
175

June 2025, Volume 23, Number 2

Research Paper
A Comparison of the Effects of Conventional Knee 
Ankle Foot Orthosis and TR-KAFO on Spasticity 
Parameters and Sleep Quality

Mohammad Kianfar1 , Farhoud Saeid Ershadi1* , Monireh Ahmadi Bani1 

1. Department of Orthotics & Prosthetics, School of Rehabilitation Sciences, University of Social Welfare and Rehabilitation Sciences, Tehran, Iran.

* Corresponding Author: 
Farhoud Saeid Ershadi, PhD.
Address: Department of Orthotics & Prosthetics, School of Rehabilitation Sciences, University of Social Welfare and Rehabilitation Sciences, Tehran, Iran. 
E-mail: farhoud.s.ershadi@gmail.com

Objectives: A major problem faced by cerebral palsy children is spasticity. Spasticity 
is characterized by difficulty controlling, functioning, and coordinating movement 
of the body. Furthermore, it affects the quality of sleep of children. Orthosis plays a 
significant role in rehabilitation treatment for this condition, according to all treatments 
used. Orthosis, which have orthokinetic and neurologic properties, are used to reduce and 
control spasticity and hypertonicity by affecting muscle activity. The present study aims 
to evaluate the orthosis design for its efficacy in improving sleep quality and reducing 
spasticity. This study aims to assess the impact of a tone-reducing knee ankle foot orthosis 
(TR-KAFO) on sleep quality and spasticity in children with cerebral palsy.

Methods: This quasi-experimental study included patients with spastic cerebral palsy. 12 
children ages 3 to 13 years with GMFcs 2 or 3 and modified Ashworth scores (1+ or 2) 
whose previous treatment has been conventional were identified from three occupational 
therapy clinics. We recruited 12 children already using conventional KAFO from three 
occupational therapy clinics for this study. The participants were randomly divided into 
two groups. The first group continued conventional treatment, while the second group 
transitioned to using the TR-KAFO for four weeks. Based on the type of KAFO used, 
participants were divided into two groups: TR-KAFO and conventional KAFO. The 
children were followed up for four weeks. At admission, spasticity was assessed with the 
modified Tardieu scale and sleep quality was assessed with the sleep disturbance scale for 
children (SDSC). We assessed the participants using the modified Tardieu scale and the 
SDSC at baseline and after 4 weeks to measure spasticity and sleep quality.

Results: Spasticity decreased, and sleep quality scores improved in TR-KAFO patients. The 
mean score of the children's sleep disorder scale in the TR-KAFO and normal KAFO groups 
was 45.67±6.377 and 53.17±5.037, respectively. A statistically significant difference was 
observed between the two groups (P<0.05).

Discussion: The results indicate that spasticity was significantly reduced in the group using the 
TR-KAFO. In addition, the data of the present study provided evidence that a tone-reducing 
orthosis during the night improved sleep quality in children with spastic cerebral palsy.
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Highlights 

● The use of KAFOs likely reduces spasticity in children diagnosed with cerebral palsy.

● Using a tone-reducing orthosis improves sleep quality by reducing spasticity at night.

● Using tone-reducing elements and avoiding internal foam significantly reduced spasticity.

Plain Language Summary 

Cerebral palsy is one of the most common physical diseases in children and results in severe complications, such as 
spasticity in the involved muscles. Orthosis is one of the most common treatments for this disease. Orthoses, particularly 
night orthoses, are commonly prescribed during rehabilitation. Worldwide, the prevalence of this disease is 2-2.5 
cases per 1000 births, while in Iran, it is 4 cases per 1000 births. This disease increases the number of sleep disorders 
and physical difficulties daily. An orthosis is one of the most commonly prescribed night orthoses in rehabilitation. 
A tone-reducing knee-ankle-foot orthosis (TR-KAFO) is a combination orthosis with tone-reduction properties that 
can directly affect and reduce spasticity. In addition, this orthosis can potentially reduce spasticity by utilizing the 
properties of special materials.

Introduction

pasticity is prevalent and impactful in 
children with cerebral palsy, constituting 
a significant physical challenge. Its emer-
gence involves disruptions in the sen-
sory-motor system, involuntary muscle 

contractions, and reduced flexibility [1], contributing 
to heightened difficulties in daily activities [2]. When 
spasticity affects both sides of the body, the condition 
tends to be more severe [1]. The presence and escala-
tion of spasticity and bothersome reflexes can disrupt 
a child’s sleep patterns [3]. Furthermore, it may hinder 
the efficacy of various rehabilitation interventions, in-
cluding physical and occupational therapy interventions 
intended for affected individuals [4].

Spasticity has an inverse relationship with motor per-
formance [5]. Based on clinical findings, it manifests as 
a series of disorders, such as hypertonia, severe reflexes, 
weakness, and lack of muscle coordination [6]. These 
disorders are managed using various treatments based 
on the patient’s condition [7]. These treatments include 
medications, injections, surgery, and rehabilitation [8]. 
The most common tool used to estimate spasticity in 
clinical conditions is the modified Ashworth scale [9]. 
However, more recently, the Modified Tardieu scale has 
been employed to assess neurological diseases and treat-
ment in children. It is more reliable than the Modified 
Ashworth scale due to its superiority in metrics [10].

As a result of its long history, Orthotic therapy is one of 
the most widely used rehabilitation treatments for chil-
dren with cerebral palsy [11]. Two types of orthoses are 
used in these children: Functional ankle-foot orthoses 
(AFO) for walking and movement [12, 13], and posi-
tional knee-ankle-foot orthoses (KAFO) for use at night 
and for traction [14, 15]. There are several methods for 
reducing spasticity, but stretching the muscles is one of 
the most effective [16]. KAFO is an excellent choice due 
to its high ability to stretch the gastrocnemius muscle at 
night [17]. It is believed that KAFOs provide a greater 
reduction in tone in children with spastic cerebral palsy 
when used at night than other orthoses because they im-
mobilize and apply a wider range of traction [18]. In 
addition, considering the proven effect of conventional 
afos on decreasing tone and spasticity of limbs, the or-
thosis can be an important part of the treatment process 
for children with cerebral palsy [16]. In addition to creat-
ing immobility and tension, orthoses may reduce muscle 
tone by affecting the nerves. These orthoses are known 
as tone-reducing devices. 

Tone-reducing orthoses can reduce muscle tone by 
adding certain elements to the orthoses [19]. This the-
ory suggests that there are several ways to influence the 
tone of the lower limbs and the occurrence of abnormal 
muscle reflexes. The following benefits include: 1) Re-
distributing pressure on the soles of the feet and remov-
ing pressure from the metatarsals heads 2) Reducing 
pressure on tendons, particularly Achilles tendons 3) Or-
thokinetic effects [20]. In accordance with the prescrip-
tion and time of use, night orthoses are included in CP 
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treatment strategies. When children are sleeping, these 
orthoses provide an opportunity for muscles and joints 
to be aligned correctly and relatively calmly. Through it, 
therapeutic interventions are created and improved [21].

Tone-reducing orthoses are crucial for mitigating mus-
cle tone, achieved by incorporating specific elements 
into the orthoses. This concept suggests various ways to 
influence lower limb tone and prevent abnormal muscle 
reflexes. The advantages of this technique include re-
distributing pressure on the soles of the feet, relieving 
pressure from the metatarsal heads [20], minimizing ten-
sion on the tendons, especially the Achilles tendons, and 
leveraging orthokinetic effects [19, 20].

Night orthoses are prescribed based on specific criteria 
and usage duration as integral components of cerebral 
palsy treatment. These orthoses contribute significantly 
during sleep, allowing for proper alignment of muscles 
and joints in a relatively tranquil state. This aligns with 
therapeutic interventions, fostering their development 
and refinement [21].

Appropriate nighttime sleep is critical due to its direct 
impact on neurophysiological function and learning. 
Sleep disorders are more prevalent in children with ce-
rebral palsy than in normal children [22, 23], which is a 
significant reason to aim to improve the quality of sleep 
in these children [8]. Understanding the correlation be-
tween sleep disturbances and muscle spasticity is crucial 
for assessing overall sleep quality [24]. 

Orthoses seem to disrupt sleep, a concern with lim-
ited dedicated studies [22]. A significant gap is found 
in research regarding the impact of tone-reducing KA-
FOs (TR-KAFOs) on the sleep quality of children with 
cerebral palsy, especially when used at night. No study 
has been conducted on applying TR-KAFOs in children 
with cerebral palsy. Given the multifactorial nature of 
sleep disturbances, where involuntary muscle activity 
plays a significant role [1], assessing muscle spasticity 
alongside sleep disturbance measurements allows for a 
more comprehensive understanding of the factors affect-
ing sleep quality. Therefore, this study aimed to assess 
the influence of TR-KAFOs on sleep quality and spastic-
ity in this population.

There are a variety of measures to assess sleep qual-
ity, and the general psychometric properties of the sleep 
disturbance scale for children (SDSC) questionnaire, 
including internal consistency and convergent validity, 
appears more appropriate for this population [25]. 

Materials and Methods

Participants and sample size

The inclusion criteria included 12 patients aged 3-13 
years with spastic dipelgia cerebral palsy [26] with gross 
motor function 2 or 3 and Ashworth 1+ or 2, prescribed 
with a KAFO, without infection or skin inflammation, 
and treated with neuroleptics. 

The gross motor function classification system (GM-
FCS) is a standard classification [27] for classifying chil-
dren with cerebral palsy motor functional abilities. This 
classification has significant functional limitations that 
are used to prescribe assistive devices. Children in this 
category are classified as grades 1-5. Individuals with 
GMFCS levels 2 or 3 are candidates for orthoses [27]. 

To evaluate spasticity, the modified Tardieu scale was 
used before and after four weeks [28]. We used the 
SDSC questionnaire to assess sleep quality [4]. G-power 
calculated twelve participants [29].

According to the ratio of Hoffman’s reflex to motor 
feedback after knee-ankle-foot orthosis intervention on 
the gastrocnemius muscle, the change in the first group 
was 0.59 and the standard deviation was 0.12, whereas 
the change in the second group was 0.33 and the stan-
dard deviation was 0.13. In conclusion, the sample size 
calculations indicated that both groups would require 
12 participants.

Intervention 

In the control group, regular KAFO users wore an or-
thosis similar to a KAFO that reduced tone without af-
fecting spasticity (Figure 1). In the case group, KAFO 
was used along with tone-reducing attachments, such 
as metatarsal pads and toe separators [6, 20] to control 
plantar reflexes [28], heel immobilization was applied, 
and pressure was exerted on the Achilles tendon to ac-
tivate the Golgi system [28, 29]. Orthokinetic properties 
were also applied to eliminate annoying plantar reflexes 
[20] (Figure 2).

Data collection

The primary variables were the Tardieu measurement 
scale at two speeds (V1 and V3) in the gastrocnemius 
muscle [10]. The Tardieu scale has demonstrated good 
reliability, meaning that it consistently produces similar 
results when used by different raters or in different situ-
ations. Studies, such as that by Yoo et al. [2] have shown 
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reliable outcomes when used by experienced and inex-
perienced raters. In terms of validity, the Tardieu scale 
has been effectively identified the spasticity’s presence. 
Alhusaini et al. [3] demonstrated that the Tardieu Scale 
was more effective than the Ashworth scale in identifying 
the presence of spasticity in children. For evaluation, the 
patients were in the supine position with the knee semi-
flexed, and passive stretches were performed at specified 
velocities to record data before and after treatment.

We also measured sleep quality using the SDSC in two 
groups before and after the intervention. The SDSC has 
undergone rigorous validation [4] and is highly reliable 
for measuring sleep disturbances [30]. This tool includes 
disorders of initiating and maintaining sleep, sleep 
breathing disorders, disorders of arousal, sleep-wake 
transition disorders, and parasomnias.

As a part of the study, we examined sleep quality data 
before and after the intervention. We also examined the 
differences between the two groups before and after the 
intervention. This study examined the normality of the 

data. In the last four weeks of the study, parents com-
pleted the summary questionnaire on sleep disorders and 
provided us with their responses. Following the study, 
data on sleep quality were collected based on the four-
week study duration to allow comparisons [26]. Addi-
tionally, spasticity data were collected by an expert at 
two stages before and after the study period. This was 
done according to Tardieu’s criteria. Data were first col-
lected and categorized using Excel software, and then 
statistically analysed using SPSS software, version 26.

Study protocol

We explained the procedures for conducting the test to 
the participants in detail, and parents and children con-
sented. All participants were randomly allocated to two 
groups: Conventional and TR KAFOs. KAFOs were 
designed and fabricated by a certified orthotist. All data 
were recorded before and after the intervention. All par-
ticipants were advised to use their devices for at least 6 
hours a night for four weeks.

Before grouping the children and conducting the study, 
we measured their spasticity and sleep quality. Two con-
ditions were examined in this study: 1) a normal night 
KAFO and 2) a tone-reducing night KAFO. The group-
ing was not known to either the control group or the in-
tervention group. Each KAFO was designed and manu-
factured by an certified orthotist. To ensure that the test 
would not have any psychological impact on the subject, 
a placebo was also used in the control group. In the con-
trol group, patients were given a regular night KAFO 
orthosis that had no effect on tone reduction compared to 
a tone-reducing night KAFO orthosis. Following the in-
tervention, patients’ spasticity and sleep quality were re-
measured, and data were collected. They were required 
to wear the orthosis for a minimum of six hours a night 
[21] for four weeks [26].

Statistical analysis

SPSS software, version 26.0 was used for statistical 
analysis. The Shapiro-Wilk test demonstrated variable 
normality. Since the spasticity data were not parametric, 
the Mann-Whitney test was used to compare the two 
groups. Wilcoxon was used to evaluate the effect of or-
thosis before and after the study was initiated. The sleep 
quality was compared between the two groups using an 
independent t-tests and a paired t-test before and after 
the study. All analyses were conducted at a significance 
level of α=0.05.

Figure 1. Conventional KAFO with minor change (placebo)
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Results

A study was conducted to estimate sleep disorders’ 
Mean±SD in conventional and TR-KAFOs. In this study, 
a decrease in the score indicated better sleep quality. The 
Mean±SD changed from 52.83±6.616 to 45.67±6.377, 
indicating that the observation score decreased after the 
intervention group was administered TR-KAFO after 
4 weeks. This change was significant (P<0.05). A sig-
nificant difference was also observed between the two 
groups when comparing the same period of the two or-
thoses (P<0.05). However, the change in sleep quality 
scores in the control group was not noticeable compared 
to the results before and after the study (P>0.05).As a 
result of the non-parametric nature of the data, quartiles 
and median were also used in the spasticity analysis. In 
the intervention group, the degree of spasticity reduction 
was significant (P<0.05). Also, a significant difference 
was observed between the results obtained from the 
two groups at the end of the study (P<0.05). However, 
with the investigation performed in the control group, 
the spasticity change was not noticeable (P>0.05). Ac-
cording to the study, TR-KAFO was more effective than 
conventional KAFO at improving sleep quality and re-
ducing spasticity in patients.

Discussion

Although ankle orthoses have been evaluated differ-
ently for upper motor neuron patients, the findings can-
not be generalized to KAFO. In this study, the effect of 

TR-KAFO on sleep quality and tone reduction was ex-
amined. Stretching the leg muscles is a crucial measure 
employed by KAFO to alleviate spasticity [18]. An ef-
fective way to alleviate spasticity symptoms is to stretch 
the muscles [31]. Additionally, tone-reducing features 
can minimize muscle tone and enhance motor control 
and reflexes [16]. Increased motor control and reflexes 
improve individual performance [19]. Achilles tendon 
pressure, metatarsal pads, and toe separators affect nerve 
stimulation and control reflexes. Another difference be-
tween the two groups was that orthokinetic properties 
were affected, which are determined by the type of or-
thotic material that comes into contact with the skin [20]. 

Sleep quality is paramount because it is a crucial fac-
tor in children’s development and growth [32]. Further-
more, considering the four times higher prevalence of 
sleep disorders in children with cerebral palsy [33], it has 
detrimental effects on parents’ sleep and daily activities 
[32]. Based on the assumption that reducing spasticity 
improves sleep quality, in our study, the combination 
of tone reduction features with KAFO reduced muscle 
tone and improved sleep quality in children with spastic 
diplegic cerebral palsy.

TR-KAFO was more effective in reducing spastic-
ity than conventional KAFO when used overnight. The 
Hoffman and Ashworth reflex scale was used in another 
study to determine whether regular nocturnal KAFO 
reduces spasticity. According to this study, KAFO was 
more effective than AFO in reducing spasticity [32]. 

Figure 2. Tone-reducing KAFO
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Tone-reducing elements were not included in this study 
to determine whether adding tone-reducing features to 
the orthosis could further decrease spasticity. As a result 
of its positive effects, TR-KAFO may increase the ef-
fectiveness of KAFO by decreasing spasticity. Another 
study examined the effect of adding the tone-reducing 
property of the AFO on walking parameters and found 
that it did not affect walking quality [26]. This conclu-
sion may be attributed to the difference in examining 
the orthosis in a dynamic state, whereas in our study, 
we observed the orthosis in a non-dynamic state. Also, 
considering that reduction in spasticity with its second-
ary effects may also improve walking conditions, this 
conclusion may be a result of a difference in the study 
population and perhaps a difference in the type of ortho-
ses utilized.

As compared to conventional KAFO, TR-KAFO im-
proved sleep quality in our study. Nevertheless, another 
study concluded that orthoses did not affect sleep qual-
ity [21]. This conclusion was attributed to the differ-
ence in disease intensity in their study. Furthermore, a 
conventional orthosis without tone-reducing properties 
was used in this study. In our study, orthoses with more 
comfortable designs improved sleep. This may provide 
evidence better understanding of the comfort of an or-
thosis with the ability to reduce tone [34].

We found that TR-KAFO reduced gastrocnemius mus-
cle spasticity and improved sleep quality. However, this 
study had a few limitations. First, no study has inves-
tigated the tone-reducing effect of the TR-KAFO, and 
only a small number of studies have investigated the 
tone-reducing effect of positional orthoses. Second, the 
time the orthosis was used at night may not be accurate, 
given the lack of accurate monitoring. Finally, occupa-
tional therapy was provided to the patients.

This study has several limitations. Insufficient research 
on TR-KAFO’s tone-reducing effect: The study is con-
strained by a lack of comprehensive research on the TR-
KAFO’s tone-reducing impact. More extensive investi-
gations are required in this specific area to enhance our 
understanding.

Short-term follow-up: The study’s short-term follow-
up duration may hinder capturing long-term implica-
tions and sustainability of TR-KAFO effects. Extended 
follow-up periods in future studies could provide a more 
comprehensive picture of the intervention’s outcomes.

Lack of more accurate tools for measuring muscle 
tone: This study recognized the absence of precise tools 
for measuring muscle tone, emphasizing the need for 
advancements in assessment methodologies to enhance 
accuracy.

In summary, addressing these limitations in future re-
search will contribute to a more nuanced and reliable 
comprehension of TR-KAFO’s effectiveness.

Conclusion

While orthoses alone reduce spasticity, their impact on 
sleep quality was unknown. In addition, there has been 
no study of tone-reducing elements in night orthoses, es-
pecially when children use KAFO. For further analysis of 
the efficacy of night orthoses in decreasing spasticity and 
improving sleep quality, further studies are required. Fur-
thermore, it is important to investigate the effects of dif-
ferent orthoses as well as optimal night orthoses design.

In this study, we concluded that in children with spas-
tic cerebral palsy, TR-KAFOs could decrease spasticity 
and improve sleep quality after a 4 weeks intervention. 
elements were added to the night KAFO orthosis, lead-
ing to decreased spasticity and improved sleep quality. 
These results suggest that the use of an orthotic device 
with tone-reducing elements can provide a simple and 
effective solution to improve sleep quality and decrease 
spasticity in children with cerebral palsy. Further, such 
devices can assist in reducing the need for more aggres-
sive treatments in the future.
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