
Journal of 
Sport Biomechanics 
 

 
 

Autumn 2026. Vol 12. Issue 3 

 

Research Paper 

Comparative Analysis of Dual-Task Effects on EMG Activity During Walking 

in Individuals with Hemiplegic Cerebral Palsy and Healthy Controls  

Mobarake Elhami1  , *Shirin Yazdani1  , Mahta Eskandar Nezhad1   

1. Department of Motor Behavior, Faculty of Physical Education and Sports Sciences, University of Tabriz, Tabriz, Iran. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

Use your device to scan and 

read the article online 

 

Citation: Elhami M, Yazdani S, Eskandar Nezhad M. Comparative Analysis of Dual-Task Effects on EMG 

Activity During Walking in Individuals with Hemiplegic Cerebral Palsy and Healthy Controls. Journal of Sport 

Biomechanics.2026;12(3):394-404. https://doi.org/10.66224/JSportBiomech.12.3.394 

 https://doi.org/10.66224/JSportBiomech.12.3.394 

 
 
Article Info: 

 
Received: 23 November 2025 

Accepted: 16 June 2026 

Available Online: 18 June 2026 

 

 

 
 
 
 
 
 
 

Keywords: 

Electromyography, Cerebral 

palsy, Gait, Dual-task 

A B S T R A C T 

Objective The present study aimed to investigate the electromyographic (EMG) 

activity of lower limb and trunk muscles in individuals with cerebral palsy (CP) and 

healthy controls during normal and dual-task walking. 

Methods Twelve CP patients and twelve age-matched healthy volunteers participated 

in this study. Surface EMG signals from the erector spinae (ES), biceps femoris (BF), 

and rectus femoris (RF) muscles were recorded during normal walking and motor, 

cognitive, and visual dual-tasks using a bipolar EMG USB2+ system. Acquired 

signals were processed using OT Biolab software. Statistical analysis was performed 

using repeated measures ANOVA in SPSS 22, with significance set at p<0.05. 

Results Significant differences were observed in normalized EMG of L3, BF, and RF 

muscles between CP and healthy groups (p<0.001). Motor and visual dual tasks 

differentially affected muscle activation intensity in both groups (p=0.020). While 

dual tasks produced symmetrical muscle activation increases in healthy participants, 

CP patients demonstrated significantly greater left-side activation (p=0.010). 

Conclusion CP patients exhibited significantly higher EMG activity in L3, BF, and 

RF muscles across all conditions except normal walking and motor dual-task (where 

right BF showed no difference). Notably, motor and visual dual-tasks elicited greater 

muscle activity than cognitive tasks in CP patients, suggesting preferential reliance 

on visual over proprioceptive feedback due to sensory integration deficits. So, these 

information, can serve as a useful guide for assessing and designing appropriate 

exercise and rehabilitation programs for individuals with CP. 
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1. Introduction 

The study of human movement and locomotion, particularly within dual-task paradigms, is of great 

importance in the fields of motor control and sports biomechanics. Walking is a low-impact, energy-

efficient motor activity that serves as a primary mode of human transportation. It requires coordinated 

movements of the arms, legs, and trunk and is characterized by a repetitive bipedal pattern that propels the 

body forward in a controlled and efficient manner (1). As a fundamental and complex motor activity, 

walking relies on the seamless integration of cognitive, motor, and visual systems (2). In healthy 

individuals, this integration occurs automatically and efficiently; however, in populations with neurological 

impairments such as hemiplegic cerebral palsy (CP), this process is significantly disrupted. 

Cerebral palsy (CP) is the most common motor disorder in childhood, with an incidence of approximately 

1 per 1,000 live births in Europe (3). One-third of individuals with CP present with unilateral motor deficits 

(hemiplegic cerebral palsy), which represents the most common subtype observed at birth (4). Hemiplegic 

CP presents unique challenges in gait mechanics, balance control, and the execution of dual-task activities. 

These individuals commonly exhibit spasticity, muscle weakness, and impaired coordination, leading to 

frequent falls due to poor postural control and compromised dynamic balance (5), as well as altered gait 

patterns, reduced walking speed, shorter step lengths, increased step width (6, 7), and poor gait stability 

(8). Furthermore, more than 65% of children with CP demonstrate functional deficits in visuospatial 

processing, attention, and learning, along with altered activation of the sensorimotor cortex, impaired 

sensory white matter connectivity, and reduced performance on clinical sensory assessments (9, 10), all of 

which further exacerbate difficulties in performing dual-task activities. 

Dual-task paradigms, which involve the simultaneous execution of a motor task and a cognitive or visual 

task, impose additional demands on the sensory and motor systems in this population (11). Compared with 

normal walking, dual-task walking further alters spatiotemporal gait parameters such as speed, step width, 

and step length in individuals with CP, leading to greater deterioration in gait performance and balance and 

requiring increased effort to maintain stability (11). Children with CP who experience deficits in executive 

functions, such as maintaining and dividing attention (7), face increased sensory-proprioceptive demands 

during dual-task conditions, including cognitive-motor and visual-motor tasks (12). 

Motor impairments in CP, including reduced walking speed and shorter step length, are closely associated 

with abnormal somatosensory cortical activity (10). Moreover, excessive reliance on visual input during 

standing is linked to abnormal balance strategies (13) and an increased risk of delays in postural control, 

spatial awareness, and motor development (14). Visual input plays a critical role in maintaining postural 

stability in individuals with CP (15). Due to impairments in somatosensory and proprioceptive processing, 

these individuals often rely more heavily on visual cues than proprioceptive feedback during both upper- 

and lower-limb movements and during standing tasks (15, 16). The visual system is also essential for 

maintaining stability and planning movement trajectories during locomotion (17). In motor execution 

contexts, cognitive and attentional training tailored to specific motor tasks may optimize the use of visual 

information during skill performance. Overall, the combination of sensory deficits, abnormal cortical 

activation patterns, overreliance on vision, and motor limitations in CP contributes to inefficient motor 

planning and execution during dual-task conditions (10, 13), resulting in greater difficulty in performing 

simultaneous tasks due to competition for limited cognitive resources (7). 

However, dual-task training during walking has shown promise in reducing secondary complications 

associated with functional decline and improving overall motor outcomes in this population. Previous 

studies across different populations have demonstrated that dual-task training can improve balance and gait 

quality in individuals with CP (11, 18). Moreover, such interventions have been shown to enhance gait 

mechanics and balance in this population (19, 20). Despite these findings, the underlying mechanisms of 

these improvements and the specific neuromuscular responses of different muscles under various dual-task 

conditions (cognitive, motor, and visual) remain poorly understood. This gap in knowledge limits the 

development of optimized rehabilitation protocols tailored to individuals with hemiplegic CP. 

Electromyographic (EMG) analysis provides a powerful method for investigating neuromuscular 

adaptations and compensatory strategies during walking under dual-task conditions. A deeper 

understanding of muscle activation patterns in selected lower-limb and trunk muscles during dual-task 

performance can provide valuable insight into the mechanisms underlying gait disturbances and balance 

impairments in individuals with hemiplegic CP and help identify potential targets for therapeutic 

intervention. Therefore, the present study aimed to investigate the effects of different dual-task conditions 
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on the electromyographic activity of selected lower-limb and trunk muscles during walking in individuals 

with hemiplegic CP compared with healthy controls. This research contributes to the understanding of 

motor control in hemiplegic CP and provides a foundation for evidence-based rehabilitation strategies 

aimed at improving functional mobility and quality of life in this population. 

2. Methods 

2.1. Participants 

The study population comprised individuals diagnosed with left-sided hemiplegic cerebral palsy in Tabriz, 

Iran. From this population, 12 participants were voluntarily selected as the statistical sample. Additionally, 

12 healthy age-, height-, and weight-matched individuals were recruited as the control group. Table 1 

summarizes the mean age, height, weight, and body mass index (BMI) of participants in both groups. Prior 

to participation, the study protocol was fully explained to all participants and their parents, and written 

informed consent was obtained to ensure voluntary participation. The study was approved by the Ethics 

Committee of the University of Tabriz under the code IR.TABRIZU.REC.1399.005. The inclusion criteria 

for participants with cerebral palsy (CP) included left-sided unilateral cerebral palsy (21), the ability to 

understand and follow verbal instructions, independent walking ability, adequate balance control, the 

ability to carry a box, and the absence of significant cognitive impairments. The exclusion criteria included 

inability to control balance, inability to walk independently, lack of cooperation from parents or the child, 

cognitive impairment, intellectual disability, and visual or auditory problems. The control group consisted 

of healthy individuals with no history of surgery or neuromuscular, visual, auditory, or motor impairments. 

2.2. Electromyography (EMG) Setup 

Surface electromyography (EMG) recordings were obtained from the erector spinae (L3), biceps femoris 

(BF), and rectus femoris (RF) muscles using a USB2+ EMG system (manufactured in Italy) with a 

sampling frequency of 1000 Hz. Bipolar gel surface electrodes with an inter-electrode distance of 1.7 cm 

were used. Prior to electrode placement, the skin was prepared according to the SENIAM European 

protocol, which included shaving the electrode sites, cleaning the skin with alcohol, and removing dead 

epithelial cells to reduce impedance. Electrodes were placed parallel to the muscle fiber orientation 

following standard SENIAM guidelines. For the erector spinae muscle at the L3 level, electrodes were 

placed 3 cm lateral to the spinous process of the third lumbar vertebra (22). For the rectus femoris (RF), 

electrodes were positioned at the midpoint between the anterior superior iliac spine and the patella (23). 

For the biceps femoris (BF), electrodes were placed at the midpoint between the ischial tuberosity and the 

lateral femoral condyle (24). All procedures followed the SENIAM European recommendations (25). 

2.3. Experimental Procedure 

After electrode placement, all electrodes were secured using hypoallergenic tape and bandages to minimize 

movement artifacts. Cables were bundled and fixed to the body to further reduce noise. Electrodes were 

placed bilaterally, and a reference electrode was attached to the wrist. Participants performed walking trials 

along a 10-meter walkway under three conditions: motor, cognitive, and visual dual-task conditions. Each 

condition was repeated six times, and a foot switch was used to determine gait cycles. In the motor task 

condition, participants carried a box corresponding to 10% of their body weight. In the cognitive task 

condition, participants performed backward counting from 20 to 0 while verbalizing even numbers (20, 18, 

16, etc.) (26). In the visual task condition, markers were placed at fixed intervals along the walkway, and 

participants were instructed to step on these markers while walking. Following the walking trials, maximal 

voluntary isometric contractions (MVIC) were recorded for the L3, RF, and BF muscles for EMG 

normalization. The erector spinae MVIC was assessed in the Sorensen position, in which participants lay 

prone with the upper body extended beyond the edge of the table at hip level while the lower limbs were 

secured. Participants were instructed to maintain a zero-degree trunk extension while resisting applied 

force (22, 27). 

Table 1. Demographic Characteristics of the Participants (Mean ± SD) 
 Age (years) Height (cm) Weight (kg) 

Healthy 22.40 ± 3.56 165.22 ± 6.45 61.50 ± 13.14 

Cerebral Palsy 24.44 ± 6.24 162.39 ± 5.24 62.89 ± 10.19 
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The rectus femoris MVIC was performed in a seated position with the knee secured, and participants were 

instructed to perform maximal knee extension against resistance at 90° hip flexion (24). The biceps femoris 

MVIC was assessed in a prone position with the pelvis and thighs stabilized, while participants performed 

maximal knee flexion against external resistance (28). 

2.4. Data Processing and Statistical Analysis 

Electromyographic signals were processed using OT BioLab software. Signals were filtered using a 10–

350 Hz band-pass filter and a 50 Hz notch filter. Root mean square (RMS) values were extracted for 

analysis. For normalization, RMS values obtained during walking tasks were divided by RMS values 

obtained during MVIC for each corresponding muscle and expressed as a percentage. Statistical analysis 

was performed using SPSS version 22. Descriptive and inferential statistics were applied. The Shapiro–

Wilk test was used to assess normality. Between-group and within-group comparisons were performed 

using ANOVA and repeated-measures ANOVA. Statistical significance was set at p ≤ 0.05. 

3. Results 

Table 2 presents the normalized muscle activity intensity for the L3, BF, and RF muscles in individuals 

with cerebral palsy (CP) and the control group during normal walking. The results indicate that during 

normal walking, the electrical activity intensity of the RF and L3 muscles on the right side of CP patients 

was significantly higher than that of healthy individuals (p = 0.027 and p = 0.001, respectively). On the 

left side of the body, the normalized electrical activity intensity of the L3, BF, and RF muscles in CP 

patients was approximately 2.48, 1.88, and 2.47 times higher than that of healthy individuals, respectively 

(p = 0.001, p = 0.002, and p = 0.022). 

Table 3 summarizes the normalized muscle activity intensity of the L3, BF, and RF muscles in CP patients 

and the control group during walking with a dual task. The results indicated that during walking with a 

dual task, the activity intensity of the L3 and RF muscles on the right side of CP patients was approximately 

1.54 and 1.65 times higher than that of healthy individuals (p = 0.001 and p = 0.006, respectively). 

Furthermore, during walking with a dual task, the activity intensity of the L3, BF, and RF muscles on the 

left side of CP patients was approximately 2.53, 2.21, and 1.74 times higher than that of healthy individuals, 

respectively (p = 0.001, p = 0.009, and p = 0.005).  

Table 4 displays the normalized muscle activity intensity of the L3, BF, and RF muscles in CP patients and 

the control group during walking with a dual cognitive task. The activity intensity of the L3 muscle on the 

right side of CP patients was approximately 1.38 times higher than that of healthy individuals. Additionally, 

the activity intensity of the L3 and BF muscles on the left side of CP patients was significantly higher than 

that of healthy individuals (p = 0.001 and p = 0.027, respectively). 

 
Table 2. Normalized Muscle Activity Intensity of L3, BF, and RF Muscles in CP Patients and the 

Control Group During Normal Walking 

 Side Healthy CP P-value F-value 

L3 Right 9.36 ± 1.98 16.85 ± 5.18 0.001* 20.01 

Left 7.43 ± 3.06 19.64 ± 6.43 0.001* 32.28 

BF Right 27.04 ± 14.41 45.96 ± 29.10 0.068 3.73 

Left 27.42 ± 14.09 55.41 ± 22.69 0.002* 12.07 

RF Right 20.51 ± 6.42 28.44 ± 8.94 0.027* 5.68 

Left 19.98 ± 6.90 44.42 ± 22.03 0.022* 12.32 

Table 3. Normalized Muscle Activity Intensity of L3, BF, and RF Muscles in CP Patients and the 

Control Group During Walking with a Motor Task 

 Side Healthy CP P-value F-value 

L3 Right 14.58 ± 5.88 25.03 ± 6.55 0.001* 49.15 

Left 9.76 ± 2.92 29.96 ± 2.19 0.001* 98.335 

BF Right 36.13 ± 26.41 44.95 ± 16.94 0.363 0.868 

Left 32.05 ± 21.36 74.70 ± 43.80 0.009* 8.42 

RF Right 24.19 ± 6.00 37.21 ± 12.80 0.006* 9.32 

Left 28.64 ± 12.93 51.99 ± 20.72 0.005* 10.04 
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Table 4. Normalized Muscle Activity Intensity of L3, BF, and RF Muscles in CP Patients and the 

Control Group During Walking with a Cognitive Task 

Muscle Body Side Healthy CP P-value F-value 

L3 Right 9.82 ± 3.59 16.43 ± 2.08 0.001* 27.80 

Left 7.85 ± 3.44 22.90 ± 7.42 0.001* 37.21 

BF Right 35.98 ± 26.82 36.39 ± 14.35 0.965 0.002 

Left 27.41 ± 15.73 54.54 ± 34.19 0.027* 5.71 

RF Right 23.19 ± 10.59 29.01 ± 16.81 0.343 0.944 

Left 26.49 ± 16.49 37.34 ± 16.15 0.135 2.43 

Table 5. Normalized Muscle Activity Intensity of L3, BF, and RF Muscles in CP Patients and the 

Control Group During Walking with a Visual Task 

Muscle Body Side Healthy CP P-value F-value 

L3 Right 10.20 ± 4.18 19.34 ± 2.52 0.001* 38.43 

Left 6.95 ± 3.23 24.84 ± 9.13 0.001* 37.49 

BF Right 21.25 ± 13.29 44.42 ± 18.28 0.003* 11.55 

Left 25.34 ± 10.92 69.44 ± 37.91 0.001* 13.74 

RF Right 17.36 ± 6.89 42.54 ± 30.41 0.014* 7.17 

Left 22.82 ± 12.37 49.99 ± 31.05 0.014* 7.26 

Table 5 presents the normalized muscle activity intensity of the L3, BF, and RF muscles in CP patients and 

the control group during walking with a dual visual task. The activity intensity of the L3 and BF muscles 

on the right side of CP patients was approximately 1.52 and 1.81 times higher than that of healthy 

individuals. Moreover, the activity intensity of the L3, BF, and RF muscles on the left side of CP patients 

was significantly higher than that of healthy individuals (p = 0.001, p = 0.001, and p = 0.014, respectively). 

The effect of the type of dual task on the muscle activity intensity differed between the CP and healthy 

groups. The cognitive and visual dual tasks had a greater impact on the CP group compared to the healthy 

group. As illustrated in Fig. 1, there was a significant interaction between the group and the motor task (p 

= 0.001). Additionally, the pattern of changes in muscle activity intensity varied between the healthy and 

CP groups across different muscles during various dual tasks (Fig. 2). A significant interaction was 

observed among the three factors of muscle, group, and dual tasks (p = 0.020). Furthermore, the motor 

tasks had a differential effect on the activity intensity of the L3, BF, and RF muscles in the healthy and CP 

groups (p = 0.001). Based on the results of the factor analysis (Fig. 3), it was found that the effect of body 

side differed between the two groups (p = 0.010), with which the left side of CP patients experiencing more 

tension than the right side (p = 0.002). 

 

 

Fig. 1. Pattern of change in muscle activity intensity between the control group and individuals with cerebral palsy during a dual 

task 
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Fig. 2. Pattern of change in activity intensity of selected lower limb and trunk muscles during different dual tasks in the control 

and cerebral palsy groups 

 

Fig. 3. Pattern of change in muscle activity intensity between the control group and individuals with cerebral palsy on both the 

right and left sides 

 

4. Discussion 

The aim of this study was to investigate the effects of motor, cognitive, and visual dual-task conditions on 

the EMG activity of the L3, BF, and RF muscles during walking. The results showed that, except for normal 

walking and the motor dual-task condition where no significant difference was observed in the right BF 

muscle, muscle activity in both right and left L3, BF, and RF muscles was significantly higher in 

individuals with CP compared to healthy controls across all conditions. 

These findings are consistent with previous studies (29–32), which also reported increased EMG activity 

during walking in individuals with cerebral palsy. Similarly, higher electrical activity of the internal and 

external oblique muscles at rest has also been reported in this population (33). Prior research has 

demonstrated that individuals with CP exhibit impaired balance control, greater postural sway, reduced 

postural stability, and altered motor control strategies compared to healthy individuals (34). In addition, 

gait impairments such as reduced walking speed, shorter step length, increased step width, decreased hip 

range of motion, and increased double-support time have been widely documented (35), along with reduced 

gait stability (8, 34). Therefore, higher muscle activation in CP may reflect a compensatory mechanism 

required to maintain postural stability in both static and dynamic conditions. Furthermore, muscle 

weakness commonly observed in this population (36) may further contribute to increased recruitment of 

motor units during walking as a compensatory strategy, resulting in elevated EMG activity. Overall, the 

increased muscle activation observed in individuals with CP compared with healthy controls may be 

attributed to both compensatory demands for postural control and neuromuscular inefficiency associated 

with muscle weakness. 
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A more detailed analysis of the results revealed that L3 muscle activity was higher in individuals with CP 

than in healthy controls. This increased activation of the lumbar erector spinae at the L3 level may be 

related to greater pelvic rotation observed in individuals with CP. Previous kinematic studies have reported 

increased pelvic rotation during walking in individuals with CP compared to typically developing peers 

(37). Consequently, increased pelvic motion may alter spinal kinematics, thereby requiring greater 

activation of the L3 musculature to maintain trunk stability during gait. 

Similarly, RF muscle activity was higher in individuals with CP. Previous studies have reported knee 

instability and collapse in this population (34). Increased activation of the rectus femoris may therefore 

represent a compensatory strategy to stabilize the knee joint and reduce the risk of collapse during walking 

(38). In addition, BF muscle activity was also higher in individuals with CP compared with healthy 

controls. The biceps femoris plays an important role in controlling hip flexion and extension through 

eccentric and concentric actions (39). Given the presence of hip instability and altered gait mechanics in 

CP (35), increased BF activity may function as a compensatory mechanism to prevent hip collapse. 

Moreover, due to the flexed hip posture commonly observed in this population (38), greater force 

production is required for hip extension, which is associated with increased activation of hip extensors such 

as the biceps femoris. Additionally, increased muscle tone due to spasticity in the affected limbs may 

further contribute to elevated EMG activity (40). 

According to the findings of the present study, muscle activation during motor and visual dual-task walking 

was higher than during cognitive dual-task and single-task walking in individuals with CP. Individuals 

with cerebral palsy have impairments in processing somatosensory and proprioceptive information and 

therefore rely more heavily on visual input than proprioception during motor tasks, including walking. 

Previous research has also shown that individuals with CP rely more on visual information for gait control 

compared with healthy individuals (21). In addition, visual tasks have been reported to negatively affect 

postural balance (2). Sharma (11) also demonstrated that during visual dual-task conditions compared with 

simple walking or auditory and cognitive dual tasks, individuals with CP exhibited increased gait speed, 

step length, and step width. These alterations in spatiotemporal parameters may influence muscle activation 

patterns and contribute to the increased EMG activity observed in the present study. 

During motor dual-task conditions, such as walking while carrying a load, both tasks compete for 

attentional resources, leading to further disruption of balance control. As a result, individuals must exert 

greater effort to maintain stability and recruit additional sensory-proprioceptive mechanisms. It has been 

suggested that dual-task performance reduces attentional capacity and induces interference effects (41, 42), 

resulting in a higher cognitive-motor cost compared with healthy individuals (43). This supports the notion 

that attentional resources and cortical control mechanisms are required to compensate for gait impairments 

in individuals with CP (44). The present findings are also consistent with those of Yazdani (45) and Hung 

(46), who reported increased muscle activity during load carriage conditions. 

The results further indicated asymmetrical muscle activation patterns between the affected and non-

affected sides in individuals with hemiplegic CP, with higher activation observed on the affected (left) side. 

Since participants presented with left-sided hemiplegia, increased muscle tone and neuromuscular activity 

on the affected side may explain this asymmetry. This finding is supported by Franz and Meeuwsen, who 

reported that interhemispheric transfer via the corpus callosum, which contributes to interlimb 

coordination, is altered in individuals with hemiplegia and affects limb symmetry (47). Additionally, 

previous research has shown that muscle activation patterns in individuals with CP are highly 

individualized and that kinematic abnormalities are not always directly proportional to muscle activation 

patterns (48). However, these findings are in contrast with those of Kulmala (49), who reported no 

significant differences in ankle and knee extensor activity between affected and unaffected limbs during 

walking. 

This study has several limitations. Ground reaction forces and joint kinetics were not assessed. Future 

studies should investigate kinetic variables during dual-task walking to provide a more comprehensive 

understanding of gait mechanics in individuals with CP. Furthermore, the present study focused exclusively 

on muscle activation patterns in individuals with hemiplegic CP; therefore, the findings cannot be 

generalized to other populations or functional tasks.  

5. Conclusion 
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The results of this study indicate that individuals with cerebral palsy exhibit greater muscle activity during 

walking compared with healthy individuals. This increased muscle activity appears to reflect a 

compensatory strategy to maintain balance and postural control, as well as to offset underlying muscle 

weakness. Furthermore, both motor and visual dual-task conditions increased the activity of the 

investigated muscles in both groups. These findings suggest that dual-task paradigms impose additional 

neuromuscular demands during walking. Accordingly, incorporating dual-task-based exercises may help 

enhance neuromuscular activation in individuals with cerebral palsy and contribute to improvements in 

motor function and divided attention. Therefore, dual-task conditions should be considered when assessing 

gait and when designing rehabilitation and exercise programs for individuals with cerebral palsy. 
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