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Introduction
Obesity has a profound effect on disability and quality of life 
(1). As the prevalence of obesity is increasing at an alarm-
ing rate worldwide, obesity-related disabilities will eventually 
become a serious threat to national health systems.

The excessive amount of fat modifies the body geometry 
by adding passive mass to different regions (2) and it influ-
ences the biomechanics of activities of daily living, causing 
functional limitations, and possibly predisposing to injury (3). 
Quantitative evidence exists that excessive body weight nega-
tively affects the movement from sitting to standing (4,5) and 
walking (2,6–8).

Adipose tissue accumulation and body mass increases can 
be a major factor contributing to the occurrence of falls, which 
explains why obese persons appear to be at greater risk than 
normal-weight subjects under daily postural stresses and per-
turbations (9). In general, the integrity of the postural control 
system is evaluated, in static posturography, by analyzing the 
center of pressure (CoP). The effectiveness of the postural 
control system has been related to the magnitude of displace-
ments of the CoP, while parameters related to the velocity of 
CoP are generally associated with posturographic activity to 
achieve this level of stability (10).

There is now evidence that body weight is a strong predictor 
of postural stability (11), with obesity-associated postural per-
turbations appearing in adolescence (12). In particular, obesity 
has been associated with greater forward displacement of the 
CoP during dynamic standing balance activities (13).

Although fat mass could be considered a potential protec-
tive layer in falling, the additional weight of the fat mass itself 
yields some negative aspects. Indeed, the consequences of fall-
ing in obese subjects are more critical with higher treatment 
costs and more specialized care required following orthopaedic 
surgery (9,14). Complications associated with falls (e.g., frac-
tures, muscle contractures, post-trauma injury) are often 
more difficult to treat in obese persons than in normal-weight 
individuals (15).

Body mass distribution usually shows gender differences 
(gynoid and android shape), even if android fat distribution 
is also observed in females, particularly in postmenopausal 
women: thus, whether shape induces possible gender-specific 
consequences on balance is still controversial. Few dated stud-
ies on normal-weight persons reported no gender differences in 
sway area during standing and in perturbed conditions (16,17), 
although elderly women appear to have poorer balance (17) 
and functional performances (18). In 2003, Gravante et al. (19) 
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studied gender differences in obese and healthy subjects using 
a baropodometric platform. They reported no gender-related 
differences in foot pressure, foot contact surface, and CoP mean 
location. They also found that the CoP mean location was not 
influenced by weight.

More recent studies have investigated obese male subjects. 
Hue et al. (11) reported the lower postural stability of obese 
men, assessed by the AP and ML coordinates of the CoP, than 
their lean counterparts, although other authors showed that 
postural stability improved in severely obese men after weight 
loss (20) and specific balance training (21). The linear relation-
ship between magnitude of the weight loss and improved bal-
ance provides additional support to the suggestion that body 
weight is an important predictor of postural stability (11).

A recent paper (22) has investigated gender differences in 
postural control as assessed by standardized functional tests 
(one-leg standing balance and walking performance) in 318 
healthy normal-weight adults. The authors reported that 
women performed significantly poorer during the timed get-
up-and-go test and the tandem Romberg with eyes closed. 
These results were mainly influenced by the instability shown 
by middle-aged women. To our knowledge, no studies have 
investigated the impact of gender on postural stability in 
obese patients.

Therefore, the aim of this study was to quantitatively meas-
ure static posture variability in obese patients in order to inves-
tigate the potential consequences of body weight increases on 
balance in both males and females.

Methods And Procedures
Subjects
In this study, we analyzed 44 obese patients (BMI ≥30 kg/m2): 22 females 
(OF, age: 34.2 ± 10.8 years, age range: 20–57 years, weight: 104.2 ± 9.1 kg, 
BMI: 41.1 ± 4.1 kg/m2) and 22 males (OM, age: 34.2 ± 11.0 years, age 
range: 19–58 years, weight: 123.8 ± 15.7 kg, BMI: 40.2 ± 5 kg/m2).

All patients were enrolled from those admitted in our Orthopae-
dic Rehabilitation Unit for a comprehensive rehabilitation program 
including diet therapy, physical therapy, exercise classes, and psycho-
logical counseling. Exclusion criteria were the presence of neurological 

disorders (including peripheral neuropathy), oculo-vestibular 
disorders, major musculo-skeletal condition (complicated back, hip and 
knee pain, flat foot), hip and knee replacements, arrhythmia, and the 
assumption of medications known to affect balance (e.g., psychotropic 
and arrhythmic drugs).

The control group consisted of 20 age-matched healthy subjects 
recruited among the hospital staff: 10 females (HF, age: 30.7 ± 5.6 years, 
age range: 21–40 years, weight: 55.1 ± 2.8 kg, BMI: 20.2 ± 1.0 kg/m2) and 
10 males (HM, age: 30.2 ± 5.0 years, age range: 20–38 years, weight: 
70.6 ± 6.6 kg, BMI: 23.0 ± 2.2 kg/m2).

The study was approved by the Ethic Committee of the Istituto 
Auxologico Italiano.

Experimental setup
Subjects were asked to stand barefoot on the force platform (Kistler, 
Winterthur, Switzerland) with eyes open. Foot position was deter-
mined by positioning a standard plastic triangle between their feet 
(and then removing it before acquisition): distance between heels was 
~8 cm and the angle between feet was 30°. The configuration was cho-
sen in order to be suitable for the analysis of all the subjects under 
study. Data from the force platform were acquired for 60 s (ref. 23) by 
means of a Vicon Workstation (Vicon, Oxford Metrics, Oxford, UK) 
in order to measure the CoP.

Postural parameters
In a preprocessing phase, CoP data were low-pass filtered at 10 Hz 
with a fourth order and zero-lag Butterworth filter (24,25). Next, a 
high-pass filtered with a fourth order and zero-lag Butterworth filter 
with a cutoff frequency twice the frequency of the longest complete 
period in the time series (f = 2/T Hz, where T = acquisition time, 
60 s) was applied to CoP data in order to remove long-period trends 
or drifts (24,26). The first 10 s of the 60-s time series were considered 
as an adaptation period and were discarded for data analysis (23). 
Data were down-sampled at 20 Hz (ref. 27) and referred to the aver-
age value (zero mean time series).

We then computed the following parameters in the antero-posterior 
(AP) and medio-lateral (ML) axes (Figure 1): root mean square (RMS) 
of CoP positions (RMSAP and RMSML), maximum excursion of CoP along 
the axes (RANGEAP and RANGEML), and mean velocity of CoP displace-
ments along the axes (MVAP and MVML).

For the planar movement of the CoP, we analyzed the RMS distance 
of the CoP series from the centre (RMSCoP) and the area of the ellipse 
covering the 85.35% of CoP sway area (AREACoP) (Figure 1). Those 
parameters were computed by means of the principal component analysis 
method (24,28,29); the angular deviation was calculated from AP sway 
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Figure 1  Representative CoP displacement and parameters of an obese man. Left: mono-dimensional time series in AP and ML directions. Right: 
stabilogram or planar trajectory of the CoP.
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(ANGLECoP), identifying the principal direction of sway (24,27–30), and 
the mean CoP velocity (MVCoP) as the ratio between length of sway path 
and time (28).

According to Rocchi et al. (27) and Chiari et al. (30), all parameters 
were normalized to the individual height in order to avoid the potential 
misinterpretation of data in between-groups comparisons.

Statistical analysis
Statistical analysis was performed using the Statistica software (StatSoft, 
Tulsa, OK). Differences between genders were assessed with ANOVA 
test (P < 0.05). For each gender, comparisons between healthy subjects 
and obese patients were performed with ANOVA test (P < 0.05), in 
order to investigate the potential gender-related changes on posture 
introduced by an increased body weight. Potential correlations were 
investigated using Pearson’s r linear correlation.

Results
No statistically significant differences were found between 
obese males and obese females. However, when we compared 
obese and healthy subjects within each gender, interesting 
results were evident.

In males, larger displacements of CoP were found in OM 
as compared to HM, as assessed by all the computed param-
eters, except ANGLECoP (Table 1). Among statistically signifi-
cant parameters, the greatest amplification (+80%) was about 
AREACoP and remarkable increases (+41%) were reported in 
RANGEML and in RMSAP.

In females, no statistically significant differences in RMSML, 
RANGEML, and AREACoP, ANGLECoP were found between OF 
and HF (Table 2). Among the statistically significant param-
eters, the greatest differences were observed in MVAP (+61%) 
and MVCoP (+45%) values.

In males, body weight was correlated to all the considered 
parameters, except angle, (r = 0.36–0.58, P < 0.05), while in 
females body weight was correlated with AP parameters 
(r = 0.36–0.74, P < 0.05) and with CoP velocity (r = 0.35–0.74, 

P < 0.05) (Table  3). The best correlation index was found 
between body weight and MVAP (r = 0.74 in females, r = 0.55 in 
males), which was also the most different parameter between 
lean and obese females (Figure 2).

RANGEML showed a high correlation to weight only in the 
male group (r = 0.52, P = 0.002) (Figure 3).

Discussion
It is well known that in healthy subjects, biomechanical factors 
affect CoP stabilometric parameters. Chiari et al. (30) suggests 
that a set of particular biomechanical factors should be taken 
into account: height, weight, base of support area, maximum 
foot width, and feet opening angle. Because the aim of this 
study was to assess the gender-related role of body weight 
increases in static balance control, we tried to minimize the 
influence of other factors by adopting a standard foot position, 
matching obese and healthy subjects, and normalizing param-
eters to height.

In line with previous studies (16,17), we found no sta-
tistically significant differences between HM and HF and 
between OM and OF. On this basis, we could assume that 
the role of body weight is similar in the healthy and obese 
groups. Only the intragender analysis was able to underpin 
interesting differences.

Specifically, we found that the excessive body weight in men 
produced statistically significant increase of postural activity, 
as demonstrated by the parameters related to the mean velocity 
of CoP (MVAP, MVML, MVCoP). Such parameters are often con-
sidered to represent the overall amount of activity necessary to 
maintain stability (11). Despite the increase of postural activ-
ity, the parameters related to the magnitude of CoP displace-
ments, which are often claimed to be related to effectiveness 
of the postural control system (10), also showed statistically 
significant increases. Specifically, the displacements along the 

Table 1 N ormalized CoP based parameters computed for the 
male groups, values are shown as mean ± s.d.

HM OM

Height (mm) 1,751 ± 30 1,756 ± 69

Height normalized parameters

  RMSAP 2.7 ± 1.0 3.8 ± 0.9**

  RANGEAP 15.8 ± 5.8 21.2 ± 5.8*

  MVAP 6.9 ± 2.3 9.5 ± 1.6***

  RMSML 2.2 ± 0.6 3.0 ± 0.8*

  RANGEML 12.2 ± 3.5 17.2 ± 5.0**

  MVML 5.2 ± 1.8 7.0 ± 1.7*

  RMSCoP 3.5 ± 1.1 4.8 ± 1.1**

  AREACoP 77.6 ± 45.8 140.3 ± 60.8**

  ANGLECoP 24 ± 18 22 ± 22

  MVCoP 9.5 ± 3.1 13.0 ± 2.2**

AP, antero-posterior; CoP, center of pressure; HM, healthy male; ML, medio-lateral; 
MV, mean velocity; OM, obese male; RMS, root mean square.
All the parameters except the ANGLECoP resulted statistically different: *P < 0.05; 
**P < 0.01; ***P < 0.001.

Table 2 N ormalized CoP based parameters computed for the 
female groups, values are shown as mean ± s.d.

HF OF

Height (mm) 1,650 ± 24 1,595 ± 36***

Height normalized parameters

  RMSAP 3.2 ± 0.8 4.0 ± 1.0*

  RANGEAP 17.3 ± 3.8 22.4 ± 6.3*

  MVAP 6.2 ± 1.6 10.0 ± 1.4***

  RMSML 2.6 ± 0.6 3.2 ± 1.2

  RANGEML 14.9 ± 3.9 18.4 ± 6.2

  MVML 5.5 ± 1.4 6.8 ± 1.4*

  RMSCoP 4.1 ± 0.9 5.1 ± 1.4*

  AREACoP 98.1 ± 35.9 147.2 ± 86.3

  ANGLECoP 25 ± 29 28 ± 31

  MVCoP 9.2 ± 2.2 13.3 ± 2.0***

AP, antero-posterior; CoP, center of pressure; HF, healthy female; ML, medio-lateral; 
MV, mean velocity; OF, obese female; RMS, root mean square.
AP parameters, velocity parameters and RMSCoP resulted statistically different: 
*P < 0.05; **P < 0.01; ***P < 0.001.
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ML and AP axes (RMSAP, RANGEAP, RMSML, and RANGEML) 
and consequently the RMSCoP, and the AREACoP were greater. 
The main direction of sway (ANGLECoP) was the only com-
puted parameter not influenced by body weight, showing a 
direction of sway proximal to the AP axis.

The influence of body weight in males is supported by the 
statistically significant correlations between body weight and 
computed posture parameters, except the angle. This suggests 
that the differences in postural stability between lean and obese 
males are related to body weight.

For females, postural activity showed a significant increase, 
evidenced by the significant differences reported in MVAP, 
MVML, and MVCoP, similar to those reported in males. While 
the increased postural activity in the AP direction was not 
coupled to good stabilization (i.e.: increased RMSAP and 
RANGEAP), in the ML direction no statistically significant dif-
ferences in RMSML, and RANGEML were evident. Body weight 
did not appear to influence the AREACoP, even with greater 
RMSCoP (P = 0.049). An analysis of the correlations between 
body weight and the considered parameters provided the 
following picture: the parameters of AP direction appear to 
be directly related to body weight (Figure  2), whereas the 
ML parameters (RMSML, RANGEML) and planar parameters 
(AREACoP and RMSCoP) are not.

Increased body weight induced similar effects on AP param-
eters in both genders: the addition of fat mass in obese subjects 
altered the AP stability (RANGEAP, RMSAP) even if postural 
activity is increased (MVAP). From a biomechanical point of 
view, those results could be explained by adopting the hypoth-
esis, proposed by Winter et al. (31), that the system can be 
described with an inverse pendulum model. According to this 
model, the AP stability is mainly controlled by the muscular 
system at ankle level (31–34). The increased body mass in the 
obese individuals causes an increase of torque at ankle level, 
and consequently, an increased demand of muscle strength 
and activity to maintain the CoP within the base of support.

In the ML direction, the increase of postural activity (MVML) 
produced different results: OM showed poorer balance than 

HM (RMSML, RANGEML), in line with previous findings (11), 
whereas no statistically significant differences were evident 
between OF and HF. From a biomechanical point of view, pre-
vious studies have reported that the dominant control in the 
ML direction is due to the loading/unloading mechanism (31) 
and it involves specific mechanisms operating at the hip level 
rather than the ankle muscle control (32).

Therefore, the main result of our study is that obesity 
seems to produce gender-specific effects in the ML direction: 
OM, differently from OF, showed greater CoP displacements 
in the ML direction. Two possible hypotheses could explain 
our results, both related to the mass distribution. The fat 
mass is usually concentrated in the thorax-abdominal region 
in males (android shape), while it is usually around the hips 
and the upper portion of legs in females (gynoid shape) (35). 
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Figure 2  Correlation between body weight and MVAP in females 
(HF: white circles, OF: white squares, regression line: dashed, 
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Figure 3  Correlation between body weight and RANGEML in females 
(HF: white circles, OF: white squares, regression line: dashed, r = NS) 
and in males (HM: dark circles, OM: dark squares, regression line: 
continue, r = 0.52).

Table 3  Pearson’s r coefficients about the correlation of 
normalized CoP based parameters and body weight

Females Males

RMSAP 0.36 0.45

RANGEAP 0.43 0.36

MVAP 0.74 0.55

RMSML NS 0.46

RANGEML NS 0.52

MVML 0.35 0.51

RMSCoP NS 0.51

AREACoP NS 0.46

ANGLECoP NS NS

MVCoP 0.65 0.58

AP, antero-posterior; CoP, center of pressure; ML, medio-lateral; MV, mean 
velocity; NS, not significant; RMS, root mean square.
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In both genders the increased body mass contributes to an 
increased ankle torque (AP destabilization), but the android 
shape involves a greater amount of mass/load over the hips, 
which could account for the increased ML CoP excursion. 
The second hypothesis, partially overlapping with the previ-
ous one, is related to the effect of a different mass distribution 
on the center of mass. This is defined as the imaginary point 
where we can assume the total body mass is concentrated 
and the stabilization of its spatial position has previously 
been proposed as the goal of postural responses (36). The 
mass distribution alters the center of mass position, which 
is higher in the android than in gynoid shape. Furthermore, 
the fact that that OMs are usually heavier than OF should 
be taken into account. In summary, OMs have to cope with 
heavier body weights and higher center of mass, possibly 
leading to an increased loading/unloading mechanism in 
ML direction.

The assumption of the different mass distribution in men 
and women is in accordance with the experimental data we 
found. However, such difference is merely a hypothesis because 
the experimental design of our study does not investigate the 
gender-shape association (e.g., some women could have an 
android rather than gynoid shape). The inclusion of the waist-
to-hip ratio measure in our study would have provided quan-
titative characterization of the subjects’ shape, thus ensuring 
the homogeneity of the groups. Whether the reported differ-
ence between males and females in CoP displacements is only 
shape-related still remains an open question. The potential dif-
ferences related to shape and gender could be topics of future 
studies, which should consider the waist-to-hip ratio measure. 
Those studies might also provide insight on the potential cor-
relations with CoP displacements.

From a clinical perspective, AP instability has been sug-
gested to be negatively affected by the increased muscle activ-
ity (11,37). Elderly fallers show an increased AP instability and 
an increased muscle activity during static posture (38). In line 
with previous results in obese males (11), we measured AP 
instability in both OM and OF, suggesting an increased risk of 
falling in obese subjects.

There is growing evidence that ML instability is an impor-
tant posturographic marker of functional balance impairment 
(16,38–40), and to our knowledge, the different behavior in 
ML direction observed across genders is a novel result.

In conclusion, the increased body mass seems to produce 
AP instability in both genders and ML destabilization only 
in males. We argue that rehabilitation programs should take 
this finding into account. It has been documented that obese 
patients benefit from specific posture programs designed to 
improve balance and strength (35), and that weight reduction 
has a favorable impact on posture instability (20). The find-
ings of our study not only reinforce weight loss, strengthening 
of ankle flexors/extensors, and balance training as a part of a 
comprehensive rehabilitation program in both genders (21), 
but also suggest that specifically tailored interventions aimed 
at improving ML control using hip strategy should be given 
particular consideration in obese males.
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