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ABSTRACT

FITEETE Lower limb deformity in children with cerebral palsy (CP) is a common musculoskeletal
problem and planovalgus is the most prevalent, characterized by talus median subluxation, calcaneal
valgus, and supinated forefoot. According to studies, one issue in orthopedics and pathology is the
accurate diagnosis and proper treatment of planovalgus deformity in children with bilateral spastic
cerebral palsy, which has attracted researchers’ attention. Accordingly, the present study investigates
the effect of planovalgus deformity on the motor performance and balance of these children.
EEEEIVETLEE This cross-sectional study employed a descriptive-analytical design. The convenient
sampling method was used among children with bilateral spastic cerebral palsy, diagnosed with unilateral
planovalgus, who were referred to the clinics of the University of Social Welfare and Rehabilitation
Sciences (Nezam Mafi) and occupational therapy clinics from September 2022 to February 2023 in
Tehran City, Iran. Meanwhile, all participants were willing to cooperate in this research. A total of 27
participants were evaluated by an occupational therapist based on the specified criteria and gross motor
function classification system (GMFCS), which included the assessments of balance, muscle strength,
range of motion, and pain. Data analysis was done using the SPSS software, version 16.

ST The results revealed a statistically significant difference between the mean range of motion of
ankle dorsiflexion and knee extension between the two limbs (P<0.001). The mean muscle strength of
the quadriceps and ankle plantar flexors indicated a statistically significant difference in the affected limb
(P<0.001). Additionally, the mean displacement of the center of pressure of the foot also demonstrated
a statistically significant difference regarding topographical involvement (P<0.001).

[@TEERY Planovalgus deformity is one of the most common ankle deformities, which is of great
concern for children with cerebral palsy. The results obtained from the assessments of the child’s balance
and motor function demonstrated the importance of assessment strategies and early interventions to
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Introduction

erebral palsy (CP) is a group of permanent

movement and posture disorders that lead

to limitations in the performance of activi-

ties and occur as a result of non-progres-

sive disorders in the developing brain of a
fetus or infant [1]. Brain damage in these children leads
to abnormal muscle activity, impaired weight bearing,
and limited movement due to muscle shortening, which
in turn leads to secondary musculoskeletal and move-
ment problems [2]. One of the most important function-
al mobility deformities whose treatment is still debated
is the planovalgus deformity in children with bilateral
spastic CP as one of the most common deformities [3,
4] associated with shortening of the Achilles tendon
of the lower limbs and causes pain or other symptoms
with increased activity and increased body mass index.
These symptoms become more noticeable after the age
of 10 years and can last into adulthood, leaving people
unable to walk [5]. As a common deformity of the foot,
the characteristics of planovalgus include hind foot val-
gus, midfoot pronation, decreased medial longitudinal
arch, and forefoot abduction/supination [6, 7]. Although
the primary cause of planovalgus deformity is still un-
known, people with this deformity frequently experience
pain, functional impairment, and lower limb contracture
[7]. According to a 2016 study on CP aimed at improv-
ing walking in children with this disorder, the matura-
tion of balance skills in these children was also delayed
or reduced compared to typically developing children.
Over time, these defects lead to problems in balance and
foot center of pressure. Therefore, balance and walking
disorders, including asymmetry in the lower limbs, are
some of the complications of this phenomenon, which
can lead to further dysfunction in ambulatory children
with CP [8]. Optimum walking performance comes from
using the ground reaction force. Meanwhile, the optimal
use of this force requires the proper performance of the
ankle’s plantar flexors [9]. According to Miller’s study
in 2022, a planovalgus deformity impairs plantar flexor
function and ground reaction force by causing struc-
tural changes in the foot and ankle. This study shows
that the performance level of gross movements of these
children alone is the most important factor influencing
the progress of radiological indicators in the treatment
of planovalgus deformities [10]. The results of research
conducted in the field of planovalgus deformity show
that early detection of planovalgus deformity is essential
to prevent aggravation of leg injuries [11].
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Ambulatory children with CP who are referred to med-
ical centers and have planovalgus deformity in the an-
kles typically use the crutch walking pattern that is most
common in these children. Due to spasticity, muscle
contractions, and limitation of movement of the joints of
the lower limbs, there is a loss of functional capabilities
in these children [12]. Although this deformity is known
to persist into adulthood, little information has been pub-
lished regarding the natural history and treatment of pla-
novalgus. Furthermore, there is no clarity regarding the
need for non-surgical or surgical treatment [13]. Since
the presence of planovalgus deformity can be unilateral
in many cases and can affect the functional activities of
the lower limbs in walking, mobility, and movement as
well as the achievement of maximum functional inde-
pendence, the extent of children’s participation in activi-
ties of daily living leads to problems. Further study and
investigation of the planovalgus and its effects on the
child’s physical condition and functional and movement
abilities to correct the deformity, prevent the progression
of the deformity, and ultimately make the lower limbs
more stable when walking may lead to an increase in
the child’s independence and participation in activities
of daily living. Therefore, due to the limited number
of studies on planovalgus deformity, its impact on the
field of rehabilitation and occupational therapy-related
studies, and the lack of access to a study specifically ad-
dressing this topic, this study investigates the effects of
unilateral planovalgus deformity. Evidence should be
presented on the components related to the balance and
motor function of children with CP to determine the im-
pact of this deformity on the cases mentioned so that it
can be used professionally in the rehabilitation process.
Therapists and pediatric orthopedists can benefit from
the prevention of secondary musculoskeletal problems
in children with cerebral palsy.

Materials and Methods

The current descriptive-analytical research was con-
ducted on an observational basis using the convenient
sampling method from September 2022 to February
2023. The inclusion criteria of the study were children
with spastic CP in the age group of 8 to 14 years with
level one or two of the gross motor function classifica-
tion scale (GMFCS) [10, 14], diagnosis of unilateral pla-
novalgus deformity by a neurologist and pediatric ortho-
pedist or based on medical records, the lack of obesity
(body mass index in the 85th percentile or less) [15], a
lack of history of surgery and contractures of the joints
of the lower extremities, and sufficient cognitive ability
to participate in the study [14]. Meanwhile, the exclu-
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sion criteria were parental dissatisfaction with the con-
duct of the children’s assessments in the study, failure
to complete the consent form, the presence of epilepsy
and other neurological, psychological, and orthopedic
diseases in the child based on the medical examination
record and the participation of the child.

Child’s research occurred parallel to this research. Af-
ter the research process and assessment method were
explained in detail to the participants’ parents, written
informed consent was also obtained from them. Accord-
ing to the article by Sung, the minimum sample size was
determined from 27 people with a power of 80% and a
test error of 5%, using information from similar studies
according to Equation 1 [6].

1.
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After obtaining ethical approval, the study was carried
out in the occupational therapy department of the Mafi
system (including the medical centers of the University
of Social Welfare and Rehabilitation Sciences) and oc-
cupational therapy clinics in Tehran City, Iran. In this
study, 9 girls and 18 boys with CP and unilateral pla-
novalgus deformity who could walk independently were
examined in one session. Overall, the evaluations took
10 to 15 min. This study included children with CP who
were at levels one and two of the gross motor function
classification scale to quantify the balance and changes
in the center of pressure of the soles of these children
through the balance board and the single leg stance bal-
ance test. Postural stability and balance can be assessed
by analyzing the time coordinate and variable center of
pressure measured via the force plate [16]. During the
single-leg stance balance test, the subjects were instruct-
ed to remain as still as possible on the force plate with the
leg being tested [17]. The Nintendo Wii balance board
was used in this evaluation, which has 4 pressure sensors
with a data acquisition frequency of 100 Hz. The single
leg stance balance test, which involves the patient as-
suming a position of standing on one leg was performed
twice for both the leg unaffected by planovalgus defor-
mity and the leg affected by planovalgus deformity, with
the most favorable outcome being documented. Primary
information was extracted and stored through the soft-
ware written in the Unity environment and transferred
to the Microsoft Excel software. Since all the patients in
this study could maintain their balance for 10 s without
falling and without the therapist’s help, the raw data of
all the patients in the first 10 s of the evaluation were
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separated and processed by the MATLAB software. The
data was filtered with a second-order zero-phase-shift
reciprocating Butterworth low-pass filter with a cutoff
frequency of 12 Hz. Finally, the center of pressure mean
movement index was calculated and reported for each
patient [18-22].

Considering that the motor function of these children
depends on the strength of the muscles of the lower
limbs and the range of motion of the joints, the presence
of pain can appear as a disturbing factor in the perfor-
mance of the motor function of the lower limbs. There-
fore, in this research, the movement function of the low-
er limb described the strength of the muscles, the range
of motion of the lower limb, and the amount of pain of
the child in the involved limb [10, 23]. After a brief pe-
riod of rest, the evaluation of pain was conducted using
the Wong-Baker facial scale. This evaluation involved
presenting a series of facial expressions on paper to the
children. After providing a comprehensive explanation
of this scale to the children, they were asked about the
intensity of their foot discomfort throughout the day and
during their daily activities. Furthermore, they were in-
structed to assign a numerical value to their pain experi-
ence (based on facial depictions) and rate their foot pain
on a scale of 0 to 10. The data points were subsequently
recorded as described [24, 25]. The results of children’s
pain reports are provided in Table 1.

After a short period of rest, the strength of the muscles
around the ankle and knee was evaluated by the occu-
pational therapist with a manual test of the strength of
the plantar flexor muscles and the quadriceps muscle
and was scored from 0 to 5. A modified method of as-
sessing plantar flexor muscle strength was applied using
repeated heel raises of one foot, based on the assumption
that the subject could perform this movement 25 times
or more with good posture (without loss of balance and
fatigue). Plantar flexor strength was considered normal
regardless of age, gender, or activity level. The strength
of the quadriceps muscle was also scored according to
the child’s ability to sit with the knee at 90 degrees on
the chair perform movement against gravity and apply
manual resistance with a static isometric contraction
[26, 27].

After the evaluations, the occupational therapist uti-
lized a goniometer to measure the active range of mo-
tion of the ankle and knee joint. To measure the active
range of motion, the participants were asked to move the
mentioned joints in a full range of motion and at their
desired speed. The range of motion of knee flexion and
extension in the prone position and the range of motion
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Table 1. Distribution of pain intensity of study participants
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Intensity of Pain No. (%)
No hurt 5(18.5)
Hurts a little bit 6(22.2)
Hurts a little more 5(18.5)
Hurts even more 10(37)
Hurts a lot 1(3.7)
Hurts the worst 0(0)

of dorsiflexion and plantarflexion of the ankle while sit-
ting on a high chair with the knee bent at 90 degrees
were obtained [28]. Data analysis was done in the SPSS
software, version 16.

Screening tool

The gross motor function classification system (GM-
FCS)

The gross motor function classification scale serves
as a valuable tool for promptly assessing the level of
mobility and gross motor function in individuals with
CP [29]. Tt is one of the most reliable and well-known
criteria for functional classification in children with CP
and describes the performance of their gross movements
in five levels. It is quick and easy to use [30]. This clas-
sification scale is reliable for use by children with CP
[31]. The Persian version of this classification scale was
developed and revised in 2020 by Dehghan et al. and
can be used by rehabilitation and medical professionals
as a stable organizational system for classifying people
with CP [32] based on the modified version; according-
ly, children classified at level I can walk without restric-
tions, and children classified at level II can walk with
limitations. Limitations may include balance or stamina,
use of a manual mobility device before age 4, use of
handrails on stairs, or inability to run or jump, resulting
in the use of wheeled mobility for long distances [30].

Measuring instruments

Single leg stance (balance evaluation test) on the force
plate

The single-leg stance on the force plate assessment test
is used for static posture and balance control and calcu-
lates the time spent standing on each leg and the varia-
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tion in the center of pressure. This tool is considered
a valuable assessment tool for demonstrating fall risk
in neurological and musculoskeletal patients and can
be used in children and adults [20-22]. Postural stabil-
ity and balance can be evaluated by analyzing the time
coordinate and variable center of pressure measured
through the force plate [16].

‘Wong-Baker faces scale

The Wong-Baker faces scale shows a set of faces.
Based on the faces and written descriptions, patients
choose the face that best describes their pain level [24,
25, 33]. The validity and reliability of this scale to assess
children’s pain was carried out by Alizadeh et al. in 2017
in Iran [34].

Manual muscle testing

The manual muscle testing is popular in clinical work
to evaluate muscle strength and is used in many move-
ment disorders, including cerebral palsy. Knowledge
about muscle strength in children with CP is important
in the treatment decision-making process, and increas-
ing muscle strength in the lower limbs increases walking
speed and improves gross motor function. This test has
a total of 6 points which are graded from 0 to 5 [35, 36].

Goniometry to measure active range of motion

Goniometry is a common method for evaluating joint
range of motion. By placing the fixed and movable arms
of the instrument according to specific bony landmarks
on both sides of the joint, the full range of joint mobility
can be measured in terms of degrees. The most com-
monly used range of motion standards are published
by the American Academy of Orthopedic Surgeons
(AAOS) [37].
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Table 2. Comparison of range of motion of study participants according to limb involvement

Range of Motion No. MeantSD P

Leg without planovalgus deformity 27 -4.0043.62

Ankle dorsiflexion 0.001
Leg with planovalgus deformity 27 -6.2213.61
Leg without planovalgus deformity 27 -2.40+3.21

Knee extension 0.001
Leg with planovalgus deformity 27 -7.59+4.01
Leg without planovalgus deformity 27 29.6245.35

Ankle plantar flexion 0.206
Leg with planovalgus deformity 27 28.88+5.77

"Wilcoxon test. SD: Standard deviation.

Results

At first, the Shapiro-Wilk test was used to check the
normality of the data. The result of the test showed that
the data do not have a normal distribution (P<0.05).
Therefore, because the data were not normal, the Wil-
coxon non-parametric test was used to compare the vari-
ables of active range of motion, muscle strength, and the
mean displacement of the center of pressure of the lower
limb with planovalgus deformity and without planoval-
gus deformity in these children.

The results of this study showed a statistically sig-
nificant difference between the mean range of motion
of ankle dorsiflexion and knee extension between the
two limbs according to the degree of limb involvement
(P<0.001). By comparing the limb with and without
deformity of ambulatory children with spastic cerebral
palsy, planovalgus deformity has significantly reduced
the range of motion of active dorsiflexion of the ankle
(approximately 2 units) and reduced active extension of
the knee in the involved limb. However, there is no sta-
tistically significant difference between the mean range
of motion of plantar flexion in terms of organ involve-
ment (P>0.001) (Table 2).
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There is a statistically significant difference between
the mean strength of quadriceps muscles and ankle plan-
tar flexors of the participants in terms of organ involve-
ment (P<0.001) and planovalgus deformity caused a de-
crease in the strength of quadriceps muscles and ankle
plantar flexors (Table 3).

Also, there is a statistically significant difference be-
tween the displacement of the center of pressure of the
participants in the study in terms of organ involvement
(P<0.001) and the planovalgus deformity significantly
affected the displacement of the center of pressure of the
foot and caused an increase in the amount of these dis-
placements is in the standing position on one leg (Table
4). The results of the pain report of the children of the
statistical population were obtained with a MeantSD
3.70£2.46, which indicated the feeling of musculoskel-
etal pain due to the presence of planovalgus deformity
(Table 5).

Discussion
This analytical-descriptive study investigated the ef-

fect of unilateral planovalgus deformity on the balance
and motor function of the affected lower limbs in chil-

Table 3. Comparison of muscle strength of study participants according to organ involvement

Manual Muscle Testing No. MeantSD P*
Leg without planovalgus deformity 27 4.22+0.64
Quadriceps <0.001
Leg with planovalgus deformity 27 3.4040.50
Leg without planovalgus deformity 27 4.3710.66
Plantar flexors <0.001
Leg with planovalgus deformity 27 2.85+0.68
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Table 4. Comparison of displacement of center of pressure

Archives of

Rehabilitation

Variable Center of Pressure No. MeanSD P
Leg without planovalgus deformity 27 0.099+0.064
Balance <0.001
Leg with planovalgus deformity 27 0.148+0.086

*Wilcoxon test.

Table 5. Pain intensity of study participants (n=27)
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Variable

Mean+SD

Pain

3.70+2.46

dren with spastic cerebral palsy, based on level I and 11
of the GMFCS. In this study, the active range of motion
of the ankle and knee was measured by the therapist us-
ing a goniometer. The results are consistent with the re-
sults of studies conducted to date evaluating the range of
motion of the ankle and knee joints and its relationship
with planovalgus deformity. In the study by Sung et al.,
in the context of evaluating the difference between the
actual dorsiflexion of the ankle and its relationship with
the severity of the planovalgus deformity of the foot, the
importance of the influence of the planovalgus deformi-
ty on the biomechanical structure of the ankle was high-
lighted [6]. In addition, the results of another study by
Eid showed that the range of motion of knee extension
in children with CP and diplegia decreases by 50% caus-
ing a decrease in stability while walking and an increase
in the risk of falling and functional balance problems
in children [38]. Accordingly, planovalgus deformity
changes the strategy of the hip, knee, and ankle, thus
hindering the proper extension of the knee, and affecting
the person’s ability to extend the knee properly, which
plays a major role in weight bearing [9]. However, in
the study of Saraswat (2014), kinematic differences in
the planovalgus foot, including excessive ankle eversion
(valgus) and plantar flexion, decrease in range of motion
of ankle flexion, increase in dorsiflexion and pronation
of the midfoot joint were reported. Contrary to clinical
expectations, no significant difference was observed in
the range of motion of midfoot joint flexion or ankle
eversion. Kinetic differences in legs with planovalgus
deformity compared to normal growing legs included a
decrease in ankle plantarflexion torque, ankle strength,
and midfoot joint strength. To compensate for the de-
creased range of motion of the ankle joint, increased
movement in the midfoot joint along with weight bear-
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ing often occurs in feet with planovalgus deformity [39].
It is suggested that future studies examine the evidence
and magnitude of the impact of planovalgus deformity
on hip and spinal joint range of motion in the commu-
nity of children with CP and planovalgus deformity.

According to the international classification of func-
tioning, disability, and health (ICF), progress in thera-
peutic interventions that focus on defects, such as in-
creasing muscle strength and range of motion, improve
the individual’s activity and participation [40]. In the
present study, the muscle strength variable was mea-
sured. In the study results of Ganjwala et al. [41], Masa-
ki et al. [42], and the study results of Saraswat et al. [39],
a high rate of planovalgus is evident due to the decrease
in muscle strength of the knee extensors and soleus
muscle associated with plantar flexion performance. In
both studies, lower extremity muscle strength decreased
in the closed-chain [9]. Hence, changes in the planoval-
gus in the foot cause biomechanical disturbances, such
as the strength and function of the plantar flexors and
knee extensors. According to the results of the present
study, the strength of the knee extensor and plantar flex-
or muscles decreased in the leg with planovalgus defor-
mity compared to the leg without deformity. From the
beginning of the diagnosis of planovalgus deformity in a
child with CP and the ability to walk, it is recommended
to pay special attention to the strength of the quadriceps
and plantar flexor muscles and to take the necessary
measures to strengthen these muscles.

The results of the assessment of balance functions
using the Nintendo® Wii fit force plate indicate a sig-
nificant shift in the center of pressure and an increase
in these shifts when standing on one leg compared to
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the other leg as a result of planovalgus deformity in the
affected limb. These results are consistent with the find-
ings of the studies conducted to date to examine the ef-
fect of using the Nintendo® Wii fit force plate as a safe,
enjoyable, appropriate, and effective method of improv-
ing balance indicators in CP patients, which should be
added to conventional treatments to improve the balance
of these patients [43]. The results of Tang’s study in 2022
also showed a change in foot loading after the progres-
sion of CP [44]. These findings are also consistent with
the results of the present study. Therefore, preventive in-
terventions for planovalgus deformities can potentially
effectively prevent the exacerbation of foot deformities
and ultimately lead to timely clinical decision support
and play an effective role in facilitating the participa-
tion and performance of children with CP in school and
society. However, further studies are needed in this field.

The results of pain assessment in children participating
in this study are consistent with the results of many stud-
ies examining interventions in children with planoval-
gus deformity. Pain is considered one of the most im-
portant factors for children. Because the complications
caused by this factor reduce the ability of these children
to walk independently and lead to incorrect patterns in
the child’s walking process and performance [10, 23].
Therefore, an accurate and correct diagnostic examina-
tion of pain in children with planovalgus is critical [45].
Meanwhile, the use of therapeutic assessment tools to
better describe pain in clients with planovalgus defor-
mity may be an appropriate guide for experts in the field
to select a treatment protocol.

Planovalgus has generated the most debate among
pediatric orthopedists due to the high prevalence of
this deformity and the increase in alternative treatment
methods, the benefits and superiority of which are no
longer clear [3]. The current treatment framework for
planovalgus deformity should take into account the
child’s age and motor performance, as planovalgus
deformity occurs in most cases by mid-childhood and
worsens over time and entering adolescence [10]. Based
on the researcher’s observations during the assessments
in the therapeutic environment and the subsequent anal-
ysis of the information, the motivation of the therapists
and parents of the participants to receive information
about the problems after a deformity and how to cope
with them was much higher to prevent later problems,
such as impairment of the child’s balance skills, which
can be caused by impairment of the ankle muscles and
joints, including the dorsiflexion and knee extensors.
Preventive measures of occupational therapy should be
considered regarding the functional abilities and daily
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activities of these children, and take into account the
child’s movement ability, play, academic performance,
and participation with peers in society, because if these
children are neglected, they may suffer from problems,
that prevent them from actively participating in school.
Therefore, it is proposed to more comprehensively ex-
amine the impact of planovalgus deformity on the bal-
ance and motor performance of children with spastic CP
with the ability to walk independently and the impor-
tance of effective strategies to prevent or minimize inju-
ries associated with planovalgus deformity to examine
intervention research more comprehensively.

Conclusion

The results of this study showed that balance and mo-
tor function in children with CP can be affected by pla-
novalgus deformity. Changes lead to a decrease in the
range of motion of the knee and ankle joints, a decrease
in the strength of the muscles of the lower extremities,
and an increasing displacement of the plantar pres-
sure center in the affected lower extremity, resulting in
pain in children with spastic CP in the ability to walk
has been observed. Therefore, non-surgical treatment
of these children is warranted, although individualized
treatment is recommended in the rehabilitation of these
children. At the same time, the results of this study are
important for expanding the use of Wii fit in the rehabili-
tation of CP in terms of assessing the functional balance
of these children in our country and providing an ap-
propriate perspective for therapists working in this field.

Study limitations

The limitations of the present study include the lack of
gender distribution of study participants and the inabil-
ity to generalize the results to deformities in adolescents
and concurrent deformities in higher joints (knee-thigh
and spine).

Ethical Considerations
Compliance with ethical guidelines

The current research was approved by the Ethics Com-
mittee of the University of Social Welfare and Rehabili-
tation Sciences (Code: IR USWR.REC.1401.109). The
principle of scientific integrity and the recording of the
results of the participant evaluations were recorded with-
out any problems. When collecting data and checking
the available sources, attention was paid to the greatest
possible trustworthiness and honesty. The participants
were informed about the purpose of the research and its
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implementation stages. They were also assured about
the confidentiality of their information. They were free
to leave the study whenever they wished, and if desired,
the research results would be available to them.
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