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Abstract: This study examines the effects and durability of postural exercise on gait kinematics in 
people with intellectual and developmental disabilities (IDD). Thirty-four men with mild IDD were 
assigned to either the training group (n = 19) or the control group (n = 15). The TG performed the 
intervention over 8 weeks, 3 days/week, 1 h/day. The results indicated that the intervention program 
had a significant effect on some variables of gait. Also, in the TG between post-test and follow-up, 
there was no significant difference, which indicated that gait variables were maintained by the TG 
one month after the end of the program. This research demonstrates that postural exercises are a 
viable intervention for enhancing the gait of people with IDD. 
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1. Introduction 

Independent and safe movement is essential for functional, social and activities of daily living. 
Mobility refers to changing body position or location or by transferring from one place to another 
and depends on an individual’s body function, structures, gait, and balance capacities [1]. Gait is a 
complex activity that consists of motor and cognitive activities and relies on constant interaction 
between the central, peripheral and musculoskeletal systems [2]. Gait pattern is the result of the 
enhancing force, stability, shock absorption, and energy-saving. Therefore, any disturbance in the 
gait pattern can cause instability, pain and increased energy consumption [3]. 

Intellectual and developmental disability (IDD) refers to a condition characterized by substantial 
limitations in both intellectual functioning and adaptive behavior. Adaptive behavior encompasses 
a range of practical, social, and conceptual skills. These limitations appear before the age of 22 [4]. 
The classification for subdividing people with IDD into smaller groups should take into account (a) 
the intensity of support needs; (b) the extent of limitations in conceptual, social, and practical 
adaptive skills, and (c) the extent of limitations in intellectual functioning [4].  

Postural control is one of the motor abilities that affect motor control in which persons with IDD 
have significant challenges. This is because the central nervous system, which regulates motor and 
cognitive abilities, often shows some degree of delay in individuals with IDD [5]. In addition, 
individuals with IDD may have several functional disorders of balance [6,7], motor [8–10], and 
cognitive ability [9,11]. Delays in motor and cognitive development affect the gait patterns of 
individuals with IDD because their efficiency and performance depend on the coordination between 
these systems [12]. Other factors that may affect gait patterns in these people are weakness in the 
muscles and joints of the lower extremities, obesity and use of multiple medications [3,13].  

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.
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The functional limitations of individuals with IDD may be partial or total [14]. As a result, the 
gait pattern may be observed with impaired sensory integrity and motor development. Shorter stride 
length, larger stride width, increased double support time, reduced lower limb joint mobility, joint 
kinetics, and biomechanical changes lead to adopting a “caution in stepping” strategy due to fear of 
falling [2,3,15,16]. Enkelaar et al. (2012) discovered that mobility limitations in individuals with IDD 
are primarily caused by gait and balance difficulties [17]. Thus, people with IDD may have frequent 
falls that lead to injury [18]. The main components of the gait impairment in these individuals are 
deficits in balance and postural control [17]. Therefore, optimization of gait is often a rehabilitation 
goal for individuals with IDD. Because a relationship between constraints on balance control and gait 
limitations in IDD has been determined, increased efficiency of postural control may be necessary to 
facilitate their functional performance. 

It was observed that balance, gait, and strength training can increase joint loading and ultimately 
increase gait and stride length in people with Down syndrome [19]. Gait speed depends on stride 
length and cadence. People with IDD tend to walk slower, as they must compensate for sensory 
impairments. In this way, the individual adopts simpler and slower functional movement strategies, 
thus compensating for cerebellar changes [20,21]. 

“The intricacy of managing balance leads to various issues related to balance, gait, and 
falling, which require a systematic clinical evaluation for effective intervention. Several 
clinical tests are designed to assess only one specific “balance system”, but since balance 
control is a complex process that involves multiple underlying systems, a comprehensive 
evaluation is necessary.” 

The development of the Balance Evaluation Systems Test (BESTest) was intended to address this 
issue by providing a means of evaluating balance [22]. The BESTest can be applied to recognize and 
classify diverse postural control challenges. Currently, it is considered one of the most all-inclusive, 
practical, straightforward, and cost-efficient clinical evaluations of balance. The test was initially 
developed in 2009 [22] and has subsequently undergone validation in several countries, including 
Iran [6]. The examination evaluates issues related to the operation of equilibrium using six elements: 
(1) biomechanical constraints; (2) stability limits/verticality; (3) anticipatory postural adjustments; 
(4) postural responses; (5) sensory orientation; and (6) gait stability. Each system is composed of 
neurophysiological components that regulate specific elements of postural control.  

To direct specific types of treatments, therapists must be able to recognize the disordered system 
underlying the balance control in their clients [22]. To develop exercise interventions, it is important 
to thoroughly evaluate the postural control system while taking into account any impacted systems, 
based on the factors mentioned. Hence, having precise information about these equilibrium systems 
is crucial [23]. If one or more of these systems are disturbed, it may result in postural instability and 
a higher likelihood of falling. Therefore, it is important to implement exercise programs based on the 
BESTest, to influence the different components and subsystems in charge of controlling the balance. 

Different studies recommend that evaluation and training protocols for individuals with IDD 
should be based on the above-mentioned postural control factors [6,17,22]. To improve the different 
gait parameters of people with IDD are of vital importance to implement specific education and 
exercise programs for this particular population. As indicated by Lee et al. (2014), (2016) it is possible 
to improve balance and gait parameters by implementing a balance exercise program[24,25]. On the 
other hand, Ahmadi et al. (2020) indicated that lower extremity isokinetic peak torque, static balance, 
ankle and knee range of motion (ROM) and step length improved after participating in a functional 
strength training program for people with Down syndrome [26]. 

To the best of our knowledge, there is a lack of studies examining the effect of exercise on gait 
patterns in young adults with IDD. Therefore, this study aimed to analyze the impact of postural 
exercises based on the BESTest program, including the six main sources that affect postural control 
on the gait kinematics of young adults with IDD. We hypothesized that the exercise program based 
on BESTest would lead to improvements in gait parameters in individuals with IDD. 
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2. Materials and Methods 

2.1. Study Design 
The present study is a two-armed randomized controlled trial. The study assessed the outcome 

variables on three occasions: prior to the commencement of the intervention, immediately after the 
8-week intervention period, and one month following the conclusion of the intervention. The training 
protocol was performed at the center where all the participants attended daily. The training group 
(TG) completed an 8-week program of selected postural exercises with three sessions a week (24 
sessions in total). Each session lasted approximately 1 hour. In each training session, all aspects of the 
BESTest system were utilized, encompassing all systems. Table 1 provides an overview of the 
intervention’s characteristics. The participants of the control group (CG) continued their regular 
activities at the center. 

2.2. Participants 

After reviewing previous research [27,28] and utilizing an effect size of d = 0.41, α < 0.05, and a 
power (1- β) of 0.80, we concluded that a minimum of 34 participants would be required for this 
study. The study involved the participation of thirty-four males with mild IDD who were randomly 
assigned to either the treatment group (TG; n = 19) or control group (CG; n = 19). Following 
randomization, four participants in the control group chose to withdraw from the study (CG: n = 15). 
Table 1 depicts the general characteristics of the participants. 

All participants were recruited from one specific center for individuals with IDD (convenience 
sample). The intelligence quotient (IQ) of each participant was obtained by an expert using the 
Wechsler Intelligence Scale – IV. To verify that all participants had a mild IDD, a registered 
psychologist conducted psychological tests, which included the different domains of adaptive 
behavior, and an educational test  [29].  

Inclusion criteria were: being diagnosed with mild IDD (IQ = 50-70 mean, and deficits in 
adaptive behaviors); Young individuals with IDD; The ability to comply with the study’s exercise 
program and safety protocols; Willingness to participate in regular training sessions; Parents/legal 
guardians and participants who agreed to provide written consent . Participants who were involved 
in rehabilitation and/or occupational therapy activities that could potentially disrupt the training 
program were excluded from the study; participating in other exercise programs; Conditions 
affecting the vestibular and visual systems that could impact the evaluations; The administration of 
drugs that could potentially impact motor and/or cognitive functions ; inability to provide written 
informed assent; or parents or legal guardians who were not willing to give written consent; or 
suffered from neurological disorders; or musculoskeletal conditions that prevented them from 
walking without assistance.  

This study complied with the principles of the Declaration of Helsinki (World Medical 
Association, 2013) and was registered prospectively (trial registration number: 
IRCT20180203038603N1). 

2.3. Procedures  

Initially, all subjects were invited to two sessions over two days. The purpose of the first session 
was to familiarize the participants with the laboratory environment, introduce the tests, complete the 
informed consent forms by parents and measure anthropometric information such as height and 
weight, as well as the joint width of the knee and ankle of all subjects. Then in the second session, the 
subjects performed a gait test and kinematic data of a gait were collected using a three-dimensional 
motion capture system (Vicon, Los Angeles, CA, USA). The gait kinematics of the subjects were 
assessed by two trained raters. The evaluators were not informed about the group allocation of the 
participants. The tests were performed at baseline, at the end of the program, and one month after 
the end of the program. 
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2.4. Postural Exercise Training 

Two adapted physical education instructors alternated in delivering the postural exercise 
training in this study. The training program was conducted three times a week for an hour each time, 
and it continued for eight weeks. This protocol aimed to create each training session as personalized 
as possible. As a component of our training program, we utilized the overload principle by enhancing 
the intensity of exercises, increasing the number of repetitions, and reducing the rest time between 
workouts. 

The program was developed based on the six primary subsystems of the BESTest, which include 
biomechanical constraints, stability limits/verticality, anticipatory postural adjustments, postural 
responses, sensory orientation, and gait stability. Each activity outlined in Table 2 encompasses a 
range of exercises that follow the fundamental principles of the BESTest approach. The training 
sessions were divided into three parts: the warm-up phase, the main part, and the cool-down phase. 
These exercises were designed for individuals with IDD according to their safety and applicability. 
All workout sessions were conducted in the afternoon (Table 2).  

Table 2. Characteristics of the postural exercise program based on the BESTest system. 

Activities Duration Activities performed as part of the 
program 

Goal 

Warm-up activities 10 min Slow and fast walk/ run /stretching  To raise body 
temperature. 
 To increase 
metabolism/heart 
rate/respiratory rate/ body 
temperature. 
 To prepare muscles 
and nervous system for 
exercise. 

Postural Exercises Based 
on BESTest 

 

40 min 1- Double leg stance with eyes closed; 
2-  standing on one leg with eyes 
open ; 3- Sitting on the Swiss ball; 4- 
Performing the task of putting on and 
taking off footwear while sitting on a 
Swiss ball and lifting one’s lower 
extremity; 5- Sitting on a Swiss ball 
and assuming a standing position, 
participants were instructed to reach 
for a shelf with their upper extremity, 
remove a toy, and then return to a 
seated position ; 6- Walking and 
increasing step length; 7- Emily post 
relay walking; 8- Walking posture; 9- 
Dual-task walking; 10-  Performing a 
lateral movement with the ball while 
standing on the floor and holding it 
overhead ; 11- Jumping jacks on the 
mini-trampoline; 12- Receiving and 
throwing a ball while jumping on a 
mini-trampoline ; 13-Standing on two 
air cushions and catching a ball 
thrown by a therapist ; 14- Autonomic 
strategic exercise of the ankle and hip; 
15- Automatic strategic exercise (front, 
back and side) using resistance bands. 

 Balance  skill 
development. 
 Gait  
development. 
 Adaptive skill 
development. 

Cool-down activities 10 min light stretching/flexibility training  To gradually 
recover pre-exercise heart 
rate, respiratory rate, blood 
pressure and body 
temperature values. 

2.5. Measurements 
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Kinematic gait parameters. The gait analysis for all subjects was conducted at the sports science 
facility in the Guilan University laboratory. For this purpose, each participant performed a gait test 
in a 10-meter walk corridor in the laboratory, and the kinematic parameters during the test were 
recorded using a three-dimensional motion analysis system (Cortex v7.0, Motion Analysis 
Corporation, Santa Rosa, CA, USA) and six Raptor-H cameras (Raptor-H, Motion Analysis 
Corporation, Santa Rosa, CA, USA). 

Before testing, the motion analysis system was calibrated following the manufacturer’s 
instructions (T-shaped and triangular tools with light-reflecting markers) for a space of 1.5 × 3 × 2 
meters. This space was located in the middle of a 10-meter walk corridor in the laboratory. After 
preparing the testing essentials, a single researcher applied sixteen 25-mm-retro-reflective markers 
manually on both lower limbs using the plugin gait marker to set the model for kinematic 
measurements during gait tests [24,30]. Then, to define the Plug-In-Gait biomechanical model, each 
participant stood upright in the calibrated space and placed his upper limb in a 90-degree abduction 
position so that all markers were visible for about 2 seconds. Then, participants walked barefoot at 
their self-selected pace along the laboratory path. Thus, gait kinematic parameters were recorded 
from three planes (sagittal, frontal, and horizontal) and extracted gait kinematic parameters such as 
gait length (cm), step length (cm), gait speed (m/sec), gait pace (step/min), setting time (percentage 
of the gait cycle), swing time (percentage of the gait cycle), and dual support time (percentage of the 
gait cycle). 

All data were extracted using Cortex software (Cortex v7.0, Motion Analysis Corporation, Santa 
Rosa, CA, USA) and entered into an Excel spreadsheet. The test was repeated three times with a pause 
of one minute between each repetition. The average of three trials was used for the analysis. 

2.6. Statistical Analysis 

Descriptive statistics were obtained for age, height, weight, BMI, and gait parameters. 
Continuous variables were reported as means and standard deviations, while categorical variables 
were expressed as percentages. The normality of the data was assessed using the Shapiro-Wilk test. 

To determine any differences within or between subjects, we employed a repeated measures 
general linear model. Specifically, we conducted a mixed-factor repeated-measures ANOVA to 
compare gait kinematics across time points (i.e., pre, post, follow-up) and between groups (i.e., 
control group, training group). The time factor was treated as a within-subjects factor, while the 
group factor was considered a between-subjects factor. The purpose of this analysis was to examine 
the main effects (i.e., time and group) and the interaction effect (i.e., time x group) on the dependent 
variable (gait kinematics). The significant within-group effects were analyzed using paired-sample t-
tests. Effect sizes were calculated using Cohen’s d when possible. Effect sizes were classified as small 
(d ≤ 0.49), medium (d ≥ 0.50; d ≤ 0.79), and large (d ≥ 0.80) [31]. The significance level was set to P ≤ 
0.05. The data were analyzed using the Statistical Package for the Social Sciences (IBM SPSS, v 21.0, 
Chicago, IL, USA). 

3. Results 

Table 1 depicts the descriptive characteristics of the participants. Both groups had similar age, 
height, weight, BMI and IQ (all p < 0.050). 

3.1. Gait parameters  

At the beginning of the study, there were no differences in the parameters of gait kinematics 
between the two groups (all p > 0.050).  

There were significant group × time interactions for step and stride length (F [2, 32] = 39.41; p < 
0.001; η2 = 0.55), cadence (F [2, 32] = 28.83; p < 0.001; η2 = 0.47), gait speed (F [2, 32] = 13.11, p < 0.001; 
η2 = 0.30) and stance and swing (F [2, 32] = 7.66; p < 0.001; η2 = 0.19). Nevertheless, there was no 
significant group × time interaction for step width and double support (p > 0.050).  
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The post-hoc analysis revealed that the TG significantly improved step length at pre–post 
training (t = -4.85; p < 0.001; d = 0.61), and pre−follow-up (t = -4.41; P < 0.001; d = 0.56). 

The TG significantly improved the stride length at pre–post training (t = -4.85; p < 0.001; d = 0.61), 
and pre−follow-up (t = -4.41; p < 0.001; d = 0.56). However, no significant differences were observed 
in step length and stride length at post training vs follow-up period (t = 0.94; p = 0.35).  

The TG significantly improved the cadence at pre–post training (t = -5.2.; p < 0.001; d = 1.03), 
pre−follow-up (t = -3.85; p < 0.001; d = 0.91). However, no significant changes were observed between 
the post training vs follow-up values (t = 1.43; p = 0.43; d = 0.08). 

The TG also improved the gait speed at pre–post training (t = -5.52; p < 0.001; d = 0.99), and pre-
follow-up (t = -3.41; p < 0.002; d = 0.77), but there were no significant changes at post training vs 
follow-up period (t = 1.69; p = 0.10). 

The TG group significantly increased the stance at pre–post training (t = 4.14; p < 0.001; d = 0.98), 
pre−follow-up (t = 3.45; p < 0.002; d = 0.83), but no significant changes were observed at post training 
vs follow-up period (t = -1.3; p = 0.20). 

The TG group significantly increased the swing at pre–post training (t = -4.14; p < 0.001; d = 0.98), 
pre−follow-up (t = -3.45; p < 0.002; d = 0.83), however no significant changes were observed between 
the post training vs follow-up values (t = 1.3; p = 0.20). It is noteworthy that the CG was not 
significantly different in any parameter evaluated between the pre- and post or follow up tests (Table 
3) (Figure 1). 

Table 3. Gait parameters outcomes in the pre-post and follow-up assessments for each group of 
subjects with intellectual and developmental disabilities. 

Outcomes 
                        TG (n = 19)                       CG (n = 15) 

Pre-training Post-training 
1-month follow-

up 
Pre-training Post-training 

1-month 
follow-up 

Step length 
(cm) 

59.27±7.90 64.19±8.22a,b 63.70±7.94c,a 60.01±6.72 59.74±6.16 59.79±6.47  

stride length 
(cm) 

118.83±15.85 128.69±16.48a,b 127.71±15.92c,a 120.31±13.47 119.78±12.35 119.88±12.97 

Cadence 
(steps/min) 

107.88±6.98 115.17±7.14a,b 114.51±7.50c,a 107.98±6.54 108.13±7.56  106.96±5.95  

Step width 
(cm) 

16.08±4.90 15.37±4.08  15.26±4.32  15.23±3.56 15.10±3.06  14.33±2.4  

Gait speed 
(m/s) 

1.13±0.08 1.22±0.10a,b 1.20±0.10c,a 1.14±0.09  1.15±0.09 1.14±0.08  

Double 
support %GC 

24.53±3.67 23.24±3.22  23.60±2.84  24.55±3.65 24.59±3.59 25.22±2.20  

Stance, %GC 62.27±2.17 60.22±2.01a,b 60.59±1.84c,a 62.93±2.17 62.67±2.77  62.80±2.4  
Swing, %GC 37.73±2.17 39.78±2.01a,b 39.41±1.84c,a 37.07±2.17 37.33±2.77  37.20±2.4  

Note: data are expressed as mean ± standard deviation; Abbreviations: TG: Training Group; CG: Control Group; %GC: 
percentage of the gait cycle. a Within-TG differences from pre-training values (p < 0.05). b Between-group differences at post-
test (p < 0.05). c Between-group differences at follow-up test (p < 0.05). 
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Figure 1. Pre, post and follow-up gait parameters in the training group (TG) and control group (CG). 
*Post hoc analysis: Differences between pre and post-training in the TG vs. CG. **Post hoc analysis: 
Differences between pre and 1-month follow-up in the TG vs. CG. 

4. Discussion 

This study was conducted to analyze the effects of the BESTest exercise program on kinematic 
gait parameters in individuals with IDD. The results showed that 8 weeks of selected exercises led to 
a significant improvement in gait kinematics parameters, such as step length, stride length, cadence, 
and speed of gait, stance, and swing. There is limited research on the impact of exercise programs on 
gait kinematics parameters in individuals with IDD. Lee et al. (2014) examined the effects of an 8-
week balance program on the gait kinematics of people with IDD. The results showed that balance 
training programs lead to significant improvements in participants’ performance in spatiotemporal 
gait parameters [24]. 

Lee et al. (2016), in another study on the effects of 8 weeks of a balance training program on 
balance, gait, and muscle strength of adolescents with IDD, with an average age of 14-19 years, 
reported that balance training did not significantly improve the 10-meter gait test, which is not 
consistent with the present study. Possible reasons include the type of exercise program, the age 
range of the subjects, and the method of measuring the gait variable or a different exercise protocol 
[25].  

Rodenbusch et al. (2013) examined the effect of treadmill inclination exercises on individuals 
aged 5–11 years with Down syndrome. The results showed that in individuals with Down syndrome, 
changes in spatiotemporal gait parameters and angular variables are created in the stance phase and 
plantar flexion reduction before swing [32]. Another study by Vinagre et al. (2016) examined the effect 
of 10 weeks of Bobath physiotherapy training in individuals with Down syndrome with a mean age 
of 28 years. They observed enhancements in speed, cadence, step length, stride length, and step 
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width. They also found improvements in stepping angle correction and symmetry [33]. Another 
study showed that treadmill training could improve gait patterns and increase step and stride length 
in infants with Down syndrome [34]. 

Carmeli et al. (2002) examined the effect of 6 months of treadmill training on IDD, and after 
training, gait and balance also improved significantly [35]. Kubilay et al. (2011) performed 8 weeks 
of balance training with a Swiss ball in adolescents with IDD. The results indicated a significant 
improvement in all parameters for the group that received the training [36,37]. Hou TS (2008) 
examined the effects of 8 weeks of low-intensity jogging and walking exercises in adolescents with 
IDD and found significant improvements in gait speed [38].  

Previous research has indicated that individuals with IDD experience greater declines in age, 
gait ability, and dynamic balance compared to neurotypical individuals [10,36,39]. These studies 
showed reductions in all gait spatiotemporal parameters and a reduced hip range of motion, affecting 
step length. In addition, it was observed that the increase in the double support time and step width 
leads to greater instability in individuals with IDD [25]. 

The TG in our study was likely to have improved flexibility and muscle strength and reduced 
the fear of falling by increasing self-confidence. Improving these parameters may lead to improve 
gait kinematic parameters in individuals with IDD [40]. 

For example, the exercise of crossing obstacles leads to an improvement in the stride length and 
range of motion of the joints. Also, walking on the mattress facilitates and integrates the visual and 
atrial inputs for balance and gait [41]. In addition, balance, gait, and strength training can also 
increase joint loading and ultimately increase gait and stride length in people with motor disabilities 
[19].  

Individuals with IDD present an increase in asymmetric movements, especially in their torso 
and head, which reduces push-off motions and reduces gait speed [42]. Gait function is crucial for 
performing daily activities independently, and gait speed is a crucial measure of gait disability [15]. 
On the other hand, reducing the gait speed provides more time for an appropriate response and more 
balance [43]. In another study by Lee et al. (2014), the balance training program improved gait speed 
in the experimental group by 31% [24]. 

Angulo-Barroso et al. (2008) showed that speed gait increased after treadmill training in 
individuals with IDD [44]. Because Verghese et al. (2009) reported that a reduction in speed of 10 
cm/s was equivalent to a loss of 10% mobility in daily life, compared with those in the experimental 
group, they showed a 30% improvement in gait speed and increased independence in daily life [45]. 
Additionally, to increase the gait speed through cadence, you have to increase the number of steps 
per minute, which requires more dynamic balance. Therefore, in the training group, better dynamic 
balance and better cadence led to increased gait speed [39,46]. Therefore, it can be said that the 
increase in gait speed is due to the increase in cadence, step and stride length [47]. 

According to different studies, other causes of increased gait speed following a training program 
are reduction of double support and increased ankle joint mobility, which is usually reduced in 
people with IDD [48]. In other words, increasing the double support phase leads to a decrease in 
speed and instability in the gait, so performing balance training and reducing the time of double 
support indicates an increase in gait stability. 

On the other hand, the increased swing phase has a significant effect on the individual’s capacity 
to maintain a correct posture and facilitate walking [24]. The current study revealed a notable rise in 
swing time, resulting in an increase in cycle time. As mentioned before, increased swing time 
significantly affects the individual’s capacity to maintain an integrated posture and facilitate gait [32]. 
In general, improving one’s adaptation to everyday obstacles reinforces the idea that selected 
exercises are a valuable program for people with IDD. 

In justifying the durability of the observed training effects, we can refer to the results of Llorens-
Martin et al. (2010), who showed that 7 weeks of voluntary physical training has a significant effect 
on increasing the process of neuron production in the hippocampus. This effect might cause 
improvements in the learning process in our participants because the hippocampus is responsible for 
motor memory in humans and the volume of this part of the brain is directly related to learning and 
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motor memory [49]. Increasing the number of cells in this part of the brain indicates the improvement 
of neural processes that perform motor skills [50]. According to this theory, differences in motor 
performance between neurologically impaired individuals and the general population are due to the 
motor control system functioning sub-optimally. The exercise program implemented in our study 
was probably able to increase the intensity of stimuli that activate motor neurons, producing greater 
force and thus providing movement patterns comparable to those observed in individuals without 
disabilities [26,51]. 

In the present study, the possible effects of movement on the functioning of the neuromuscular 
system might be attributed to the fact that motor training leads to changes in the transcription process 
of several known genes associated with neuronal activity, synaptic structure, and the production of 
neurotransmitters [49]. Exercise may produce adaptations in the hippocampus, which plays an 
essential role in learning and memory. In this regard, research has shown that physical activity can 
affect neuroprotective processes, brain flexibility and positively affect cognition and behavior [52].  

4.1. Limitations 

This study has several limitations that need to be acknowledged. Firstly, the generalizability of 
our results to individuals with moderate and severe IDD is limited since we only focused on those 
with mild IDD. Additionally, caution should be exercised in interpreting our findings as we used a 
convenience sample. Secondly, our study did not evaluate the balance and risk of falls or injuries of 
the participants. Thirdly, the duration of our program was only 8 weeks and the follow-up 
assessment was conducted only one month after the end of the study. Therefore, it is recommended 
to conduct future studies with longer program durations and follow-up assessments at 6 or 12 
months to determine if any changes are sustained over time. Lastly, the authors did not assess the 
physical activity or sedentary levels of the participants, which could have influenced their gait-
related parameters. However, since all participants were from the same center, their physical activity 
and sedentary levels may be similar. 

4.2. Implications and Suggestions for Future Research 

According to JudgeRoy et al. (1996), increased strength of the lower extremity muscles may lead 
to improvements in gait patterns [53].Thus, future studies should not only evaluate gait kinematics 
but also assess muscular strength, balance, functional mobility, and quality of life.  

More extensive research is needed to analyze gait and kinematic parameters in persons with 
moderate, severe, and profound IDD, as well as exercise programs aimed at improving these 
parameters. Finally, a longer study with extended follow-up would be necessary to gain a better 
understanding of the effect of BESTest-based postural exercise programs on balance and fall or injury 
risks in people with IDD. 

Rehabilitation specialists can use basic and specific principles to recommend and implement 
exercises for young adults with IDD to maintain and enhance their balance and gait kinematics. The 
exercise program used in our study can be easily adopted in clinical practice and IDD centers. The 
implementation of the BESTest program could help improve the gait performance of people with 
IDD and reduce the risk of falls and injuries in this population. 

5. Conclusions 

The individuals with IDD who participated in an eight-week BESTest-based postural exercise 
program improved various gait-related parameters and decreased gait pattern abnormalities. The 
improvements obtained in our study may help prevent long-term complications, reduce the risk of 
falls, increase physical performance, and facilitate participation in activities of daily living. We 
suggest that the exercise program used in this study can be adopted by parents, educators, 
physiotherapists, healthcare providers, and IDD centers to enhance the quality of life, personal 
independence, and gait patterns of individuals with IDD. 
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