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ABSTRACT

Purpose: To establish the relationship between spasticity and strength in the lower limb muscles and gross
motor function of children with spastic diplegia. Method: This cross-sectional study included thirty
children (21 males, 9 females) with spastic diplegia of GMFCS-E&R levels | to V between the age of 5 to
15 years. Spasticity, strength and gross motor function were assessed using tardieu scale, hand-held
dynamometer and Gross Motor Function Measure respectively. Results: The correlation between
spasticity, strength and gross motor function was analyzed using the spearman’s correlation. A negative
correlation was found between spasticity of hip flexors, hip adductors and knee extensors with GMFM.
No correlation was found between spasticity and strength. A positive correlation was found between
strength of hip abductor, knee flexors, dorsiflexors and plantarflexors with GMFM. Conclusion:
Aggregate spasticity of muscles around the hip, knee and ankle joint showed a negative correlation with
GMFM, whereas aggregate strength of muscles around all the 3 joints showed a positive correlation with
GMFM. Hip flexor was the only muscle that showed a negative correlation between spasticity and
strength.

cerebral palsy children.? ® Children with spastic
diplegia have many neurological deficits that

INTRODUCTION
Cerebral palsy describes a group of disorders of

the development of movement and posture,
causing activity limitations that are attributed to
non-progressive disturbances that occurred in the
developing fetal or infant brain. The motor
disorders of cerebral palsy are often accompanied
by disturbances of sensation, cognition,
communication, perception, behaviour or by a
seizure disorder.!

Cerebral palsy (CP) has been generally classified
on the basis of motor abnormalities as spastic,
dyskinetic and ataxic.' Based on the topographic
distribution of impairments, spastic CP is divided
into monoplegia, hemiplegia, diplegia, triplegia
and quadriplegia.?

Spastic diplegia is the most common form of
spastic cerebral palsy, occurring in 21.9 % of

interfere with motor function and daily activities.
These impairments include neuromuscular and
musculoskeletal problems such as spasticity,
weakness, loss of selective motor control, inco-
ordination and contractures.* In children with
spastic diplegia, lower limbs are more severely
affected than upper limbs.? Lower extremities
exhibit abnormal timing of muscle contraction,
poor ability to terminate muscle activity, and also
show limited functional synergies and poor
grading of co-contractions.’

Spasticity has been viewed as a major primary
impairment of body function in spastic diplegics.
Despite the lack of consensus on the role of
spasticity in motor abilities, alleviations of
spasticity remain the primary focus in the clinical
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management of spastic diplegics. Spasticity might
produce contractures due to a marked loss of
sarcomeres in the muscle, increase stiffness in the
spastic muscle and changes connective tissues
within the muscle. *

Strength is an important aspect of normal motor
control.® Research finding indicate that children
with spastic diplegia are indeed weak and that
strength is directly related to motor function and
therefore this weakness can be associated with
difficulties in performing everyday functional
activities.’

Gross motor development in children is commonly
described as the acquisition of motor milestones
such as unsupported sitting, crawling and walking.
Children and infants with spastic diplegia are at
risk for gross motor developmental disabilities.
There is evidence that severity of the disorder is
related to development of gross motor function.
The primary goal of therapeutic intervention for
children with spastic diplegia is to enhance the
child’s ability to perform activities in the context
of daily life. Relationship between motor
impairments and functional activity has a
significant impact on clinical practice.*®

Limited literature is available about the
relationship of strength, spasticity, and gross
motor function in children with spastic diplegia.
The three variables of strength, spasticity and
function have been correlated in various
combinations at various times, but a general
consensus regarding the relationship of the three
has not been reached. The results of published
literature shows high level of variation with some
studies suggesting a significant relation between
the three variables and many establishing
insignificant or no relation.***

A study was done on children with spastic diplegia
of GMFCS levels | to 11l to determine the relation
between spasticity, strength, gross motor function
and the functional measures of gait. They used
Isokinetic dynamometer to measure spasticity and
strength of selected ankle, knee and hip muscles.
Gait analysis was done to evaluate linear and

kinematic variables. They had also recorded gross
motor function using GMFM 66. They concluded
that spasticity did not account for a substantial
amount of variance in gait and gross motor
function. There was a moderate to high correlation
between strength, gait linear data and gross motor
function.™

Studies done on the relation between strength,
spasticity, and gross motor function have used
Isokinetic dynamometer to record strength or
spasticity on children of GMFCS levels | to Ill.
Most of the studies were done by either taking a
single joint or all 3 joints of the lower limbor
aggregate spasticity and aggregate strength.'® ' *3
Isokinetic ~ dynamometers  are  expensive
instruments, requiring specific training for data
collection and recording, which is usually
provided by the manufacturers. This makes it
inaccessible to many pediatric physiotherapy units.
There are many cost effective, easy to perform
reliable tools available for recording spasticity,
strength and gross motor function like Tardieu,
hand held dynamometer and GMFM-88
respectively.In children with spastic diplegia of
GMFCS-E&R levels | to V, evidences regarding
the relationship of spasticity, strength and gross
motor functions are largely unknown. Studies
regarding comparison of individual joint
involvement with gross motor function are also
limited.

Aim of the current study was to establish the
relationship between spasticity and strength in the
lower limb muscles and gross motor function of
the children with spastic diplegia of GMFCS-E&R
levels | to V by using Tardieu scale, hand held
dynamometer and GMFM-88 respectively.
Obijective of the study is to evaluate if individual
joint involvement can have an effect on gross
motor function of the children with spastic
diplegia.

METHODOLOGY
This was a cross-sectional study using a
convenient sampling method included 30 (21males
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and 9 females) children with spastic diplegia
between the age of 5 to 15 years of GMFCS- E&R
level 1 —V. These children were graded on
Modified Child Mini Mental State Examination.*®
Only those who had a minimum score of >24 for
Syears, >28 for 6-8years, >30 for 9-11 years and
>35 for 12-15 years were included. Those children
who had an history of corrective surgeries, Botox /
phenol injections within the past 6 months, any
systemic or musculoskeletal disorders interfering
with performance of child, children who are taking
muscle relaxants (baclofen, dantrolene), or those
who had fixed flexion contracture of hip and knee
>25° and fixed ankle plantarflexion contracture of
> 10° were excluded. The materials used were
GMFCS-E&R, GMFM-88 scale, Baseline push-
pull digital ™ dynamometer, Tardieu scale,
Omega Universal Goniometer.

Procedure

Approval from the scientific committee and time
bound research ethics committee was obtained
prior to commencement of the study. All parents
of the children with spastic diplegia signed the
consent form. Children aged 8 years and above
signed the assent form. Children of both genders
diagnosed by pediatrician as spastic diplegics were
screened by the tester for inclusion and exclusion
criteria. Children who fulfilled the inclusion
criteria wereclassified on the GMFCS-E&R levels
| toV.'® # Spasticity, strength and gross motor
function was assessed using the Tardieu scale,
hand held dynamometer and GMFM-88
respectively.

In children with spastic diplegia the spasticity and
strength of hip flexors, extensors, adductors and
abductors, knee flexors, and extensors, ankle
dorsiflexors and plantarflexors of both lower limbs
were tested using Tardieu scale”®?** and hand
held dynamometer'?3? respectively. Spasticity
was assessed in one attempt only. The hand-held
dynamometer was used to quantify isometric
strength of the major lower extremity muscle
groups bilaterally. Children were positioned in the
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respective test positions (Appendix-1). The
proximal joint segment was stabilized. The plate
of the dynamometer was then placed distally on
the distal joint segment. The piston of the
dynamometer was held perpendicular to the limb
segment in the direction of the movement to be
performed. The subject was then asked to produce
a maximal isometric contraction of the muscle
group, tested by pushing against the plate of the
dynamometer and holding in position for duration
of 1 second to allow the participant to adjust and
recruit the maximum number of muscle fibers.
Three attempts were recorded. 1% attempt was to
familiarize the child with the test procedure and
the final reading was obtained from the best out of
the 2" and 3" readings.

The Gross Motor Function Measure (GMFM)was
administered to measure gross motor function
quantitatively. The GMFM consists of 88 items
grouped into 5 dimensions: (1) lying and rolling
(2) sitting, (3) crawling and kneeling (4) standing
and (5) walking, running, and jumping.*’

Data Analysis

The values of spasticity and strength of hip
flexors, extensors, adductors and abductors, knee
flexors and extensors, ankle dorsiflexors and
plantarflexors between right and left side were
compared by using Mann-Whitney U test.

The data of spasticity and strength of hip flexors,
extensors, adductors and abductors, knee flexors
and  extensors, ankle  dorsiflexors and
plantarflexors and gross motor function was
analyzed using the spearman’s correlation. p-
value< 0.05 was considered significant at 95%
confidence interval. SPSS-13 version was used for
analysis.

RESULTS

The aim of this study was to establish a
relationship between spasticity, strength and gross
motor function in children with spastic diplegia
between the age group of 5 to 15 years. The
subjects were classified on the gross motor
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function classification system levels | to V. The
total number of children included in the study was
30, out of which 21 were males and 9 were
females. The demographic data such as age and
gender was obtained. The number of subjects
mean and standard deviation of their age and
GMFM scores is shown in tablel and figure 1.

The comparison of spasticity and strength between
the right and left sides showed that there was no
significant difference in spasticity and strengthof
hip flexors, extensors, adductors and abductors,
knee flexors and extensors, ankle dorsiflexors and
plantarflexors between the right and left side.

Thus as observed that there was no significant
difference in spasticity and strength of hip flexors,
extensors, adductors and abductors, knee flexors
and  extensors, ankle  dorsiflexors  and
plantarflexors between the right and left
side.Therefore, the wvalues of spasticity and
strength of individual muscles of right and left side
was added together for the purpose of correlation
analysis between spasticity, strength and gross
motor function. In addition, the aggregate values
of spasticity and strength of each joint as a whole
of right and left side together was correlated with
gross motor function.

A. Correlation between spasticity, strength of
muscles around the hip jointand gross
motor function.

Correlation of spasticity and strength of muscles
around the hip joint and gross motor function was
done using the spearman’s correlation coefficient
as shown in table 2

Correlation between Spasticity and GMFM

As shown in table 2, there was a negative
correlation of quality of muscle reaction of hip
flexors and adductors, and positive correlation of
angle of muscle reaction of hip flexors and
adductors with GMFM. There was no correlation
between the quality and angle of muscle reaction
of hip extensors and abductors with GMFM. When
aggregate spasticity of muscles around the hip
joint was considered, there was negative

correlation between quality of muscle reaction and

positive correlation between angle of muscle

reaction with GMFM as shown in table 2.

Correlation between Spasticity and Strength

The quality of muscle reaction of the hip flexor

spasticity showed no correlation with strength but

the angle of muscle reaction of hip flexors showed
negative correlation with strength. There was no
correlation between the quality and angle of
muscle reaction of the hip extensors, adductors
and abductors, and the aggregate hip joint with

strengthas shown in table 2.

Correlation between Strength and GMFM

There was no correlation between the strength of

hip flexors, extensors and adductors with GMFM.

There was a significant positive correlation of hip

abductor and the aggregate hip joint strength with

GMFM as shown in table 2.

B. Correlation between spasticity, strength
of muscles around the knee joint and
gross motor function.

Correlation of spasticity and strength of muscles
around the knee joint and gross motor function
was done using the spearman’s
coefficient as shown in table 3.
Correlation between Spasticity and GMFM
As shown in table 3 there was no correlation
between quality and angle of muscle reaction of
knee flexors with GMFM.There was a negative
correlation between the quality of muscle reaction
of the knee extensors, and the aggregate of knee
joint with GMFM and a positive correlation of the
angle of muscle reaction of knee extensors and
aggregate of knee joint with GMFM.

Correlation between Spasticity and Strength

There was no correlation between quality and

angle of muscle reaction of the knee flexors, knee

extensors and aggregate knee joint with its

strength as shown in table 3

Correlation between Strength and GMFM

There was a positive correlation between strength

of knee flexors, and aggregate knee joint with

GMFM. Strength of knee extensors had no

correlation with GMFM as shown in table 3.

correlation
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C. Correlation between spasticity,
strength of muscles around the ankle
joint and gross motor function

Correlation of spasticity and strength of muscles

around ankle joint and gross motor function was

done using the spearman’s correlation coefficient

as shown in table 4.

Correlation between Spasticity and GMFM

As shown in table 4 there was no correlation in

quality and angle of muscle reaction of ankle

dorsiflexors with GMFM. There was a positive
correlation between angle of muscle reaction of

plantarflexors and aggregate ankle joint, and a

negative correlation between the quality of muscle

reaction of the aggregate ankle joint with GMFM.

Correlation between Spasticity and Strength

There was no correlation of quality and angle of

muscle reaction of dorsiflexors, plantarflexors and

aggregate ankle joint with its strength as shown in

table 4.

Correlation between Strength and GMFM

There was positive correlation of strength in

dorsiflexors, plantarflexors and aggregate ankle

joint with GMFM as shown in table 4.

DISCUSSION

The aim of the current study was to establish a
relationship between spasticity, strength and gross
motor function of children with spastic diplegia of
GMFCS-E&R levels | to V and to evaluate if
individual joint involvement can have an effect on
gross motor function. The spasticity was tested
using the Tardieu scale, strength using the hand
held dynamometer and gross motor function using
the GMFM-88. The study included 30 children (21
males and 9 females) with a mean age of
9.17+3.26 years.

Correlation between Spasticity and GMFM

The results of the present study showed that the
quality of muscle reaction of the hip flexors and
adductors, knee extensors and aggregate of hip,
knee and ankle was negatively correlated with the
gross motor function. This shows, when spasticity
is less, the level of gross motor function is high.

In children with spastic diplegia, the spasticity in
the lower extremities causes use of limited
synergies in all function i.e. they have poor ability
to grade co-contraction, reciprocal inhibition,
terminate sustained muscle activity and abnormal
timing of muscle contraction. In addition to these,
there is rapid development of secondary
impairments in the musculoskeletal system leading
to shortened muscles, mal-aligned jointsand
deformed bones. Shortening of hip flexors,
adductors and medial hamstrings leads to hip
flexion, adduction and internal rotation posture
which narrows the base of support in all positions,
and makes learning upright trunk control more
difficult. When the flexion component is stronger
than the internal rotation component, the rectus
femoris exerts a strong influence as hip flexors and
knee extensor leading to extended knees.>®?"%
Our results were supported by a report of Tuzson
et al. who determined a spastic threshold velocity,
using electromyography during isokinetic testing,
for the quadriceps and hamstrings and found it
moderately correlated with the Gross Motor
Function Measure (GMFM) walk and run domain
(r =.58) and walking velocity (r =.64), indicating
the milder the spasticity, the higher the function.?’
The ankle mostly assumes a plantarflexed
position, because of the large cross-sectional area
of the plantarflexors compared to the dorsiflexors.
Functionally the child is limited to the use of hip
flexion, adduction, internal rotation and ankle
plantarflexion with variable knee positions. This
leads to lack of variety of movement which is
essential for gross motor function. Thus, when
spasticity in certain muscle groups is high the
gross motor function is reduced.*

Correlation between Spasticity and Strength
The results of the present study showed that the
guality and angle of muscle reaction of hip
extensors, adductors and abductors, knee flexors
and  extensors, ankle  dorsiflexors and
plantarflexors, had no correlation with strength
except the angle of muscle reaction of hip flexor
which was negatively correlated with strength.

Int J Cur Res Rev, Sept 2012/ Vol 04 (18),

Page 113



Kamat P. et al

RELATIONSHIP OF LOWER LIMB SPASTICITY, STRENGTH AND GROSS MOTOR FUNCTION IN

CHILDREN WITH SPASTIC DIPLEGIA: A CROSS-SECTIONAL STUDY

The negative correlation between spasticity and
strength of hip flexors could be because typically
children with spastic diplegia use the superficial
lumbar extensors with the hip flexors as prime
movers or in synergy to control the upper trunk on
the pelvis. As these children also have loss of
selective motor control, so whenever there is a
voluntary contraction of the muscles, the lumbar
spine goes into end- range extension with some
degree of hip flexion leading to overlengthened
abdominal muscles further weakening their use.
This repeated use of hip flexors which causes an
increase in their strength and, therefore leads to a
decrease in the spasticity. This was supported by
Morton et al who reported that with an increase in
the muscle strength there is decrease in the
spasticity. This explains the negative correlation
between spasticity and strength.> ** % %

Correlation between strength and GMFM
There was positive correlation between strength of
hip abductors, knee flexors, ankle dorsiflexors and
plantarflexors and aggregate hip, knee and ankle
joint with GMFM.

Hip abductors strength in children with CP has
been reported to be significantly less than the
typically  developing children.Hip  abductor
strength is important for kneel and half kneel
skills, single-limb balance, and gait. Weak hip
abductors will result in a contralateral pelvic drop
and excessive hip adduction during gait. In the
present study, the hip abductor strength appeared
to be most closely correlated to gross motor
function than any other lower-extremity muscle
group.5’ 7,10, 24

In the present study, there was a positive
correlation between strength of knee flexors and
GMFM. Most of the children with spastic diplegia
have a crouched posture due to inability to
terminate the hamstrings. Over a period, this
constant over activity leads to shortening of
hamstrings causing inefficient muscle strength and
decrease in knee extension ranges. Most of the
components of GMFM requires synergistic action

of muscles across the joints with normal timing of
contraction and graded control which becomes
difficult with abnormal alignment because of the
short hamstrings. This can explain the positive
correlation of knee flexors and GMFM.> " 18 4
Strength of ankle dorsiflexors showed a highly
significant correlation with gross motor function.
This could be because children with spastic
diplegia experience varying degree of reduced
motor control of their distal musculature which
compromises their ability to dorsiflex their feet.
This presents a significant problem for many
children as it impedes a normal heel strike during
gait, forcing children to walk on toes. Various
mechanisms contribute to reduced dorsiflexion
including altered neural control, increased stiffness
of the plantarflexors or weakness of dorsiflexors. *
15, 30

Similarly even plantarflexors showed positive
correlation to gross motor function. Like the
hamstrings, the plantarflexors are also overactive,
leading to shortening and inability to move ankle
joint effectively during functional activities. This
weakness in ankle dorsiflexors and over activity in
plantarflexors leads to inefficient co-contraction or
timing causing reduction in standing and walking
function. These results were similar to the study
done by Ross et al who reported that increase in
ankle strength improved gross motor function.® **
31

In the present study a positive correlation was
found between strength of hip abductors, ankle
dorsiflexors and plantarflexors. Similar results
have been shown in a previous study done by Ross
et.al on relationship between spasticity, strength,
gross motor function and gait in children with
spastic diplegia. This study reported that strength
was positively correlated with gross motor
function in hip abductors, ankle dorsiflexors and
plantarflexors.*

Subgroup analysis of relationship between
spasticity, strength and gross motor function of
children in the different levels of GMFCS was not
done due to insufficient sample size in each level.
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Psychometric properties of Tardieu scale in hip
flexors, extensors, and abductors, knee extensors,
have not been established. A single observer
assessed all the children on the Tardieu scale,
hand-held dynamometer and GMFM. This may
have affected the results in the present study.
Further studies can be done to find out relationship
between spasticity, strength and gross motor
function in other types of cerebral palsy and in
different levels of GMFCS levels may be
established.

CONCLUSION

In the relationship between spasticity and GMFM,
there was a significant negative correlation
between aggregate spasticity of muscles around
the hip, knee and ankle joint and the gross motor
function. But when individual muscle analysis was
done only hip flexors, adductors and knee
extensors showed negative correlation with gross
motor function.

In the relationship between strength and GMFM, a
significant positive correlation was found between
aggregate strength of muscles around the hip, knee
and ankle joint and the gross motor function. But
when individual muscle analysis was done only
strength of hip abductors, knee flexors, ankle
dorsiflexor and plantarflexors showed positive
correlation with gross motor function.

In the relationship between spasticity and strength,
the spasticity of hip flexors were the only muscles
that showed a negative correlation with strength,
where as spasticity of other muscles showed no
correlation with strength.
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APPENDIX 1:-
Hand held dynamometry procedure
Joint Position of patient Position of instrument
Movement
Hip flexion Sitting Hip flexed 90°, resistance at anterior thigh immediately proximal to
knee above superior border of patella.

Hip extension Prone Knee flexed 90° and hip extended off surface resistance to posterior

thigh immediately proximal to popliteal crease

Hip abduction

Supine with hip and knee

extended

Knee extended and hip extended resistance to lateral thigh

immediately proximal to knee.

Hip adduction

Supine with hip and knee

Knee extended and hip extended resistance to medial thigh

extended immediately proximal to knee.
Knee flexion Sitting Knee flexed 90°; resistance, just proximal to bimalleolar line
Knee Sitting Knee flexed 90°resistance to anterior tibia just proximal to
extension bimalleolar line
Ankle Supine hip and Knee Knee extended and foot in natural resting position; resistance to
dorsiflexion extended ankle neutral dorsal surface of metatarsal heads. Knee was not allowed to flex

Ankle plantar

flexion

Sitting Knee extended

Knee extended and foot held in plantargrade position; resistance to

plantar surface of metatarsal heads. Knee was not allowed to flex.
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Figure 1: Graph showing the percentage (Number) of children in individual levels of GMFCS.

Table 1: Demographic data of subjects:-

No. of Age(years) GMFM (%)
Gender .
subjects Min Max MeanzSD Min Max MeanzSD
Male 21
5 15 9.17+3.26 17.80 96.38 62.24+22.41
Female 9

Note: Min — Minimum; Max - Maximum
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Table 2: Correlation between spasticity, strength of muscles around the hip joint and gross motor
function.

Muscle Spasticity Correlation between Correlation between spasticity Correlation of strength (Lb)
group spasticity and GMFM (%) and strength(Lb) and GMFM(%)
rho p-value rho p-value rho p-value
Hip Vi X -0.48 0.01** -0.10 0.61 0.32 0.09
Flexor ViR, 0.15 0.42 -0.26 0.16
R+L ViR, 0.11 0.56 -0.39 0.04*
V, X -0.46 0.01** -0.08 0.67
V, R; 0.34 0.07 -0.09 0.63
Vy R, 0.11 0.56 -0.39 0.04*
V3 X -0.49 0.01** -0.10 0.59
V3R, 0.36 0.05* -0.04 0.85
ViR, 0.11 0.56 -0.39 0.04*
Hip V; X -0.13 0.49 -0.04 0.82 0.09 | 0.65
Extensor V; Ry 0.33 0.08 0.10 0.58
R+ L VR, -0.18 0.35 -0.04 0.85
V, X -0.02 0.94 0.01 0.98
V, Ry 0.04 0.82 0.04 0.85
Vo R, -0.18 0.35 -0.04 0.85
V3 X -0.02 0.90 0.01 0.94
V3R 0.08 0.66 0.04 0.82
ViR, -0.18 0.35 -0.04 0.85
Hip V; X -0.54 0.00** -0.05 0.80 024 | 0.21
Adductor V; Ry 0.38 0.04* -0.13 0.50
R+L ViR, 0.26 0.17 -0.27 0.16
V, X -0.46 0.01** 0.03 0.87
V, Ry 0.36 0.05* -0.22 0.25
V, R, 0.26 0.17 -0.27 0.16
V3 X -0.42 0.02* -0.10 0.58
V3R, 0.40 0.03* -0.07 0.69
V3R, 0.26 0.17 -0.27 0.16
Hip Vi X .(a) ) (a) . 0.60 | 0.00%*
Abductor Vi Ry (@) . .(a)
R+L ViR, (a) . (a)
V, X .(a) . ()
V, Ry (a) . (a)
V, R, (a) . (a)
Vi3 X .(a) . ()
V3R (a) . (a)
V3R, (a) . (a) .
Hip Vi X -0.56 0.00** -0.13 0.51 0.38 | 0.04*
Joint Vi Ry 0.44 0.02* 0.08 0.67
R+L ViR, 0.15 0.43 -0.21 0.26
V, X -0.43 0.02* -0.03 0.89
V, Ry 0.33 0.08 -0.02 0.93
V, Ry 0.15 0.47 -0.21 0.26
V3 X -0.45 0.01** -0.09 0.65
V3R, 0.35 0.06 0.06 0.76
V3R, 0.15 0.43 -0.21 0.26

Note: *p<0.05, ** p<0.001, R- right, L- left, GMFM- gross motor function measure, a-correlation could not be
computed because atleast one of the variables were constant
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Table 3: Correlation between spasticity, strength of muscles around the knee joint and
gross motor function

Muscle Spasticity Correlation between Correlation between Correlation between
group spasticity and GMFM (%) | spasticity and strength(Lb) strength (Lb) and
GMFM(%)
rho p-value rho p-value rho p-value
e Vi X 0.20 0.30 0.23 0.23 0.39 0.03*
R+L Vi Ry 0.02 0.93 0.17 0.38
ViR, 0.05 0.80 -0.04 0.82
V, X -0.10 0.61 -0.18 0.34
V, Ry -0.02 0.93 0.03 0.87
V, R, 0.05 0.80 -0.04 0.81
V3 X -0.18 0.34 -0.24 0.19
V3R, -0.02 0.92 -0.09 0.63
ViR, 0.05 0.80 -0.04 0.81
AT B 0.44 0.02* 0.08 0.69 0.36 0.053
R +L ViR, 0.23 0.23 0.06 0.77
ViR, -0.10 0.61 -0.17 0.37
V, X -0.44 0.01** 0.17 0.36
V, Ry 0.40 0.03* -0.22 0.25
V, R, -0.10 0.61 -0.17 0.37
V3 X -0.51 0.00** 0.14 0.46
V3R, 0.52 0.00** -0.21 0.27
V3R, -0.10 0.61 -0.17 0.37
e ViX -0.47 0.01** -0.12 0.52 0.42 0.02*
R+ L ViR, 0.17 0.36 0.20 0.30
ViR, 0.00 0.99 -0.15 0.44
V, X -0.47 0.01** 0.05 0.79
V, Ry 0.37 0.04* -0.10 0.61
V2 R, 0.00 0.99 -0.15 0.44
Vs X -0.53 0.00** -0.04 0.84
V3R, 0.45 0.01** -0.12 0.54
V3R, 0.00 0.99 -0.15 0.44

Note; *p<0.05, ** p<0.001, R- right, L- left, GMFM- gross motor function measure
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Table 4: Correlation between spasticity, strength of muscles around the ankle joint and gross motor function

Muscle Spasticity Correlation between Correlation between Correlation between
group spasticity and GMFM (%) spasticity and strength(Lb) Strength (Lb) and
GMFM(%)
rho p-value Rho p-value rho p-value
V; X -0.15 0.44 -0.32 0.08 0.50 0.01**
Ankle ViR, (a) . .(a) .

Dorsiflexor ViR, 0.06 0.75 0.24 0.20
V, X -0.12 0.54 -0.32 0.09
R+ L V, Ry 0.06 0.76 0.29 0.12
V, R, 0.06 0.75 0.24 0.20
V3 X -0.17 0.36 -0.28 0.13
V3R, 0.11 0.58 0.26 0.17
ViR, 0.06 0.75 0.24 0.20

Vi X -0.35 0.06 -0.08 0.66 038 | 0.04*
Ankle ViR, 0.53 0.00** 0.15 0.42
Plantar ViR, 0.13 0.51 0.01 0.93
Flexors V, X -0.09 0.62 0.23 0.21
V, Ry 0.17 0.38 -0.11 0.56
R+ L V, R, 0.13 0.51 0.02 0.93
V3 X 0.00 0.99 0.21 0.26
V3R, 0.07 0.72 -0.10 0.60
V3R, 0.13 0.51 0.02 0.93

V; X -0.52 0.00** -0.25 0.19 049 | 0.01**
Ankle Vi1 R; 0.53 0.00** 0.19 0.32
Joint ViR, 0.17 0.37 0.22 0.25
V, X -0.33 0.08 0.10 0.61
R+ L V, Ry 0.28 0.14 0.12 0.52
V, Ry 0.17 0.37 0.22 0.25
V3 X -0.21 0.27 0.06 0.76
ViR, 0.24 0.21 0.05 0.78
V3R, 0.17 0.37 0.22 0.25

Note: *p<0.05, ** p<0.001, Rt- right, Lt- left, GMFM- gross motor function measure.
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