 cm. all the
141 participants underwent familiarization and base
line testing. Table 1 presents the basic anthropometric
measurements and somatotype components of the participants. Endomorphic subjects had significantly higher
weight and BMI than other somatotypes did (P < 0.0001)
while ectomorphic subjects showed significantly higher
height and HWR in comparison to somatotype subjects
(P < 0.0001). Considering the small difference of 0.4 unit
between the endomorphic and the mesomorphic component and the higher difference of 1.6 to 1.9 between those
components and the ectomorphic component, the whole
group can be described as endomorphic-mesomorphic
(Table) 1. All subjects were grouped according to the somatotype component with the highest value. There were
51 subjects in the endomorphic, 43 subjects in the mesomorphic, and 47 subjects in the ectomorphic groups. The
value of the dominant somatotype component was above
four and significantly higher than that of two other components in each somatotype group (F, 80.17-176.70; P <
0.0001) (Table 1). Anthropometric measurements showed
significantly higher body weight (F, 43.47; P = 0.0015) and
lower body height (F, 42.21; P = 0.0018) in endomorphs
than in others, while ectomorphs had smaller BMI values
(F, 84.29; P < 0.0001) than endomorphs and mesomorphs
did (Table 1). Table 2 presents the values of static balance
indices. Statistical analysis of COP sway during static single leg standing test revealed no significant difference in
balance indices between different types of somatotype
in eyes open condition. However, the endomorphs had
significantly higher postural sway than the mesomorphs
and ectomorphs in eyes closed condition, in term of overall postural sway (F, 7.08; P < 0.01), anteroposterior postural sway (F, 5.31; P < 0.05), and mediolateral postural
sway (F, 4.66; P < 0.05) (Table 2). The value of dynamic balance indices are shown in Table 3. During both eyes open
and closed dynamic test conditions, significant higher
postural sway was found in endomorphs in comparison
to the other somatotype groups in terms of OSI, APSI, and
MLSI (F, 5.24-12.28; P < 0.01). The falling risk index was significantly higher in endomorphs than in the ectomorphs
and mesomorphs groups (F, 5.91; P = 0.003).

Table 1. The Mean and standard deviation of Anthropometric Measurements and Somatotype Components for All Participants a
All Subjects
Endomorphs
Mesomorphs
Ectomorphs
Somatotype F
ANOVA P value
(n = 141)
(n = 51)
(n = 43)
(n = 47)
values
Age, y
20.6 ± 1.6
20.9 ± 1.9
20.5 ± 1.3
20.4 ± 1.5
1.31
0.272
165.3 ± 4.4
169.9 ± 4.2
42.21
0.0018
Height, cm
165.8 ± 5.5
162.1 ± 5.2b
52.8 ± 3.9
43.47
0.0015
Weight, kg
60.4 ± 10.9
68.6 ± 12.5
60.6 ± 9.1b
2
84.29
0.0001
BMI, kg/m
21.1 ± 4.4
26.1 ± 4.7
22.2 ± 3.1
18.3 ± 0.9c
42.2 ± 1.8
45.3 ± 0.8
130.85
0.0001
HWR
42.5 ± 2.8
39.9 ± 2.5 b
3.3 ± 0.4
80.17
0.0001
Endomorphic
4.7 ± 1.4
5.6 ± 1.5
5.1 ± 1.1d
140.50
0.0001
Mesomorphic
4.4 ± 2.3
4.2 ± 1.3
6.9 ± 2.1
2.3 ± 0.8c
1.29 ± 1.1
4.6 ± 0.6
176.70
0.0001
Ectomorphic
2.8 ± 1.6
2.5 ± 1.1b
a Abbreviations: BMI, body mass index; and HWR, height to weight ratio.
b Significant differences between endomorphs and mesomorphs as well as ectomorphs.
c Significant differences between ectomorphs and endomorphs as well as mesomorphs.
d Significant differences between mesomorphs and endomorphs as well as ectomorphs.
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Table 2. Comparison of the Static Balance Indices During Unilateral Standing Between Different Somatotypes a,b
OSI ± EO

Endomorphic (n = 51)

Mesomorphic (n = 43)

Ectomorphic (n = 47)

Somatotype F value

ANOVA P value

0.54 ± 0.3

0.51 ± 0.3

0.45 ± 0.2

1.55

0.215

0.39 ± 0.2

0.34 ± 0.2

0.33 ± 0.2

1.16

0.316

0.31 ± 0.2

0.27 ± 0.1

0.26 ± 0.1

1.95

0.145

APSI ± EO

MLSI ± EO
OSI ± EC

1.97 ± 1.0 c

APSI ± EC

1.53 ± 1.0 c

MLSI ± EC

1.21 ± 0.4 c

1.62 ± 0.5 d
1.21 ± 0.4 d

0.85 ± 0.2 d

1.51 ± 0.6 e
1.17 ± 0.5 e

0.84 ± 0.1 e

7.08

0.001

5.31

0.006

4.66

0.009

a Abbreviations: OSI, overall stability index; APSL, anteroposterior stability index; MLSI, mediolateral stability index; EO, eyes open; and EC, eyes closed.
b The balance indices were normalized with subject’s height (stability index/subject’s height in meters) and expressed as mean ± SD.
c Significant differences between endomorphs and mesomorphs as well as ectomorphs.
d Significant differences between mesomorphs and endomorphs.
e Significant differences between ectomorphs and endomorphs.

Table 3. Dynamic Balance Indices and Falling Risk Index During Bilateral Standing Between Different Somatotypes a,b
OSI ± EO

Endomorphic (n = 51) Mesomorphic (n = 43)

APSI ± EO

MLSI ± EO

OSI ± EC

APSI ± EC

MLSI ± EC

Falling Risk

1.45 ± 0.8 c

1.04 ± 0.7 c

0.79 ± 0.3 c
7.99 ± 2.0 c
4.61 ± 1.5 c
3.11 ± 1.0 c

1.54 ± 0.6 c

1.01 ± 0.3 d

Ectomorphic (n = 47)
0.84 ± 0.1 e

Somatotype F Value ANOVA P Value

0.71 ± 0.3 d

0.59 ± 0.3 e

9.85

0.0001

8.69

0.0001

5.27 ± 1.6 d

5.85 ± 1.4 e

5.24

0.007

12.28

0.0001

2.17 ± 0.6 e

9.41

0.0001

9.58

0.0001

5.91

0.003

0.57 ± 0.2 d
3.77 ± 1.4 d

2.38 ± 0.9 d
1.09 ± 0.5 d

0.56 ± 0.3 e
3.47 ± 1.1 e

1.19 ± 0.4 e

a Abbreviations: OSI, overall stability index; APSL, anteroposterior stability index; MLSI, mediolateral stability index; EO, eyes open; and EC, eyes closed.
b The balance indices were normalized with subject’s height (stability index/subject’s height in meters) and expressed as mean ± SD.
c Significant differences between endomorphs, mesomorphs, and ectomorphs.
d Significant differences between mesomorphs and endomorphs.
e Significant differences between ectomorphs and endomorphs.

5. Discussion
The process of maintaining the COG in the base of support has been known as the balance control process,
which is used as an indicator for lower limb function
assessment (1, 24). The intact balance control system is
vital in preventing injury during the physical activities
of daily life (4, 25). It has been stated that the ability of
balance control and making postural alterations in
response are essential to prevent injury during physical activities (26). Body types and somatotypes components are important factors that might affect the ability
of balance control and the quality of postural sway (9).
Although several studies have investigated the effect of
somatotype components on the physical performance
(27-29), little attention has been paid to the effect of somatotype components on postural stability (8, 10). To the
best of our knowledge, this study was the first one that
investigated the effects of somatotype components on
the dynamic balance control in female college students,
while most studies have investigated somatotype effect
on postural control in static condition. Our results are
important because of the high occurrence of sport injury among young college students (30); moreover, any
disturbance in the balance control procedure might in4

crease the risk of injury incidence during physical activities (5, 6). The results of this study might help to analyze
the quality of balance performance in the dynamic and
static situations according to the somatotype components of subjects. Our primary findings revealed that
in comparison to endomorphs and mesomorphs, the
postural sway indices have been increased in the endomorphic subjects in all anteroposterior and mediolateral
directions during both static and dynamic balance measurements, except in static eyes open balance test condition. Higher falling risk index was another characteristic
of endomorphic subjects. During double-leg or single-leg
standing, it is necessary to use an integration of visual,
vestibular, and proprioceptive inputs to plan and fulfill
motor commands for maintaining the COG within the
limits of the base of support (31). It has been shown that
the vision inputs are important in short test duration
and more destabilizing conditions (32). The results of
the current study revealed higher postural sway in eyes
closed condition than in eyes open condition when comparing different somatotypes. It has been stated that the
visual information from the environment is the most
reliable source of perceptual information for postural
Middle East J Rehabil Health. 2014;1(2):e23470
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stability (33). This would be more valuable when the base
of support is not stable, such as our unstable platform
for dynamic balance test condition. In this situation, the
increasing accuracy and consistency of eye movements
and the ability to use and interpret the visual inputs are
necessary to reduce postural sway, as was found in all balance tests among different somatotype groups. Although
a few studies have examined somatotype differences on
balance performance in static conditions (8-10), no study
investigated the effect of somatotype components on the
quality of balance control and postural sway in dynamic
conditions, which is more compatible with the balance
control during activities of daily life and sports. The results of the present study revealed that the endomorph
subjects presented significantly larger postural sway in
both open and eyes closed dynamic situations than the
mesomorph and endomorph subjects did. Although the
difference was not significant during eyes open static balance test, more difficult tasks such as eyes-closed balance
test resulted in larger postural sway in endomorphs than
in other somatotype components. Our findings were different from Allard and Farence’s studies, which reported that endomorphs presented better postural stability than ectomorphs did, and ectomorphs presented the
worst balance control (8, 9). However, their findings were
opposed by Lee and Lin’s study that stated mesomorphic
children had significantly smaller mean radius of COP
distribution during the eyes closed condition than endomorphic and ectomorphic children had (10). Our findings also confirmed some of the results by Lee and Lin,
who showed better postural control in mesomorphs in
comparison to endomorphs; however, their results that
indicated the same quality of balance control in endomorphs and ectomorphs were opposed by our findings,
which indicated better balance control performance by
ectomorphs than by endomorphs. These differences between these findings might be related to the difference
in task difficulty and ages of the studied groups (34). In
fact, Lee and Lin used school-age children and simple task
difficulty (static balance test), while we used dynamic
balance test with high task difficulty for university-age
females. The increased difficulty of balance control procedure may challenge balance control strategies in ectomorphs and endomorphs; the ectomorphs with lower
BMI and weight could control postural sway and keep
COP distribution in a smaller mean of radius than the
endomorphs with higher BMI and heavier weight could.
This may indicate that endomorph subjects with higher
BMI and heavier weight and relatively less lower muscle
torque and power (35) might not easily control postural
sway in dynamic conditions in comparison with the mesomorphs with higher muscle mass and endomorphs
with less BMI and weight. On the other hand, Allard at
el. showed more postural sway in ectomorphs and concluded that being taller in ectomorphs is the main reason of such a difference between somatotype groups (8).
However, normalizing the balance indices by the height
Middle East J Rehabil Health. 2014;1(2):e23470

of participants revealed higher postural sway in endomorphs than in ectomorphs and mesomorphs. This may
indicate that endomorphs subject might not control COP
displacement because of heavier weight and less muscle
mass, while ectomorphs might easily control postural
sway, because of less weight and BMI (10).
Our findings indicated higher falling risk index in endomorphic than in mesomorphs and ectomorphs, while
no differences was found between mesomorphs and ectomorphs in term of falling risk index. It seems that ectomorphs with lower body weight and less muscle mass
have less difficulty to control COP sway than endomorphs
with higher weight and less relatively muscle torque and
power do (35). On the other hand, mesomorphs with
higher muscle mass might have better control over postural sway than endomorphs with higher weight and
lower muscle mass do. However, endomorphs might
not properly maintain the COP distribution in a small
mean of radius because their less muscle mass could
not control higher weight, especially in dynamic situation, which might cause higher challenge to control COP
sway during standing on an unsupported board. These
findings are contradictory to Allard at el. reports indicating that in comparison to the endomorphs, the elevated
position of the body center of mass in the taller population might cause larger displacement of the COP (8). We
used Bryant et al. method to normalize balance indices
in each subject by dividing the mean of COP distribution
by the subject’s height (23). We noticed that endomorphs
presented larger COP displacement than other somatotypes did. Therefore, the higher COP sway in endomorphs
could be due to greater body mass and less muscle mass,
which makes controlling COP sway difficult, especially in
dynamic situations (10).
The results of the present study revealed that the pattern of static and dynamic balance control in young adult
females might be influenced by the somatotype components. It might be concluded that endomorph subjects are at higher risk of injury during sport activities,
because of higher COP sway in unsupported situation.
According to these findings, prescribing special balance
exercise training for endomorphs before participating in
any type of physical sport activity is recommended.

Acknowledgements

The authors would like to acknowledge the subjects
who participated in this study and the staff of the Neuromuscular Rehabilitation Research Center. We also thank
the Deputy of Research and Technology of Semnan University of Medical Sciences for the financial support.

Authors’ Contributions

Afshin Samaei checked inclusion and exclusion criteria,
referred the subjects, and helped to prepare the manuscript; Amir Hoshang Bakhtiary managed the research
and statistical tests and wrote the manuscript; Abdolha5

Samaei A et al.
mid Hajihasani performed the tests and help in writing
the manuscript.

Funding/Support

Semnan University of Medical Sciences supported the
study financially.

References
1.

2.
3.
4.

5.
6.
7.
8.
9.
10.
11.
12.

13.
14.

15.

16.

6

Negahban H, Mazaheri M, Kingma IV, Dieen JH. A systematic
review of postural control during single-leg stance in patients
with untreated anterior cruciate ligament injury. Official J ESSKA.
2013.
Jonsson E, Seiger A, Hirschfeld H. One-leg stance in healthy
young and elderly adults: a measure of postural steadiness? Clin
Biomech (Bristol, Avon). 2004;19(7):688–94.
Mochizuki L, Duarte M, Amadio AC, Zatsiorsky VM, Latash ML.
Changes in postural sway and its fractions in conditions of postural instability. J Appl Biomech. 2006;22(1):51–60.
Thacker SB, Stroup DF, Branche CM, Gilchrist J, Goodman RA, Porter Kelling E. Prevention of knee injuries in sports. A systematic
review of the literature. J Sports Med Phys Fitness. 2003;43(2):165–
79.
Hrysomallis C. Relationship between balance ability, training
and sports injury risk. Sports Med. 2007;37(6):547–56.
Hrysomallis C, McLaughlin P, Goodman C. Balance and injury in
elite Australian footballers. Int J Sports Med. 2007;28(10):844–7.
McGuine TA, Greene JJ, Best T, Leverson G. Balance as a predictor
of ankle injuries in high school basketball players. Clin J Sport
Med. 2000;10(4):239–44.
Allard P, Nault ML, Hinse S, LeBlanc R, Labelle H. Relationship between morphologic somatotypes and standing posture equilibrium. Ann Hum Biol. 2001;28(6):624–33.
Farenc I, Rougier P, Berger L. The influence of gender and body
characteristics on upright stance. Ann Hum Biol. 2003;30(3):279–
94.
Lee AJ, Lin WH. The influence of gender and somatotype on
single-leg upright standing postural stability in children. J Appl
Biomech. 2007;23(3):173–9.
Carter JEL, Heath BH. Somatotyping Developments and applications. Cambridge. Cambridge U Press. 1990.
Makgae PJ, Monyeki KD, Brits SJ, Kemper HC, Mashita J. Somatotype and blood pressure of rural South African children aged 6-13
years: Ellisras longitudinal growth and health study. Ann Hum
Biol. 2007;34(2):240–51.
Mozumdar A, Roy SK. Somatotype of the individuals with lower
extremity amputation and its association with cardiovascular
risk. Anthropol Anz. 2008;66(1):99–116.
Marta C, Marinho DA, Costa AM, Barbosa TM, Marques MC.
Somatotype is More Interactive with Strength than Fat Mass
and Physical Activity in Peripubertal Children. J Hum Kinet.
2011;29A:83–91.
Kolpakov VV, Bespalova TV, Bragin AV, Lebedeva KA, Tomilova EA,
Vesnina TA. The concept of typological variability of physiological individuality: II. Somatotype heterogeneity of population
groups differing in habitual physical activity. Fiziologiia cheloveka. . 2009;35(1):75–83.
Peterson ML, Christou E, Rosengren KS. Children achieve adultlike sensory integration during stance at 12-years-old. Gait Posture. 2006;23(4):455–63.

17.
18.

19.
20.
21.
22.

23.
24.

25.

26.

27.
28.
29.
30.
31.
32.
33.
34.
35.

Lebiedowska MK, Syczewska M. Invariant sway properties in children. Gait Posture. 2000;12(3):200–4.
Vicente-Rodriguez G, Rey-Lopez JP, Mesana MI, Poortvliet E, Ortega FB, Polito A, et al. Reliability and intermethod agreement for
body fat assessment among two field and two laboratory methods in adolescents. Obesity (Silver Spring). 2012;20(1):221–8.
Aydog E, Bal A, Aydog ST, Cakci A. Evaluation of dynamic postural
balance using the Biodex Stability System in rheumatoid arthritis patients. Clin Rheumatol. 2006;25(4):462–7.
Cote KP, Brunet ME, Gansneder BM, Shultz SJ. Effects of Pronated
and Supinated Foot Postures on Static and Dynamic Postural Stability. J Athl Train. 2005;40(1):41–6.
Cachupe WJC, Shifflett B, Kahanov L, Wughalter EH. Reliability of
Biodex Balance System Measures. Meas Physical Educ Exercise Sc.
2001;5(2):97–108.
Perron M, Hebert LJ, McFadyen BJ, Belzile S, Regniere M. The ability of the Biodex Stability System to distinguish level of function in subjects with a second-degree ankle sprain. Clin Rehabil.
2007;21(1):73–81.
Bryant EC, Trew ME, Bruce AM, Kuisma RM, Smith AW. Gender differences in balance performance at the time of retirement. Clin
Biomech (Bristol, Avon). 2005;20(3):330–5.
Jayakaran P, Johnson GM, Sullivan SJ, Nitz JC. Instrumented
measurement of balance and postural control in individuals
with lower limb amputation: a critical review. Int J Rehabil Res.
2012;35(3):187–96.
Oliveira CC, Lee A, Granger CL, Miller KJ, Irving LB, Denehy L.
Postural control and fear of falling assessment in people with
chronic obstructive pulmonary disease: a systematic review of
instruments, international classification of functioning, disability and health linkage, and measurement properties. Arch Phys
Med Rehabil. 2013;94(9):1784–1799 e7.
Owen JL, Campbell S, Falkner SJ, Bialkowski C, Ward AT. Is there
evidence that proprioception or balance training can prevent
anterior cruciate ligament (ACL) injuries in athletes without
previous ACL injury? Phys Ther. 2006;86(10):1436–40.
Berg K, Latin RW, Coffey C. Relationship of somatotype and physical characteristics to distance running performance in middle
age runners. J Sports Med Phys Fitness. 1998;38(3):253–7.
Gualdi-Russo E, Zaccagni L. Somatotype, role and performance in
elite volleyball players. J Sports Med Phys Fitness. 2001;41(2):256–
62.
van Someren KA, Palmer GS. Prediction of 200-m sprint kayaking
performance. Can J Appl Physiol. 2003;28(4):505–17.
Maffulli N, Baxter-Jones AD, Grieve A. Long term sport involvement and sport injury rate in elite young athletes. Arch Dis Child.
2005;90(5):525–7.
Honaker JA, Tomasek R, Bean K, Logan B. Impact of visual disorders on vestibular and balance rehabilitation therapy outcomes
in soldiers with blast injury. Int Tinnitus J. 2012;17(2):124–33.
Grace Gaerlan M, Alpert PT, Cross C, Louis M, Kowalski S. Postural balance in young adults: the role of visual, vestibular and
somatosensory systems. J Am Acad Nurse Pract. 2012;24(6):375–81.
Brooke-Wavell K, Perrett LK, Howarth PA, Haslam RA. Influence of
the visual environment on the postural stability in healthy older
women. Gerontology. 2002;48(5):293–7.
Streepey JW, Angulo-Kinzler RM. The role of task difficulty in the
control of dynamic balance in children and adults. Hum Mov Sci.
2002;21(4):423–38.
Maffiuletti NA, Jubeau M, Munzinger U, Bizzini M, Agosti F, De Col
A, et al. Differences in quadriceps muscle strength and fatigue between lean and obese subjects. Eur J Appl Physiol. 2007;101(1):51–9.

Middle East J Rehabil Health. 2014;1(2):e23470

