
CALF MUSCLE STRENGTH AND STANDING 

EFFICIENCY IN CHILDREN WITH 

 SPASTIC DIPLEGIA 

 
 

  

 

 
Thesis  

Submitted in Partial Fulfillment for the Requirement of  

Doctoral Degree in Physical Therapy 

 

 

By  

AHMED MOHAMED ELSAYED ELNAHHAS 
M. Sc. Physical Therapy 

Department of Physical Therapy for Growth and Developmental 

Disorder in Children and its Surgery 

 

 
 

SUPERVISORS 

 

Prof. Dr. Emam Hassan El-Negmy 
Professor in the Department of Physical 

Therapy for Growth and Developmental 

Disorder in Children and Its Surgery, 

Faculty of Physical Therapy, 

Cairo University.  
 

Prof. Dr. Hatem Mohamed El-Azizi 
Professor in the Department of Radiology, 

Faculty of Medicine, 

Cairo University. 

  
 

 
Faculty of Physical Therapy  

Cairo University  

2015 



 I

ACKNOWLEDGEMENT 

  

 

First of all, I would like to kneel thanking ALLAHALLAHALLAHALLAH, The most merciful 

who provided me with patience to achieve this work and graces that I could 

never be able to account.   

I would like to express my deep gratitude and faithful thanks to                  

Prof. Dr. Emam Hassan ElProf. Dr. Emam Hassan ElProf. Dr. Emam Hassan ElProf. Dr. Emam Hassan El----NegmyNegmyNegmyNegmy, for the continuous supervision, endless 

patience and encouragement throughout the whole work. 

I would like to express my deep thanks to Prof. Dr. Hatem Mohamed         Prof. Dr. Hatem Mohamed         Prof. Dr. Hatem Mohamed         Prof. Dr. Hatem Mohamed         

ElElElEl----Azizi Azizi Azizi Azizi for his great effort, continuous guidance and support for me. 

I am very thankful to my patients and their parents for their active 

participation in this work. 

No words will describe the greatest support, patience and real love from 

my kind parents, my lovely sisters, my brother, my sincere wife and my beloved 

daughter and son.  

 



 II

Calf muscle strength and standing efficiency in children with spastic 

diplegia / Ahmed Mohamed Elsayed Moustafa Elnahhas. Supervisors:           

Prof. Dr. Emam Hassan El-Negmy, Professor of Physical Therapy for Growth 

and Developmental Disorder in Children and its Surgery Department, Faculty of 

Physical Therapy, Cairo University; Prof. Dr. Hatem Mohamed El-Azizi, 

Professor of Radiology Department, Faculty of Medicine, Cairo University; 

Doctoral Thesis, 2015. 

 

ABSTRACT  

The purpose of this study is to evaluate the effect of calf muscle strengthening 

on standing function and posture in spastic diplegic cerebral palsied children. 

Thirty spastic diplegic children with age ranged from 2 to 4 years participated in 

this study. They were assigned randomly into two groups of equal numbers, 

control and study groups. Each patient of the two groups was evaluated before 

and after treatment by using standing dimension of GMFM-88, AutoCad 2007 

software program for measuring knee and ankle joints angles in sagittal plane 

during standing, and ultrasonography for measuring calf muscle thickness before 

and after three successive months of application of the treatment programs. The 

control group received a selected physical therapy program for one hour per 

session. The study group received the same selected physical therapy program 

given to the control group for one hour in addition to strengthening exercises 

and electrical stimulation program for calf muscles of both lower limbs, three 

sessions per week for three successive months. The pre-treatment results 

revealed no significant difference in all measured variables (standing dimension 

score, knee and ankle angles and calf muscle thickness) between the two groups. 

While significant difference in all these variables between the two groups were 

recorded after the treatment period in favor of the study group. These results 

show the importance of strengthening the calf muscles in spastic diplegic 

children to improve standing posture and function. 

Key words:  Calf Muscle, Strengthening Exercises, Spastic Diplegia, Standing 

Position and Electrical Stimulation. 
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CHAPTER I 

INTRODUCTION 

Cerebral palsy (CP) describes a group of permanent 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  (Campbell et al., 2012). 

The classification of the subtypes of cerebral palsy is based upon clinical 

determinations of movement disorder that may change presentation as the child 

grows and develops. This movement disorder is topographically classified by 

the number of limbs impaired into, hemiplegia (limbs on one side affected), 

diplegia (four limbs are involved, with arms much less affected than legs) and 

quadriplegia (all limbs are involved), and by symptoms of impairment cerebral 

palsy is classified into spastic, dyskinetic and a rare ataxic type (Levitt, 2010). 

Cerebral palsy presents with "impairments" in body function and structure 

such as muscle tone, strength, reflexes and range of motion. Significant 

"activity" limitations can also be present (e.g. dressing, feeding and functional 

mobility) as well as restricted "participation" (e.g. playing and participating in 

school activities) in social and community roles for the child (Law, 2007). 

Children with cerebral palsy (CP) are functionally limited to varying 

degrees because of their decreased central control and coordination of their 

movements. The effects of growth predispose children with neurological 

impairments to the secondary problems of muscle contractures, bony 

deformities, and unusual gait abnormalities. Health care programs aim to 

prevent deformities and encourage the development of functional and 

independent skills and abilities (Seymour, 2002). 
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When a person is standing, the ankle joint is less stable than the hip and 

knee joints, and the line of gravity falls between the two limbs just anterior to 

the axis of rotation of the ankle joints. Consequently, a tendency to fall forward 

(forward sway) must be countered periodically by bilateral contraction of the 

calf muscles (Nordin and Frankel, 2012) and (Moore et al., 2013). 

In addition, calf muscles are relatively weaker in spastic diplegic children 

than in normal children (Ross and Engsberg, 2002). 

Calf muscles may benefit from strength training, as they exhibit poor 

submaximal control and weakness in children with CP (Bandholm et al., 2009). 

Techniques such as neuromuscular electrical stimulation may be helpful 

for strengthening muscles that cannot be sufficiently recruited with voluntary 

effort in CP children (Stackhouse et al., 2005). 

Statement of the problem: 

Does strengthening the calf muscles improve standing efficiency in 

children with spastic diplegia? 

Purpose of the study:  

The purpose of this study is to investigate the effect of strengthening the 

calf muscles in children with spastic diplegia on the following: 

1. Standing dimension score of GMFM-88. 

2. Knee and ankle angles from sagittal plane during static standing.  

3. Total calf muscle transverse thickness. 

Significance of the study: 

Cerebral palsy (CP) is the most common chronic disability of childhood 

today (Berker and Yalcin, 2010). 
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Using best evidence to help CP children to become independent walkers 

as early as possible is an important national and international target. 

Erect bipedal stance gives us freedom for the upper extremities, but in 

comparison with the quadrupedal posture, erect stance has certain 

disadvantages. Erect bipedal stance increases the work of the heart; places 

increased stress on the vertebral column, pelvis, and lower extremities; and 

reduces stability (Levangie and Norkin, 2011). 

Standing in an erect posture contributes to the child with CP in many 

ways. It establishes the sense of verticality, helps to develop better eye contact, 

improves communication and balance reactions. The pulmonary, cardiovascular, 

gastrointestinal and urological system functions all improve by standing. Erect 

posture enables weight bearing on the lower extremities, stretches the muscles 

and may prevent contractures (Berker and Yalcin, 2010). 

Using principles of biomechanics by strengthening the main antigravity 

muscle to help spastic diplegic children to stand alone without any hand support 

is a logical demand. 

Hypothesis: 

It was hypothesized that strengthening the calf muscles will improve 

standing efficiency in children with spastic diplegia.  

Delimitation: 

This study was delimited by the following criteria: 

1) Thirty children of both gender suffering from spastic diplegia. 

2) Their ages ranged from 2 to 4 years. 

3) They were classified at level III by GMFCS-ER (Palisano et al., 2007). 
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4) Assessment methods included GMFM-88, AutoCAD 2007 and 

ultrasonography. 

5) Therapeutic modalities and approaches included electrical stimulation and 

exercise. 

Limitations: 

1. Physical, economical and psychological status of the patients may 

affect the treatment results. 

2. Infrequent attendance of some children in the treatment sessions. 

3. No control upon previous physical therapy effect at the beginning of 

study. 

Basic Assumption: 

It was assumed that: 

1. Children attended the treatment sessions regularly. 

2. Children were co-operative. 

3. The results of this study would be beneficial for physical therapists and 

patients. 
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CHAPTER II 

REVIEW OF LITERATURE 
 

This chapter included the following items: 

1. Cerebral palsy 

2. Spastic diplegia 

3. Anatomy of calf muscles 

4. Development of standing and walking 

5. Elements of postural control 

6. Kinetics of standing posture 

7. Electrical stimulation for muscle strengthening 

8. Gross Motor Function Measure 

9. Measurement of muscle thickness by ultrasonography 

10. AutoCAD for kinematic analysis 

 

1-Cerebral palsy: 

*Definition: 

Cerebral palsy is a term used to describe a group of disorders of 

movement, muscle tone, or other features that reflect abnormal control over 

motor function by the central nervous system. It encompasses only those non-

progressive or static lesions that affect the control of developing brain over 

motor abilities (Wolraich, 2003). 

*Etiology: 

Cerebral palsy can be of prenatal origin, secondary to such conditions as 

the following: (1) congenital brain malformations, (2) neuronal migration 
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disorders, (3) vascular disturbances, (4) genetic syndromes, (5) maternal 

infections, and (6) other maternal factors. Common peri- and post natal causes 

include (1) trauma, (2) asphyxia, (3) infections, and (4) cerebral hemorrhage 

(Wolraich, 2003). 

*Incidence: 

Cerebral palsy is a chronic disabling condition of childhood. It occurs in 

1.5/1,000 to 3/1,000 live births with spasticity as a prevalent disabling clinical 

symptom. The incidence is higher in males than in females (Volpe, 2015). 

*Classification: 

Topographical classification: 

• Tetraplegia (quadriplegia): Involvement of all limbs. Arms are 

equally or more affected than the legs. Many are asymmetrical (one 

side more affected) and called double hemiplegia. 

• Diplegia: Involvement of limbs, with arms less affected than legs. 

• Hemiplegia: Limbs on one side affected.  

(Macnair and Hicks, 2011) 

Classification of types of cerebral palsy: 

There are several different types of cerebral palsy. While some patients 

are severely affected, others have only minor disruption, depending on which 

parts of the brain have been damaged. The main types of cerebral palsy are: 

• Spastic cerebral palsy - some of the muscles in the body are tight, stiff and 

weak, making control of movement difficult.  

• Athetoid (dyskinetic) cerebral palsy - control of muscles is disrupted by 

involuntary movements. Control of posture is also disrupted. 
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• Ataxic cerebral palsy - problems include difficulty with balance, shaky 

movements of hands or feet, and difficulty with speech.  

• Mixed cerebral palsy - a combination of two or more of them. 

(Macnair and Hicks, 2011) 

*Treatment: 

There is no cure for CP, however, various forms of therapy can reduce the 

impact of the condition by easing signs such as spasticity, improving 

communication skills and finding other ways to do things. Treatment may 

include one or more of the following: physical therapy; occupational therapy; 

orthoses; speech therapy; drugs; hyperbaric oxygen; biofeedback; surgery to 

correct anatomical abnormalities or release tight muscles; and botulinum toxin A 

(Wikipedia, 2015). 

� Physical therapy (PT) programs are designed to encourage the patient to 

build a strength base for improving gait and volitional movement, together 

with stretching programs to limit contractures.  

� Occupational therapy helps adults and children maximize their function,   

adapt to their limitations and live as independently as possible. 

� Orthotic devices are often prescribed to minimize gait irregularities, control 

spasticity, tightness and deformities. 

� Speech therapy helps control the muscles of the mouth and jaw, and helps 

improve communication.  

� Hyperbaric oxygen therapy significant enhancements were documented 

showing improved vision, hearing and speech as well as a reduction of 

spasticity. 

� Biofeedback is an alternative therapy in which patients with CP learn how to 

control their affected muscles and movements. 

� Surgery usually involves one or a combination of: 
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• Loosening tight muscles and releasing fixed joints. 

• Straightening abnormal twists of the leg bones. 

• Cutting nerves on the limbs most affected by movements and spasms. 

(Wikipedia, 2015) 

2-Spastic diplegia: 

Diplegia is defined as gross motor involvement of the lower and fine 

motor involvement of the upper extremities. Diplegia constitutes 50% of the 

spastic CP population. Diplegic children have normal mental function and can 

communicate without difficulty. Their oromotor and gastrointestinal functions 

are normal. They often have visual perceptual deficits and strabismus. There is a 

tendency to fall backwards because of poorly developed balance reactions 

(Berker and Yalcin, 2010). 

The main problem in spastic diplegia is walking difficulty. Balance 

disturbance, muscle weakness, spasticity and deformities result in abnormal gait 

patterns typical for diplegic children. Abnormal gait increases energy 

consumption causing fatigue. Most diplegic children start cruising at two years 

of age and walk by age four. Neuromotor function improves until age seven. 

Children who cannot walk by then in spite of appropriate treatment usually 

become limited walkers (Berker and Yalcin, 2010). 

Among all types of CP diplegic children benefit most from treatment 

procedures. Unlike hemiplegic children they cannot fulfill their potential if left 

untreated. With treatment they may become productive members of the society. 

Every effort is worth spending when treating a diplegic child (Berker and 

Yalcin, 2010). 

3-Anatomy of calf muscles: 

The superficial group of calf muscles (muscles forming prominence of 

“calf” of posterior leg) includes the gastrocnemius, soleus, and plantaris. Details 
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concerning their attachments, innervations, and actions are provided in Table 

(1). The gastrocnemius and soleus share a common tendon, the calcaneal 

tendon, which attaches to the calcaneus. Collectively these two muscles make up 

the three-headed triceps surae (Latin: sura, calf). This powerful muscular mass 

tugs on the lever provided by the calcaneal tuberosity, elevating the heel and 

thus depressing the forefoot, generating as much as 93% of the plantarflexion 

force (Moore et al., 2013). 

The large size of the gastrocnemius and soleus muscles is a human 

characteristic that is directly related to our upright stance. These muscles are 

strong and heavy because they lift, propel, and accelerate the weight of the body 

when walking, running, jumping, or standing on the toes. 

Table (1): Superficial muscles of posterior compartment of leg (Moore et al., 2013): 

Muscle Proximal Attachment Distal 

Attachment 

Innervation Main Action 

Gastrocnemius Lateral head: lateral aspect 

of lateral condyle of femur 

 

 

Posterior 

surface of 

calcaneus via 

calcaneal 

tendon 

 

 

 

Tibial nerve 

(S1, S2) 

Plantar flexes ankle 

when knee is 

extended; raises heel 

during walking; flexes 

leg at knee joint 

Medial head: popliteal surface of 

femur; superior to medial condyle 

Soleus  Posterior aspect of head and 

superior quarter of posterior 

surface of fibula; soleal line and 

middle third of medial border of 

tibia; and tendinous arch 

extending between the bony 

attachments 

Plantar flexes ankle 

independent of position 

of knee; steadies leg on 

foot 

Plantaris  Inferior end of lateral 

supracondylar line of femur; 

oblique popliteal ligament 

Weakly assists 

gastrocnemius in 

plantar flexing ankle 

The calcaneal tendon (Latin: tendo calcaneus, Achilles tendon) is the 

most powerful (thickest and strongest) tendon in the body. Approximately 15 cm 

in length, it is a continuation of the flat aponeurosis formed halfway downs the 

calf where the bellies of the gastrocnemius terminate (Moore et al., 2013). 

The aponeurosis receives fleshy fibers of the soleus directly on its deep 

surface proximally but thickens as the soleus fibers become tendinous inferiorly. 
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The tendon thus becomes thicker (deeper) but narrower as it descends until it 

becomes essentially round in cross-section superior to the calcaneus. It then 

expands as it inserts centrally on the posterior surface of the calcaneal 

tuberosity. The calcaneal tendon typically spirals a quarter turn (90°) during its 

descent, so that the gastrocnemius fibers attach laterally and the soleal fibers 

attach medially. This arrangement is thought to be significant to the tendon’s 

elastic ability to absorb energy (shock) and recoil, releasing the energy as part of 

the propulsive force it exerts. Although they share a common tendon, the two 

muscles of the triceps surae are capable of acting alone, and often do so: “You 

stroll with the soleus but win the long jump with the gastrocnemius” (Moore et 

al., 2013). 

To test the triceps surae, the foot is plantarflexed against resistance (e.g., 

by “standing on the toes,” in which case body weight [gravity] provides 

resistance). If normal, the calcaneal tendon and triceps surae can be seen and 

palpated. 

A subcutaneous calcaneal bursa, located between the skin and the 

calcaneal tendon, allows the skin to move over the taut tendon. A deep bursa of 

the calcaneal tendon (retrocalcaneal bursa), located between the tendon and the 

calcaneus, allows the tendon to glide over the bone (Moore et al., 2013). 

4-Development of standing and walking: 

0-6 months Weight bears, plantigrade feet, full then lower trunk support 

Steps, trunk supported 

6-9 months Stands, forearm leaning or holding on, pelvis supported 

Stands, holds on alone, hips may flex, feet flat 

9-12 months Pulls self to standing, holds on 
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Stands, holds on, lifts right leg 

Stands, holds on, lifts left leg 

Cruises using two hands 

Stands, holds one hand, reaches in all directions 

12-18 months Stands alone 

Stands stoop and recover 

Walks, 2 hands held or grasps walker 

Walks, 1 hand help  

Walks alone 

Walks, carrying object 

Rises to stand from all positions, no support 

Walks backwards 

Walks upstairs, holds both sides, 2 feet per step 

Protective stagger reaction if pushed sideways 

Protective stagger reaction if pushed forward 

Protective stagger reaction if pushed backward 

18-24 months Stands, kicks ball 

Throws ball overhead 

Runs 
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Walks, stops and turns (pivot) 

Walks upstairs, holding one rail, 2 feet per step 

Walks downstairs, both rails, 2 feet per step 

2-3 years Jumps in place 

Jumps off 6-inch step 

Pedals tricycle 

Broad jump (8 inches) 

Walks downstairs, on rail, alternate feet 

Walks upstairs, no hold, alternate feet 

Walks downstairs, no hold, alternate feet 

3-4 years Stands on preferred leg (5-10 seconds) 

Hops on preferred leg 

Heel-to-toe walk 

Catches bounced ball 

Uses large bat 

4-5 years Balances on one leg, 10 seconds 

Walks on narrow, straight line 

Walks between 8-inch parallels 

Walks on narrow plank/ bench 

Steps over knee-high stick with right 
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Steps over knee-high stick with left 

Backward, heel-to-toe walk 

(Levitt, 2010) 

5-Elements of postural control: 

Postural control for stability and orientation requires a complex 

interaction of musculoskeletal and neural systems, as shown in figure (1). 

Musculoskeletal components include such things as joint range of motion, spinal 

flexibility, muscle properties, and biomechanical relationships among linked 

body segments. Neural components essential to postural control include: (a) 

motor processes, which include organizing muscles throughout the body into 

neuromuscular synergies; (b) sensory/perceptual processes, involving the 

organization and integration of visual, vestibular and somatosensory systems; 

and (c) higher level processes essential for mapping sensation to action, and 

ensuring anticipatory and adaptive aspects of postural control (Shumway-Cook 

and Woollacott, 2012).  

 

Figure (1): Conceptual model representing the many components of postural control 

(Shumway-Cook and Woollacott, 2012). 
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6-Kinetics of standing posture: 

A) Ankle: In the optimal erect posture, the ankle joint is in the neutral 

position, or midway between dorsiflexion and plantarflexion. The LoG 

(line of gravity) passes slightly anterior to the lateral malleolus and, 

therefore, anterior to the ankle joint axis. The anterior position of the LoG 

in relation to the ankle joint axis creates an external dorsiflexion moment 

that must be opposed by an internal plantarflexion moment to prevent 

forward motion of the tibia. In the neutral ankle position, there are no 

ligamentous checks capable of counterbalancing the external dorsiflexion 

moment; therefore, activation of the plantarflexors creates the internal 

plantarflexion moment that is necessary to prevent forward motion of the 

tibia. The soleus muscle contracts and exerts a posterior pull on the tibia 

and in this way is able to oppose the dorsiflexion moment. See Figure (2) 

(Levangie and Norkin, 2011). 

B) Knee: In optimal posture, the knee joint is in full extension, and the LoG 

passes anterior to the midline of the knee and posterior to the patella. This 

place the LoG just anterior to the knee joint axis. See Figure (2). 

 

Figure (2): Sagittal plane analysis during standing (Levangie and Norkin, 2011). 
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The anterior location of the gravitational line in relation to the knee 

joint axis creates an external extension moment. The counterbalancing 

internal flexion moment created by passive tension in the posterior joint 

capsule and associated ligaments is usually sufficient to balance the 

gravitational moment and prevent knee hyperextension. However, a small 

amount of activity has been identified in the hamstrings. Activity of the 

soleus muscle may augment the gravitational extension moment at the 

knee through its posterior pull on the tibia as it acts at the ankle joint.               

C) Hip: In this optimal position, the LoG passes slightly posterior to the axis 

of the hip joint, through the greater trochanter (Levangie and Norkin, 

2011). 

7-Electrical stimulation for muscle strengthening: 

Neuromuscular Electrical Stimulation (NMES): is the application of an 

electrical current of sufficient intensity to elicit muscle contraction (Battibugli et 

al., 2011).  

The exact mechanism by which neuromuscular electrical stimulation 

(NMES) might improve motor function in children with cerebral palsy is 

unclear. Theories on mechanism of action of ES indicate that NMES may 

increase muscle strength by increasing the cross-sectional muscle area. The 

specific physiological mechanisms of spasticity modulation are not completely 

understood, but there is a consensus among researchers and clinicians regarding 

the merits of an ES trial to reduce interfering spasticity (Scheker et al., 1999). 

Muscle strengthening from electrical muscle stimulation has been used 

with some good results in patients with weakness or denervation of a muscle 

group. The protocol is better established for this use, but more research is 

needed to clarify the procedures and allow us to generalize the results to other 

patient problems. The following summarizes the protocols used successfully: 
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1. Current intensity should be high enough to make the muscle develop 60 

percent of the torque developed in a maximal voluntary isometric 

contraction (MVIC). 

2. Pulse duration is preset on most therapeutic generators. If adjustable, it 

should be set as close as possible to the duration needed for chronaxie 

(300-600 microsec) of the motor nerve to be stimulated. In general longer 

pulse durations should include more nerves in response. 

3. Pulses per second should be in the tetany range (70-85 pps). 

4. Surged or interrupted current with a gradual ramp to peak intensity is 

most effective. 

5. On time should be in the 10- to 15-second range. 

6. Off time should be in the 50-second to 2-minute range. 

7. Resistance usually is applied by immobilizing the limb. The muscle is 

then given an isometric contraction torque equal to or greater than 25 

percent of the MVIC torque. The greater the percentage of torque 

produced, the better the results. 

8. The patient can be instructed to work with the electrically induced 

contraction, but voluntary effort is not necessary for the success of the 

treatment. 

9. Total treatment time should include a minimum of 10 contractions, but 

mimicking normal active resistive training protocols of three sets of 10 

contractions can also be productive. Fatigue is a major factor in this setup. 

Electrical stimulation bouts should be scheduled at least three times 

weekly. Generally, strength gains will continue over the treatment course, 

but intensities may need to increase to keep pace with the most current 

maximum voluntary contraction torques. 

10.  A medium-frequency biphasic current stimulator is the machine of 

choice.   

(Prentice et al., 2011)  
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8-Gross Motor Function Measure: 

*Test measures and target population: The Gross Motor Function 

Measure (GMFM), developed by the Gross Motor Measures Group, was 

designed for use by pediatric therapists as an evaluative measure for 

assessing change over time in gross motor function of children with 

cerebral palsy (Tecklin, 2015). 

*Test construction and standardization: the GMFM was developed and 

tested according to contemporary principles of measurement design 

through a process of item selection, reliability testing, and validation 

procedures. The selection of items was based on a literature review and 

the judgment of pediatric clinicians. Items were judged to have the 

potential of showing change in the function of children. All items usually 

could be accomplished by a 5-year old child with normal motor abilities 

(Russell et al., 1994). 

There are two versions of the GMFM - the original 88-item 

measure (GMFM-88) and the more recent 66-item GMFM (GMFM-66). 

The GMFM-66 is comprised of a subset of the 88 items identified 

(through Rasch analysis) as contributing to the measure of gross motor 

function in children with cerebral palsy. The GMFM-66 provides detailed 

information on the level of difficulty of each item thereby providing much 

more information to assist with realistic goal setting. The GMFM-66 

requires a user-friendly computer programme (called the Gross Motor 

Ability Estimator or GMAE) to enter individual item scores and convert 

them to an interval level total score (CanChild Centre for Childhood 

Disability Research, 2013). 

*Test format: 

Type: The GMFM is a criterion-based observational measure. 
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Age: The original validation sample included children 5 months to 

16 years of age. 

Test duration: Administering the GMFM-88 may take 

approximately 45 to 60 minutes for someone familiar with the 

measure, depending on the skill of the assessor, the ability level of 

the child and the child's level of cooperation and understanding. 

Content: The test includes 88 items that assess motor function in 5 

dimensions: (1) lying & rolling; (2) sitting; (3) crawling & 

kneeling; (4) standing; and (5) walking, running, and jumping 

(Tecklin, 2015). 

*Validity:   

• Responsiveness established (Ko and Kim, 2013). 

• Gradient of change: pre-school children without CP > children 

with acquired brain injury (ABI) > children with CP. 

• Children with CP who were young & mild > older & more 

severe. 

• Change over 6 months as judged by parents, therapists, and a 

masked video analysis was correlated with change scores on the 

GMFM-88. 

• GMFM-88 has been validated in other populations: osteogenesis 

imperfecta, lymphoblastic leukemia, Down syndrome and head 

injuries. 

• The updated GMFM-66 version is only valid for use with 

children with cerebral palsy. 

 

*Reliability:    
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• Test-retest reliability ICC= 0.99 

• Inter-rater reliability ICC= 0.99 

(Queen Alexandra Centre, 2010) 

9- Measurement of muscle thickness by ultrasonography: 

Different imaging modalities have been used to measure muscle 

architecture such as US. Ultrasound (US) was the first imaging technique that 

was used for direct measurement of muscle size in living human subjects (Ikai 

and Fukunaga, 1968). Researchers have continued to use this non-ionizing 

imaging modality, particularly for obtaining morphometric data on large, 

superficial muscle groups such as the gastrocnemius and quadriceps muscles 

(Engstrom et al., 1991). The US quantification of muscle architecture allows for 

the description of the effect of neuromuscular disorders or to document 

treatment outcomes (Legerlotz et al., 2010).  

Although CT and MRI are superior to US in term of resolution, US has 

the greater advantages over the gold standard magnetic resonance or other 

imaging methods, of being able to provide data on pennation angle and fiber 

length in addition to muscle size (thickness). It is also lower in costs and easier 

to use in clinical settings even without the need of sedation as usually needed in 

young children (Legerlotz et al., 2010).  

10-AutoCAD for kinematic analysis: 

* Definition of AutoCAD: 

One of the new advanced computer aided design tools that are available to 

allow the users not only to draw objects in the computer, but also to determine 

forces, stresses and motion. 

*Advantages: 

Ordinary methods for evaluating the joint angular displacement are  
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measuring the joint angle by electrogoniometer, visual estimation, 

isokinetic dynamometer, and automatic two dimensional computer 

analyses from the images. It is very important in clinical physical 

assessments that the method used is objective, fast, accessible, simple and 

less expensive. AutoCAD analysis has all these characteristics (Nasseri et 

al., 2007).   

Furthermore, this method enables us to evaluate the joint angular 

displacement with the following advantage: it can be used in weight 

bearing positions, it has no limitation in joint motion, and produces no 

abnormal sensory feedback. In this system, it is important to measure the 

joint angle in just one session, rather than doing it through repetitions with 

short or long intervals. Besides, if it is necessary for some reasons to 

remove a marker, one can remeasures the exact location of the marker by 

a measuring tape and hence increase the reliability of the measurement 

(Nasseri et al., 2007).  

*Measurement of joint angle:  

AutoCAD
®
 program is used to enable the therapist to measure the 

angular displacement of each joint with great reliability. The CAD 

operator interacts with the system through a series of commands that 

appear on the computer screen to create a drawing . Dimensions or angles 

are calculated automatically by the computer and laced anywhere in the 

drawing by the operator (Gary, 1990). 
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CHAPTER III 

SUBJECTS, MATERIALS, AND PROCEDURES 
 

Thirty children with spastic diplegia of both sexes from the Out-Patient 

Clinic of The Faculty of Physical Therapy, Cairo University participated in this 

study. Agreement of the Ethical Committee of The Faculty of Physical Therapy 

was obtained before the beginning of the study. Children were selected 

according to the following criteria: 

1-Inclusion criteria:- 

• Children age ranged between 2 and 4 years. 

• They were classified at level III by GMFCS-ER, i.e. they can stand 

with hand support. 

• Full mobile lower limbs joints. 

• Children with mild and moderate spasticity (i.e. grade 1 and 2, 

according to Modified Ashworth Scale (Bohannon and Smith, 

1987)). 

2- Exclusion criteria:- 

• Children with severe spasticity (i.e. grade 3 and 4, according to 

Modified Ashworth Scale). 

• Fixed deformities. 

• Uncontrolled seizures.  

• Surgery or Botox injection during last six months before study. 

• Children taking another physical therapy program during the 

participation in this study. 
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All children were divided randomly into two groups of equal number (15 

patients each) using closed envelops procedures: 

1. Control group (A): received a selected physical therapy program.  

2. Study group (B): received the same selected physical therapy program 

in addition to manual and mechanical strengthening exercises and 

electrical stimulation program for calf muscles of both lower limbs.  

Both groups received 3 sessions/ week for 3 successive months. 

INSTRUMENTATION AND TOOLS: 

I) Instrumentation and Tools for  Evaluation: 

1- Gross Motor Function Measure-88: to calculate standing dimension 

score. 

2- AutoCAD 2007 (software program): for kinematic analysis of knee and 

ankle joints angles in sagittal plane during standing. 

3- Digital camera: for kinematic analysis of knee and ankle joints angles in 

sagittal plane during standing. 

4- Ultrasonography device: GE-Healthcare ultrasound device was used to 

measure total calf muscle thickness with a high frequency, high resolution 

probe (up to 12-15 MHz). See figure (3). 

5- Tape measurement: to determine the level at which the ultrasonic 

measurements were taken.  

6- Weight scale: to measure the weight of the children in both groups in Kg. 

7- Height scale: to measure the height of the children in both groups in 

meter. 
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Figure (3): Ultrasonography device. 

II)  Instrumentation and Tools for Treatment: 

1- Electrical stimulation device: AMREX
® 

(MS324A, USA) low volt 

alternating current stimulator was used to strengthen the calf muscles 

of both sides. See figure (4). 

 

Figure (4): Electrical stimulation device. 
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2- Therapeutic tools: 

• Standing bar or parallel bar: for standing holding on exercise. 

• Balance board: for weight-shifting and balance exercises. 

• Wedge of suitable height: for pulling to stand from sitting position.  

• Treadmill: for gait training. 

• Large exercise ball: for vestibular exercises. 

• Mechanical stepper: for mechanical strengthening of calf muscles. 

PROCEDURES: 

1) Evaluation for both groups (group (A) (control) and group (B) 

(study)): was conducted before and after three successive months of 

treatment. 

I) GMFM-88: Only standing dimension score of GMFM-88 was 

measured pre- & post-treatment. 

How is the GMFM scored?  

There is a 4-point scoring system for each item on the 

GMFM. Specific descriptors for scoring items are detailed in the 

administration and scoring guidelines. The GMFM-88 item 

scores can be summed to calculate raw and percent scores for 

each of the five GMFM dimensions, selected goal areas and a 

total GMFM-88 score.  

N.B. GMFM-88 will be used (instead of GMFM-66), for the 

following reasons: 

� It assesses the effect of aides and orthoses. 

� It gives dimension scores (only standing dimension was 

measured). 
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II)  AutoCAD 2007 (software program): Knee and ankle joints 

angles in sagittal plane during standing were measured pre- & post-

treatment. 

Full view of the child- without zooming- was taken by a 

digital camera, while the child was standing holding on to a metal 

bar. The camera was mounted on a stable tripod and the optical axis 

of the camera was aligned perpendicular to the plane of the child. 

Knee joint angle was determined by the posterior angle 

formed by the intersection between 2 lines. The first line passed 

from the greater trochanter to knee joint axis, and the second line 

passed from the knee joint axis to lateral malleolus.  

Ankle joint angle was determined by the anterior angle 

formed by the intersection between 2 lines. The first line passed 

from the knee joint axis to lateral malleolus, and the second line 

passed from the inferior tip of calcaneus to the base of the fifth 

metatarsal bone. These landmarks was adapted from Nielsen and 

Daugaard (2008). See figure (5). 
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Figure (5): Locations of markers placement for measuring knee and ankle 

joints angles from sagittal plane. 

III) Ultrasonography: It was used to measure transverse thickness of 

soleus, medial and lateral gastrocnemius, at the level between the 

upper and second fourths of the lower leg, while the child was in 

prone position and the feet were rested on the plinth. The 

transducer was applied perpendicular to the skin without excessive 

pressure. See figures (6) and (7). 

 Muscle thickness is defined as the perpendicular distance 

between the deep and superficial aponeurosis (legerlotz et al., 

2010). Total calf muscle thickness was calculated by the 

summation of the transverse thickness of the three muscles. The 

assessor was blinded from subject’s group. See figure (8). 
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Figure (6): A vertical line passing through the midpoints of the popliteal 

crease at the knee and intermalleolar line at the ankle was used as a 

reference line. The probe was placed on the proximal 25% point on this 

line to measure calf muscle thickness. 

 

 

Figure (7): Child position during ultrasonography. 
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Figure (8): Measurement of transverse thickness of lateral gastrocnemius 

(1), medial gastrocnemius (2) and soleus (3). 

2) Treatment: 

I) Group (A) (control):  

The selected physical therapy program was in the form of: 

• Standing holding on exercises 

• Squatting to stand exercises  

• Pull to stand from sitting position 

• Pull to sit from supine and prone positions 

• Weight-shifting exercises 

• Range of motion exercises for hip flexors and adductors, and knee 

flexors. 

• Balance exercises 

• Vestibular exercises 

• Gait training.    

The treatment session duration was 1 hour. 
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II) Group (B) (study): 

Children received the same selected physical therapy program of 

group (A) in addition to: 

1) Manual and mechanical strengthening of calf muscles: 10 

repetitions, 3 sets/ session. See figure (9). 

 

Figure (9): Manual calf muscle strengthening. 

2) Neuromuscular electrical stimulation (NMES) program for calf 

muscles with the following parameters: 

• Alternating biphasic waveform current. 

• Frequency of 30-80 Hz. 

• Intensity of maximal comfortable muscle contraction, 

increased gradually during session. 

• On: off ratio of 5 seconds on: 5 seconds off. 

• Surge mode current with a gradual ramp to peak intensity. 

• Placement of electrodes: one electrode over soleus motor 

point and the other electrode covering both heads of 

gastrocnemius, See figure (10). 
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Figure (10): Placement of electrodes for NMES of the calf muscles. 

• Electrical stimulation duration was 15 minutes.  

Principles of clinical application of NMES: 

� Check that there are no contraindications: 

- General contraindications: uncooperative patients or very 

poor general condition of the patient. 

- Local contraindications: 

1) Open wounds. 

2) Fractures with plate fixation at lower leg.  

3) Sever edema. 

4) Hypersensitivity or loss of sensation. 

� Evaluate the sensation like touch, pain and temperature. 

� To decrease the skin resistance, clean the skin of the posterior 

lower leg with alcohol. 

� Instruct the patient not to touch the leads and the apparatus 

during the treatment. 
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� Always turn the intensity dial to zero before beginning the 

treatment. 

� Once the treatment started, increase the intensity until reaching 

visible or palpable muscle contraction.  

 

DATA ANALYSIS AND STATISTICAL DESIGN: 

Statistical analysis of the data was performed using IBM
®
 SPSS

®
 

Statistics- 20 software for medical statistics. The data were collected before and 

after three months of training for both groups. The significance level was set at 

P< 0.05. 

Descriptive statistics: 

The mean and standard deviation of each group were calculated for each 

variable pre and post treatment. 

Inferential statistics: 

The differences between groups' mean values were evaluated by using t-

test as follows: 

- Comparing mean values of pre and post treatment within the same group was 

done by paired t-test. 

- Comparing mean values of each variable between the two groups was done 

by unpaired t-test. 

Equation of improvement: 

 
                                                   Post treatment mean value – pre treatment mean value 

Percentage of improvement =               

                                        Pre treatment mean value 
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CHAPTER IV 

RESULTS 

This work was conducted to investigate the effect of strengthening the 

calf muscles on standing efficiency in children with spastic diplegia. 

Data were obtained from the control (A) and study (B) groups before and 

after three months of treatment. The obtained data from this study was 

statistically analyzed to show mean, standard deviation and paired and un-paired 

t-test. In addition, the percentage of improvement was also calculated. 

Descriptive data of the control and study groups  

  In this study, 30 children with spastic diplegia were assigned randomly 

into two groups of equal number, 15 patients each.  

I – Age 

As shown in table (2) and illustrated in figure (11), it is worth 

mentioning that the ages (mean ± standard deviation) of control group (A) and 

study group (B) were 34.13±5.54 and 33.87±6.78 months; respectively. 

Comparing mean values of the two groups revealed non-significant difference 

(P>0.05).  

Table (2): Age in months for both control and study groups (A and B): 

Item Groups        X±SD MD t value P value Significance 

Age 

(months)  

Group A 

Group B 

34.13±5.54  

33.87±6.78 

0.267 0.118 0.907 NS 

 

X: mean.  

MD: Mean difference. 

t value: Unpaired t value. 

 

SD: Standard Deviation. 

P value: Probability value. 

NS: Non significant. 
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Figure (11): Age in months of the two groups (A and B). 

II – Sex 

The frequency distribution of the sex in the two groups (A and B) were 

presented in table (3) and demonstrated in figures (12-a, b). Inspection of the 

table revealed that the distribution of males and females in group A were 

53.33% and 46.76% respectively, while in group B, they were 46.67% and 

53.33% respectively. 

Table (3): The frequency distribution of sex in the fifteen patients of each group: 

Item Control Group Study Group 

Males 
Number 8 7 

Percent 53.33% 46.67% 

Females 
Number 7 8 

Percent 46.67% 53.33% 

 

  

Figure (12-a): Sex distribution in group A. Figure (12-b): Sex distribution in group B. 
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III – Body Mass Index 

 As shown in table (4) and illustrated in figure (13), it is worth 

mentioning that the Body Mass Index (BMI) (mean ± standard deviation) of 

control group (A) and study group (B) were 14.98±1.609 and 15.093±1.638 

Kg/m
2
; respectively. Comparing mean values of the two groups revealed non-

significant difference (P>0.05). This ensured the homogeneity of both groups in 

BMI, which is considered a major factor in crouch gait development among CP 

children (Huh et al., 2010). 

Table (4): Body Mass Index (BMI) in Kg/m
2
 for both control and study groups: 

Item Group        X±SD MD t value P value Significance 

BMI 

(Kg/m
2
)  

Group A 

Group B 

14.98±1.609  

15.093±1.638 

0.113 0.191 0.85 NS 

 

X: mean. 

MD: Mean difference. 

t value: Unpaired t value. 

 

SD: Standard Deviation. 

P value: Probability value. 

NS: Non significant. 

 

 

Figure (13): BMI in Kg/m
2
 of the two groups (A and B). 



 35

I. Standing dimension of GMFM-88: 

Comparison of pre treatment values of standing dimension of groups A and 

B: 

Table (5) demonstrates pre treatment values of standing dimension of 

GMFM-88 of the control and the study groups. There was no significant 

difference in the unpaired t-test between pre treatment values of the two groups, 

as the mean value for group (A) was (25.27± 9.36) % and for group (B) was 

(25.31± 14.46)  % where the t-value was (-0.009) and P-value was (0.993). 

Table (5): Pre treatment values of standing dimension of GMFM-88 of groups (A and B): 

Standing Dimension Of GMFM-88 

(%) 

Pre treatment 

Group (A) Group (B) 

Mean 25.27 25.31 

±SD ±9.36 ±14.46 

Mean difference 0.040 

t-value -0.009 

P-value 0.993 

S NS 

*SD: standard deviation, P: probability, NS: not significance, DF: degree of freedom 

 

Figure (14): Pre treatment values of standing dimension of GMFM-88 of groups(A and B). 
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Comparison between pre and post treatment values of standing dimension 

in group (A): 

Table (6) demonstrates pre and post treatment values of standing 

dimension of GMFM-88 for group (A). There was a significant difference in the 

paired t-test between pre and post treatment values, as the mean value for pre 

treatment was (25.27± 9.36) % and for post treatment was (28.80±8.79) % 

where the t-value was (-8.16) and P-value was (0.000001). The percentage of 

improvement was 13.98 %. 

Table (6): Pre and post treatment values of standing dimension of GMFM-88 of group (A): 

 Group A Standing dimension of GMFM-88 (%) 

Pre treatment Post treatment 

Mean 25.27 28.80 

±SD ±9.36 ±8.79 

Mean difference 3.533 

Percentage of improvement 13.98 % 

DF 14 

t-value -8.16 

P-value 0.000001 

S S 

*SD: standard deviation, P: probability, S: significance, DF: degree of freedom 

 

Figure (15): Pre and post treatment values of standing dimension of GMFM-88 of group (A). 
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Comparison between pre and post treatment values of standing dimension 

in group (B): 

Table (7) demonstrates pre and post treatment values of standing 

dimension of GMFM-88 for group (B). There was a significant difference in the 

paired t-test between pre and post treatment values, as the mean value for pre 

treatment was (25.307± 14.46) % and for post treatment was (40.11±15.45) % 

where the t-value was (8.348) and P-value was (0.000001). The percentage of 

improvement was 58.5 %. 

Table (7): Pre and post treatment values of standing dimension of GMFM-88 of group (B): 

 Group B Standing dimension of GMFM-88 (%) 

Pre treatment Post treatment 

Mean 25.307 40.11 

±SD ±14.46 ±15.45 

Mean difference 14.81 

Percentage of improvement 58.5 % 

DF 14 

t-value 8.348 

P-value 0.000001 

S S 

*SD: standard deviation, P: probability, S: significance, S: significant DF: degree of freedom 

 

Figure (16): Pre and post treatment values of standing dimension of GMFM-88 of group (B). 
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Comparison of post treatment values of standing dimension of groups A 

and B : 

Table (8) demonstrates the post treatment values of standing dimension 

of GMFM-88 for groups (A and B). There was a significant difference in the 

unpaired t-test between post treatment values of the two groups as the mean 

value for group (A) was (28.80±8.79)  % and for group (B) was (40.11±15.45) 

% where the t-value was (2.464) and P-value was (0.020). 

Table (8): Post treatment values of standing dimension of GMFM-88 of groups (A and B): 

Standing dimension of GMFM-88 

(%) 

Post treatment 

Group (A) Group (B) 

Mean 28.80 40.11 

±SD ±8.79 ±15.45 

Mean difference 11.31 

t-value 2.464 

P-value 0.020 

S S 

*SD: standard deviation, P: probability, S: significance, S: significant DF: degree of freedom 

 

 

Figure (17): Post treatment values of standing dimension of GMFM-88 of groups (A and B). 
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II. Kinematic analysis: 

1. Right knee joint angle in sagittal plane during standing : 

Comparison of pre treatment values of right knee angle of groups A and B: 

Table (9) demonstrates the pre treatment values of right knee joint angle 

for groups (A and B). There was no significant difference in the unpaired t-test 

between pre treatment values of the two groups as the mean value for group (A) 

was (167.79± 17.57) degrees and for group (B) was (166.91± 15.06) degrees 

where the t-value was (0.147) and P-value was (0.884). 

Table (9): Pre treatment values of right knee joint angle of groups (A and B): 

Right knee joint angle 

(degrees) 

Pre treatment 

Group (A) Group (B) 

Mean 167.79 166.91 

±SD ±17.57 ±15.06 

Mean difference 0.879 

t-value 0.147 

P-value 0.884 

S NS 

*SD: standard deviation, P: probability, S: significance, NS: not significant DF: degree of freedom 

 

Figure (18): Pre treatment values of right knee joint angle of groups (A and B). 
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Comparison between pre and post treatment values of right knee angle in 

group (A): 

Table (10) demonstrates the pre and post treatment values of right knee 

joint angle for group (A). There was no significant difference in the paired t-test 

between pre and post treatment values, as the mean value for pre treatment was 

(167.79± 17.57) degrees and for post treatment was (165.33±18.56) degrees 

where the t-value was (0.717) and P-value was (0.485). 

Table (10): Pre and post treatment values of right knee joint angle of group (A): 

 Group A 

 

Right knee joint angle (degrees) 

Pre treatment Post treatment 

Mean 167.79 165.33 

±SD ±17.57 ±18.56 

Mean difference 2.459 

DF 14 

t-value 0.717 

P-value 0.485 

S NS 

*SD: standard deviation, P: probability, S: significance, S: significant, DF: degree of freedom 

 

 

Figure (19): Pre and post treatment values of right knee joint angle of group (A). 
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Comparison between pre and post treatment values of right knee angle in 

group (B): 

Table (11) demonstrates the pre and post treatment values of right knee 

joint angle for group (B). There was a significant difference in the paired t-test 

between pre and post treatment values, as the mean value for pre treatment was 

(166.91±15.06) degrees and for post treatment was (177.047±9.24) degrees 

where the t-value was (3.657) and P-value was (0.003). The percentage of 

improvement was 6.07%. 

Table (11): Pre and post treatment values of right knee joint angle of group (B): 

 Group B Right knee joint angle (degrees) 

Pre treatment Post treatment 

Mean 166.91 177.047 

±SD ±15.06 ±9.24 

Mean difference 10.135 

Percentage of improvement 6.07% 

DF 14 

t-value 3.657 

P-value 0.003 

S S 

*SD: standard deviation, P: probability, S: significance, S: significant, DF: degree of freedom 

 

Figure (20): Pre and post treatment values of right knee joint angle of group (B). 
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Comparison of post treatment values of right knee angle of groups A and B: 

Table (12) demonstrates the post treatment values of right knee joint 

angle for groups (A and B). There was a significant difference in the unpaired t-

test between post treatment values of the two groups as the mean value for group 

(A) was (165.33±18.56) degrees and for group (B) was (177.047±9.24) degrees 

where the t-value was (2.188) and P-value was (0.040). 

Table (12): Post treatment values of right knee joint angle of groups (A and B): 

Right knee joint angle 

(degrees) 

Post treatment 

Group (A) Group (B) 

Mean 165.33 177.047 

±SD ±18.56 ±9.24 

Mean difference 11.715 

t-value 2.188 

P-value 0.040 

S S 

*SD: standard deviation, P: probability, S: significance, S: significant, DF: degree of freedom 

 

Figure (21): Post treatment values of right knee joint angle of groups (A and B). 
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2. Left knee joint angle in sagittal plane during standing: 

Comparison of pre treatment values of left knee joint angle of groups A and 

B: 

Table (13) demonstrates the pre treatment values of left knee joint angle 

for groups (A and B). There was no significant difference in the unpaired t-test 

between pre treatment values of the two groups, as the mean value for group (A) 

was (166.81± 17.68) degrees and for group (B) was (165.46± 15.44) degrees 

where the t-value was (0.223) and P-value was (0.825). 

Table (13): Pre treatment values of left knee joint angle of groups (A and B): 

left knee joint angle                 

(degrees) 

Pre treatment 

Group (A) Group (B) 

Mean 166.81 165.46 

±SD ±17.68 ±15.45 

Mean difference 1.35 

t-value 0.223 

P-value 0.825 

S NS 

*SD: standard deviation, P: probability, S: significance, NS: not significant, DF: degree of freedom 

 

 

Figure (22): Pre treatment values of left knee joint angle of groups (A and B). 
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Comparison between pre and post treatment values of left knee angle in 

group (A): 

Table (14) demonstrates the pre and post treatment values of left knee 

joint angle for group (A). There was no significant difference in the paired t-test 

between pre and post treatment values, as the mean value for pre treatment was 

(166.81± 17.68) degrees and for post treatment was (165.087±14.3) degrees 

where the t-value was (0.326) and P-value was (0.75).  

Table (14): Pre and post treatment values of left knee joint angle of group (A): 

 Group A Left knee joint angle (degrees) 

Pre treatment Post treatment 

Mean 166.81 165.087 

±SD ±17.68 ±14.3 

Mean difference 1.724 

DF 14 

t-value 0.326 

P-value 0.75 

S NS 

*SD: standard deviation, P: probability, S: significance, S: significant, DF: degree of freedom 

 

 

Figure (23): Pre and post treatment values of left knee joint angle of group (A). 



 45

Comparison between pre and post treatment values of left knee angle in 

group (B): 

Table (15) demonstrates the pre and post treatment values of left knee 

joint angle for group (B). There was a significant difference in the paired t-test 

between pre and post treatment values, as the mean value for pre treatment was 

(165.46± 15.45) degrees and for post treatment was (176.48±10.938) degrees 

where the t-value was (3.875) and P-value was (0.002). The percentage of 

improvement was 6.66%. 

Table (15): Pre and post treatment values of left knee joint angle of group (B): 

 Group B Left knee joint angle (degrees) 

Pre treatment Post treatment 

Mean 165.46 176.48 

±SD ±15.45 ±10.938 

Mean difference 11.017 

Percentage of improvement 6.66% 

DF 14 

t-value 3.875 

P-value 0.002 

S S 

*SD: standard deviation, P: probability, S: significance, S: significant, DF: degree of freedom 

 

Figure (24): Pre and post treatment values of left knee joint angle of group (B). 
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Comparison of post treatment values of left knee joint angle of groups A 

and B: 

Table (16) demonstrates the post treatment values of left knee joint angle 

for groups (A and B). There was a significant difference in the unpaired t-test 

between post treatment values of the two groups as the mean value for group (A) 

was (165.087±14.3)  degrees and for group (B) was (176.48±10.9) degrees 

where the t-value was (2.449) and P-value was (0.021). 

Table (16): Post treatment values of left knee joint angle of groups (A and B): 

Left knee joint angle 

(degrees) 

Post treatment 

Group (A) Group (B) 

Mean 165.087 176.48 

±SD ±14.3 ±10.9 

Mean difference 11.39 

t-value 2.449 

P-value 0.021 

S S 

*SD: standard deviation, P: probability, S: significance, S: significant, DF: degree of freedom 

 

Figure (25): Post treatment values of left knee joint angle of groups (A and B). 
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3. Right ankle joint angle in sagittal plane during standing: 

Comparison of pre treatment values of right ankle angle of groups A and B: 

Table (17) demonstrates the pre treatment values of right ankle joint 

angle for groups (A and B). There was no significant difference in the unpaired 

t-test between pre treatment values of the two groups, as the mean value for 

group (A) was (76.98± 10.18) degrees and for group (B) was (77.748± 6.89) 

degrees where the t-value was (0.242) and P-value was (0.810). 

Table (17): Pre treatment values of right ankle joint angle of groups (A and B): 

Right ankle joint angle 

(degrees) 

Pre treatment 

Group (A) Group (B) 

Mean 76.98 77.748 

±SD ±10.18 ±6.89 

Mean difference 0.769 

t-value 0.242 

P-value 0.810 

S NS 

*SD: standard deviation, P: probability, S: significance, S: significant, DF: degree of freedom 

 

Figure (26): Pre treatment values of right ankle joint angle of groups (A and B). 
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Comparison between pre and post treatment values of the right ankle angle 

in group (A): 

Table (18) demonstrates the pre and post treatment right ankle joint angle 

for group (A). There was no significant difference in the paired t-test between 

pre and post treatment values, as the mean value for pre treatment was (76.98± 

10.18) degrees and for post treatment was (78.39±9.36) degrees where the t-

value was (0.397) and P-value was (0.698). The percentage of improvement was 

1.83%. 

Table (18): Pre and post treatment values of right ankle joint angle of group (A): 

 Group A Right ankle joint angle (degrees) 

Pre treatment Post treatment 

Mean 76.98 78.39 

±SD ±10.18 ±9.36 

Mean difference 1.41 

Percentage of improvement 1.83 % 

DF 14 

t-value 0.397 

P-value 0.698 

S NS 

*SD: standard deviation, P: probability, S: significance, S: significant, DF: degree of freedom 

 

Figure (27): Pre and post treatment values of right ankle joint angle of group (A). 
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Comparison between pre and post treatment values of the right ankle angle 

in group (B): 

Table (19) demonstrates the pre and post treatment values of right ankle 

joint angle for group (B). There was a significant difference in the paired t-test 

between pre and post treatment values, as the mean value for pre treatment was 

(77.748±6.89) degrees and for post treatment was (89.807±7.43) degrees where 

the t-value was (4.791) and P-value was (0.0003). The percentage of 

improvement was 15.51 %. 

Table (19): Pre and post treatment values of right ankle joint angle of group (B): 

 Group B Right ankle joint angle (degrees) 

Pre treatment Post treatment 

Mean 77.748 89.807 

±SD ±6.89 ±7.43 

Mean difference 12.059 

Percentage of improvement 15.51% 

DF 14 

t-value 4.791 

P-value 0.0003 

S S 

*SD: standard deviation, P: probability, S: significance, S: significant, DF: degree of freedom 

 

Figure (28): Pre and post treatment values of right ankle joint angle of group (B). 
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Comparison of post treatment values of the right ankle joint angle of 

groups A and B: 

Table (20) demonstrates the post treatment values of right ankle joint 

angle for groups (A and B). There was a significant difference in the unpaired t-

test between post treatment values of the two groups as the mean value for group 

(A) was (78.39±9.36) degrees and for group (B) was (89.807±7.43) degrees 

where the t-value was (3.699) and P-value was (0.001). 

Table (20): Post treatment values of right ankle joint angle of groups (A and B): 

Right ankle joint angle 

(degrees) 

Post treatment 

Group (A) Group (B) 

Mean 78.39 89.807 

±SD ±9.36 ±7.43 

Mean difference 11.416 

t-value 3.699 

P-value 0.001 

S S 

*SD: standard deviation, P: probability, S: significance, S: significant, DF: degree of freedom 

 

 

Figure (29): Post treatment values of right ankle joint angle of groups (A and B). 
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4. Left ankle joint angle in sagittal plane during standing: 

Comparison of pre treatment values of left ankle joint angle of groups A 

and B: 

Table (21) demonstrates the pre treatment values of left ankle joint angle 

for groups (A and B). There was no significant difference in the unpaired t-test 

between pre treatment values of the two groups as the mean value for group (A) 

was (76.73± 7.35) degrees and for group (B) was (78.37± 5.98) degrees where 

the t-value was (0.669) and P-value was (0.509). 

Table (21): Pre treatment values of left ankle joint angle of groups (A and B): 

Left ankle joint angle 

(degrees) 

Pre treatment 

Group (A) Group (B) 

Mean 76.73 78.37 

±SD ±7.35 ±5.98 

Mean difference 1.637 

t-value 0.669 

P-value 0.509 

S NS 

*SD: standard deviation, P: probability, S: significance, S: significant, DF: degree of freedom 

 

Figure (30): Pre treatment values of left ankle joint angle of groups (A and B). 
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Comparison between pre and post treatment values of the left ankle angle 

in group (A): 

Table (22) demonstrated the pre and post treatment values of left ankle 

joint angle for group (A). There was no significant difference in the paired t-test 

between pre and post treatment values, as the mean value for pre treatment was 

(76.73±7.35) degrees and for post treatment was (79.096±7.67) degrees where 

the t-value was (1.052) and P-value was (0.311). The percentage of 

improvement was 3.08 %. 

Table (22): Pre and post treatment values of left ankle joint angle of group (A): 

 Group A Left ankle joint angle (degrees) 

Pre treatment Post treatment 

Mean 76.73 79.096 

±SD ±7.35 ±7.67 

Mean difference 2.362 

Percentage of improvement 3.08 % 

DF 14 

t-value 1.052 

P-value 0.311 

S NS 

*SD: standard deviation, P: probability, S: significance, S: significant, DF: degree of freedom 

 

Figure (31): Pre and post treatment values of left ankle joint angle of group (A). 
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Comparison between pre and post treatment values of the left ankle angle 

in group (B): 

Table (23) demonstrates the pre and post treatment values of left ankle 

joint angle for group (B). There was a significant difference in the paired t-test 

between pre and post treatment values, as the mean value for pre treatment was 

(78.37± 5.98) degrees and for post treatment was (88.12±5.15) degrees where 

the t-value was (5.165) and P-value was (0.0001). The percentage of 

improvement was 12.45%. 

Table (23): Pre and post treatment values of left ankle joint angle of group (B): 

 Group B Left ankle joint angle 

Pre treatment Post treatment 

Mean 78.37 88.12 

±SD ±5.98 ±5.15 

Mean difference 9.757 

Percentage of improvement 12.45% 

DF 14 

t-value 5.165 

P-value 0.0001 

S S 

*SD: standard deviation, P: probability, S: significance, S: significant, DF: degree of freedom 

 

Figure (32): Pre and post treatment values of left ankle joint angle of group (B). 
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Comparison of post treatment values of left ankle joint angle of groups A 

and B: 

Table (24) demonstrated the post treatment values of left ankle joint angle 

for groups (A and B). There was a significant difference in the unpaired t-test 

between post treatment values of the two groups, as the mean value for group 

(A) was (79.096±7.67) degrees and for group (B) was (88.128±5.15) degrees 

where the t-value was (3.786) and P-value was (0.001). 

Table (24): Post treatment values of left ankle joint angle of groups (A and B): 

left ankle joint angle  

(degrees)  

Post treatment 

Group (A) Group (B) 

Mean 79.096 88.128 

±SD ±7.67 ±5.15 

Mean difference 9.032 

t-value 3.786 

P-value 0.001 

S S 

*SD: standard deviation, P: probability, S: significance, S: significant, DF: degree of freedom 

 

 

Figure (33): Post treatment values of left ankle joint angle of groups (A and B). 
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III. Calf muscle thickness by ultrasonography : 

1. Right calf muscle thickness: 

Comparison of pre treatment values of the right calf muscle thickness of 

groups A and B: 

Table (25) demonstrates the pre treatment values of right calf muscle 

thickness for groups (A and B). There was no significant difference in the 

unpaired t-test between pre treatment values of the two groups, as the mean 

value for group (A) was (2.47± 0.18) cm and for group (B) was (2.48± 0.24) cm 

where the t-value was (0.162) and P-value was (0.873). 

Table (25): Pre treatment values of right calf muscle thickness of groups (A and B): 

Right calf muscle thickness 

(cm) 

Pre treatment 

Group (A) Group (B) 

Mean 2.47 2.48 

±SD ±0.18 ±0.24 

Mean difference .012667 

t-value 0.162 

P-value 0.873 

S NS 

*SD: standard deviation, P: probability, S: significance, NS: not significant, DF: degree of freedom 

 

Figure (34): Pre treatment values of right calf muscle thickness of groups (A and B).  
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Comparison between pre and post treatment values of the right calf muscle 

thickness in group (A): 

Table (26) demonstrated the pre and post treatment values of right calf 

muscle thickness for group (A). There was no significant difference in the paired 

t-test between pre and post treatment values, as the mean value for pre treatment 

was (2.47± 0.18) cm and for post treatment was (2.41±0.235) cm where the t-

value was (0.905) and P-value was (0.381).  

Table (26): Pre and post treatment values of right calf muscle thickness of group (A): 

 Group A right calf muscle thickness (cm)   

Pre treatment Post treatment 

Mean 2.47 2.41 

±SD ±0.18 ±0.235 

Mean difference 0.06 

DF 14 

t-value 0.905 

P-value 0.381 

S NS 

*SD: standard deviation, P: probability, S: significance, S: significant, DF: degree of freedom 

 

Figure (35): Pre and post treatment values of right calf muscle thickness of group (A). 
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Comparison between pre and post treatment values of the right calf muscle 

thickness in group (B): 

Table (27) demonstrated the pre and post treatment values of right calf 

muscle thickness for group (B). There was a significant difference in the paired 

t-test between pre and post treatment values, as the mean value for pre treatment 

was (2.48± 0.24) cm and for post treatment was (2.68±0.35) cm where the t-

value was (3.362) and P-value was (0.005). The percentage of improvement was 

8.06 %. 

Table (27): Pre and post treatment values of right calf muscle thickness of group (B): 

 Group B right calf muscle thickness (cm)   

Pre treatment Post treatment 

Mean 2.48 2.68 

±SD ±0.24 ±0.35 

Mean difference 0.2 

Percentage of improvement 8.06% 

DF 14 

t-value 3.362 

P-value 0.005 

S S 

*SD: standard deviation, P: probability, S: significance, S: significant, DF: degree of freedom 

 

Figure (36): Pre and post treatment values of right calf muscle thickness of group (B). 
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Comparison of post treatment values of the right calf muscle thickness of 

groups A and B: 

Table (28) demonstrates the post treatment values of right calf muscle 

thickness for groups (A and B). There was a significant difference in the 

unpaired t-test between post treatment values of the two groups, as the mean 

value for group (A) was (2.41±0.24)  cm and for group (B) was (2.68±0.35) cm 

where the t-value was (2.482) and P-value was (0.019). 

Table (28): Post treatment values of right calf muscle thickness of groups (A and B): 

Right calf muscle thickness       

(cm) 

Post treatment 

Group (A) Group (B) 

Mean 2.41 2.68 

±SD ±0.24 ±0.35 

Mean difference 0.27 

t-value 2.482 

P-value 0.019 

S S 

*SD: standard deviation, P: probability, S: significance, S: significant, DF: degree of freedom 

 

Figure (37): Post treatment values of right calf muscle thickness of groups (A and B).  
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2. Left calf muscle thickness: 

Comparison of pre treatment values of the left calf muscle thickness of 

groups A and B: 

Table (29) demonstrates the pre treatment values of left calf muscle 

thickness for groups (A and B). There was no significant difference in the 

unpaired t-test between pre treatment values of the two groups, as the mean 

value for group (A) was (2.46± 0.21) cm and for group (B) was (2.457± 0.32)  

cm where the t-value was (0.027) and P-value was (0.979). 

Table (29): Pre treatment values of left calf muscle thickness of groups (A and B): 

Left calf muscle thickness 

(cm) 

Pre treatment 

Group (A) Group (B) 

Mean 2.46 2.457 

±SD ±0.21 ±0.32 

Mean difference 0.002667 

t-value 0.027 

P-value 0.979 

S NS 

*SD: standard deviation, P: probability, S: significance, NS: not significant, DF: degree of freedom 

 

Figure (38): Pre treatment values of left calf muscle thickness of groups (A and B).  
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Comparison between pre and post treatment values of the left calf muscle 

thickness in group (A): 

Table (30) demonstrated the pre and post treatment values of left calf 

muscle thickness for group (A). There was no significant difference in the paired 

t-test between pre and post treatment values, as the mean value for pre treatment 

was (2.46± 0.21) cm and for post treatment was (2.41±0.13) cm where the t-

value was (1.12) and P-value was (0.281).  

Table (30): Pre and post treatment values of left calf muscle thickness of group (A): 

 Group A Left calf muscle thickness (cm)   

Pre treatment Post treatment 

Mean 2.46 2.41 

±SD ±0.21 ±0.13 

Mean difference 0.05 

DF 14 

t-value 1.12 

P-value 0.281 

S NS 

*SD: standard deviation, P: probability, S: significance, S: significant, DF: degree of freedom 

 

Figure (39): Pre and post treatment values of left calf muscle thickness of group (A). 
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Comparison between pre and post treatment values of the left calf muscle 

thickness in group (B): 

Table (31) demonstrated the pre and post treatment values of left calf 

muscle thickness for group (B). There was a significant difference in the paired 

t-test between pre and post treatment values, as the mean value for pre treatment 

was (2.457±0.32) cm and for post treatment was (2.628±0.366) cm where the t-

value was (2.622) and P-value was (0.020). The percentage of improvement was 

6.95%. 

Table (31): Pre and post treatment values of left calf muscle thickness of group (B): 

 Group B Left calf muscle thickness (cm)   

Pre treatment Post treatment 

Mean 2.457 2.628 

±SD ±0.32 ±0.366 

Mean difference 0.170667 

Percentage of improvement 6.95% 

DF 14 

t-value 2.622 

P-value 0.020 

S S 

*SD: standard deviation, P: probability, S: significance, S: significant, DF: degree of freedom 

 

Figure (40): Pre and post treatment values of left calf muscle thickness of group (B). 
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Comparison of post treatment values of the left calf muscle thickness of 

groups A and B: 

Table (32) demonstrates the post treatment values of left calf muscle 

thickness for groups (A and B). There was a significant difference in the 

unpaired t-test between post treatment values of the two groups as the mean 

value of group (A) was (2.41±0.13) cm and for group (B) was (2.628±0.366) cm 

where the t-value was (2.174) and P-value was (0.044). 

Table (32): Post treatment values of left calf muscle thickness of groups (A and B): 

Left calf muscle thickness          

(cm) 

Post treatment 

Group (A) Group (B) 

Mean 2.41 2.628 

±SD ±0.13 ±0.366 

Mean difference 0.218 

t-value 2.174 

P-value 0.044 

S S 

*SD: standard deviation, P: probability, S: significance, S: significant, DF: degree of freedom 

 

Figure (41): Post treatment values of left calf muscle thickness of groups (A and B).  
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CHAPTER V 

DISCUSSION 

The issue of the present study is to investigate the effect of calf 

muscle strengthening on standing efficiency in spastic diplegic CP 

children. 

The present study included thirty spastic CP children in diplegic 

form which represents one of the major forms among spastic CP. This 

finding was reported by Binder and Eng (1989), who stated that 

spastic diplegic CP, is the most prevalent form of CP, with incidence 

as high as 70% to 80% of the premature infants with CP. This type of 

patient is characterized by varying degrees of spasticity in the lower 

limbs and mild spasticity in the upper limbs.  

The study focused on one of the major gross motor skills a child 

should acquire; proper independent standing. As Styer-Acevedo (2008) 

reported that the ability to stand is a major concern of parents of 

diplegic cerebral palsied children. He added that improving this ability 

is often considered to be the primary focus of the most therapeutic 

intervention. 

The present study was conducted on thirty spastic diplegic 

cerebral palsied children participated in this study for a period of three 

successive months. They were divided randomly into two groups of 
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equal numbers; control group included fifteen children who received a 

selected physical therapy program for one hour three times/ week, 

while study group included fifteen children who received the same 

selected physical therapy program given to the control group in 

addition to manual and mechanical strengthening exercises and 

electrical stimulation program for calf muscles of both lower limbs. 

As indicated from the results of descriptive data of the two 

groups, subjects in both groups were homogenous concerning age and 

BMI. 

In the present study we selected three outcome measures: 

1. Standing dimension of GMFM-88 (which represented the 

functional outcome). 

2. Knee and ankle joints angles in sagittal plane during 

standing (which represented the biomechanical outcome). 

3. Calf muscle thickness by ultrasonography (which 

represented the histological outcome).  

The pre-treatment results revealed non significant difference in 

all measured variables between the two groups which confirm the 

homogeneity of the sample in the control and study groups before 

starting the treatment program.  
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After the termination of the suggested treatment programs, the 

results of the current study showed significant difference (P<0.05) 

between the mean values of post treatment results of variables 

recorded in the control and study groups in the favor of study group, 

which clearly demonstrate the positive effect of calf muscle 

strengthening on the standing efficiency in the children with spastic 

diplegic cerebral palsy. 

In this work, the significant post-treatment results obtained from 

measurement of standing dimension of GMFM-88 of the study group 

might be attributed to improvement of calf muscles strength, which is 

the main antigravity muscle during static standing. Winter (1991) 

showed that 50% of the moment production to maintain upright 

standing posture is supplied by the calf muscle activation. 

This fact was supported by the earliest work of Joseph et al. 

(1955), who studied the electric activity of postural muscles during 

stand-at-ease position. They found that that the calf muscles are 

continuously contracted, but the tibialis anterior and the front and back 

thigh muscles do not show postural activity. 

The soleus typically is thought of as an ankle plantar flexor. 

However, when the foot is in a plantigrade position, the soleus is 

active and works to restrain the forward movement of the tibia. 

Therefore, it functions as a knee extensor. This is known as the 
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plantarflexion/ knee-extension couple. Unfortunately, the insufficient 

plantarflexion/ knee-extension couple is common and contributes to 

crouch posture in CP children (Hsu et al., 2008). In addition, plantar 

flexor dysfunction leads to both stance phase (supportive) and swing 

phase (propulsive) deficiencies during gait. Therefore, increasing calf 

strength can improve crouch posture of diplegic child, resulting in 

reduced energy expenditure during standing and walking. 

Such results supported the findings of Chan et al. (2004), who 

studied the effect of NMES on the triceps surae muscle in improving 

the gait and function of children with cerebral palsy aged 4-11 years. 

Carmick (1993) and Comeaux (1997) had the honour to be the 

first who studied the effect of calf muscle stimulation in CP children. 

Carmick (1993) studied the functional changes that occurred 

with the application of NMES to the triceps surae of three male 

children, 1.6, 6.7, and 10 years of age, all with hemiplegia due to 

cerebral palsy. Neuromuscular electrical stimulation was used in 

conjunction with a dynamic-systems, task-oriented model of motor 

learning. The children tolerated NMES well and at times demonstrated 

carryover after the removal of NMES. The youngest child showed 

immediate change in the ability to walk and run symmetrically. The 

two older boys demonstrated significant improvement in locomotor 

efficiency in a short time, although they were of an age when this 
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improvement was not expected. One boy's Physiological Cost Index 

(PCI) measurement (a measure of locomotor efficiency) improved 

fourfold, and the other boy's PCI measurement improved by a factor of 

two. These results show preliminary evidence for the usefulness of 

NMES as an adjunct to the physical therapy program for improving 

function in children with cerebral palsy. 

Comeaux (1997) studied whether NMES to the gastrocnemius or 

to the gastrocnemius/tibialis anterior of children with cerebral palsy 

during gait/functional activity will improve dorsiflexion at heel strike. 

Fourteen subjects aged four through 14 years with hemiplegia or 

diplegia were selected. There were four four-week phases: 

pretreatment; gastrocnemius stimulation; gastrocnemius/tibialis 

anterior stimulation; and posttreatment with the same gait/pregait 

activities throughout. During three observations in each phase, gait 

videos were made and mean ankle range of motion (ROM) at foot 

contact was measured from the screen later. A two-way analysis of 

variance (ANOVA) with two repeated measures was run at the 0.05 

level. A Newman Keuls test found significant differences for both 

stimulation treatments. Heel strike dorsiflexion improved after 

gastrocnemius stimulation and gastrocnemius/tibialis anterior 

stimulation during gait/functional activity. 

In another study, Carmick (1995) introduced a new therapeutic 
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proposal for the management of equinus in children with cerebral 

palsy. This proposal was to strengthen the calf muscles instead of 

weakening them surgically. Neuromuscular electrical stimulation 

(NMES) was used as an adjunct to physical therapy. A portable NMES 

unit with a hand-held remote switch stimulated an active muscle gait 

cycle in four children. Results showed improved gait, balance, posture, 

active and passive ankle range of motion, and foot alignment. The toe 

walkers became plantigrade and the equinovalgus posture of the foot 

decreased. Spasticity did not increase. 

This study contradicted obviously with Bobath concept, which 

was based on inhibition of spastic (e.g. calf) muscles. The strong 

evidence confirmed that strengthening exercises and electrical 

stimulation do not increase spasticity (Scianni et al., 2009). 

In addition, improvement of knee and ankle joints ROM may be 

due to the direct effect of NMES on tight and spastic calf muscles 

(Mäenpää et al., 2004 and Wiart et al., 2008). 

Also the significant improvement in crouch posture recorded in 

the study group came in agreement with Huh et al., (2010), who found 

that soleus weakness is a major risk factor for the development of 

crouch gait in CP children. 

In the present study muscle thickness was selected as an 
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alternative method of quantitative muscle evaluation for children with 

CP for whom direct measurement of muscle strength was difficult 

(Ohata et al., 2006). 

Moreau et al. (2010) stated that ultrasound measures of muscle 

thickness, adjusted for age and GMFCS level, were highly predictive 

of maximal torque and have the potential to serve as surrogate 

measures of voluntary strength (force-generating capacity) in children 

and adolescents with and without CP. In addition, they proposed an 

alternative measure of strength using 2-dimensional real-time 

ultrasound imaging that can be used when strength testing is not 

feasible in children with cerebral palsy.  

Measurement of muscle thickness is a useful quantitative muscle 

evaluation in a broad spectrum of individuals with CP, showing a 

direct positive relation with activities evaluated by the GMFM-66 and 

PEDI. This measurement can provide useful information on muscles in 

children who cannot perform strength or functional tests. It is possibly 

suitable for quantitative assessment after muscle strengthening 

interventions (Ohata et al., 2008). 

This came in contradiction with O'Sullivan (2009), who found 

that the correlation between muscle size (by tape and ultrasound) and 

the concentric isokinetic quadriceps and hamstrings strength was only 

weak to moderate. His study was limited by smaller sample size 
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formed of normal persons. 

This study showed increased calf muscle thickness in the study 

group, which coincided with the results of McNee et al. (2009), who 

found increases in muscle volume after plantarflexor strength training 

in children with spastic cerebral palsy. 

It is worth mentioning that there was no any adverse effects -

such as muscle fibrosis- inspected by ultrasonography at the end of this 

study within the calf muscles of the study group, at which NMES was 

used. 

Choosing 3 months period for this study may be explained by 

Kisner and Colby (2012), who stated that strength gains, observed 

early in a resistance training program (after 2 to 3 weeks) are the result 

of neural adaptation. For significant changes to occur in muscle, such 

as hypertrophy or increased vascularization, at least 6 to 12 weeks of 

resistance training is required. 

A very recent meta-analysis supported our choice of session 

duration         (1 hour) and frequency of sessions per week (3 sessions / 

week). It concluded that the optimal strengthening exercise for CP 

children consisted of 40- to 50-minute sessions performed 3 times per 

week (Park and Kim, 2014). 

There is now a growing body of evidence which demonstrates 
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that children with cerebral palsy can benefit from strengthening 

exercises and NMES. Choosing the target muscles for those techniques 

is a very important factor influencing the result of the treatment (Park 

and Kim, 2014; Novak et al., 2013). 

In the present work the significant post-treatment results 

obtained from measurement of all variables of the study group might 

be attributed to:-  

- Improvement of calf muscle strength. 

- Increased stability of knee and ankle joints. 

- Improved elasticity of calf muscle. 

- Decreased energy expenditure during standing. 

- Improved balance. 

- Improved plantarflexion/ knee-extension couple. 

- Increased sensory awareness of isolated calf movement by 

NMES (Carmick, 1993). 

- Improved foot alignment. 

- Decreased reliance on proximal muscles instead of distal 

muscles. 
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CHAPTER VI 

SUMMARY, CONCLUSION AND RECOMMENDATIONS 

 

SUMMARY 

This study was conducted to investigate the effect of calf muscle 

strengthening on standing efficiency in children with spastic diplegia. 

Thirty spastic diplegic children with age ranged from 2 to 4 years 

participated in this study. They were assigned randomly into two groups of 

equal number, 15 patients each. Patients in the control group were treated by a 

selected physical therapy program for one hour per session. While the patients in 

the study group were treated by the same exercise program given to the control 

group for one hour in addition to manual and mechanical strengthening 

exercises and electrical stimulation program for calf muscles of both lower 

limbs. All patients received three sessions per week for three successive months. 

Each patient of the two groups was evaluated before and after treatment 

by using standing dimension of GMFM-88, AutoCad 2007 software program for 

measuring knee and ankle joints angles in sagittal plane during standing and 

ultrasonography for measuring calf muscle thickness. The collected data was 

statistically analyzed using paired and unpaired t-test. 

The result of the present study revealed no significant differences in all 

measured variables between the control and study groups before starting the 

treatment. While significant differences in all measured variables between the 

two groups were recorded after treatment period in favor of the study group. 

These results showed the importance of strengthening the calf muscles in spastic 

diplegic CP children to improve standing posture. 
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CONCLUSION 

On basis of the present data supported by the relevant literature, it can be 

concluded that calf muscle strengthening using active exercises and NMES can 

be effective in improving standing function and posture in children with spastic 

diplegic CP. 
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RECOMMENDATIONS 

The present study investigated the effect of calf muscle strengthening on 

standing efficiency in children with spastic diplegic CP. According to the results 

of the present study, the following are highly recommended: 

1. Strengthening the calf muscles by exercise and NMES in spastic diplegic 

CP children should be used to improve standing posture. 

2. Investigation of standing posture and function after calf muscle 

strengthening in larger sample of diplegic children. 

3. Investigation of the effect of the calf muscle strengthening on other types 

of cerebral palsy e.g. spastic hemiplegia. 

4. Investigation of the effect of calf muscle strengthening on gait pattern in 

spastic diplegic cerebral palsied children. 

5. Investigation of the effect of calf muscle strengthening on balance in 

spastic diplegic cerebral palsied children. 

6. Investigation of the effect of calf muscle strengthening on energy 

expenditure in spastic diplegic cerebral palsied children. 

7. Investigation of the effect of calf muscle strengthening on foot pressure in 

spastic diplegic cerebral palsied children. 

8. Investigation of the effect of calf muscle strengthening on ankle joint 

ROM in spastic diplegic cerebral palsied children. 

9. Investigation of the effect of calf muscle strengthening on the onset of 

independent walking in spastic diplegic cerebral palsied children. 



 75

REFERENCES 

1. Bandholm, T., Rose, M.H., Sløk, R., et al. (2009). Ankle torque 

steadiness is related to muscle activation variability and coactivation in 

children with cerebral palsy. Muscle & nerve, 40(3): 402-410. 

2. Berker, N., and Yalcin, S. (2010). The HELP guide to cerebral palsy. 

2
nd

 ed. Istanbul, Turkey: Global-HELP Organization, p.10. 

3. Battibugli, S., Blumetti, F.C., Pinto, J.A., et al. (2011). Electrical 

stimulation therapy for children with cerebral palsy. Cochrane 

Database of Systematic Reviews, 2011, Issue 12. Art. No.: CD009478. 

DOI: 10.1002/14651858.CD009478. 

4. Binder, H., and Eng, G.D. (1989). Rehabilitation management of 

children with spastic diplegic cerebral palsy. Archives of Physical 

Medicine and Rehabilitation, 70:  482 – 489. 

5. Bohannon, R.W., and Smith, M.B. (1987). Interrater reliability of a 

modified Ashworth scale of muscle spasticity. Physical therapy, 67(2): 

206-207. 

6. Campbell, S.K., Palisano, R.J., and Orlin, M.N. (2012). Physical 

therapy for children. 4
th

 ed. Elsevier Saunders, p.577. 

7. CanChild Centre for Childhood Disability Research (2013). 

Overview of gross motor function measure, available from: 

http://motorgrowth.canchild.ca/en/GMFM/overview.asp#. Accessed: 

January 2013. 

8. Carmick, J. (1993). Clinical use of neuromuscular electrical 

stimulation for children with cerebral palsy, part 1: lower extremity. 

Physical Therapy, 73(8), 505-513. 

9. Carmick, J. (1995). Managing equinus in children with cerebral palsy: 

electrical stimulation to strengthen the triceps surae muscle. 

Developmental Medicine & Child Neurology, 37(11), 965-975. 



 76

10. Chan, N.N., Smith, A.W., and Lo, S.K. (2004). Efficacy of 

neuromuscular electrical stimulation in improving ankle kinetics 

during walking in children with cerebral palsy. Hong Kong 

physiotherapy journal, 22(1): 50-56.  

11. Comeaux, P., Patterson, N., Rubin, M., et al. (1997). Effect of 

neuromuscular electrical stimulation during gait in children with 

cerebral palsy. Pediatric Physical Therapy, 9(3), 103-109. 

12. Engstrom, C.M., Loeb, G.E., Reid, J.G., et al. (1991). 

Morphometry of the human thigh muscles: a comparison between 

anatomical sections and computer tomography and magnetic resonance 

imaging. Journal of Anatomy, 176: 139-156.  

13. Gary, R. (1990). Berto Line AutoCAD for Engineering Graphics. 

Collier MacMillan Publishers, London, p.1-3. 

14. Hsu, J.D., Michael, J.W., and Fisk, J.R. (2008). AAOS atlas of 

orthoses and assistive devices. Elsevier Health Sciences, p.489. 

15. Huh, K., Rethlefsen, S.A., Wren, T.A. et al. (2010). Development of 

calcaneal gait without prior triceps surae lengthening: an examination 

of predictive factors. Journal of Pediatric Orthopaedics, 30(3): 240-

243.  

16. Ikai, M., Fukunaga, T. (1968). Calculation of muscle strength per 

unit cross-sectional area of human muscle by means of ultrasonic 

measurements. European Journal of Applied Physiology and 

Occupational Physiology, 26(1): 26-32. 

17. Joseph, J., Nightingale, A., and Williams, P.L. (1955). A detailed 

study of the electric potentials recorded over some postural muscles 

while relaxed and standing. The Journal of physiology, 127(3), 617-

625. 

18. Kisner, C., and Colby, L.A. (2012). Therapeutic exercise: 

foundations and techniques. 6
th

 ed. FA Davis, p.174. 



 77

19. Ko, J., and Kim, M. (2013). Reliability and responsiveness of the 

Gross Motor Function Measure-88 in children with cerebral palsy. 

Physical therapy, 93(3): 393-400.  

20. Legerlotz, K., Smith, H.K., and Hinge, W.A. (2010). Variation and 

reliability of ultrasonographic quantification of the architecture of the 

medial gastrocnemius muscle in young children. Journal of Clinical 

Physiological Function Imaging, 30:198-205. 

21. Law, M. (2007). Focus on function–a randomized controlled trial 

comparing two rehabilitation interventions for young children with 

cerebral palsy. BMC pediatrics, 7(1): 31.  

22. Levangie, P.K., and Norkin, C.C. (2011). Joint structure and 

function: a comprehensive analysis. 5
th
 ed. Philadelphia, PA: FA 

Davis, p.480. 

23. Levitt, S. (2010). Treatment of cerebral palsy and motor delay. 5
th

 ed. 

John Wiley & Sons, p.307.  

24. Macnair, T. and Hicks, R. (2011). Cerebral palsy. BBC Health, 

available from:http://www.bbc.co.uk/health/physical_health/conditions 

/cerebralpalsy1.shtml. Accessed:  February 2011.  

25. Mäenpää, H., Jaakkola, R., Sandström, M., et al. (2004). Does 

microcurrent stimulation increase the range of movement of ankle 

dorsiflexion in children with cerebral palsy? Disability & 

Rehabilitation, 26(11): 669-677.  

26. McNee, A.E., Gough, M., Morrissey, M.C., et al. (2009). Increases 

in muscle volume after plantarflexor strength training in children with 

spastic cerebral palsy. Developmental Medicine & Child Neurology, 

51(6): 429-435.  

27. Moore, K.L., Dalley, A.F., and Agur, A.M.R. (2013). Clinically 

oriented anatomy. 7
th

 ed. Lippincott Williams & Wilkins, p.405. 



 78

28. Moreau, N.G., Simpson, K.N., Teefey, S.A., et al. (2010). Muscle 

architecture predicts maximum strength and is related to activity levels 

in cerebral palsy. Physical therapy, 90(11): 1619-1630.  

29. Nasseri, N., Hadian, M.R., Bagheri, H., et al. (2007). Reliability and 

accuracy of joint position sense measurement in the laboratory and 

clinic; utilising a new system. Acta Medica Iranica, 45(5): 395-404. 

30. Nielsen, D.B., and Daugaard, M. (2008). Comparison of angular 

measurements by 2D and 3D gait analysis. School of health sciences, 

Jönköping University, p.6-10. 

31. Nordin, M., and Frankel, V.H. (2012). Basic biomechanics of the 

musculoskeletal system. 4
th

 ed. Lippincott Williams & Wilkins, p.506. 

32. Novak, I., Mcintyre, S., Morgan, C., et al. (2013). A systematic 

review of interventions for children with cerebral palsy: state of the 

evidence. Developmental Medicine & Child Neurology, 55(10): 885-

910. 

33. Ohata, K., Tsuboyama, T., Ichihashi, N., et al. (2006). 

Measurement of muscle thickness as quantitative muscle evaluation 

for adults with severe cerebral palsy. Physical therapy, 86(9): 1231-

1239.  

34. Ohata, K., Tsuboyama, T., Haruta, T., et al. (2008). Relation 

between muscle thickness, spasticity, and activity limitations in 

children and adolescents with cerebral palsy. Developmental Medicine 

& Child Neurology, 50(2): 152-156. 

35. O'Sullivan, K., Sainsbury, D., and O'Connor, R. (2009). 

Measurement of thigh muscle size using tape or ultrasound is a poor 

indicator of thigh muscle strength. Isokinetics and Exercise Science, 

17(3): 145-153. 

36. Palisano, R., Rosenbaum, P., Bartlett, D., et al. (2007). Gross 

Motor Function Classification System: Expanded And Revised. 

CanChild Centre for Childhood Disability Research, McMaster 



 79

University. Available from: http://motorgrowth.canchild.ca/en/ 

GMFCS/expandedandrevised.asp. Accessed: January 2013. 

37. Park, E.Y., and Kim, W.H. (2014). Meta-analysis of the effect of 

strengthening interventions in individuals with cerebral palsy. 

Research in developmental disabilities, 35(2): 239-249. 

38. Prentice, W.E., Quillen, W.S., and Underwood, F. (2011). 

Therapeutic modalities in rehabilitation. 4
th
 ed. McGraw-Hill, Medical 

Pub. Division, p.337-345. 

39. Queen Alexandra Centre (2010). GMFM assessment review. 

Available from: http://www.therapybc.ca/eLibrary/docs/Resources/ 

GMFM%20Assessment%20Review.doc. Accessed: January 2013. 

40. Ross, S.A., and Engsberg, J.R. (2002). Relation between spasticity 

and strength in individuals with spastic diplegic cerebral palsy. 

Developmental Medicine & Child Neurology, 44: 148-157. 

41. Russell, D.J., Rosenbaum, P.L., Lane, M., et al. (1994). Training 

users in the Gross Motor Function Measure: methodological and 

practical issues. Physical Therapy, 74(7): 630-636. 

42. Seymour, R. (2002). Prosthetics and orthotics: lower limb and spinal. 

Lippincott Williams & Wilkins, p.367-426. 

43. Scheker, L.R., Chesher, S.P., and Ramirez, S. (1999). 

Neuromuscular electrical stimulation and dynamic bracing as a 

treatment for upper-extremity spasticity in children with cerebral 

palsy. The Journal of Hand Surgery: British & European Volume, 

24(2): 226-232. 

44. Scianni, A., Butler, J.M., Ada, L., et al. (2009). Muscle 

strengthening is not effective in children and adolescents with cerebral 

palsy: a systematic review. Australian Journal of Physiotherapy, 

55(2), 81-87. 



 80

45. Shumway-Cook, A., and Woollacott, M.H. (2012). Motor control: 

translating research into clinical practice. 4
th

 ed. Lippincott Williams & 

Wilkins, p.160. 

46. Stackhouse, S.K., Binder-Macleod, S.A., and Lee, S.C.K. (2005). 

Voluntary muscle activation, contractile properties, and fatigability in 

children with and without cerebral palsy. Muscle & nerve, 31(5): 594-

601. 

47. Styer-Acevedo, J. (2008). Physical therapy for the child with cerebral 

palsy. In: Tecklin, J.S. (ed.) Pediatric physical therapy. 4
th

 ed., 

Lippincott Williams & Wilkins, p.129. 

48. Tecklin, J.S. (2015). Pediatric physical therapy. 5
th
 edition. Lippincott 

Williams & Wilkins, p.79, 80. 

49. Volpe, R.G. (2015). How to address spastic gait in children. HMP 

Communications; Volume 21 - Issue 10 - October 2008; available 

from: http://www.podiatrytoday.com/how-to-address-spastic-gait-in-

children. Accessed: March 2015. 

50. Wiart, L., Darrah, J., and Kembhavi, G. (2008). Stretching with 

children with cerebral palsy: what do we know and where are we 

going? Pediatr Phys Ther, 20: 173-8. 

51. Wikipedia (2015). The free encyclopedia. Cerebral palsy; Available 

from: http://en.wikipedia.org/wiki/Cerebral_palsy. Accessed: March 

2015.  

52. Winter, D.A. (1991). The Biomechanics and Motor Control of 

Human Gait: Normal, Elderly and Pathological. 2
nd

 edition, University 

of Waterloo Press, Waterloo, Ontario, p. 355. 

53. Wolraich, M.L. (2003). Disorders of development and learning. 3
rd

 

ed. PMPH-USA, p. 117-136. 



 1

  الملخص العر�ي

  

  عنوان ال�حث: 

  .المزدوج التقلصى فى األطفال المصابین �الشللقوة عضلة السمانة و �فاءة الوقوف 

  :الهدف من ال�حث

   �الشلل التقلصى المزدوج.في األطفال المصابین  قو)ة عضلة السمانة على �فاءة الوقوفدراسة تأثیر ت

  مواد ال�حث وأسالی�ه:

المزدوج ، تراوحت  التقلصى �الشللمر1ضا من األطفال المصابین  30ى تم إجراء هذا ال�حث عل

  سنوات وتم تقس)مهم إلى مجموعتین متساو1تین: 4إلى  2أعمارهم من 

  المجموعة الضا�طة: -1

طفال تلقوا برنامج من التمر1نات العالج)ة المختارة بواقع ثالث  15احتوت هذه المجموعة على 

  أشهر متصلة.جلسات أسبوع)ا لمدة ثالثة 

  مجموعة الدراسة:  -2

طفال تلقوا تمر1نات تقو)ة و تنب)ه �هر?ائي لعضلة السمانة  15احتوت هذه المجموعة على 

�اإلضافة إلى ما تلقته المجموعة الضا�طة من برنامج عالجي بواقع ثالثة جلسات أسبوع)ا لمدة ثالثة 

  أشهر. 

  أشهر من تطبیB العالجات المختلفة. تم تقی)م الق)اسات للمجموعتین قبل و�عد ثالثة 

  النتائج:

أظهرت النتائج وجود تحسن ذو داللة إحصائ)ة واضحة لمرضي المجموعتین من الناح)ة الوظ)ف)ة 

عند المقارنة بین النتائج قبل و�عد العالج لكل مجموعة. �ذلك وجود فروق ذات داللة إحصائ)ة بین 

 .�عد إنتهاء فترة العالج في صالح مجموعة الدراسة المجموعتین فى �ل الق)اسات
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  التوص ات:

ي فى األطفال المصابین �الشلل التقلصى المزدوج ?تقو)ة عضلة السمانة �التمار1ن والتنب)ه الكهر  -1

  .لتحسین �فاءة الوقوف

دراسة تأثیر تقو)ة عضلة السمانة على �فاءة وظ)فة الوقوف فى عینة ذات عدد أكبر من  -2

 .مصابین �الشلل التقلصى المزدوجاألطفال ال

 تقو)ة عضلة السمانة على األنواع األخرJ من الشلل الدماغى، مثل الفالج الشقى.�حث تأثیر  -3

دراسة تأثیر تقو)ة عضلة السمانة على طر1قة المشى فى األطفال المصابین �الشلل التقلصى  -4

 المزدوج.

 فال المصابین �الشلل التقلصى المزدوج.دراسة تأثیر تقو)ة عضلة السمانة على االتزان فى األط -5

دراسة تأثیر تقو)ة عضلة السمانة على استهالك الطاقة فى األطفال المصابین �الشلل التقلصى  -6

 المزدوج.

دراسة تأثیر تقو)ة عضلة السمانة على ضغL القدم فى األطفال المصابین �الشلل التقلصى  -7

 المزدوج.

الكاحل فى األطفال المصابین  لمدJ الحر�ى لمفصلادراسة تأثیر تقو)ة عضلة السمانة على  -8

 �الشلل التقلصى المزدوج.

دراسة تأثیر تقو)ة عضلة السمانة على بدا)ة المشى بدون مساعدة فى األطفال المصابین �الشلل  -9

 التقلصى المزدوج.

  



 أحمد دمحم السید /قوة عضلة السمانة و �فاءة الوقوف فى األطفال المصابین �الشلل التقلصى المزدوج

أستاذ متفرغ �قسم العالج الطب�عى ، أ.د. إمام حسن النجمى؛ تحت إشراف: النحاسمصطفى 

. أ.درة؛ جامعة القاه --ل�ة العالج الطب�عي ، مراحل النمو والتطور وجراحتها عند األطفال الضطرا�ات

  . 2015رسالة د-توراه ، جامعة القاهرة؛  -الطب-ل�ة األشعة التشخ�ص�ة، �قسم  ، أستاذالعز/ز. دمحم حاتم 

  

  المستخلص
   

في األطفال  -فاءة الوقوف علىة عضلة السمانة �قو تأثیر ت یهدف هذا ال�حث إلى دراسة

فال تم تقس�مهم عشوائ�ا إلى ط 30تم إجراء ال�حث على قد و  �الشلل التقلصى المزدوجالمصابین 

 15وتضم   ومجموعة الدراسةطفال 15مجموعتین متساو@تین فى العدد �مثالن المجموعة الضا�طة وتضم 

مختارة بینما تلقت مجموعة أ�ضا. تلقت المجموعة الضا�طة برنامج من التمر@نات العالج�ة ال طفال

�اإلضافة إلى ما تلقته المجموعة الضا�طة من  لعضلة السمانة-هرCائي الدراسة تمر@نات تقو�ة و تنب�ه 

ن قبل و�عد الفترة العالج�ة والتي امتدت ثالثة أجر@ت الق�اسات لهاتین المجموعتی برنامج عالجي. وقد

وتحلیل  (GMFM-88)عن طر@J تقی�م وظ�فة الوقوف �مق�اس الوظائف الحر-�ة الكبرE  أشهر متواصلة

وقد أثبت التحلیل اإلحصائي  عضلة السمانة �الموجات فوق الصوت�ة. زوا�ا الكاحل والر-�ة وق�اس سماكة

عند المقارنة بین  من الناح�ة الوظ�ف�ة وجود تحسن ذو داللة إحصائ�ة واضحة لمرضي المجموعتین

فى -ل  إحصائ�ة بین المجموعتین -ذلك وجود فروق ذات داللة تائج قبل و�عد العالج لكل مجموعة،الن

 .اء فترة العالج في صالح مجموعة الدراسة�عد إنته الق�اسات
  

وضع الوقوف، التنب�ه ، الشلل التقلصى المزدوجعضلة السمانة، تمر@نات التقو�ة،   :ةالكلمات الدال

  .الكهرCى



قوة عضلة السمانة و �فاءة الوقوف فى األطفال المصابین 

  #الشلل التقلصى المزدوج
  

  

  

  

  

  

 توطئة

  العالج الطب*عىفى الد�توراه للحصول على درجة 

  
  

  

  
 

  مقدمة من

  النحاسمصطفى  أحمد دمحم السید

  ماجستیر العالج الطب�عى 

  عند األطفال الضطرا�ات مراحل النمو والتطور وجراحتها  قسم العالج الطب�عى

  
  

  

  فاإشر  تحت
 

  أ.د. إمام حسن النجمى
  العالج الطب�عى الضطرا�اتقسم متفرغ �أستاذ 

  مراحل النمو والتطور وجراحتها عند األطفال

  جامعة القاهرة -(ل�ة العالج الطب�عي 

  العز4ز3 دمحم حاتم  د..أ
  أستاذ �قسم األشعة التشخ�ص�ة

  جامعة القاهرة -  (ل�ة الطب

  

  
  �ل*ة العالج الطب*عى

  جامعة القاهرة
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