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Abstract

Background: Spasticity is a component of upper motor neuron lesion that causes difficulty with motor
functions essential during the day activities. Muscle Thickness (MT) is determined by the
perpendicular distance between the deep and superficial aponeurosis. The purpose of our study was to
investigate how spasticity affects the muscle thickness of the quadriceps femoris (MTQ) in spastic
hemiplegic children.

Methods: This study included 42 children with spastic hemiplegia of both sexes, ranging from 4 to 8
years. Ultrasonography (US) was used to determine the MTQ, and Modified Ashworth Scale (MAS)
was used to determine the degree of spasticity.

Results: A non-significant difference was found in MTQ between affected and less affected sides (p>
0.05), and also, there was a non-significant correlation between spasticity and MTQ (p= 0.32101).
Conclusion: Mild spasticity has no significant effect on MTQ in children with spastic hemiplegia.
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1- INTRODUCTION

Spasticity is described as an abnormal involuntary muscle contraction associated with upper motor
neuron paralysis or a speed-dependent increase in the resistance to passive muscle stretch [1,2].
Spasticity is a motor impairment marked by increased muscular tone, hyperactive reflexes, and
stiffness in children with cerebral palsy (CP). Contractures can develop due to increased muscle tone,
which causes a decrease in joint Range of motion (ROM) [3]. Damage or disturbance to the brain and
spinal cord area that controls muscle and stretch responses is the most common cause of spasticity.
Spasticity affects two-thirds of all CP patients, making CP the main cause of spasticity in most children
[4]. The MAS was generally regarded as having satisfactory reliability and validity for evaluating
abnormal muscle tone in CP; it classifies spasticity based on resistance to passive movement [5].
Hemiplegia is a type of CP that affects newborns and children and is usually caused by injury to the
brain region that controls muscular movements (hemisphere); this damage occurs before, during, or
soon after birth. The body is paralyzed vertically on the side opposite the brain’s damaged region in
children with hemiplegia [6]. Because of their tight heel tendons, children with hemiplegia might walk
later and on tip-toe. The affected side's arm and leg are often shorter and thinner than the unaffected
side's [7]. Children with hemiplegia are limited in their daily activities, and anti-spastic medications
that diminish muscle tone are routinely used to treat their damaged muscles [8]. Children with spastic
hemiplegia may sometimes experience seizures and speech abnormalities, but their intelligence is
usually normal [7]. The US has been used to detect skeletal muscle pathology and assess disease
severity [4]. US imaging, commonly known as sonography, is a method of imaging that scans cartilage,
muscles, bone surfaces and fluid-containing structures using reflected high-frequency ultrasonic sound
waves [9]. Muscle architecture, or the internal arrangement of muscle fibers within a muscle relative to
the axis of force generation, is one of the most important determinants of muscle function [10]. The
size and cross-sectional area of muscles can assess how neuromuscular diseases change Muscle
architecture parameters (MAP) in children [4]. MT is referred to the perpendicular distance between
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the superficial and deep aponeurosis in the center of the US image at an angle of 90-degree from the
deep aponeurosis [10]. The US was the first imaging technique to directly measure muscle size in
living human beings [11]. Evaluation of change of MT with mild degrees of spasticity gives an insight
into the effect of mild spasticity on muscle architecture.

2- PATIENTS, MATERIALS, AND METHODS’
Study design
This study was a cross-sectional study.

Subjects

The Ethics Review Committee of Cairo University's Faculty of Physical Therapy approved this study
in 2021. Forty-two children with spastic hemiplegia were recruited from the Outpatient Clinic Faculty
of Physical therapy- Deraya University- Elminya. A consent form and agreement were received from
parents for their children's involvement in this study. The inclusion criteria were as follows: (a)
children diagnosed with spastic hemiplegia, (b) average age of 4-8 years, (c) spasticity ranging from 1
to 1+ according to the MAS [12], (d) children were able to walk alone and were selected only as grades
I and II according to the Gross Motor Function Classification Scale (GMFCS), which was used to
determine the level of motor function [13]. Children were excluded if they had: Bony joint limitation,
flexor spasticity in the lower limb, history of lower limb trauma or surgery in the affected or non-
affected side, Lack of cooperation with assessment due to mental or psychological problems, and
children who took antiepileptic medicines, or the drug's peak activity was at the time of the spasticity
evaluation.

Procedures

Evaluation of spasticity:MAS was used to assess each child's degree of spasticity with the following
instructions:

Place the child in a supine lying position on his/her back. Move the knee joint from extension to
maximum knee flexion in one second. Count (one thousand one). Then, the child was given a score
representing the degree of spasticity based on MAS classification.

Measurement of MTQ using the US

US device type (Mindray DP 10) with a frequency of 10 MHz was used to measure the MTQ of
the affected and less affected limbs in each subject from a supine lying position with the knee and hip
in extension [14]. A longitudinal section image of the quadriceps muscle was picked in mid-position of
the lower limb, 15 cm above the patella. In the image, MTQ was determined by creating a vertical line
between deep and superficial aponeurosis or bone [10].
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Figure (1): Using ultrasonography to assess muscle thickness.
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Statistical analysis

This study's statistical analysis was performed with SPSS, version 23 for Windows; SPSS Inc.,
Chicago, Illinois, USA. Descriptive statistics for patients' characteristics and the MT were determined
like the mean and standard deviation. MTQ was compared between affected and unaffected lower
limbs using an unpaired t-test. The Spearman rank-order correlation coefficient utilized to determine
the strength and direction of association that exists between muscle thickness and spasticity. The alpha
level of significance (o) was set less than 0.05.

3- RESULTS
Table (1): General characteristics of the subjects:
Mean Standard deviation
Age (Years) 5.19 +1.4
Height (Cm) 105.95 +9.7
Weight (Kg) 18.69 +4.12
Body mass index (Kg/sz) 16.47 + 1.39

Data are expressed as mean + SD.

Table (2): Comparison between mean values of (MTQ) of the affected and non-affected lower limbs:

Affected Lower Limb N.on-affected LD/
Mean < SD Limb t value P-value
Mean £+ SD
MTQ 1.92+0.426 2.08+0.446 -1.771 0.0803 (NS)
NS= p> 0.05= non-Significant.
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Fig. (2): Mean values of MTQ of the affected and non-affected lower limbs

Table (3): Correlation between grade of spasticity and MTQ of the affected lower limb:

Grade of spasticity

Spearman's Rank Correlation

P-value

MTQ (Affected lower
limb)

0.15691

0.32101 (NS)
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NS= p> 0.05= non-Significant.

4- DISCUSSION

This study was done to determine the influence of spasticity on the MTQ in hemiplegic children.
According to our findings, there was no statistically significant difference between the mean value of
MTQ of the affected lower leg and the same thickness of the non-affected lower limb. Also, there was
a positive correlation between spasticity and MTQ in the affected limb. MAP shows a higher
sensitivity when comparing spastic and non-spastic individuals' muscle tone; MAP has a definite
exponential association with the degrees of spasticity. MAS and MAP combination allows for a more
objective and precise assessment of muscle tone because minor changes can be detected by testing
MAP levels. As a result, MAP can be used as a guide for clinical antispastic treatment [16]. The spastic
pattern of the lower limb is commonly in extension, so the (two joint) quadriceps femoris muscle,
which is the knee extensor, is a common spastic muscle in the lower limb, so this muscle was of choice
to apply the US in our study, to identify the impact of spasticity on MTQ.

Muscle weakness is induced not just by reducing muscular size but also by reducing muscle
activity, so it is important to augment muscle co-activation [17]. As a result, muscle strength may have
predicted the level of functional ability in the early stages of CP.[18]

The results of the current study agree with Ross and Engsber. [19], who found that in CP spastic
children, no association was found between spasticity and muscular strength within or between muscle
groups. In contrast, Critchley. [20], reported that MAP often changes markedly with contraction. Also,
Yang et al. [16], found that the spastic group have MT higher than the non-spastic group. In addition,
Yasar et al. [21], cleared that the affected side of stroke patients had thinner muscles and shorter
fascicles than the less affected side. Moreover, Mohaghegi et al. [22], cleared that the MT in the resting
ankle position was up to 18 percent and 20 percent lower in the paretic legs than in the non-paretic
legs, indicating sarcomere loss in both series and parallel in the affected. The non-significant difference
in MTQ between both sides in this study may be due to the high functional ability of these children. To
walk, these children must have a lesser degree of spasticity and a higher degree of muscle activity.

MT, a measure of muscle mass, may indicate the level of activity in daily life (ADL), as various
impairments reduce physical activity. Although ordinary muscle strength measurements are difficult
for those with severe CP, MT can be used to help them. MT is a valid quantitative muscle measurement
approach with clinical usefulness in a wide range of people with CP.[23]

Regarding the correlation between MT and spasticity, The results of the current study agree with
Reid et al. [24], as they reported no correlation between MT and muscle strength in the less affected
and affected side. Also, Bakheit.[25], said that the MTQ showed no correlations to spasticity based on
the MAS in knee flexors or extensors. On the other hand, Ohata et al. [23], reported that the degree of
contracture to knee flexion affected by knee flexor spasticity was related to the MTQ. The non-
significant correlation between MTQ and spasticity in our study may be due to the mild degrees of
spasticity that decreased the variations between MT in these children .

A limitation of this study was that some children resisted the US measurement due to their fear,
which affected the measurement position.

5- CONCLUSION

Regarding the results of our study, it is concluded that mild degrees of spasticity have a non-
significant effect on muscle thickness of quadriceps muscle. This means that muscle architecture is not
affected by lesser degrees of spasticity.
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