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Abstract—In the literature, numerous statistical analyses are
used to quantify asymmetry in gait. This study tested the effect
size (ES) statistic for quantifying asymmetry in nondisabled
and pathological populations. The plantar pressure peaks on
eight footprint locations of 27 nondisabled subjects and 18
patients with hemiparesis were bilaterally compared. Asymme-
try quantifications were performed with ES and standard statis-
tical tests (index of asymmetry, symmetry index, and ratio
index). The results show an advantage in using ES to quantify
asymmetry when confidence limits are also calculated. Con-
versely, traditional asymmetry indexes immediately implied
asymmetry without statistical basis. These findings should be
considered when one is attempting to diagnose pathological
walking patterns or guide rehabilitation processes.

Key words: abnormality, baropodometric, diagnostic, normal-
ity, plantar pressure, quantification, rehabilitation, statistics,
symmetry, walking.

INTRODUCTION

The way asymmetry in gait is detected and quantified
is essential for differentiating a normal and a pathological
gait [1] or discussing the different functions performed
by the lower limbs during walking [2]. Gait asymmetry is
assumed when statistical differences are noted between
parameters recorded on the two limbs [3–4]. However,
the classical matched-pairs tests indicate only the proba-
bility that the differences are real and that they did not

occur by chance. These tests do not provide a measure-
ment of the magnitude of these differences [5]. Similarly,
the principal component analysis only allows different
task priorities for each limb to be highlighted without any
quantification differences between the limbs [2]. Never-
theless, asymmetry quantification is necessary for detect-
ing limits between normality and abnormality in
diagnosing pathological walking patterns or guiding
rehabilitation processes [6].

Indexes have often been used for measuring the mag-
nitude of bilateral differences [7–9], such as the differ-
ence either against their average value [1,8] or against the
maximum bilateral value [9]. The higher the difference
from 0, the higher the asymmetry between the bilateral
parameters. The major drawback of these measurements
concerns positive or negative results that depend on the
asymmetric side. For example, indexes of a group of

Abbreviations: ES = effect size, IA = index of asymmetry,
ICC = intraclass correlation coefficient, LH = lateral heel, LM =
lateral midfoot, M = metatarsal (heads 1–5), MH = medial heel,
MM = medial midfoot, PPP = peak plantar pressure, RI = ratio
index, SD = standard deviation, SI = symmetry index.
*Address all correspondence to Pierre Moretto, PhD; Labo-
ratoire d’Etudes de la Motricité Humaine, Faculté des Sci-
ences du Sport et de l’Education Physique, 9 rue de
l’Université 59790, Ronchin, France; +33-03-20-88-73-76;
fax: +33-03-20-88-73-63. Email: pierre.moretto@univ-lille2.fr
DOI: 10.1682/JRRD.2006.07.0077
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patients having marked asymmetry—but half are on one
side and the other half on the other side—would result in
a mean value of 0, thus suggesting symmetry in the gait
pattern. On one hand, a mean index value far from 0
allows us to consider large asymmetry and indicate
which side generally displays asymmetry. On the other
hand, a mean index value near 0 is not a trustworthy indi-
cator of symmetric behavior. A ratio index (RI) has also
been used to quantify asymmetry. With this method, the
value for a given gait parameter obtained from the right
limb is divided by the associated value of the left limb
[10–12]. A ratio of 1 indicates a reciprocal gait pattern,
while higher or lower values reflect asymmetries. This
method’s drawback is that it, again, depends on the
asymmetric side. That is, mean RI values distant from 1
may indicate asymmetrical behavior while mean values
near 1 do not necessarily imply symmetrical behavior of
the lower limbs.

All methods for measuring bilateral differences based
on traditional asymmetry indexes imply asymmetric
behavior [1], and the distinctions between a small and
large difference are arbitrarily fixed. Clinicians and
researchers looking at gait pathologies have overcome the
limitations of traditional asymmetry indexes using an
impaired versus a less-impaired limb classification [13–
15]. During walking and in nondisabled gait, the hypothe-
ses of motor dominance [16–22] or functional asymmetry
[4,23] must be considered for one to eliminate the possi-
bility of similar confounding effects. Femery et al. showed
the relevance of the propulsive versus the cushioning limb
classification for nondisabled and populations with hemi-
paresis in the study of asymmetry [14]. In this study, the
dynamic peak plantar pressure (PPP) distribution over
consecutive steps was compared bilaterally according to
the classification described earlier. Asymmetry results
were discussed in relation to functional strategies (propul-
sive vs cushion limb) rather than structural differences
between the two limbs only. Femery et al. concluded that
this classification was relevant for detecting limb function
to guide rehabilitation processes or for evaluating the con-
sequences of a possible surgical intervention [14].

The study of plantar pressure asymmetry must quan-
tify bilateral differences statistically to discriminate
between a normal and a pathological gait. Statistical lim-
its are necessary for one to determine the magnitude of
the difference. However, the calculation of percentage
(symmetry index [SI], index of asymmetry [IA], and RI)
may be a function of the sample size and variance of

bilateral differences [24] and does not allow for decisions
about pathological or normal gait patterns. For instance,
Herzog et al. studied asymmetry in normal gait by com-
paring 34 gait parameters bilaterally [1]. They used the SI
to quantify the bilateral difference. The upper and lower
limits were found to vary from 4 to 13,000 percent. The
lack of standardization of the difference does not allow
for decisions about the clinical significance of the differ-
ence and so the limits between normal and high asymme-
try are difficult to detect.

The effect size (ES) statistic is a method for deter-
mining the magnitude of the differences in the measure
of the standardized effect. Indeed, ES values are a nor-
malization of differences in the standard deviation (SD)
values (mean difference expressed as a pooled SD), mak-
ing it a standardized and more accurate description of the
asymmetry. According to Rhea, ES is beneficial because
it represents differences in SD units and allows differen-
tial comparison of the magnitudes in different but related
studies [24]. Cohen proposed statistical limits to differen-
tiate between small, moderate, and large differences [25].
While this method is currently used in the behavioral and
social sciences, to our knowledge, it has never been used
in the study of gait asymmetry in health or pathological
populations. Therefore, the aim of our study was to test
ES as applied to plantar pressure asymmetry. Compari-
sons between subjects who have marked gait asymme-
tries (patients with hemiparesis) with subjects who
appear to have “normal” gait patterns (nondisabled
young adults) are performed.

METHODS

Subjects
Our study included 31 nondisabled young adults (14

males and 17 females) and 18 patients with hemiparesis
(13 males and 5 females) who all provided written
informed consent in accordance with the protocol
approved by an institutional review board. The mean age
± SD of the data on the nondisabled group was 21.8 ± 2.3,
height 171.9 ± 8.0 cm, and mass 65.2 ± 10.9 kg. Nondis-
abled subjects who had a physical abnormality (e.g., pes
planus, pes cavus, or Morton’s feet), been injured, or
undergone surgery on a leg or foot during the past two
years were not enrolled. The mean age ± SD data on the
group with hemiparesis was 16.6 ± 2.7, height 162.7 ±
11.2 cm, and mass 52.5 ± 8.2 kg. A clinical examination
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allowed us to select patients without any associated prob-
lems that could influence their gait (e.g., athetosis, mental
deficiency, or severe visual problems). Severe sensory
deficiencies were absent in all patients. One examiner
assessed the spasticity of all subjects using passive mobi-
lization of the leg. The reflex contraction of the stretched
muscle was assessed by the Ashworth method. The spas-
ticity score was evaluated for the quadriceps, the rectus
femoris, and the triceps surae. All subjects with hemi-
paresis had minor spasticity, with spasticity scores
between 1 and 2. We tested muscular function of the
ankle to assess foot flexibility. All subjects could perform
movements against an average resistance or gravity. The
resistance was exerted by the examiner on the back of the
foot for dorsi flexion and under the foot for plantar flex-
ion. Every patient was subjected to podoscopy examina-
tion for identification of foot shape. All subjects were
diagnosed with either a normal foot shape or a minor
arched foot. All subjects had to be able to walk 30 m
independently and without a walking device.

Data Collection
All subjects were tested during overground locomotion

at their preferred speed over a distance of 20 m for the non-
disabled subjects and 12 m for the patients with hemipare-
sis. Time spent covering the distance was measured, from
which spontaneous velocity was calculated. Spontaneous
velocity was imposed because asymmetry increases when
gait velocity is 10 percent lower than spontaneous velocity
[26].

We recorded PPP with a Parotec in-shoe pressure
measurement system (Paromed GmbH, D-8201, Markt
Neubeuern, Germany) over eight consecutive steps to
leave the natural walking pattern undisturbed. The system
consisted of two insoles and a data acquisition box carried
on a belt with the sampling rate set at 250 hz. Each insole
contained 16 microsensors mounted within a constrained
hydrocell (Figure). A detailed description of this measur-
ing system has been reported elsewhere [13], and the
accuracy and sensor distribution of the Parotec insoles
have been validated by several studies [14,27–29]. The 16
hydrocell sensors were grouped by size and shape to
describe eight footprint locations: lateral heel (LH) and
medial heel (MH), lateral midfoot (LM) and medial
midfoot (MM), fourth to fifth (M4–5), second to third
(M2–3), and first (M1) metatarsal heads, and the hallux.

Data Classification
For the nondisabled group, we identified each lower

limb by a propulsive versus a cushioning classification
according to the methodology of Femery et al. [14].
These authors showed that the lower limb with the lowest
peak vertical force values under the rear foot (cushion
function) was different from the lower limb with the
highest peak vertical force values under the forefoot (pro-
pulsion function). We calculated the sum of PPP values
under the heel (LH + MH) to determine the cushioned
lower limb. The cushioned lower limb was referred to as
the minimum sum of PPP values under LH and MH. The
propulsive leg was referred to as the maximum sum of
PPP values under LH and MH. We categorized the limbs
of the group with hemiparesis using an affected versus
unaffected classification.

Statistical Analysis
Normal Gaussian distribution and homoscedasticity

(homogeneity of the variances) of the data were tested by
the Shapiro-Wilk’s and Levenne tests, respectively. Reli-
ability of the data across the consecutive steps for each
limb was tested with the use of the intraclass correlation
coefficient (ICC) according to the recommendations of
Schrout and Fleiss [30]. The statistical analyses were
applied to the means of the eight steps for each subject.

When normality and homoscedasticity assumptions
were met, the student’s t-test for paired data was per-
formed on the bilateral values for the same footprint loca-
tions. Otherwise, the Wilcoxon matched-pairs test was
used. Because the aim of our study was to test a method
to quantify asymmetry, we fixed p-values at 0.05, 0.01,
and 0.001. We determined the SI proposed by Robinson
et al. [8], the IA defined by Vagenas and Hoshizaki [9],

Figure.
Sensor distribution with Parotec insoles (Paromed GmbH, D-8201,
Markt Neubeuern, Germany). LH = lateral heel, LM = lateral midfoot,
MH = medial heel, MM = medial midfoot, M1 = 1st metatarsal head,
M2–3 = 2nd to 3rd metatarsal head, M4–5 = 4th to 5th metatarsal head.
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and the RI used by several authors [9–11] to quantify the
bilateral differences. The equations are

where PPP1 = peak plantar pressure for the unaffected side
within the group with hemiparesis and for the cushion side
within the nondisabled group and PPP2 = peak pressure
for the affected side within the group with hemiparesis
and for the propulsive side within the nondisabled group.

For each statistical procedure, we applied the ES sta-
tistic to quantify the magnitude of the bilateral difference
in PPP values according to the recommendations of sev-
eral authors [5,25,31]. The ES equation is

where σ = SD. ES is used for comparing treatment
effects independent of sample size. Cohen indicated that
absolute ES size values of <0.2 represent small treatment
differences, ∼0.5 represent moderate treatment differ-
ences, and >0.8 represent large treatment differences
[25]. Spearman correlations between values of ES, SI,
IA, and RI for the eight areas were applied for the two
groups. Absolute values of ES, SI, IA, and RI for the
eight areas were compared between the two groups with
the Wilcoxon matched-pairs test.

RESULTS

Nondisabled Group
Mean PPP values and SDs calculated from the eight

steps of each subject in the nondisabled group are pre-
sented in Table 1. Normality of the data was verified for
all footprint areas (p > 0.05) apart from LM (propulsive
side), MM (propulsive side), and M2–3 (cushion side).
Homoscedasticity was met for all footprint areas (p >
0.05). ICC averaged values for all areas were 0.83 ± 0.12

for the cushioned side and 0.80 ± 0.19 for the propulsive
side. Mean spontaneous velocity was 1.16 ± 0.06 m·s–1.
Cushioned and propulsive PPP values under LH and MH
were significantly different (p < 0.05). Moderate differ-
ences were identified with ES for the MM area (–0.40).
Small differences were shown for the MH, LH, and hallux
areas (–0.36, –0.26, and –0.24, respectively). SI values
furthest from 0 were calculated under the MM (30.8 ±
101.5%), hallux (–10.4 ± 31%), MH (–7.3 ± 13.5%), and
LH (–5.3 ± 11.8%) areas. IA values furthest from 0 were
calculated under the MM (17.1 ± 58.4%), hallux (–8.9 ±
24.8%), MH (–6.6 ± 12.1%), and LH (–4.7 ± 11.5%)
areas. RI values furthest from 1 were calculated under the
MM (2.09 ± 2.89), LM (1.13 ± 0.69), M1 (1.11 ± 0.45),
and M4–5 (1.09 ± 0.46) areas. Correlation coefficient val-
ues were significant for ES, SI, and IA (p < 0.01, R2 =
0.81); for ES and RI (p < 0.05, R2 = 0.67); and for SI, IA
and RI (p < 0.05, R2 = 0.57) (Table 2).

Group with Hemiparesis
Mean PPP values and SDs calculated from the eight

steps of each subject in the group with hemiparesis are
also presented in Table 1. Normality of the data was met
for all footprint areas (p > 0.05) apart from MM (affected
and unaffected sides), M2–3 (unaffected side), and hallux
(unaffected and affected sides). Homoscedasticity was
verified for all footprint areas (p > 0.05) apart from MM,
M2–3, and hallux areas. ICC averaged values for all areas
were 0.41 ± 0.15 for the unaffected limb and 0.43 ±
0.15 for the affected limb. Mean spontaneous velocity was
significantly lower for this group than for the nondisabled
group (0.97 ± 0.09 m·s–1 vs 1.16 ± 0.06 m·s–1, p < 0.01).
Impaired and less-impaired PPP values under LH, MH,
MM, M4–5, and M1 were significantly different (p < 0.05
and p < 0.01 for MM). We identified large differences
using ES for the MM (–1.13), LH (0.96), and M4–5 (0.84)
areas. Moderate differences were found for the MH, M1,
and hallux areas (0.74, –0.61, and 0.42, respectively).
Small differences were shown for M2–3 (ES = 0.35). SI
values furthest from 0 were calculated under the MM
(82.3 ± 82.1%), LH (–43.5 ± 73.0%), hallux (–40.6 ±
109.8%), MH (–32.6 ± 58.6%), M4–5 (–31.8 ± 46.7%),
and M2–3 (–13.5 ± 40.5%) areas. IA values furthest
from 0 were calculated under the MM (49.0 ± 49.8%), LH
(–27.0 ± 44.9%), MH (–23.8 ± 38.9%), M4–5 (–22.7 ±
33.4%), hallux (–22 ± 65.0%), M1 (12.5 ± 29.8%), and
M2–3 (–10.6 ± 31.7%) areas. RI values furthest from
1 were calculated under the hallux (5.13 ± 10.46), LH
(4.73 ± 10.48), MH (1.74 ± 1.12), M4–5 (1.63 ± 0.98),

SI
PPP1 PPP2–

0.5 PPP1 PPP2+( )
--------------------------------------------- 100,×=

IA
PPP1 PPP2–

Max PPP1 PPP2;( )
--------------------------------------------- 100× and,=

RI
PPP1
PPP2
------------- ,=

ES
PPP1 PPP2–( )

σ2PPP1 σ2PPP2+
2

---------------------------------------------

-------------------------------------------------- ,=
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MM (0.63 ± 0.77), LM (1.25 ± 0.81), and M2–3 (1.25 ±
0.48) areas. Correlation coefficient values (Table 2) were
significant for ES and SI (p < 0.01, R2 = 0.81), ES and IA
(p < 0.01, R2 = 0.96), ES and RI (p < 0.05, R2 = 0.67), SI
and IA (p < 0.01, R2 = 0.86), SI and RI (p < 0.05, R2 =
0.90), and IA and RI (p < 0.05, R2 = 0.69) (Table 2).

Effect Size and Asymmetry Indexes Between Groups
ES, SI, and IA absolute values were significantly

higher in the group with hemiparesis than in the nondis-
abled group. ES values were 0.63 ± 0.35 for the nondis-
abled group versus 0.20 ± 0.14 for the group with
hemiparesis. SI values were 32.77 ± 24.49% for the group
with hemiparesis versus 8.08 ± 9.65% for the nondisabled
group. IA values were 21.13 ± 14.17% for the group with
hemiparesis versus 5.74 ± 5.33% for the nondisabled
group. For all indexes, p < 0.05.

DISCUSSION

We designed our study to compare the different meth-
ods for quantifying the asymmetry of normal and patho-
logical asymmetric gait. Our strategy was to (1) verify
whether the footprint locations associated with the great-
est bilateral differences in PPP values were affected by
the method of quantification used and (2) test the sensitiv-
ity of the ES statistic in distinguishing degrees of asym-
metry. For SI, IA, and ES, the higher the difference from
0, the higher the asymmetry between the bilateral parame-
ters. For RI, the higher the difference was from 1, the
higher the asymmetry.

Asymmetry Quantification Analyses
We found significant correlations between the ES, SI,

IA, and RI values of the two groups, which demonstrates
an agreement between the different quantification methods.
For the nondisabled group, the same four areas with the

Table 1.
Mean peak plantar pressure (PPP) values under eight footprint areas for nondisabled group and group with hemiparesis.

Nondisabled Group Group with Hemiparesis

Location
PPP
CL

(kPa)

PPP
PL

(kPa)
ES SI

(%)
IA

(%) RI
PPP
UL

(kPa)

PPP
AL

(kPa)
ES SI

(%)
IA

(%) RI

LH 291.1 ± 56.7 305.5 ± 54.4* –0.26 –5.3 ± 11.8 –4.7 ± 11.5 0.96 ± 0.12 83 ± 35.5 52.7 ± 26.9† 0.96 –43.5 ± 73.0 –27.0 ± 44.9 4.73 ± 10.48
MH 296.6 ± 61.3 319.2 ± 65.4* –0.36 –7.3 ± 13.5 –6.6 ± 12.1 0.94 ± 0.13 112.7 ± 43.5 81.7 ± 40.5* 0.74 –32.6 ± 58.6 –23.8 ± 38.9 1.74 ± 1.12
LM 52.4 ± 35.3 52.0 ± 32.5 0.01 –3.3 ± 50.1 –3.0 ± 36.9 1.13 ± 0.69 36.8 ± 16.2 37 ± 17.8 –0.01 –3.3 ± 56.6 –1.2 ± 41.1 1.25 ± 0.81
MM 7.1 ± 5.9 5.1 ± 3.5 0.40 30.8 ± 101.5 17.1 ± 58.4 2.09 ± 2.89 7.3 ± 5.7 25.7 ± 22.3† –1.13 82.3 ± 82.1 49.0 ± 49.8 0.63 ± 0.77
M4–5 273.0 ± 97.2 269.4 ± 88.8 0.04 0.8 ± 38.6 0 ± 31 1.09 ± 0.46 84.4 ± 46.6 54.7 ± 18.2* 0.84 –31.8 ± 46.7 –22.7 ± 33.4 1.63 ± 0.98
M2–3 434.5 ± 109.0 419.8 ± 109.2 0.13 4.1 ± 13.4 3.3 ± 16.3 1.06 ± 0.24 120.6 ± 53.8 103.7 ± 40.8 0.35 –13.5 ± 40.5 –10.6 ± 31.7 1.25 ± 0.48
M1 330.0 ± 122 311.8 ± 96.4 0.17 2.6 ± 37.6 2.3 ± 29.3 1.11 ± 0.45 121.6 ± 25.2 134.3 ± 49.9* –0.61 14.5 ± 41.1 12.5 ± 29.8 0.96 ± 0.54
Hallux 326.7 ± 142.1 363.6 ± 161.7 –0.24 –10.4 ± 31.0 –8.9 ± 24.8 0.95 ± 0.34 53.5 ± 46.5 35.9 ± 36.6 0.42 –40.6 ± 109.8 –22 ± 65.0 5.13 ± 10.46
Significant bilateral differences in PPP values verified by student’s t-test and Wilcoxon test indicated by—
*p < 0.05.
†p < 0.01.
AL = affected limb, CL = cushioning limb, ES = effect size, IA = index of asymmetry, LH = lateral heel, LM = lateral midfoot, M = metatarsal (heads 1–5), MH =
medial heel, MM = medial midfoot, PL = propulsive limb, RI = ratio index, SI = symmetry index.

Table 2.
Correlation coefficients of effect size (ES), symmetry index (SI), index of asymmetry (IA), and ratio index (RI) calculated for eight footprint
areas for nondisabled group and group with hemiparesis.

Statistic Nondisabled Group Group with Hemiparesis
ES SI IA RI ES SI IA RI

ES 1 0.90* 0.90* 0.81† 1 –0.90* –0.98‡ 0.81†

SI — 1 1‡ 0.76† — 1 0.93‡ –0.95*

IA — — 1 0.76† — — 1 0.83†

RI — — — 1 — — — 1
†Significant correlation with p < 0.05 level of confidence.
*Significant correlation with p < 0.01 level of confidence.
‡Significant correlation with p < 0.001 level of confidence.
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greatest asymmetry are shown by ES, SI, and IA (MM, hal-
lux, LH, and MH) (Table 1). The MM area appeared to be
more asymmetric than the other footprints, whereas the
LH, MH, and hallux areas appeared to have an almost iden-
tical degree of asymmetry. Nevertheless, three out of the
four greatest asymmetric areas measured by RI were LM,
M1, and M2–3. This result explains the lower statistical
power of the correlation for RI and the other procedures
(p < 0.05). Worth noting is that the greatest asymmetric
area (MM for all the procedures), was not shown by the
statistical test to be bilaterally different. For the group with
hemiparesis, each area with an ES value higher than 0.5
was associated with a significant bilateral difference (LH,
MH, MM, M4–5, and M1) (Table 1). In our study, ES
seem to provide sufficient confidence in detecting asym-
metry with moderate magnitude. Nevertheless, these
results need to be interpreted with caution because of the
sample size of the group with hemiparesis and the lack of
step-by-step reliability. RI asymmetry quantifications were
very different from ES, SI, and IA. RI highlighted that the
hallux and LH areas were five times more asymmetrical
than the other footprints (5.13 ± 10.46 and 4.73 ± 10.48 for
hallux and LH, respectively). This difference could be
attributed to a denominator close to 0, which considerably
increased the RI values. Limitations of RI in interpreting
the asymmetry in nondisabled gait have also been pointed
out by Wall and Turnbull [32] and Sadeghi et al. [2].

Index Interpretation
In spite of presenting functional classifications of

data, we found that the SDs for all classical indexes (SI,
IA, and RI) were higher than their mean values, and debat-
ing such interindividual variability data is difficult. More-
over, values calculated from SI, IA, or RI never reflected
perfect agreement between each limb (SI or IA = 0 or RI =
1), which immediately implies asymmetry. Furthermore,
the sizes of the differences have no statistical basis. Each
investigator or reader of the research must determine the
importance of the difference to interpret whether high
asymmetry exists. The calculation of percentage does not
consider the variance of bilateral differences in the
parameters studied (i.e., PPP) and cannot, therefore, be
accurately compared either within or across research stud-
ies. By including the variance in the calculation, the ES
accounts for the variation within and across samples, mak-
ing it standardized and even more accurate when descrip-
tions of the asymmetries are investigated [24]. For
instance, asymmetry magnitude between nondisabled
groups and groups with hemiparesis with different sample

sizes and variance could be compared in our study because
of the normalized asymmetries in SDs.

The statistical limits proposed by Cohen seem to be
relevant for the diagnosis of the magnitude of the differ-
ences in PPP values [25]. Indeed, ES values for the non-
disabled group were not higher than 0.4 (a moderate
difference). On the contrary, the group with hemiparesis
showed ES values >0.8 (a large difference). However, to
our knowledge, no study has used this method to evaluate
the size of asymmetry in gait for a normal and a pathologi-
cal population. As such, for the moment, proposing a new
scale of statistical limits in gait may be inappropriate. For
instance, in the strength training research of Rhea, a new
scale was proposed based on over 3000 ES collected from
400 studies [24]. Producing a new scale was not the aim of
our study; we rather sought to present and test the ES sta-
tistic in the plantar pressure asymmetry in gait, which has
never been conducted before.

With our study, we conclude that moderate bilateral
differences exist under the MM in nondisabled gait. The
significant differences under the LH and MH could be
considered small. This conclusion may be considered in
the diagnosis of pathological gait under these footprint
locations or to guide the rehabilitation process. For
instance, moderate asymmetry (ES > 0.5) has to be con-
sidered pathological for all the footprint locations except
MM. Conversely, significant bilateral differences under
LH and MH should not be diagnosed as pathological
when they are categorized as small with ES (ES < 0.5).
Moreover, the absolute ES size values may be more
meaningful than the p-values, especially in cases where p
is close to significance [5] (for example, p = 0.09 for MM
for the nondisabled group, while ES values are 0.40; p =
0.1 for hallux for the group with hemiparesis, while ES
values are 0.42). In such cases, information provided by
the ES value may prevent the researcher from making a
type II error by lack of statistical power because of a
small sample size or large variance of the data [33].

Sensitivity of Effect Size Statistic
The greatest gait asymmetry for the group with hemi-

paresis was expressed by ES, SI, and IA values signifi-
cantly furthest from 0 for each area, with the exception of
LM (Table 1). This footprint location seemed not to be
influenced by hemiparesis when we looked at the asym-
metry in the PPP. In spite of the evidence for the greater
asymmetry for the group with hemiparesis, RI is the only
index that shows values closer to 1 for the group with
hemiparesis when compared with the nondisabled group
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(see MM and M1 in Table 1), indicating a lack of reli-
ability for this index. This lack of reliability is confirmed
by the nonsignificant difference for this index between
the nondisabled group and the group with hemiparesis.
As mentioned previously, the size of the differences for
SI, IA, and RI have no statistical basis. Limits between
normal and pathological asymmetry of gait in the PPP
distribution were different for each area. For instance, the
SI value for the nondisabled group corresponding to “nor-
mal” for MM was 30.8 ± 101.5 percent, whereas the SI
value for the group with hemiparesis corresponding to
“pathological” for M4–5 was –31.8 ± 46.7 percent. The
values of SI could not be discussed without statistical ref-
erences. Conversely, ES allows us to normalize the meas-
urement of the magnitude of the asymmetry. All footprint
areas for the group with hemiparesis increased the signifi-
cance of the asymmetry according to the Cohen classifi-
cation except for LH and M2–3 (ES = 0.01 and 0.13 for
the nondisabled group and ES = –0.01 and 0.35 for the
group with hemiparesis for LM and M2–3, respectively)
[25]. Therefore, ES appears to be reliable for detecting
asymmetry of gait in normal and pathological PPP values.

CONCLUSIONS

We investigated the usefulness of the ES statistic in
detecting plantar pressure asymmetry by comparing sub-
jects presenting marked gait asymmetries with subjects
who seem to have “normal” gait patterning. Our results
could serve as a reference in the PPP distribution for one
to discriminate normal versus abnormal gait asymmetry.
Comparisons between ES and standard asymmetry quan-
tification procedures (SI, IA, and RI) demonstrated that
ES is simpler and more reliable for interpreting normal
and pathological gait. Further studies on asymmetry of
gait using ES are needed to shed further light on com-
plete information about significant bilateral differences.
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