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Symmetry of lower limb loading in healthy adults
during normal and abnormal stance
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Purpose: The purpose of the research was twofold: (1) to describe the normal asymmetry in lower limb loading during a normal
stance and during a stance with visual and vestibular disturbance relating to the lower limb dominance, (2) to assess relations of loading
of both lower limbs with body weight and height (BMI) and leg functional dominance. Methods: The subjects of this study were 95 students.
Settings of the two Kistler platforms were used to register the time series of the vertical component of the ground reaction force while the
subject was standing (45 seconds) in a normal position and next with eyes covered with a band and head tilted back position with one leg
placed on one platform and the other on the second platform. The symmetry index (SI) was used to describe the asymmetry of the left or
right loading. Results: The greater loading of the left or right leg during standing was independent of the functional leg dominance. The
distribution of left and right lower limb loading in both trials may suggest that a low asymmetry, less than 5%, is represented by about
30% of subjects in general. No significant correlation was found between the SI and BMI of subjects who had a normal body weight, but
in the group of overweight subjects the correlation was very high (» = 0.9). Conclusion: The results show that in describing norms of
asymmetry in posture control in healthy humans it is very important to compare the results to posture asymmetry in various injuries or
diseases. The most important result is that the higher asymmetry of lower limb loading is associated with overweight, which implies

greater risk to health of those people.
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1. Introduction

Functional dominance of the left or right side of
the human body is the normal effect of postural de-
velopment [20]. As a medical term, it expresses the
functional dominance of one of a pair of symmetrical
organs of the human body over the other although the
postural asymmetry is generally considered as re-
flecting postural impairment [23], and it is human
nature to be asymmetrical. Perfect symmetry does not
exist in humans, so we expect that the fundamental
human activity of posture control in a normal bipedal
stance will not be symmetrical either. Anker et al. [2]
reported that the effects of weight-bearing asymmetry
were due to changes in the biomechanical constraints
of upright standing, and they suggested that through
increasing weight-bearing asymmetry the postural

instability increased by reducing the efficiency of hip
load/unload mechanisms and increasing the compensa-
tory ankle movement. These authors examined healthy
adults loaded with extra body weight, but the question
was whether the body weight of humans is related to
symmetry in postural control. Genthon and Rougier
[9] stressed that it is necessary to distinguish the in-
fluence of biomechanical constraints of natural pos-
tural asymmetry from other neurological or traumatic
deficits.

Usually, very small differences between activity of
the left and right lower limb are not noticed in a nor-
mal bipedal stance. Sikora [19] and Greve et al. [10]
did not observe any differences in load of both lower
limbs when standing, which according to them is typi-
cal of adults. More often researchers consider the
asymmetry of support function in development of
children [6], [20]. The asymmetry of support function
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in adults may be related to any lower limb dysfunc-
tion, joint and muscle pain, or bad motor habits which
started at a younger age [16]. Repeated asymmetry of
loading both legs for hours every day can involve
asymmetrical spine loading and lumbar pain [7]. This
effect could be more dangerous for health in the case
of overweight people. The research on lower limb
symmetrical loading in a normal stance in relation to
gender, body mass and height (BMI) in young healthy
adults may describe normal deviation from perfect
symmetry of lower limb loading that does not consti-
tute a danger for human posture and health. Gallangher
et al. [8] proposed taking into consideration a thresh-
old of normal asymmetry as 65% of body weight
loaded on one lower limb for 2 hours. The difference
seems to be too great to assume that such asymmetry
would be normal. Loading like this for about 12 hours
a day and years of life would generate high loading on
one side of the body on the major joints and spine
[15], [21].

On the other hand, such asymmetric loading is
a simple biomechanical factor that determines the
time needed to initiate a subsequent lift-one-leg task
for, e.g., a step [18]. Yiou and Do [23] suggest that
there is a need to differentiate between asymmetry due
to postural impairment and asymmetry of “normal”
limb dominance. The asymmetry of lower limb sup-
port function may appear in abnormal conditions of
stance, e.g., when input information is deficient in
comparison to normal control of posture. Klier and
Angelaki [13] reported that specific incoming sensory
information from head motions was processed into
appropriate outgoing motor commands that control
behavior. In daily life we often raise and bend back-
ward the head to see something above the head. The
posture becomes unstable because of the abnormal
head position. The vestibulo-ocular reflex generates
compensatory eye movements whose goal is to main-
tain a clear and stable view of the environment during
head movements [1]. If the postural control is dis-
turbed by closing the eyes, the human body starts to
sway in all directions more than in a normal eyes-
open stance [3]. Covering the eyes completely elimi-
nates the participation of vision input, while tilting the
head interferes with the normal functioning of the laby-
rinthine system [13]. These interferences — covering the
eyes and tilting the head backward — can highlight the
asymmetry or symmetry of lower limb loading in
standing position.

The purpose of the research was twofold: (1) to
describe the normal asymmetry in lower limb loading
during a normal stance and during a stance with visual
and vestibular disturbance relating to the lower limb

dominance, (2) to assess relations of loading of both
lower limbs with body weight and height (BMI) and
leg functional dominance.

2. Material and method

2.1. Participants

The subjects of this study were 95 students of
physical education (50 women and 45 men) aged
21.08 + 1.08 years (body mass 68.09 + 13.12 kg,
height 172.89 + 9.56 cm). The participants were re-
cruited from university population. All were healthy
and physically fit, but none was practicing sport pro-
fessionally. All subjects signed an informed consent
form. The study was approved by the Human Ethics
Committee of the University School of Physical Edu-
cation in Wroctaw. None of the participants had any
physical or physiological limitations that could have
affected the experiment.

2.2. Measures

Settings of the two platforms (Kistler, Corp. type
9286AA, BioWare 4 software) were used to register
the time series of the vertical component of the
ground reaction force while the person examined was
standing in a normal bipedal position — the first ses-
sion — with one leg placed on one platform and the
second one on the other. Force tracings were synchro-
nized in time. Both platforms were checked to deter-
mine force calibration. Each subject stood on the plat-
forms barefoot in natural bipedal stance with the feet
parallel at the width of the hips (the distance between
the feet was about 30 cm). They were asked to avoid
movements of the body segments. The subjects looked
straight ahead at a defined point in space situated at
a distance of 3 m at sight level. In the first test, the par-
ticipant was asked to stand relaxed, with arms at the
sides, keeping their feet pointed forward and main-
taining the posture for 45 seconds. They stood for
about 10 seconds and then data were collected. In the
second session, the participants stood on the platforms
in abnormal (disturbed) stance: with eyes covered by
a band and head tilted back as much as they could
without changing the trunk position. The result was
obtained in the form of force tracings registering changes
in the curve showing values of the vertical force com-
ponent of the left and right lower limb (Fig. 1).
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Fig. 1. Sample tracing of changes in the value of the vertical force component of pressure
exerted by right and left foot over the platform

Additionally, before the experiment, participants
were asked to provide information about which leg
they used to perform a ball kick [11]. This question
was asked in order to compare the result given in the
qualitative form, which was provided by the study
participants on the basis of their experience, and the
result obtained from a simple test: in an upright, re-
laxed, standing position the participants were ask to
kick a dropping paper ball. The experiment was re-
peated three times. The leg that performed the kick
was recognized as the functionally dominant lower
limb.

2.3. Procedures

The vertical component (Fz) of ground reaction
forces was recorded while maintaining an upright
body position in two different standing positions and
then the mean value of each trial was computed. Two
trial sessions of stance were performed with a sam-
pling rate of 50 Hz. The symmetry index (SI) was
used to describe the difference between the left and
right loadings [4], [22].

Sl = | FzZL — FzP |

== 4100%
0.5(FzL + FzP)

where FzL and FzP are the average vertical compo-
nents of the ground reaction force of the left and right
lower limb, respectively. A value of SI close to zero
means perfect symmetry of loading of both legs, and
100% means asymmetric loading of one leg. A posi-
tive result of “FzL — FzP” indicates that the left lower
limb is loaded more than the right one, and a negative

result means the opposite — the right lower limb is
generally loaded more than the left one. The results
were divided within the male and female groups tak-
ing into account the positive and negative difference
of “FzL — FzP” and then the SI values were shown in
percent (positive) for the two cases separately.

Finally the subjects were divided into two groups
in order to find the relationship between SI and BMI
as Hue et al. [12] and Ku et al. [14] found that body
weight correlates with balance instability. One group
included subjects with normal weight (BMI from
18.50 to 24.99 kg/m®) and the second one included
overweight participants (BMI from 25 to 29.99 kg/m?)
(categorized according to the World Health Organi-
zation) [14]. None of the subjects in this study had
BMI < 18.50 kg/m? or BMI > 30 kg/m”.

2.4. Statistical analysis

The normality of data distribution was verified by
the Shapiro—Wilk test taking into account the gender, leg
domination and BMI factor. Not all of the data revealed
a normal distribution, so we used non-parametric sta-
tistics. Descriptive statistics (medians and minimum-
maximum) were calculated for all dependent vari-
ables. The SI distribution will be shown in the form of
histograms for male and female groups and the fig-
ures will include the information about that which
lower limb was loaded more than the other one and
how many women and men loaded left/right leg. The
AVOVA Kruskal-Wallis option was used to investi-
gate the effect of gender, limb dominance and BMI on
the symmetry index. Wilcoxon’s test was applied to
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find significant differences between the left and right
loading taking into account two groups of subjects:
normal and overweight participants. The relationship
between BMI and the SI values in both sessions of
research for both sexes was determined using Spear-
man’s correlation. Statistical power was determined to
be higher than 0.90 at the 0.05 alpha level. All the
calculations were carried out using the Statistica 12.5
software.

3. Results

No effect of gender on the symmetry index was
found: in normal stance: H(1, N =95) = 1.86, p = 0.17
and abnormal stance H(1, N = 95) = 0.20, p = 0.66 as
well as no effect of the lower limb dominance on the
SI was found: in normal stance H(1, N = 95) = 2.73,
p = 0.10 and in abnormal H(1, N = 95) = 0.003,
p = 0.90. Most of the subjects in this study (n = 84)
showed the right lower limb as functionally dominant

normal stance

right > left (n=25)
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; ]
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Symmetry index [%]

and only 11 persons showed the left lower limb as
dominant. No effects of BMI (after the group division
into normal and overweight without gender-related
division) on the SI values were noticed in both ses-
sions: in normal stance H(1, N =95) =1.19, p = 0.27
and in abnormal stance H(1, N =95) =0.15, p =0.70.
The SI values of the left and right lower limb are
shown in the form of histograms for either session
within the male or female group (Figs. 2-5). The SI
values, expressed percent, do not describe the greater
loading of the left or right lower limb during trials.
This analysis was based on the calculation of how
many men and women (expressed percent) revealed
the negative or positive values of the difference “FzL
— FzP”, to determine the greater loading of the left or
right lower limb that was marked in Figs. 2-5 as fol-
lows: “left > right” or “right > left” and “»” numbers
were added. In both groups and both sessions, in nor-
mal and disturbed stance, almost half of the men or
women showed greater loading of the left and half the
right lower leg, as presented in Figs. 2—5. These fig-
ures show that about 30% of subjects revealed a slight

9

8
normal stance

right > left (n=25)

Number of women

12%

2 8%

-5 0 5 10 15 20 25 30 35
Symmetry index [%]

Fig. 2. Distribution of symmetry index for women in trials with eyes opened — normal stance
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Fig. 3. Distribution of symmetry index for women in trials with eyes covered and head tilted back — abnormal, disturbed stance
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(SI less than 5%) asymmetry of lower limb loading in
both groups regarding either the left or the right leg
being more loaded in the trials with normal and dis-
turbed standing. Quite a high percentage of subjects
(about 70%) revealed a higher value of the symmetry
index, SI above 5% up to 30-35% in both gender
groups and in both trials, although most of the sub-
jects (men and women) attained an SI value under
25% and only a few of them loaded one leg more than
the other with asymmetry of about 30-40% (Figs. 2-5).
It seems that the main problem is the magnitude of
weight bearing asymmetry but less significant which
leg is more loaded, as the results showed.

There was no clear difference between the SI dis-
tribution in the normal and disturbed stance in the
female group (Fig. 2). We observed an inverted distri-
bution of SI values in normal and disturbed trials
comparing the greater loading of the left or right
lower limb. In general, the greater loading of the left
leg in a normal stance (Fig. 2) and the distribution of
greater loading of right leg in a disturbed stance are

similar (Fig. 3), as is the right leg loading distribution
in a normal stance (Fig. 2) and the greater loading of
the left leg than that of the right one in the stance with
disturbance (Fig. 3).

In the male group, a different distribution of SI
values was observed when the left and right leg load-
ings were considered in a normal stance. A low SI
(from 0 to 5%) was revealed in 36% of subjects in
whom the left leg was loaded more than the right one
(Fig. 4), but in the case of greater loading of the right
leg, 35% of subjects revealed an SI value between
10% and 15% (Fig. 4). This suggests that the right
lower limb is much more loaded than the left one in
males during a normal stance. However, we did not
observe such a phenomenon in the stance with eyes
covered and head tilted back (Fig. 5). In this trial, the
SI value distributions of subjects with greater loading
of the left or right lower limb were quite similar inde-
pendent of which leg was loaded more. A puzzling
observation was the percentage of men (23%) who
loaded the left leg more than the right one, with the

9 9
8 ’_%‘L‘ 8 35%
normal stance normal stance
7 7 .
left > right (n=22) right > left (n=22)
6 6 __26% |
g, 2% 8 s
I 5
T 8k £,
2 2
3 14% 3 13%
2 2 % %%
1 5% 5% 4 2% 2%
0 0
5 0 5 10 15 20 25 30 5 0 5 10 15 20 25 30 35
Symmetry index [%] Symmetry index [%]
Fig. 4. Distribution of symmetry index for men in trials with eyes opened — normal stance
8 8
329 . 30% disturbed stance
7 disturbed stance 7
right > left (n=23)
6 left > right (n=23) 6
5 23% 23% 5 22%
5] g
E £
I 5 17%
Ll 54
3
5 €
2 2
3 14% 3 13% 13%
2 2
1 5% 5% , -
0
5 0 5 10 15 20 2 30 35 0

Symmetry index [%]

-5 0 5 10 15 20 25 30 35 40
Symmetry index [%)]

Fig. 5. Distribution of symmetry index for men in trials with eyes covered and head tilted back — abnormal, disturbed stance
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symmetry index from 15 to 20% and from 20 to 25% in
normal and disturbed trials, respectively (Figs. 4 and 5).
The distribution of left and right lower limb load-
ing in both trials may suggest that a low asymmetry
(independent of which leg was more loaded), under
5%, is represented by about 30% of subjects generally
but the remainder reveal greater asymmetry: SI = 10%
to 20% and even up to 40%. The question was: What
could be the reason for the asymmetrical leg loading if
the subjects were young and healthy, without a history
of injuries that can involve asymmetry of leg loading?
It is possible that the reason is abnormal body mass

(BMI). Therefore we decided to assess the correlation
between the SI and BMI.

There was no correlation between SI and BMI
taking into account all subjects in the female and male
groups separately, and the correlation coefficient
was very low, between 0.1 and 0.2. When we de-
cided to omit those subjects who had an SI less than
5% (15 women in normal and disturbed stance, 11 men
in normal and 14 in disturbed stance), we verified the
correlation between SI values and BMI in intra-gender
groups. There was no significant correlation of SI
and BMI with the gender factor, so we did not di-
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Fig. 6. Correlation between SI and BMI in the normal stance trial for the subjects with values BMI < 25 kg/m® (n = 62)
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Fig. 7. Correlation between SI and BMI in the normal stance trial for the subjects with BMI > 25 kg/m2 n="17
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vide the subjects into gender groups next. We as-
sessed the correlation of SI and BMI in the two cate-
gories BMI < 25 kg/m? (n = 62) and BMI > 25 kg/m’
(n = 7) according to the definitions of normal and
overweight.

No significant correlation was found between
the symmetry index and BMI of subjects who had
a normal body weight (» = 0.07) either in the natural
stance (Fig. 6) or in the disturbed stance (» = —0.06).
However, in the group of subjects with overweight
(BMI > 25 kg/m®) the correlation was very high (= 0.9)
and significant (Fig. 7), although there were only 7 per-
sons with overweight. Such a correlation was not found
in the trial with visual and vestibular disturbance.

It is necessary to note that if we applied the cut-off
value of SI < 15%, according to the threshold sug-
gested by Gallangher et al. [8], from the total number
of subjects, we would obtain a very high correlation
(r = 0.8) between BMI and SI in the normal stance
trial, as well.

4. Discussion

4.1. Asymmetry of lower limb loading

The assessment of asymmetry of body weight dis-
tribution is a theme explored by several authors [2],
[9], [17], mainly in order to study mechanisms of
weight-bearing in pathologic states of the human
body, e.g., stroke, leg amputation or hemiparetic pa-
tients. However, it was hard to find data regarding the
normal asymmetry of leg loading in healthy humans.
It is still unclear what degree of asymmetry is normal
and what is abnormal, too high, and dangerous to hips
and spine loading. Certainly, it is quite easy to assess
the asymmetry in posture and the asymmetry of weight-
bearing in unhealthy humans [5]. Perhaps, even a low
degree of asymmetry of weight-bearing repeated every
day for years could be the cause of low back pain or
problems with hip joints.

In this study, we tried to verify the presumption
that if the symmetry index (which allows one to assess
the percentage of greater loading of one lower limb
than the other in healthy young adults) was between
zero and 5% as the normal error in research, this
would be the lowest asymmetry which we could ac-
cept as normal, but when the SI > 5% it would mean
an increased asymmetry of one leg loading. This can-
not be established explicitly on the basis of the present
study, but these results show that about 30% of all
subjects did not exceed the level of SI = 5% indicating

asymmetry of one leg loading in both conditions of
trials, independent of which leg, left or right, was
loaded more during the trials. Five percent asymmetry
means that one lower limb was loaded with 5% more
than half of the body mass, so it is approximately 4.0 kg
for one lower limb in a man/woman of body weight,
e.g., 80 kg. It seems to be not much greater loading
relative to the whole body mass for a prolonged pe-
riod than in daily life conditions of standing (45 sec-
onds) in normal or disturbed conditions. It seems to be
normal to load one lower limb during a standing posi-
tion independently of the leg dominance. Most of the
subjects (84) in this study showed the right lower limb
as functionally dominant and only 11 persons showed
the left lower limb as dominant, but the leg dominance
was not a significant factor that influences asymmetry
of leg loading. It turned out in this study that the left
leg as well as the right one were loaded almost fifty-
fifty in both gender groups, and no effect of leg domi-
nance was found. Hoffman et al. [11] and Greve et al.
[10] also found no difference in unilateral postural
stability between the functionally dominant and non-
dominant lower limbs in a healthy population of
young adults. Sobera et al. [20] reported that the later-
alization in support function of lower limbs was fin-
ished in 7-year-old children, so it was possible that the
young adults were not asymmetrical in the support
function any more.

4.2. Correlation between SI and BMI

The correlation between SI and BMI in all subjects
was very low (0.1-0.2) unless the subjects with the
symmetry index less than 5% were rejected from
the computation and the remainder were divided
into 2 groups: normal BMI and overweight. Then,
a very high and significant correlation was found
between SI and BMI in overweight subjects but not in
those with normal BMI, although the latter was a nu-
merous group (n = 62) relative to those with higher
BMI (n = 7). It is suggested that the higher BMI influ-
ences the asymmetry of leg loading very strongly,
which seems to be confirmed by the results of other
authors Blaszczyk et al. [3] found that increased body
weight may be a disadvantageous determinant of dy-
namic stability, so this may explain a significant cor-
relation of lower limb loading asymmetry in subjects
with overweight in this study. It was stated, too, that
an increased body weight tends to improve postural
stability [24] but only in a static state, not a dynamic
one as reported by Blaszczyk et al. [3]. As found in
this study, the weight-bearing in subjects with over-
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weight is not symmetrical for both lower limbs, par-
ticularly during a prolonged normal stance when eve-
rybody sways naturally [8]. This can be dangerous for
joints and spine health, as reported by Theilmeier et
al. [21], particularly for overweight people.

5. Conclusion

Unfortunately, we cannot specify precisely the
magnitude of lower limb loading asymmetry that
can be accepted as normal. This study should be
considered as highlighting the problem yet to be
solved, but probably more data and a greater num-
ber of subjects with overweight and underweight
are necessary for that purpose. Still, we believe that
the results show that in describing norms of asym-
metry in posture control in healthy humans it is
very important to compare the results to posture
asymmetry in various injuries or diseases. The most
important result is that the higher asymmetry of
lower limb loading is associated with overweight,
which implies greater risk to health of those people
beside physiological diseases.
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