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Abstract: 
Objective: This study evaluated the effects of solid ankle-foot orthosis (SAFO) and ground reaction ankle-foot orthosis 

(GRAFO) on gait parameters (kinematic and temporospatial) in children with diplegic spastic cerebral palsy (CP).

Material and Methods: This repeated-measure matched pair study included 11 children with diplegic spastic CP (Gross 

Motor Function Classification System, GMFCS III and IV) who presented with equinus gait from 2 tertiary hospitals in Kota 

Kinabalu. Participants walked 3 meters under 3 conditions: barefoot, with SAFO, and with GRAFO. Gait was recorded 

using a high-definition camera in the sagittal plane. Kinematic and temporospatial parameters were analyzed using the 

Kinovea system and compared with the Wilcoxon signed-rank test.

Results: The participants’ average age was 6.91±3.02 years. Walking with SAFO and GRAFO significantly reduced 

velocity (p-value=0.021 and 0.008 respectively) and shortened step and stride lengths (p-value=0.006 for both). Both AFOs 

significantly reduced peak knee extension at stance (p-value=0.003 for both), while increasing peak ankle dorsiflexion 

at stance (p-value=0.003 for both) and ankle angle at initial contact (p-value=0.003 for both). GRAFO further reduced 
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walking speed (p-value=0.008), step length (p-value=0.004), and stride length (p-value=0.005), but improved knee 

extension at stance (p-value=0.003) compared to SAFO.

Conclusion: Both SAFO and GRAFO improved knee flexion, ankle plantarflexion at stance, and ankle angle at initial 

contact in children with CP. GRAFO offered additional benefits by enhancing knee extension at stance.

Keywords: diplegic spastic cerebral palsy, ground reaction ankle-foot orthoses (GRAFO), gait deviations, solid ankle- 

				    foot orthosis (SAFO)

prescribed orthosis in our clinical setting due to its simple 

fabrication and cost-effectiveness. However, studies show 

mixed results on SAFO’s impact on gait velocity in children 

with CP. A study6 found a significant increase in velocity 

with SAFO, while other studies reported no significant 

changes7-12. Another study recorded a non-significant 

decrease in velocity with AFOs13.

		  Most studies found that stride length increased 

significantly with SAFO6-9; only a couple of studies10,11 

found no significant change. SAFO significantly improved 

ankle excursion, dorsiflexion, and equinus correction6-8,14. 

However, studies indicated no improvement in knee flexion 

during the stance phase with SAFO6,7,9,15.

		  Floor Reaction Ankle Foot Orthosis (FRAFO), or 

ground reaction ankle-foot orthoses (GRAFO), stabilizes 

the paralyzed limb without limiting knee movement. 

GRAFO significantly improves ankle dorsiflexion during 

the stance phase in children with crouch gait16-20. Studies 

showed that GRAFO improved knee flexion in the stance 

phase16,17,19,20. GRAFO also improved hip flexion and range 

of movement16,17, though some results were not significant18. 

GRAFO generally increased gait velocity compared to 

barefoot walking16,19,20, but was slower than shoes-only18. 

Moreover, a study noted improved cadence with GRAFO, 

while another16 study found a significant increase.

	 	 The effectiveness of AFO in improving gait remains 

uncertain and unclear21. Many studies have examined 

the effectiveness of SAFO on gait parameters, but not all 

Introduction 

		  Cerebral palsy (CP) is a permanent motor disorder 

that affects the development of movement and posture, 

causing activity limitations. The motor disorders of cerebral 

palsy are often accompanied by disturbances of sensation, 

perception, cognition, communication, behavior, epilepsy, 

and musculoskeletal complications1. Spastic diplegic cerebral 

palsy is a common type of CP, where the motor impairment 

of the lower extremities is more affected compared to the 

upper extremities2. Motor impairment and musculoskeletal 

issues in the lower extremities result in difficulties with 

walking and lead to various gait deviations3.

		  Children with spastic diplegic CP often experience 

difficulties with walking, primarily due to muscle spasticity 

and weakness, joint contracture, and bony deformities4. 

Apparent equinus gait is one of the gait patterns among 

children with diplegic CP. This gait pattern exhibits a 

normal range of ankle dorsiflexion; however, excessive hip 

and knee flexion throughout the stance phase results in 

toe-walking, creating the illusion of equinus3. An orthosis 

prescription is a common treatment for children with 

cerebral palsy5. Treatment options aim to maintain muscle 

strength, prevent complications such as bony deformities 

and joint contractures, and restore lever arm function4. 

Ankle-foot orthoses (AFOs) are commonly prescribed 

to improve function and prevent muscle contractures5, 

achieving treatment goals in nearly three-fourths of cases. 

Solid ankle-foot orthosis (SAFO) is the most frequently 
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of them have investigated every gait parameter. Some 
studies16-20 have looked into the effectiveness of GRAFO. 
To our knowledge, limited studies have compared the 
effects of SAFO and GRAFO on gait parameters. This 
limited comparison reduces the confidence in and use 
of orthosis in children with cerebral palsy. Therefore, this 
study was performed 1) to investigate kinematic data and 
temporospatial data in children with diplegic CP using SAFO 
versus barefoot, 2) to compare kinematic and temporospatial 
data in children with diplegic CP using GRAFO versus 
barefoot, and 3) to compare kinematic and temporospatial 
data in children with diplegic CP using SAFO versus GRAFO. 

Material and Methods
		  Study design, population, and study site

		  It was a repeated-measure matched pair study 
design. The study was conducted at the Paediatric 
Neurology Department, Sabah Women and Children’s 
Hospital, and the Rehabilitation Medicine Department in 
Queen Elizabeth Hospital. From 2022 to 2023, 40 cases of 
diplegic cerebral palsy in children were registered at Sabah 
Women and Children’s Hospital. 
		  The researcher obtained ethical clearance from the 
Medical Research and Ethics Committee (MREC), Ministry 
of Health Malaysia (MOH) [NMRR-19-3926-51550 (IIR)]. 
Out of 40 children screened, 14 were eligible and included 
in the study (Figure 1). 

Figure 1 CONSORT flow diagram
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		  Sample size

		  We planned a study of a continuous response 

variable from matched pairs of study subjects. Prior data 

indicate that the difference in the response of matched pairs 

is normally distributed with a standard deviation of 10.20. 

If the true difference in the mean response of matched 

pairs was 15.70, we needed 7 pairs of subjects to study to 

be able to reject the null hypothesis with 80% power. The 

Type I error probability associated with this test of the null 

hypothesis is 0.05. We recruited 11 eligible participants for 

this study.

		  Participants

		  Children with diplegic CP, aged 3 to 18 years old, 

GMFCS levels III, and IV who exhibited gait patterns, such 

as apparent equines gait, jump gait, and crouch gait, were 

included in this study.  Children with cognitive impairments 

that could affect their ability to follow ambulation, children 

with a history of lower extremity surgery or who had received 

a Botulinum injection, and children whose parents or 

caregivers refused to participate in this study were excluded. 

		  Study procedure

		  After receiving ethical approval (NMRR-19-3926-

51550 (IIR)) from the MREC, the MOH, we recruited 

participants based on the inclusion and exclusion criteria. 

A registered rehabilitation physician conducted a clinical 

assessment of each participant with CP, including evaluation 

of GMFCS level, gait pattern, and ankle joint range of 

motion. All participants were classified under GMFCS III 

and IV, ambulated with assistive devices, and exhibited 

equinus, jump, or crouch gait patterns.

		  Each child walked 3 meters under 3 conditions: 

barefoot first, wearing a SAFO second, and using a 

GRAFO last, with at least 2 trials per condition. The study 

assessed the immediate effect of wearing AFO while walking 

on kinematic and temporospatial data in gait analysis. A 

30-minute break was given between the SAFO and GR 

AFO assessments to eliminate any residual effects.

		  Gait was recorded using a high-definition (HD) video 

camera in the sagittal plane. Data were analyzed using 

the Kinovea Gait Analysis System to obtain kinematic data 

(knee flexion and ankle dorsiflexion during midstance) and 

temporospatial parameters (walking velocity, step length, 

stride length, and cadence).

		  Custom-made AFOs (SAFO and GRAFO) were 

fabricated from 3-mm-thick polypropylene, featuring 

anterior trim lines and ankle straps at 0° dorsiflexion. Motion 

analysis was conducted with an HD video camera and 

Kinovea software, using skin markers for precise skeletal 

tracking. The system processed data to determine ankle 

kinematics at initial contact and peak knee extension during 

the stance phase. 

		  Data collection system

		  Kinovea is an open-access video analysis 

software that is available online (https://www.kinovea.org). 

Combining an HD VideoCam and Kinovea software created 

a motion capture-analysis system. Video recording served 

as the output from the HD VideoCam, which was then 

used as input data in the Kinovea open software. A study22 

explored this software for motion analysis. The system was 

validated by Hisham and colleagues23 through a comparison 

with an established infrared motion capture system24. The 

results obtained by Hisham and colleagues23 confirmed the 

accuracy of the Kinovea software system. They showed 

no significant difference (in mean, standard deviation, and 

variance) between the HD Video Cam-Kinovea System 

and the infrared motion capture system.

		  Callbration/platfrom preparation

		  A 3-meter walking platform was set up with 2 

cameras positioned in front and at the side of the platform. 

The parameters of the HD cameras were adjusted, including 
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camera position, camera focal length, aperture, focus 

point, motion speed, and capturing speed. This adjustment 

was crucial to achieve the best possible video quality 

and view. The optimum camera position and angle were 

determined and marked to ensure precise subject coverage 

during motion analysis. Accurate settings for camera focal 

length, aperture, focus point, motion speed, and capturing 

speed were applied to produce sharp images and videos. 

To maintain consistency in all positions throughout the 

experiment, essential positions, such as camera position, 

walking start and stop points, and center point, were 

marked25-27.

		  Outcome measures

		  Tempo spatial parameter

		  A random 60-second interval was selected from the 

KINOVEA system to count the number of steps. Velocity 

was measured by the time taken to traverse 3 meters. Step 

length, the distance from the left heel to the right heel, and 

stride length, the distance from one heel to the same heel 

again, were randomly selected and calculated28.

		  Kinematic parameter

		  Kinematic parameters refer to joint angles and 

segment orientation while walking. The stance phase 

covered 60% of the gait cycle. During the stance phase, a 

single leg and foot bear most or the entirety of the body’s 

weight.

		  Statistical analysis

		  The mean values for tempo spatial data (velocity, 

step length, stride length, and cadence) and kinematic 

data (ankle angle at initial contact, ankle dorsiflexion peak, 

and knee extension at the stance phase) were calculated. 

One-way repeated measures ANOVA tests were conducted 

to determine the significant differences. These statistical 

analyses were performed using the SPSS software version 

25. The temporospatial data for the velocity in walking with 

solid AFO, cadence in walking barefoot, and cadence in 

walking with GRAFO were not normally distributed. The rest 

of the data were normally distributed. The level of statistical 

significance was set to p-value<0.05.

Results
		  The gait assessment of the 14 children included 

in this study revealed that 11 participants demonstrated 

apparent equinus gait, while 2 children had a jump gait, 

and one child had a crouch gait. Since the biomechanical 

response to AFO varies among different gait types, and due 

to the small numbers in the jump and crouch gait groups, 

these participants were excluded from further analysis. The 

study, therefore, focused on the effectiveness of AFO in 11 

participants with apparent equinus gait.

		  Socio-demographic characteristics

		  The mean age of the participants was 6.909±3.015 

years. Most of the study participants were male, comprising 

72.7% of the total. Out of the 11 participants, more than 

half were at Level III of GMFCS. None were recorded at 

Level I or II, indicating that all were at Level III or above. 

All participants were walking with an apparent equinus gait. 

The following were the demographic and clinical data of 

the participants (Table 1).

		  Solid ankle-foot orthosis

		  A Wilcoxon signed-rank test revealed significant 

differences between baseline (walking barefoot) and 

walking with SAFO. Walking with SAFO was significantly 

slower (p-value=0.021) with a median velocity of 0.0554 

m/s compared to 0.0767 m/s barefoot. Step length and 

stride length were also significantly shorter with SAFO (step 

length: p-value=0.006, median 0.1470 m SAFO vs. 0.1800 
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m barefoot; stride length: p-value=0.006, median 0.2050 

m SAFO vs. 0.2520 m barefoot). Significant differences 

were found in peak knee extension at stance (p-value= 

0.003), peak ankle dorsiflexion at stance (p-value=0.003), 

and ankle angle at initial contact (p-value=0.003). Median 

peak knee extension decreased from 23.28° barefoot to 

22.12° with SAFO. Median peak ankle dorsiflexion increased 

from -19.82° barefoot to 8.10° with SAFO, and ankle angle 

at initial contact increased from -16.11° barefoot to 7.940° 

with SAFO (Table 2).

		  Ground reaction ankle-foot orthosis

		  A Wilcoxon signed-rank test showed significant 

differences between baseline (walking barefoot) and 

walking with GRAFO. Walking with GRAFO was slower 

(p-value=0.008), with a median velocity of 0.0531 m/s 

compared to 0.0767 m/s barefoot. Step length and stride 

length were significantly shorter with GRAFO (step length: 

p-value=0.006, median 0.1360 m GRAFO vs. 0.1800 m 

barefoot; stride length: p-value=0.006, median 0.1900 m 

GRAFO vs. 0.2520 m barefoot). Significant differences were 

found in peak knee extension at stance (p-value=0.003), 

peak ankle dorsiflexion at stance (p-value=0.003), and ankle 

angle at initial contact (p-value=0.003). Median peak knee 

extension decreased from 23.28° barefoot to 21.31° with 

GRAFO. Median peak ankle dorsiflexion increased from 

-19.82° barefoot to 8.14° with GRAFO, and ankle angle at 

initial contact increased from -16.11° barefoot to 8.14° with 

GRAFO (Table 3).

		  Solid ankle-foot orthosis (SAFO) and ground 

reaction ankle-foot orthosis (GRFO)

		  A Wilcoxon signed-rank test indicated significant 

differences between walking with SAFO and GRAFO. 

Walking with GRAFO was slower (p-value=0.008), with a 

median velocity of 0.05310 m/s compared to 0.0554 m/s 

with SAFO. Step length and stride length were shorter with 

GRAFO (step length: p-value=0.004, median 0.1360 m 

GRAFO vs. 0.1470 m SAFO; stride length: p-value=0.005, 

median 0.1900 m GRAFO vs. 0.2050 m SAFO). Median 

cadence was lower with GRAFO (0.3624 steps/min) 

compared to SAFO (0.4786 steps/min), but it was not 

significant (p-value=0.182). 

		  A significant difference was found in the peak knee 

extension of SAFO and GRAFO (p-value=0.003). Median 

peak knee extension improved more with GRAFO (22.12° 

with SAFO vs 21.3° with GRAFO). However, no significant 

differences were found in the peak ankle dorsiflexion at 

the stance and the ankle angle at initial contact between 

GRAFO and SAFO (Table 4).

Table 1 Sociodemographic characteristics of the participants 

(n=11)

Demographics variables n %

Gender
Male 8 72.7
Female 3 27.3

Gross motor functional classification system 
(GMFCS)

Level I 0 0
Level II 0 0
Level III 7 63.6
Level IV 4 36.4

Demographics 
variables 

Mean (S.D.) Shapiro-wilk
Statistic df Sig 

(p-value)

Age (years) 6.91 (3.02) 0.96 11 0.73
Weight (kg) 33.0 (5.46) 0.89 11 0.14
Height (kg) 1.14 (0.14) 0.96 11 0.74
BMI (kg/m2) 14.47 (1.56) 0.89 11 0.13

kg=kilogram, m2=square metre, S.D.=standard deviation, BMI=body 
mass index
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Table 2 Comparison of baseline (barefoot) and post-intervention (SAFO) performance 

Outcome measure  Median (IQR) p-value
Baseline (Barefoot) Post-intervention (SAFO) Barefoot vs SAFO

Tempo-spatial parameter
 Velocity (m/s) 0.08 (0.05–0.10) 0.06 (0.05–0.09) 0.021
 Step length (m) 0.18 (0.09–0.23) 0.15 (0.07–0.20) 0.006
 Stride length (m) 0.25 (0.13–0.32) 0.21 (0.10–0.27) 0.006
 Cadence (steps/min) 0.46 (0.39–0.54) 0.48 (0.34–0.73) 0.859

Kinematic parameter    
 Peak knee extension at stance (degree) 23.28 (19.66–27.54) 22.12 (18.68–26.16) 0.003 
 Peak ankle dorsiflexion at stance (degree) -19.82 (-22.67– -13.94) 8.10 (7.70–8.90) 0.003
 Angle of ankle at initial contact (degree) -16.11 (-18.43– -11.33) 7.94 (7.33–8.57) 0.003

SAFO=solid ankle-foot orthosis, IQR=interquartile range, m=meter, s=second

Table 3 Comparison of baseline (barefoot) and post-intervention (GRAFO) performance

 
Outcome measure  Median (IQR) p-value

Baseline (Barefoot) Post-intervention (GRAFO) Barefoot vs GRAFO

Tempo-spatial parameter
 Velocity (m/s) 0.08 (0.05–0.10) 0.053 (0.04–0.07) 0.008
 Step length (m) 0.18 (0.09–0.23) 0.14 (0.07–0.19) 0.006
 Stride length (m) 0.25 (0.13–0.32) 0.19 (0.10–0.27) 0.006 
 Cadence (steps/min) 0.46 (0.39–0.55) 0.36 (0.32–0.77) 0.534

Kinematic parameter
 Peak knee extension at stance (degree) 23.28 (19.66–27.54) 21.31 (18.00–25.21) 0.003 
 Peak ankle dorsiflexion at stance (degree) -19.82 (-22.67– -13.94) 8.14 (7.32–8.84) 0.003 
 Angle of ankle at initial contact (degree) -16.11 (-18.43– -11.33) 8.14 (6.96–8.60) 0.003

GRAFO=ground reaction ankle-foot orthoses, IQR=interquartile range, m=meter, s=second

Table 4 Comparison of SAFO and GRAFO performance 

Outcome measure  Median (IQR) p-value
SAFO GRAFO SAFO vs GRAFO

Tempo-spatial parameter
 Velocity (m/s) 0.06 (0.05–0.09) 0.05 (0.04–0.07) 0.008
 Step length (m) 0.15 (0.07–0.19) 0.14 (0.07–0.19) 0.004
 Stride length (m) 0.21 (0.10–0.27) 0.19 (0.10–0.27) 0.005
 Cadence (steps/min) 0.48 (0.34–0.73) 0.36 (0.32–0.77) 0.182

Kinematic parameter
 Peak knee extension at stance (degree) 22.12 (18.68–26.16) 21.31 (18.00–25.21) 0.003 
 Peak ankle dorsiflexion at stance (degree) 8.10 (7.70–8.90) 8.14 (7.32–8.84) 0.075 
 Angle of ankle at initial contact (degree) 7.94 (7.33–8.57) 8.14 (6.96–8.60) 0.824

SAFO=solid ankle-foot orthosis, GRAFO=ground reaction ankle-foot orthoses, IQR=interquartile range, m=meter, s=second
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Discussion
		  This study examined the effectiveness of SAFO 

and GRAFO in children with diplegic CP presenting with 

apparent equinus gait. The youngest participant in this 

study was 3 years old, with a mean age of 7, consistent 

with recommendations for early cerebral palsy intervention 

to prevent complications and support caregiver well-being. 

Early treatment in hospital and clinical settings plays a 

crucial role in minimizing contractures and enhancing 

functional development29-30.

		  Effect of SAFO and GRAFO on the temporospatial 

parameter

		  Both SAFO and GRAFO resulted in a significant 

reduction in walking velocity compared to barefoot walking. 

Walking velocity was slower with GRAFO compared to 

SAFO, with a statistically significant difference. The results 

for velocity were consistent with several studies that found 

no improvement in velocity when wearing SAFO7-11,13 and 

GRAFO17,18. The reduction in velocity aligns with previous 

studies suggesting that AFOs, while providing stability, 

may initially limit walking speed due to constraints on ankle 

movement and adaptation challenges. Similarly, step length 

and stride length were significantly shorter with both SAFO 

and GRAFO compared to barefoot walking. However, the 

reduction was more pronounced with GRAFO, as step length 

decreased from 0.1800 m barefoot to 0.1360 m with GRAFO, 

compared to 0.1470 m with SAFO. Stride length followed a 

similar trend, suggesting that GRAFO may impose greater 

constraints on step advancement, possibly due to its rigid 

structure influencing knee mechanics. Our study findings 

contrast with earlier research, which improved step length 

in SAFO7, and the previous studies that reported significant 

improvements in stride length6,7,9. One distinguishing factor 

between our study and these reports is the GMFCS level of 

participants. The aforementioned studies included children 

across GMFCS levels I, II, and III. In contrast, our study 

involved children at GMFCS levels III and IV31. The walking 

capabilities of children at levels I and II differ substantially 

from those at levels III and IV.

		  Effect of SAFO and GRAFO on peak knee 

extension

		  The peak knee extension mean was higher than 

in typically developed children, indicating excessive knee 

flexion, which can be improved with AFOs. Peak knee 

extension during the stance was reduced with SAFO 

compared to walking barefoot. Our finding is consistent with 

previous studies6,7,9,15. Similarly, GRAFO also decreased 

peak knee extension during the stance phase compared to 

walking barefoot, aligning with findings from prior studies16-20.

		  Children exhibiting apparent equinus typically 

demonstrate knee flexion during the initial contact and 

terminal stance phases. Excessive knee flexion often occurs 

due to weakness in the quadriceps muscles or tightness in 

the hamstring and calf muscles. In our study, peak knee 

extension during the stance phase was reduced when 

walking with a SAFO and a GRAFO. This indicates that 

AFOs effectively mitigate excessive knee flexion throughout 

the stance phase and realign the ground reaction force to 

normalize knee and hip joint moments32.

	

		  Effect of SAFO and GRAFO on peak ankle 

dorsiflexion at stance and angle of the ankle at initial 

contact 

		  The results demonstrated that both SAFO and 

GRAFO effectively mitigated excessive dorsiflexion and 

plantarflexion during walking, significantly increasing 

peak ankle dorsiflexion. Initially, participants exhibited 

plantarflexion, but peak ankle dorsiflexion shifted to a 

positive value with the orthoses. This finding aligns with 

previous studies that reported improved ankle excursion 
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with SAFO6-8,14. Studies investigating the impact of 

GRAFO on excessive ankle dorsiflexion similarly reported 

improvements16-20. Our findings confirm that both SAFO and 

GRAFO, with their rigid ankle design, effectively control 

ankle movement by preventing excessive plantarflexion and 

maintaining the ankle in a neutral position, thus improving 

ankle excursion in children with diplegic CP. SAFO and 

GRAFO also effectively prevent excessive dorsiflexion 

and plantarflexion during initial contact, shifting the ankle 

angle from plantarflexion (-7.2°) to dorsiflexion (7.5°). This 

indicates that the orthoses successfully maintain the ankle 

in a neutral position during the early stance phase. 

		  Comparing GRAFO and SAFO on peak knee 

extension

		  Our study found that peak knee extension 

significantly improved with GRAFO compared to SAFO. 

GRAFO comprised a rigid anterior tibial shell and a rigid 

ankle joint structure. This design increased and stabilized 

the lever arm of the foot to provide a rigid lever required for 

an effective plantar flexion-knee extension couple. GRAFO 

is specifically designed to control excessive knee flexion. 

GRAFO is an effective brace for improving knee extension 

and ankle dorsiflexion during the stance phase of the gait 

cycle in children with CP.

		  GRAFO’s design increases and stabilizes the foot’s 

lever arm, providing a rigid lever for effective plantarflexion-

knee extension coupling. All studies on GRAFO showed 

improvements in peak knee extension during the stance 

phase of crouch gait in children with CP. Our findings align 

with 4 studies demonstrating significant improvement in 

knee flexion with GRAFO16,17,19,20. However, another study 

found GRAFO decreased knee flexion at midstance but not 

significantly18.

		  Both SAFO and GRAFO showed improvements 

in ankle excursion, preventing excessive plantarflexion 

or improving dorsiflexion compared to barefoot walking. 

GRAFO’s anterior shell provides extra rigidity, enhancing 

its effectiveness in preventing excessive ankle plantarflexion 

compared to SAFO17.

		  Clinical implications

		  The findings highlight the potential trade-offs in using 

SAFO and GRAFO in children with diplegic CP. While both 

orthoses reduced plantar flexion and excessive knee flexion, 

they also led to decreased walking velocity and spatial 

parameters. GRAFO demonstrated greater improvement in 

excessive knee flexion, making it a more suitable option for 

children with significant knee flexion issues. However, there 

was no significant difference between SAFO and GRAFO 

in their effects on ankle dorsiflexion.

		  Given that SAFO is more cost-effective, it may be 

the preferred choice when the primary goal is to correct 

ankle plantar flexion. Conversely, if the primary aim is to 

address excessive knee flexion, GRAFO may be more 

beneficial, though clinicians should consider the associated 

reduction in gait speed compared to SAFO. Ultimately, 

clinicians should weigh these biomechanical effects carefully 

to prescribe the most suitable AFO, optimizing gait function 

based on each child’s individual needs.

		  Limitations and future direction

		  The study did not assess the long-term adaptation 

to AFO use, which could provide insights into whether the 

initial gait changes persist or improve with continued wear. 

Future studies with larger cohorts and extended follow-up 

periods are recommended to explore the long-term effects 

of AFOs on gait adaptation. Further research is also needed 

to refine AFO prescriptions and optimize gait outcomes in 

this population.
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Conclusion
		  Both SAFO and GRAFO were effective in improving 

ankle plantarflexion and excessive knee flexion, reducing 

equinus posturing in children with diplegic CP. However, 

they also resulted in reduced walking velocity, shorter step 

and stride lengths. The choice between SAFO and GRAFO 

should be individualized, considering the child’s specific gait 

impairments and functional goals. 
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