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A B S T R A C T

The musculoskeletal and neurosensorial development of children can be affected by excess body weight. Studies
have examined how childhood obesity affects gait, but much about the influence of this factor remains to be
determined. The aim of our study is to analyse, in a large sample of children, the influence of obesity on the
spatiotemporal parameters of the gait cycle, in the most natural way possible, with the subjects walking over-
ground at a self-selected speed.
Method: For this study, the sample was composed of 238 healthy school children, composed of 114 (47.9%) girls
and 124 (52.1%) boys, aged 7–11 years. For each one, the body mass index was calculated, according to which
the subjects were classified by percentiles as low weight, normal weight, overweight or obese. Anthropometric
variables were measured and the spatiotemporal parameters of gait were assessed by the OptoGait® portable
photocell system.
Results: The spatial variables did not reveal significant differences between the children with normal weight and
those with obesity. However, the differences for stance phase, load response and pre-swing phase (p= 0.0001,
p= 0.016 and p=0.0001, respectively) were clearly significant.
Conclusions: Childhood obesity exerts a significant influence on gait by increasing the duration of load response
and that of the pre-swing towards the oscillation phase and therefore the total duration of the support phase.
This outcome requires greater energy expenditure to stabilise the gait of children with obesity, and could have
biomechanical repercussions.

1. Introduction

Childhood obesity is currently considered a major public health
problem [1–3] and its global prevalence is increasing [4]. Obesity and
overweight are often related to musculoskeletal disorders, particularly
of the lower limbs and feet [5,6]. Excess body mass is an important
factor in the progression of angular deformities in varus and valgus of
the knee, and can have long-term implications, including an increased
risk of osteoarthritis in adulthood [7,8]. In addition, obesity and
overweight can interfere with dynamic gait processes. In this respect,
Mahaffey et al. [9] reported finding a significant relationship between
childhood obesity and the intersegment angular motion of the foot, and
a more pronated foot type, while Clark et al. [10] described a sig-
nificant relationship between obesity and the movement quality char-
acteristic of gait. Similarly, Villarrasa-Sapiña et al. [11] measured a
direct relationship between postural control and obesity in children,
and Song-hua et al. [12] concluded that these children have less

walking stability than those with normal weight. Shultz et al. [13]
reasoned that obese children need to produce more energy in the hips,
knees and ankles to generate adequate muscular contraction force and
thus maintain normal gait. Finally, McMillan et al. [14] observed re-
duced hip and knee joint flexion during gait and greater valgus posi-
tioning of the knee in an obese population.

To date, few studies have addressed the question of gait phases and
spatiotemporal parameters in growing children with obesity vs. those
with normal weight, and in the research that has been conducted in this
field, most investigations have been based on expensive, complex
technological systems, such as 3-D image capture apparatus and force
platforms [9,11,15–21] but with very small sample sizes. One of the
conclusions reached in the latter work is that obese children employ a
passive strategy of the hip to achieve forward progression when
walking, and that this represents a less efficient means of transferring
energy [16]. Therefore, research findings suggest that childhood obe-
sity bears a significant relationship with the spatiotemporal parameters
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of gait.
The Optogait system is more readily accessed and can be used in the

primary care consultation. It is based on a photoelectric cell and is
validated for the assessment of the phases of gait, in clinical and re-
search settings [22–24]. According to Lee et al. [22], the test-retest
reliability of Optogait in assessing gait parameters presents a high level
of correlation, ranging from 0.785 to 0.952. The coefficient of variation
of method error values was low, ranging from 1.66% to 4.06%, and all
parameters presented standard errors of measurement between 2.17
and 5.96%, indicating strong reliability. However, very few studies
have evaluated the spatiotemporal parameters of gait with this system
in children [25–27]. In the latter studies, moreover, the sample size was
very small and/or the study data were obtained using a treadmill.
Walking on a treadmill is not natural; its surface is unstable and the
subject needs a period of adaptation in order to match the treadmill
speed [28].

The aim of the present study is to determine the influence of
childhood obesity on the phases of gait, at a self-selected walking ve-
locity. To our knowledge, this study is the first of its kind to analyse this
relationship using the Optogait system, under the following circum-
stances: a large sample, with the children walking overground when the
gait data are obtained, and at a natural speed (self-selected walking
velocity).

2. Method

2.1. Participants

The study was carried out in Spain, with children of primary school
age (7–11 years). The exclusion criteria included the presence of pain or
injury in the foot and lower limbs at the time of physical examination,
or during the previous six months, and/or the presence of muscu-
loskeletal diseases, congenital structural abnormalities, cerebral palsy,
motor dysfunction or prior surgery affecting the foot.

No sampling was carried out, but the whole eligible population
(n=238), recruited at ten primary schools in Malaga, a city with
569,009 habitants, was included. All the children who met the inclusion
criteria were selected and evaluated during 2017. Age, gender, height,
weight (Table 1) and body mass index (BMI) were determined and
classified. The following variables and gait phases were obtained:
stance phase, swing phase, single support, double support, step length
and time, load response phase, pre-swing phase, contact phase, foot flat
phase, propulsive phase, gait cycle, stride length, speed, acceleration,
cadence and total distance.

2.2. Data collection

Height was measured to the nearest millimetre using a SECO 7710®

calibrated portable apparatus, and body weight was measured using
calibrated Digital Pegasus Scales, with the subjects wearing minimal

clothing. The BMI was calculated from the subjects’ height and weight
(BMI=weight(kg)/height2(m)). Since the subjects were all from Spain,
where the Orbegozo classification [29] is widely used, they were then
classified by BMI score, using the four-category Orbegozo classification
system as follows; underweight: percentile less than 3 (P < 3), normal
weight: percentile between 3 and 90 (P 3–90), overweight: percentile
between 91 and 97 (P91–97) and obesity: percentile greater than 97
(P > 97), based on BMI according to age. Table 2 shows the number of
children classified in each BMI group by age.

After determining the anthropometric variables, the spatiotemporal
gait parameters were assessed using the OptoGait® portable photocell
system [22–24]. This system provides real-time numerical parameters
related to stepping, running and jumping. The device was always ca-
librated and checked for accuracy prior to each measure.

Previously, participants were instructed to walk barefoot in a nat-
ural way, for a distance of five metres between two parallel bars. Six to
eight strides are sufficient to obtain representative data for unimpaired
adults [24], and, in our case, ten strides were measured. After three
trials, the data were acquired. A highly-experienced podiatrist(JPM)
(with more than 1000 Optogait® tests examinations performed), con-
trolled the measurement process at all times.

2.3. Ethical issues

The children’s parents or tutors were previously informed about the
characteristics of the study and provided signed consent for their chil-
dren to participate. This study was carried out in accordance with the
relevant provisions of the Declaration of Helsinki and was approved by
the Ethics Committee of the University of Malaga (CEUMA 91/2016-H)
(Spain).

2.4. Statistical analysis

The descriptive statistics obtained included measures of central
tendency and dispersion, and the distribution of percentages.
Exploratory analysis, by the Kolmogorov-Smirnov test and by ex-
amining symmetry and kurtosis, was performed to confirm the nor-
mality of the distributions. Subsequently, bivariate analysis of differ-
ences of the means, using Student’s t test, was applied to evaluate
differences in gait parameters according to gender, and differences in
the gait parameters were identified by ANOVA, according to the four
BMI groups established. The homoscedasticity of the distributions was
determined by the Levene test. In addition, the Browne-Forsythe test of
robustness was applied and post-hoc analysis performed by the
Bonferroni test. Differences of the means were also obtained by
Student’s t-test of paired measures in the analysis of gait parameters by
left/right side. The level of statistical significance was 95% in all cases,
and all analyses were conducted using SPSS v.23 statistical software
(SPSS Inc., Chicago, II, USA).

3. Results

The sample in this study was composed of 238 healthy school
children, with 114 (47.9%) girls and 124 (52.1%) boys, aged 7–11 years
(mean age: 9.25 years, SD: 1.38). One subject refused to participate in
the study. The mean BMI was 20.41 kg/m2 (SD:3.89) for the girls and
20.54 kg/m2 (SD:4.34) for the boys. The difference between the genders
was not statistically significant (t=−0.23; p=0.814). The mean va-
lues obtained for each parameter, for total gait and for each foot, are
detailed in Table 3. There were no significant differences between left
and right feet in any case. The average velocity recorded was 1.24m/s.

Significant differences were obtained between normal weight and
obese children for the temporal stance phase, pre-swing phase
(p < 0,0001) at total, left and right sides, and for the load response
phase at total (p < 0,016), left side (p < 0,0001) and right side
(p < 0,011). There was a significant difference in the load response

Table 1
Anthropometric characteristics of the sample by gender.

95% Confidence Interval

Mean Lower Upper SD

Age (years) Female 9,29 9,03 9,55 1,40
Male 9,19 8,94 9,43 1,38

Height (m) Female 1,37 1,34 1,39 0,13
Male 1,35 1,33 1,37 0,11

Weight (kg) Female 39,30 36,92 41,67 12,78
Male 38,55 36,30 40,81 12,68

Body Mass Female 20,41 19,69 21,13 3,89
Index (kg/m2) Male 20,54 19,77 21,31 4,33
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between normal weight and overweight children at left side
(p < 0,011), stance phase at total and right side (p < 0,080;
p < 0,050) and pre-swing phase at total, left and right sides
(p < 0,007; p < 0,005 and p < 0,019), respectively. The heel con-
tact phase did not show significant differences between normal weight
and overweight children, but the total and right side showed a sig-
nificant shorter duration in obese children (p < 0,027; p < 0,042,
respectively). No differences were found for any of the spatial para-
meters among the BMI groups.

Table 4 shows the details of the differences for the other parameters.

4. Discussion

Our study aim was to determine the influence of childhood obesity
on the phases of the gait cycle, for children walking over ground at a
self-selected velocity, taking into account the largest possible number of
spatiotemporal gait parameters, and using the Optogait measurement
system. Although each participant intuitively decided his/her own
walking speed, as was found most comfortable, there were no sig-
nificant differences in this respect. This finding is important to our
assessment of the other results since, according to Roche-Seruendo et al.
[30], the walking speed necessarily increases with an increase in the
swing phase and in step length, and with a decrease in the stance phase.
It is notable that the gait parameters relative to space did not present
significant differences. However, there were significant differences re-
lated to time. The stance, load response and pre-swing phases all had a
significantly greater duration for the obese and overweight children
than for those with normal weight, while the heel contact phase was
significantly shorter in the children with obesity.

The stance phase normally accounts for 60% of the stride, and the
swing phase, the remaining 40%. The stance phase is composed of three

elements: initial double support 10%, single support 40% and final
double support 10%. The heel contact and the load response are the
temporal phases of the initial double support [31]. Our study results
show that among the obese children, the heel contact time is shorter
and the downward movement of the forefoot is slower, as the first re-
action of support in this direction. The pre-swing phase is the last
temporal phase of the final double support, when the toes are finally
released from the ground and the contralateral foot is supported. In
children with obesity, this phase preparatory to that of oscillation is
slowed down, which increases the duration of the stance phase. The
pre-swing phase and the load response phase in the contralateral foot
coincide at the moment of greatest oscillation of the centre of gravity,
both laterally and forwards. According to Nantel et al. [16], obese
children transfer mechanical energy less efficiently from the stance
phase to the swing phase. In this respect, it has been reported that the
influence of obesity on the phases of gait might be related not only to
the optimisation of energy consumption, but may also respond to a
strategy of balance stabilisation and the prevention of falls
[11,12,27,32,33].

Previous studies based on the use of complex systems of 3-D analysis
and/or force platforms have recorded a significant increase in the
stance phase in the gait of obese children [9,14,19,20], an increase in
the pre-swing phase [19]. Although most of these studies were focused
in other parameters, and spatiotemporal parameters of gait were sec-
ondary variables, their findings agree with ours. A greater amplitude of
movement in the frontal plane was obtained in similar studies [19–21].
Our study did not assess this variable, but it is coherent with load re-
sponse and pre-swing phases occurring at the same moment of the gait.
In our opinion, the increase of body mass in obesity simply generates an
increase of moment oscillations forces and it results in an instinctive
response to maintain stability. Indeed, acceleration did not show sig-
nificant differences with weight increases.

To our knowledge, few previous studies, methodologically com-
parable, have been conducted with photoelectric systems such as
Optogait, in study populations of children or adults. One such is
Beulertz et al. [25], who compared the phases of gait in children treated
for cancer vs. a control population. Interestingly, their results coincided
with ours, with a significant increase observed in the stance and pre-
swing phase among the group of cancer survivors, due to the weakness
secondary to chemotherapy. In another study, Galli et al. [26] com-
pared the phases of gait among children with Down Syndrome (DS)
with and without obesity and a control group with normal weight.
These authors recorded a significant increase in the stance phase among
the children with obesity (63.69%), compared to those with normal
weight with DS and the control group (59.00% and 59.57%, respec-
tively). Unfortunately, our literature research did not reveal any pre-
vious studies clearly similar to ours, with which to compare the results
of the statistically significant variables considered in our analysis.

The main limitation of our study is that the Optogait system detects
rearfoot loading and forefoot unloading at 3mm above ground level.
This results in stance phase overestimation and swing phase under-
estimation [23], a factor that should be taken in account when com-
paring our data with those published elsewhere. Moreover, we did not
evaluate the step width variable, a parameter which has been shown to
be significant in similar studies examining children, in which 3D sys-
tems were used. Another limitation of this study is the walking distance

Table 2
BMI classifications by age.

Age (y) n (%) Underweight (n/%) Normal weight (n/%) Overweight (n/%) Obese (n/%)

7 35/14.70 – 28/11.70 07/02.94 –
8 45/18.90 1/0.42 25/10.50 06/02.52 13/05.46
9 44/18.48 – 22/09.24 11/04.62 11/04.62
10 57/23.94 2/0.84 32/13.44 09/03.78 14/05.88
11 57/23.94 – 29/12.18 12/05.04 16/06.72

Table 3
Descriptive statistics for gait phases. Mean values, by left and right feet.

Total Left Right
Mean (SD) Mean (SD) Mean (SD) p r*

Step length_cm 59.24 (7.21) 58.86 (7.9) 59.21 (8.38) 0.391 0.70
Stance phase_s 0.58 (0.07) 0.58 (0.07) 0.58 (0.07) 0.292 0.90
Swing phase_s 0.38 (0.04) 0.38 (0.04) 0.37 (0.04) 0.145 0.72
Single support

phase_s
0.38 (0.04) 0.37 (0.04) 0.37 (0.05) 0.899 0.76

Double stance
phase_s

0.21 (0.06) 0.21 (0.05) 0.21 (0.06) 0.511 0.92

Step time_s 0.48 (0.06) 0.48 (0.06) 0.48 (0.05) 0.669 0.82
Load response_s 0.10 (0.07) 0.10 (0.03) 0.10 (0.07) 0.288 0.83
Pre swing phase_s 0.10 (0.03) 0.10 (0.03) 0.10 (0.03) 0.506 0.84
Gait cycle_s 0.95 (0.13) – –
Stride_cm 112.79

(23.26)
115.44
(17.01)

115.06
(17.46)

0.670 0.69

Speed_m/s 1.25 (0.17) 1.25 (0.17) 1.25 (0.17) 0.973 0.97
Cadence step/min 127.79

(20.9)
127.22
(17.68)

127.29
(17.03)

0.891 0.91

Distance_cm 412.1
(27.63)

– –

Heel contact phase_s 0.08 (0.02) 0.08 (0.02) 0.08 (0.02) 0.461 0.43
Footflat phase_s 0.29 (0.09) 0.29 (0.09) 0.30 (0.09) 0.224 0.80
Propulsive phase_s 0.21 (0.08) 0.21 (0.08) 0.21 (0.08) 0.915 0.68

* p < 0.001.
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of the protocol. König et al. [34] studied the variability of differences of
parameters of gait with a continuous and over ground protocol, to avoid
limitations of treadmill and non-consecutive protocols. Ten cycles were
the minimum observations carried out in the study, with an excellent
ICC (0,88–0,98). The inclusion of more cycles did not improve the ICC
values for any of the mean gait parameters. Moreover, they suggest that
mean parameters of gait can be assessed reliably with relatively few
steps.

Although more studies are necessary to improve knowledge of gait
in overweight and obese children, especially in symptomatic cases, we
suggest that they could be focused towards postural evaluation and
proprioceptive treatments at foot level, for the sake of better under-
standing of the relationship between gait behaviour in the presence of
increased body mass and postural stability.

5. Conclusions

Childhood obesity significantly influences the duration of gait sup-
port, as regards load response and the upward movement of the con-
tralateral foot towards the oscillation phase. This reflects the fact that
persons with obesity tend (unconsciously) to adopt gait patterns that
provide greater stability and optimise energy consumption while gen-
erating forward movement. The results of our study provide evidence of
gait characteristics and of their possible clinical implications in children
with obesity.

From a clinical standpoint, this approach could help clinicians in-
terpret and understand findings in their examination of children with
overweight or obesity, with particular regard to postural dysfunctions
produced by bodily instability. However, further studies, specifically
designed for this purpose, are needed in order to extend our under-
standing of this relationship.

Our findings show that the Optogait system or similar provides an
economical and practical means of assessing the spatiotemporal para-
meters of the gait cycle in children, at the clinical level.
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Table 4
Phases of gait with significant differences in relation to BMI.

Dependent Variables Mean Difference p 95% Confidence Interval

Lower Bound Upper Bound

Load Response_t Normalweight Underweight −.024 1.000 −.13 .08
Overweight −.021 0.468 −.05 .01
Obese −.032 0.016 −.06 .00

Load Response_l Normalweight Underweight −.019 1.000 −.06 .02
Overweight −.014 0.011 −.03 .00
Obese −.024 0.000 −.03 −.01

Load Response_r Normalweight Underweight −.020 1.000 −.13 .09
Overweight −.023 0.383 −.06 .01
Obese −.034 0.011 −.06 −.01

Stance Phase_t Normalweight Underweight −.032 1.000 −.13 .07
Overweight −.029 0.080 −.06 .00
Obese −.044 0.000 −.07 −.02

Stance Phase_l Normalweight Underweight −.021 1.000 −.12 .08
Overweight −.027 0.136 −.06 .00
Obese −.045 0.000 −.07 −.02

Stance Phase_r Normalweight Underweight −.044 1.000 −.15 .06
Overweight −.032 0.050 −.06 .00
Obese −.044 0.000 −.07 −.02

Pre Swing_t Normalweight Underweight −.016 1.000 −.05 .02
Overweight −.014 0.007 −.03 .00
Obese −.025 0.000 −.04 −.02

Pre Swing _l Normalweight Underweight −.013 1.000 −.05 .02
Overweight −.015 0.005 −.03 .00
Obese −.026 0.000 −.04 −.02

Pre Swing _r Normalweight Underweight −.018 1.000 −.06 .02
Overweight −.013 0.019 −.03 .00
Obese −.024 0.000 −.03 −.01

Heel Contact Ph_t Normalweight Underweight .006 1.000 −.02 .03
Overweight .001 1.000 −.01 .01
Obese .007 0.027 .00 .01

Heel Contact Ph_r Normalweight Underweight .019 0.479 −.01 .05
Overweight .003 1.000 −.01 .01
Obese .008 0.042 .00 .02

Abbreviations: t (total), l (left side), r (right side).
Note: Heel contact phase left side : no statistically significant differences were found.
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