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Research Paper
Gait Variability During Obstacle Crossing in 
Children With Intellectual Disabilities

Purpose: Obstacle crossing requires different spatial and temporal adaptations than normal 
walking. This study focused on exploring spatiotemporal gait parameters and their variability 
during obstacle navigation in children with intellectual disabilities (ID) compared to their typical 
development (TD) counterparts.

Methods: This descriptive cross-sectional study included 16 girls with ID and 17 girls with TD 
aged 8-13 years. Spatial and temporal characteristics, and gait variability were assessed using 
motion analysis cameras and two force plates. A three-way analysis of variance (ANOVA) was 
used to analyze the gait variables in normal walking and obstacle-crossing conditions.

Results: The analysis revealed no statistically significant differences in spatiotemporal gait 
parameters between the groups (P>0.05). Obstacle crossing in both groups resulted in a decrease 
in double support time and shortening of the stance phase in the trailing leg (P<0.05). The 
variability in most spatial and temporal parameters was significantly higher in the ID group 
compared to the TD group (P<0.05).

Conclusion: In light of the study’s results, the similarity in most spatial-temporal gait parameters, 
along with increased step-to-step variability among individuals with ID compared to their 
typically developing counterparts, indicates an appropriate strategy for these individuals to adapt 
to environmental changes, such as obstacle crossing. However, in the ID group, the trailing leg 
during obstacle crossing had lower speed and higher variability, indicating reduced motor control 
and adaptability of this leg, and consequently, an increased risk of collision with obstacles.
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Introduction

ntellectual disability (ID), affecting ap-
proximately 1% of the population, is 
characterized as “a condition originating 
during the developmental phase, marked 
by limitations in intellectual abilities and 
adaptive, social, and practical skills” [1]. 

Although this definition does not directly relate to the 
physical and motor performance of individuals with ID, 
the examination of motor functions in this group has re-
cently become a topic of great interest.

ID can result from various genetic and environmen-
tal influences, resulting in a highly diverse population 
[2]. In cases where ID is linked to a genetic syndrome, 
such as Down syndrome (DS), the presence of specific 
physical characteristics (e.g. ligamentous laxity and 
muscular hypotonia) leads to weaknesses in both static 
and dynamic balance, increased variability in postural 
control [3, 4], and delayed attainment of gross motor 
skills [5]. Nonetheless, motor performance is impacted 
even in children and adults with ID who do not have 
genetic causes. For instance, the average age at which 
walking begins is notably delayed compared to individu-
als with typical development (TD) [6, 7]. Some studies 
have also emphasized that impairments in movement-
related cognitive functions, such as executive functions 
[8], sensory systems [9], and underdevelopment of the 
central nervous system [10], in children with ID result 
in weaker balance [11], immature postural control, and 
an increased risk and frequency of falls compared to TD 
children [12].

Evaluating gait in children with ID is rarely conducted 
due to the challenges these individuals face in under-
standing instructions. Several studies have indicated 
that children with ID demonstrate reduced step lengths, 
slower walking speeds, and shorter single-leg stance 
times compared to children with TD [13, 14]. In contrast, 
a study by Sparrow et al. reported higher walking speeds 
and cadence, but shorter step lengths and step times in 
the ID group [15]. The examination of step-to-step vari-
ability in these variables has mainly focused on adoles-
cents and adults with DS, with results indicating greater 
variability in gait parameters compared to control groups 
[16, 17]. The primary aim of this study is to examine the 
spatial-temporal gait characteristics and their variability 
in children with ID and to compare these findings with 
those of age-matched children with TD.

Efficient movement involves maintaining a rhythmic 
movement pattern, controlling dynamic body balance, 
adapting to environmental changes, and achieving task 
goals [18-20]. Navigating an obstacle along a path ne-
cessitates the coordination of various perceptual, cogni-
tive, and motor functions, including attention, planning, 
and memory. This integration poses a significant chal-
lenge to preserving motor performance [21]. Adaptive 
movements necessitate a harmonic combination of the 
sensory and motor systems. Sensory and motor integra-
tion occurs at three control levels: 1) Designing the mo-
tor program, which requires perception and cognition, 2) 
Assessing the environment and accurately planning the 
movement path, and 3) Adapting and modifying speed 
and direction as necessary to stay on course [22]. Mo-
tor adjustments and adaptability are strategies that lead 
to behavioral changes enabling the achievement of the 

I

Highlights 

• Children with ID and those with TD exhibited similar walking patterns, but children with ID showed greater 
variability.

• Increased variability in ID children’s trailing leg indicates a higher risk of stumbling during obstacle crossing.

Plain Language Summary 

Crossing obstacles while walking require special adjustments. This study examined how children with intellectual 
disabilities (ID) handle these adjustments compared to children with typical development (TD). We studied 16 girls 
with ID and 17 girls with TD, aged 8-13, using motion analysis to measure their walking patterns. We found that both 
groups showed similar overall walking patterns when crossing obstacles; however, children with ID showed greater 
step variability. This suggests that while both groups adapt to obstacles, children with ID may have less consistent 
control over their movements, particularly with the leg that trails behind, which may increase their risk of stumbling.
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final goal and ensuring successful motor performance 
[23]. In walking and obstacle crossing, modifying cer-
tain movement characteristics, such as speed, can reduce 
the risk of collision or falling [14, 24]. Numerous studies 
have investigated the effects of obstacle crossing on the 
kinematic and kinetic gait characteristics in adults and 
young individuals with DS [25]. Reports indicate that 
encountering obstacles during DS results in motor ad-
justments such as a reduction in the percentage of the 
stance phase, decreased speed and step length, increased 
step width [26], and greater variability [27]. Children 
with ID also exhibit an initial quick movement followed 
by a decrease in speed when crossing obstacles [15].

Examining gait characteristics, especially under chal-
lenging conditions, in children with ID who have lower 
cognitive abilities, is a suitable method for identify-
ing adaptive problems and issues related to gait control, 
which have received less attention from researchers. Con-
sequently, this study aimed to explore the impact of obsta-
cle crossing on gait characteristics and the variability of 
spatial and temporal parameters in children with ID and to 
compare these characteristics with those of TD children.

Materials and Methods 

This study used a descriptive comparative research 
design. The sample size was estimated using G*Power 
software, with a power of 80%, an effect size of 0.25, 
and α=0.05 [28], requiring a minimum of 30 participants 
across the two groups. The study included 16 girls aged 
8-13 with educable and mild ID (IQ: 60-70) without ge-
netic disorders (based on reports from doctors, parents, 
and teachers documented in school records), selected 
purposefully from elementary special education schools. 
The control group comprised 17 children with typical 
intelligence, conveniently selected from elementary and 
middle school. Due to the influence of maturation dur-
ing this developmental stage, the control group was care-
fully paired with the ID group based on age and sex.

In this study, ID was defined based on the World Health 
Organization’s (WHO) 1st Edition of the International 
Classification of Diseases and the Spanish National 
Government guidelines (Royal Order 1971/1999, De-
cember 23). Participants had a disability score exceed-
ing 30%, determined by combining their intelligence 
quotient and adaptive behavior scores. These scores 
were categorized into five ascending levels: Non-exis-
tent (0%), limited (15–29%), mild (30–59%), moderate 
(60–75%), and severe or very severe (76%). Therefore, 
the inclusion criteria were age 8-13 for both groups and 
mild to moderate ID for the ID group. The exclusion 

criteria for all children included the presence of neuro-
logical disorders (excluding intellectual disability for 
the ID group), long-term health conditions, substantial 
visual deficits, and physical disabilities that could im-
pact gait. The study aims and assessment methods were 
explained to the parents, and they signed consent forms 
for their children. Data were collected in the morning in 
the presence of parents or teachers. The researchers had 
been present at the ID group’s school for at least a month 
prior, and the participants were thoroughly familiar with 
them. Therefore, in the laboratory, the only challenge for 
these children was becoming familiar with the labora-
tory environment, and they were given enough time and 
guidance to learn the testing procedures.

Instrumentation and procedures

A Vicon motion analysis system, equipped with six T-
series cameras operating at 100 Hz, and two force plates 
(Kistler type 9281, Kistler Instrument AG, Winterthur, 
Switzerland) recording at 1000 Hz, was utilized to capture 
three-dimensional kinematic data. This setup measured 
spatiotemporal parameters and identified gait events dur-
ing barefoot walking on a flat surface. Sixteen spherical 
reflective markers were strategically placed to define the 
pelvis, thighs, legs, and feet according to the Plug-in Gait 
model [29]. Participants were allowed to acclimate to the 
laboratory setting before the tests were administrated. A 
minimum of ten minutes of instruction was provided for 
each test [30]. The participants were instructed to walk at 
a self-selected speed along the walkway and step over the 
force plates [31]. Six trials were conducted with a one-
minute break between each, and three successful trials 
were selected for further analysis [32].

In this study, participants were assigned two tasks: (A) 
Normal walking, and (B) Walking with obstacle cross-
ing. In this study, the obstacle was a flexible foam ma-
terial measuring 15 cm in height, 60 cm in width, and 
6 cm in depth, placed at the center of the calibrated 
area (Figure 1) [33]. Likewise, the kinematic data were 
processed using a zero-lag, fourth-order low-pass But-
terworth filter with a cut-off frequency of 6 Hz. Nexus 
software (Vicon Motion Systems, Oxford, UK) was 
utilized to synchronize the kinematic and ground reac-
tion force data. The spatiotemporal gait parameters and 
their variability were analyzed during normal walking 
and walking while crossing an obstacle. Considering the 
impact of participants’ height on spatiotemporal gait pa-
rameters, and given the significant inter-group difference 
in height, all gait variables were normalized to account 
for height. To estimate the step-to-step variability for 
each parameter, the Mean±SD of three consecutive steps 
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were calculated, and the coefficient of variation (CoV) 
was computed using the Equation 1 [34].

1. CoV=(SD/mean)×100

Statistical analyses

The normality of the outcome measures was evaluated 
using the Shapiro-Wilk test. Descriptive statistics were 
calculated for both demographic and outcome variables. 
Since the balance variables followed a normal distribu-
tion, parametric methods were applied for analysis. To 
compare demographic data between the two groups, an 
independent t-test was employed. Analysis of variance 
(ANOVA) was used to examine the differences between 
the two groups in spatial-temporal parameter data. 
Considering the presence of two within-subject fac-
tors, Task factors included normal walking and walking 
while crossing an obstacle, and a leg factor (leading and 
trailing legs). A between-subject factor (ID and control 
groups) was also included. A three-way repeated mea-
sures ANOVA was employed to investigate the effects of 
these factors. Data were analyzed using SPSS software, 
version 21, with statistical significance set at P<0.05.

Results 

Table 1 presents the participants’ demographic char-
acteristics. The analysis revealed significant differences 
between the two groups in terms of height, weight, leg 
length, and ankle circumference (P<0.05).

Spatiotemporal gait parameters

The results of between-group comparisons indicated 
that the ID group had significantly lower gait speed dur-
ing obstacle crossing (OBS) task and shorter stride and 
step lengths than the TD group in both tasks (Figure 2). 

The results showed that the main effect of task had no 
significant effect on spatial variables (speed, cadence, 
step length, and stride length). As shown in Table 2, the 
main effect of foot and the interaction between the foot 
and task factors were significant for cadence. Addition-
ally, the interaction between foot and task was signifi-
cant for walking speed. The paired-wise comparison re-
vealed that, during the obstacle-crossing task, the trailing 
leg had lower speed and cadence compared to normal 
walking (P<0.05). 

Figure 1. (A) Normal walking, and (B) walking with obstacle crossing

Table 1. Baseline characteristics in the control and ID groups

Characteristics
Mean±SD

P
ID Group (n=16) Control Group (n=17)

Age (y) 11.23±1.34 11.77±1.93 0.43

Mass (kg) 45.3±12.24 48.81±9.09 0.24

Height (m) 1.54±0.13 1.57±0.96 0.003

BMI 19.39±4.07 19.56±2.55 0.88

Leg height (cm) 79.22±6.75 82.81±5.58 0.004

Ankle circumference 5.81±0.69 6.34±0.65 0.03

ID: Intellectual disability; BMI: Body mass index.
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Figure 2. The spatial-temporal gait parameters in groups 
*Significant difference between group.
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Table 2. Factor analysis in spatiotemporal gait parameters 
Va

ria
bl

es

Gait Foot 
Mean±SD F (P)

ID TD Between 
Group Task Task×Group Foot Foot×Group Task×Foot

Ca
de

nc
e

Normal 
Left 119.82±13.2 118.75±13.9 0.06 (0.82)

0.08 (0.77) 0.21 (0.65) 22.54 (0) 3.42 (0.07) 24.27 (0)
Right 120.38±14.9 119.38±13.1 0.04 (0.84)

OBS 
Leading 124.27±17.1 115.31±18.0 0.01 (0.95)

Trailing 118.31±18.8 122.63±14.7 0.29 (0.60)

Sp
ee

d

Normal 
Left 1.11±0.21 1.21±0.11 2.84 (0.10)

0.72 (0.40) 0.92 (0.34) 2.66 (0.11) 1.74 (0.20) 4.77 (0.037)
Right 1.12±0.22 1.22±0.11 2.43 (0.13)

OBS 
Leading 0.80±0.20 0.81±0.13 1.31 (0.26)

Trailing 0.74±0.26 0.82±0.13 4.60 (0.04)

St
rid

e 
le

ng
th Normal 

Left 1.10±0.15 1.23±0.10 7.63 (0.01)

0.45 (0.51) 0.53 (0.47) 0.02 (0.89) 0.16 (0.70) 0.01 (0.90)
Right 1.12±0.12 1.23±0.10 8.23 (0.007)

OBS 
Leading 1.45±0.31 1.52±0.21 4.70 (0.03)

Trailing 1.44±0.23 1.54±0.20 3.96 (0.04)

St
ep

 le
ng

th

Normal 
Left 0.54±0.07 0.62±0.06 11.08 (0.002)

0.45 (0.51) 1.18 (0.29) 0.23 (0.64) 2.34 (0.14) 1.26 (0.27)
Right 0.57±0.08 0.61±0.07 5.23 (0.01)

OBS 
Leading 0.72±0.25 0.77±0.16 2.28 (0.14)

Trailing 0.70±0.26 0.81±0.18 4.98 (0.03)

Si
ng

le
 su

pp
or

t t
im

e

Normal 
Left 0.42±0.06 0.42±0.04 0.09 (0.77)

0.78 (0.38) 1.0 (0.32) 3.41 (0.07) 0.16 (0.69) 0.02(0.87)
Right 0.40±0.10 0.42±0.04 0.18 (0.68)

OBS 
Leading 0.42±0.06 0.41±0.06 0.91 (0.35)

Trailing 0.43±0.05 0.43±0.06 0.39 (0.54)

Do
ub

le
 su

pp
or

t t
im

e

Normal 
Left 0.18±0.04 0.18±0.04 0.00 (0.99)

3.99 (0.045) 0.01 (0.91) 5.91 (0.02) 0.12 (0.73) 0.95 (0.34)
Right 0.20±0.08 0.19±0.04 0.32 (0.57)

OBS 
Leading 0.18±0.06 0.18±0.05 0.01 (0.93)

Trailing 0.17±0.06 0.15±0.04 0.01 (0.92)

St
rid

e 
tim

e Normal 
Left 1.02±0.12 1.02±0.09 0.01 (0.95)

0.02 (0.88) 0.28 (0.60) 25.32 (0) 2.0 (0.17) 26.51 (0)
Right 1.02±0.14 1.02±0.09 0.01 (0.99)

OBS 
Leading 1.07±0.16 1.04±0.14 0.73 (0.40)

Trailing 0.99±0.14 0.99±0.10 0.26 (0.62)

Azadian E,  et al. Gait Adaptability in Children With Intellectual Disabilities. PTJ. 2025; 15(4):275-288.



281

 October 2025. Volume 15. Number 4

In light of the results from the temporal parameters, the 
main effect of the task and foot had a significant effect on 
double support time (P<0.05). The paired-wise comparison 
indicated that during OBS walking, the double-support time 
in the trailing leg decreased by approximately 11%. For the 
step and stride time variables, the foot factor and the inter-
action between the foot and task factors were significant 
(P<0.05). These results show that OBS led to a reduction 
in step and stride times compared to normal walking, espe-
cially in the trailing leg (Table 2).

The factor analysis results showed that the main effect 
of task had significant effects on opposite foot-contact and 
foot-off (P<0.05). Also, the main effect of the foot had 
significant effects on the opposite foot-off and foot-off 
(P<0.05). The mean comparison indicated that these per-
centages were significantly lower in the obstacle task than 
in normal walking, and the percentage of foot-off occurred 
significantly earlier in the leading leg (P<0.05). 

Variability in spatiotemporal gait parameters

According to the between-group results, the variability 
in most variables was greater in the ID group than in the 

TD group. The between-group results, as shown in Table 
3, demonstrated the variability in speed, stride, and step 
length, double support time, and percentage parameters 
during normal gait, and cadence, stride, and step time in the 
trailing leg during OBS gait. Speed was significantly higher 
in the ID group than the TD group (P<0.05).

However, the task factor did not show a significant effect 
on the variability of the spatial and temporal gait param-
eters (P>0.05). The interaction between group and task in 
double support time and opposite foot-off showed that the 
variability in the obstacle-crossing task was lower in the ID 
group compared to the normal condition, whereas, in the 
TD group, the variability in the obstacle-crossing condition 
was higher than in the normal condition (P<0.05).

Furthermore, the interaction between task and foot was 
significant for speed walking and step length. Table 3 
shows that the variability in these variables, especially 
in the ID group, increased significantly during the trail-
ing leg of obstacle crossing compared to other conditions 
(P<0.05). 

Va
ria

bl
es

Gait Foot 
Mean±SD F (P)

ID TD Between 
Group Task Task×Group Foot Foot×Group Task×Foot

St
ep

 ti
m

e

Normal 
Left 0.51±0.06 0.51±0.05 0.05 (0.83)

0.96 (0.33) 0.98 (0.33) 13.10 (0.001) 0.26 (0.61) 21.32 (0)
Right 0.50±0.08 0.51±0.05 0.26 (0.61)

OBS 
Leading 0.56±0. 10 0.53±0.07 1.49 (0.23)

Trailing 0.49±0.07 0.49±0.05 0.53 (0.47)

O
pp

os
ite

 fo
ot

 co
nt

ac
t 

Normal 
Left 49.97±2.24 50.58±2.56 0.53 (0.47)

4.96 (0.046) 1.44 (0.24) 3.48 (0.07) 0.12 (0.73) 3.55 (0.07)
Right 50.94±2.93 49.70±2.35 1.79 (0.19)

OBS 
Leading 48.07±3.97 49.17±2.52 0.01 (0.92)

Trailing 50.53±2.14 50.03±1.80 0.39 (0.54)

O
pp

os
ite

 fo
ot

-o
ff 

Normal 
Left 9.03±2.32 9.41±2.32 0.22 (0.64)

3.76 (0.06) 0.75 (0.39) 6.30 (0.018) 0.44 (0.51) 0.15 (0.71)
Right 11.49±6.95 9.08±2.09 1.87 (0.18)

OBS 
Leading 9.07±2.32 9.75±2.87 0.41 (0.53)

Trailing 8.20±2.74 7.49±2.39 0.01 (0.93)

Fo
ot

-o
ff 

Normal 
Left 58.66±1.95 59.14±2.12 0.46 (0.50)

17.96 (0) 0.58 (0.45) 6.90 (0.01) 0.25 (0.62) 16.39 (0)
Right 59.39±2.32 59.05±1.94 0.06 (0.81)

OBS 
Leading 55.09±3.66 56.68±3.08 0.05 (0.83)

Trailing 57.91±2.64 58.0±2.07 0.20 (0.66)

OBS: Obstacle crossing.
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Table 3. Factor analysis in variability of spatiotemporal gait parameters
Va

ria
bl

es

Gait Foot 
Mean±SD F (P)

ID TD Between 
Group Task Task×Group Foot Foot×Group Task×Foot

Ca
de

nc
e

Normal 
Left 8.93±5.17 6.18±2.3 2.79 (0.11)

0.002 
(0.97) 0.66 (0.42) 4.04 (0.053) 3.23 (0.08) 2.86(0.10)

Right 8.21±4.96 7.28±5.38 0.27 (0.61)

OBS 
Leading 9.93±4.39 7.67±5.20 1.81 (0.19)

Trailing 8.95±3.41 4.20±2.85 10.21 (0.003)

Sp
ee

d

Normal 
Left 14.94±4.98 7.59±2.45 7.91 (0.01)

0.82 (0.37)  0.38 (0.54) 1.56 (0.22)  0.13 (0.75) 6.62 (0.01)
Right 12.94±3.48 8.00±1.23 3.91 (0.04)

OBS 
Leading 13.52±3.26 6.54±1.52 5.59 (0.02)

Trailing 21.14±4.20 10.32±3.38 7.69 (0.009)

St
rid

e 
le

ng
th Normal 

Left 14.02±7.71 6.90±3.86 4.98 (0.03)

1.56 (0.22) 0.14 (0.71) 1.17 (0.29) 0.10 (0.75) 5.15 (0.03)
Right 10.22±4.36 5.92±3.60 4.26 (0.04)

OBS 
Leading 18.85±7.31 12.63±8.07 2.11 (0.17)

Trailing 10.13±6.86 8.97±4.17 0.19 (0.76)

St
ep

 le
ng

th

Normal 
Left 18.00±8.02 9.16±4.09 4.37 (0.04)

2.08 (0.16) 0.25 (0.62) 0.82 (0.37) 0.37 (0.55) 0.06 (0.81)
Right 15.06±5.59 10.03±4.94 2.89 (0.15)

OBS 
Leading 19.67±8.68 17.65±9.35 0.01 (0.96)

Trailing 20.10±10.77 19.57±11.84 0.06 (0.81)

Si
ng

le
 su

pp
or

t t
im

e

Normal 
Left 10.94±7.99 8.39±2.53 1.02 (0.32)

0.72 (0.40) 1.16 (0.29) 1.05 (0.31) 1.18 (0.29) 0.86(0.36)
Right 13.07±11.42 7.54±4.68 2.23 (0.15)

OBS 
Leading 11.72±4.31 9.75±3.07 0.82 (0.37)

Trailing 11.36±4.19 9.81±4.54 0.42 (0.52)

Do
ub

le
 su

pp
or

t t
im

e

Normal 
Left 34.20±15.21 17.51±7.88 7.37 (0.01)

0.02 (0.88)  4.50 (0.04) 1.92 (0.18)  0.05 (0.83) 3.95 (0.056)
Right 47.67±17.91 23.83±10.39 5.03 (0.03)

OBS 
Leading 27.37±11.23 29.26±13.19 0.07 (0.79)

Trailing 33.27±16.92 30.12±11.05 0.22 (0.64)

St
rid

e 
tim

e Normal 
Left 9.23±4.41 6.26±2.15 2.55 (0.12)

0.01 (0.92) 0.77 (0.39) 2.88 (0.10) 3.36 (0.07) 2.37 (0.13)
Right 8.25±3.03 7.47±3.68 0.18 (0.68)

OBS 
Leading 9.97±4.34 7.48±4.85 2.40 (0.13)

Trailing 9.17±4.87 4.17±2.78 9.88 (0.004)
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Discussion

This study was conducted to assess the variability of 
gait and obstacle crossing in children with ID and com-
pare it with that in TD children of TD. As shown in the 
results, the stride and step lengths in the ID group were 
lower than those in the TD group during normal walking. 
The results of the few studies conducted on individuals 
with ID without genetic disorders have shown that these 
individuals have lower cadence [11], step length [11, 13, 
14, 35], and walking speeds [13, 35] compared to their 
TD peers. However, some studies have reported higher 
walking speeds and cadences, but lower step lengths 
and step times, in men and women with ID compared 
to their TD counterparts [15]. Based on these findings, 
the decrease in step and stride length could be attributed 
to the restricted range of motion in the joints of these in-
dividuals. Cameron et al. demonstrated that agonist and 
antagonist muscles are not well coordinated in individu-
als with ID [36]. Consequently, abnormal muscle tension 
during the swing phase of walking leads to joint stiffness 

and a reduced range of motion in the lower limbs [18]. 
However, to draw more comprehensive conclusions, 
additional gait variables in individuals with ID must be 
examined. 

However, walking while obstacle crossing compared 
to normal walking led to a decrease in double support 
time in the trailing leg and a reduction in stance per-
centage in the leading leg in both groups. Additionally, 
in the ID group, the speed and number of cadences in 
the obstacle-crossing task were lower in the trailing leg 
compared to normal walking. Previous studies have 
shown that successful obstacle crossing requires timely 
detachment and appropriate toe clearance [37]. The pres-
ent study showed that both groups reduced the stance 
time of the leading leg by approximately 8% during ob-
stacle crossing, which consequently reduced the double 
support time in the trailing leg. Few studies have used a 
challenging task, such as obstacle crossing to study gait 
in individuals with ID, with most participants in these 
studies being adults with DS. The results of these stud-

Va
ria

bl
es

Gait Foot 
Mean±SD F (P)

ID TD Between 
Group Task Task×Group Foot Foot×Group Task×Foot

St
ep

 ti
m

e

Normal 
Left 8.77±5.19 8.37±5.68 0.03 (0.87)

 0.19 (0.66) 0.12 (0.72) 8.08 (0.008) 0.92 (0.35) 0.99 (0.33)
Right 14.98±6.03 8.56±5.70 9.88 (0.004)

OBS 
Leading 10.98±5.21 9.85±4.50 0.26 (0.61)

Trailing 10.80-±5.25 6.87±3.24 6.78 (0.01)

O
pp

os
ite

 fo
ot

 co
nt

ac
t 

Normal 
Left 7.05±4.45 4.91±3.24 2.51 (0.12)

0.006 
(0.94) 2.77 (0.10) 4.86 (0.035) 3.58 (0.06) 1.42 (0.24)

Right 8.92±5.51 4.28±3.14 8.97 (0.005)

OBS 
Leading 8.16±4.91 6.52±3.87 1.15 (0.29)

Trailing 5.21±2.50 5.25±2.37 0.12 (0.73)

O
pp

os
ite

 fo
ot

 o
ff Normal 

Left 43.69±16.62 31.52±12.98 6.05 (0.02)

0.43 (0.51) 4.72 (0.038) 0.42 (0.52) 0.13 (0.72) 1.23 (0.27)
Right 46.54±18.52 25.13±9.68 10.05 (0.01)

OBS 
Leading 39.51±12.25 48.67±8.57 1.01 (0.32)

Trailing 33.69±17.86 39.86±15.66 0.44 (0.51)

Fo
ot

 o
ff 

Normal 
Left 5.81±3.13 3.04±2.23 8.65 (0.006)

2.79 (0.10) 1.09 (0.30) 1.53 (0.22) 0.51 (0.48) 1.75 (0.19)
Right 5.05±3.40 3.67±2.66 3.98 (0.04)

OBS 
Leading 7.02±4.27 8.07±5.90 0.09 (0.76)

Trailing 5.58±3.44 6.18±5.01 0.10 (0.75)

OBS: Obstacle crossing.
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ies have indicated that the most significant difference 
between individuals with DS and the control group is 
their performance before crossing the obstacle [11]. In 
individuals with DS, multiple stops were observed be-
fore crossing an obstacle, indicating the need for more 
time to plan and execute the movement [26]. Another 
study reported that the ID group showed quick obstacle 
crossing, with an 80% reduction in the gait cycle time 
of the leading leg, followed by a decrease in speed [15], 
and decreased sway time in the trailing leg [38]. Thus, 
the reduction in walking speed observed in participants 
of this study, especially in the trailing leg, aligns with 
these results and indicates caution to avoid obstacles for 
individuals with ID. 

According to the results, the variability in most spatial 
and temporal gait parameters was significantly higher in 
the ID group compared to the control group. Variability 
in cadence, speed, double support time, step time, and 
stride time was significantly higher in the ID group than 
in the TD group. Similar studies have shown that step 
length in individuals with DS follows a more irregu-
lar pattern [17], and that variability in gait patterns is 
higher in these individuals compared to their TD peers 
[27]. Our study also found that the amount of variability 
in children with ID was significantly higher than in the 
control group, which can be interpreted in two ways: 1) 
The traditional interpretation explains higher variability 
as a limitation, indicating immature motor control, pos-
ture, and the nervous system, ultimately increasing the 
risk of falls [39]; 2) The dynamic systems approach sug-
gests that increased variability may indicate a strategy for 
adapting to environmental change. Variability in motor 
execution is a characteristic of the nervous system, repre-
senting the degree of adaptability and maturity of motor 
control. It depends on individual characteristics, environ-
mental constraints, and tasks [40]. According to Stergiou 
et al., the amount of variability and disorder follows an 
inverted U-shape, meaning that with a severe reduction, 
movements become entirely predictable, and the individ-
ual has minimal adaptability to environmental changes 
[41, 42]. Illness usually leads to decreased variability, 
indicating joint locking and reduced degrees of freedom 
[41]. However, when disorder increases significantly, 
individuals become vulnerable to small environmental 
changes. Thus, an optimal amount of entropy or variabil-
ity, appropriate to individual characteristics, enhances an 
individual’s adaptability to the environment [43].

In this study, given the significant differences in speed 
and stride length parameters between the two groups, and 
the higher variability in the ID group, this may indicate a 
strategy for adapting to new conditions, such as obstacle 

crossing. Based on the results regarding the interaction 
between task and group, the variability in double support 
time and opposite foot-off in the ID group decreased dur-
ing normal walking compared to the TD group. Double 
support time is an indicator of balance and stability dur-
ing walking. Previous studies have shown that individu-
als with ID have poorer postural control and balance 
outcomes compared to typically developing individuals 
[44-46]. According to the reduction in variability of this 
parameter, it seems that individuals with ID reduce de-
grees of freedom in their joints, resulting in less adapt-
ability to environmental changes [47] and maintaining 
safety during walking. 

In contrast, the trailing leg speed in the ID group de-
creased during obstacle crossing, along with a signifi-
cant increase in variability. Vimercati et al. showed that 
individuals with DS tend to land closer to the obstacle 
when crossing it with their head and trailing foot [27]. 
Consistent with the findings of the present study, they 
also demonstrated that the variability in the trailing foot 
during obstacle crossing is higher in individuals with DS 
compared to those with TD, which could indicate a risk 
of hitting the obstacle with the trailing leg [27]. Previ-
ous research also aligns with this study, showing that 
the lack of visual information when crossing the trailing 
leg over the obstacle increases the likelihood of hitting 
the obstacle by 27% [48]. Thus, despite reducing trail-
ing leg speed during obstacle crossing in the ID group, 
increased variability in this leg may indicate a lack of 
precise control in the absence of vision, thereby increas-
ing the risk of hitting obstacle and falling [49].

Conclusion

According to the results of this study, spatial and tem-
poral parameters in both normal and obstacle walking 
conditions were similar in children with ID and the TD 
group. Given the similarity of most spatial and temporal 
gait parameters in the ID group, increased step-to-step 
variability in this group may be a strategy for adapting 
to the environment. However, the decreased speed of 
the trailing leg during obstacle crossing, along with in-
creased variability in the speed of this leg in individuals 
with, indicates reduced motor control and adaptability, 
consequently increasing the risk of hitting the obstacle. 
Based on these results, practicing any skill or ability, 
such as walking in the ID group, may lead to improved 
performance of that skill. 

One of the limitations in this study was the exclusion 
of boys due to their non-compliance with the inclusion 
criteria, such as age, the presence of secondary sensory, 
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neurological, or motor disorders, which led to their ex-
clusion from the study. Also, the lack of homogenization 
of individuals with ID based on fundamental abilities 
reduces the generalizability of this study. Therefore, it 
is recommended to use both genders in future studies to 
investigate movement characteristics.
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