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APPENDIX A

Gross motor function classification score (GMFCS)

GMFCS level I

Children walk at home, school, outdoor and in the 

community. They can climb stairs without the use of a 

railing. They perform gross motor skills such as running 

and jumping, but speed, balance and coordination are 

limited.

GMFCS level II

Children walk in most settings and climb stairs holding 

onto a railing. They may experience difficulty walking 

long distances and balancing on uneven terrain, inclines, 

in crowded areas or confined spaces. They may walk 

with physical assistance, a hand-held mobility device or 

used wheeled mobility over long distances. Children 

have only minimal ability to perform gross motor skills 

such as running and jumping.
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GMFCS level III

Children walk using a hand-held mobility device in 

most indoor settings. They may climb stairs holding 

onto a railing with supervision or assistance. They use 

wheeled mobility when traveling long distances and 

may self-propel for shorter distances.

GMFCS level IV

Children used method of mobility that require physical 

assistance or powered mobility in most settings. They 

may walk for short distances at home with physical 

assistance or used powered mobility or body support 

walker when positioned. At school, outdoors and in the 

community children are transported in a manual 

wheelchair or use powered mobility.

GMFCS level V

Children are transported in a manual wheelchair in all 

setting. They are limited in their ability to maintain 

antigravity head and trunk postures and control leg and 

arm movements.
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APPENDIX B

Popliteal angle

In the present study, popliteal angle was used as one part of inclusion criteria.  

The popliteal angle test is typically done with neonates and is a measure of 

physiological flexion.  The test is performed in supine with the hip and knee of the leg 

being measured flexed to 90º.  The other hip is stabilized against the surface while the 

testing leg is extended up into the air.  The goniometer is placed with the axis at the 

lateral femoral epicondyle.  The legs of the goniometer are pointed to the greater 

trochanter and the lateral malleolus.  The popliteal angle is the angle measured by the 

goniometer that subtracted from 180º.   
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APPENDIX C

Modified Ashworth Scale

Score Modified Ashworth Scale

0 No increase in muscle tone

1 Slight increase in muscle tone, manifested by a catch and release or by 

minimal resistance at the end of the range of motion when the affected part(s) 

is moved in flexion or extension.

2 Slight increase in muscle tone, manifested by a catch, followed by minimal 

resistance throughout the reminder (less than half) of the ROM (range of 

movement).

3 More marked increase in muscle tone through most of the ROM, but affected 

part(s) easily moved.

4 Considerable increase in muscle tone passive, movement difficult.

5 Affected part(s) rigid in flexion or extension.
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APPENDIX D

Contraindications of Electrical Stimulation

� Do not apply to the thoracic area or transthoracically of a patient with 

arrhythmia, congestive, heart failure, recent myocardial infarction, and other 

heart condition.

� Do not apply anywhere on the body of a patient with a demand-type implanted 

cardiac pacemaker or defibrillator.

� Do not apply through the carotid sinus area (at the bifurcation of the common 

carotid artery); it may cause a rise in blood pressure, reflex vasodilatation and 

slow the heart rate.

� Do not apply transcerebrally at a milliamp level because it may cause changes 

in brainwave patterns.  Microcurrent can be applied transcerebrally.

� Do not apply through cancerous tissue.

� Do not apply through areas of broken or irritated skin. The current flows 

through breaks in the skin, causing discomfort. 

� Do not T apply near or touching protruding metal such as surgical surface 

staples or external pins because they are excellent conductors of electricity.

� Do not use on any patient who reacts very negatively to the experience or to 

the sensation of stimulation.

� Do not apply to a patient with undiagnosed pain.

� Do not apply to patients who cannot provide adequate feedback concerning 

the level of stimulation.



70

APPENDIX E

Modified Chair

The modified chair in this study can set the knee angle as require.  It was used 

for quadriceps strength training in sitting position with knee flexion 30 degrees.

In this study, the modified chair can be also adjusted for measurement 

quadriceps strength.  For measurement QMVIC, the hard bar was installed across the 

leg support and the handheld dynamometer was fixed on the solid bar.

Solid bar

Handheld dynamometer 

For adjustment knee angle
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APPENDIX F

Reliability of the study 

Intra-rater reliability of the study

The within session test-retest variability of variables measured in this study was 

conducted to examine the reliability of quadriceps and hamstrings modified Ashworth 

Scale, quadriceps lag, Angles of hip, knee, and ankle joints during standing, and

maximum voluntary

Measurements

isometric contraction as shown in table below. The intra-class 

correlation coefficients (ICCs) of theses variables were calculated from three trials of 

each variable.  The confident interval (CI) of the measurement indicated the 

probability to district from measurement error.  

ICC (3,k)

Quadriceps modified Ashworth Scale (6 score)

Hamstrings modified Ashworth Scale (6 score)

Quadriceps lag (degree)

Angles of hip joints during standing (degree)

Angles of knee joints during standing (degree)

Angles of ankle joints during standing (degree)

Maximum voluntary

0.89

0.94

0.98

0.97

0.97

0.99

0.97isometric contraction (%)
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APPENDIX G

Participant’s information

Name............................................................................Age.....................Gender.............

Weight.........................Height...................Date of birth……………..Tel………………

1. Type of gait disorders

O Crouch gait

O Genu recurvatum

2. Type of walking

O Independent walking

O Walking with aid (e.g. walker, orthoses, cane, orther)...................................

                  O Unable walking 

3. Gross motor function classification score (GMFCS)

O level V

O level IV

O level III

O level II

O level I

4. Ability to communicate

O understand verbal commands

O can not understand verbal commands
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5. Any botulinum toxin injection to the lower extremities in the previous six 

months

O Yes. (please specify)................................................................... 

O No.

6. Popliteal angle

O < 30°

O � 30°

7. Congenital disease

O Cardiovascular or respiratory system disease

O Heart disease

O Asthma

O Other (please specify)..................................... 

8. Any orthopedic surgery in the previous six months

O Yes. (please specify)................................................................... 

O No.

9. Any musculoskeletal system problem (e.g. pain and inflammation of hip, knee,

and ankle)

O Yes. (please specify)................................................................... 

O No.

10. Any electrical stimulation in the previous six months

O Yes. (please specify)................................................................... 

O No.
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11. Any contraindication of ES application

O Yes. (please specify)................................................................... 

O No.

12. Any orthopedic deformities which have a bad influence on strength training

including. 

O Hip subluxation 

O Other (please specify)...................................................................

O No.

13. Any medicine before participate in strength training including 

O Antihistamine

O Anticonvulsant

O Medicine for muscle relaxation 

O Other (please specify)…………

O No.
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APPENDIX H

Ethical clearance
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Consent form
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APPENDIX I

Baseline values

The results between the pre- training 1 and pre- training 2 were found no

statistically significant differences in both groups.  Therefore, all outcome measures 

only at pre- training 2 were used to compare in this study.

Combined group
Pre-test QMVIC

Mean±SD
QL

Mean±SD
Angles joints

Mean±SD
MAS

Median
(max-min)

hip knee ankle Quad Ham

1 18.2±8.2 10.9±5.9 72.3±89.6 63.9±71.0 96.0±9.5
1

(3-0)
0

(1-0)

2 17.7±8.2 10.6±6.5 70.7±84.6 65.6±75.0 96.1±9.3
1

(3-0)
0

(1-0)

p-value 0.24 0.50 0.78 0.82 0.58 0.48 1.00

Control group
Pre-test QMVIC

Mean±SD
QL

Mean±SD
Angles joints

Mean±SD
MAS

Median
(max-min)

hip knee ankle Quad Ham

1 16.9±8.4 12.5±6.1 67.3±80.3 64.7±68.9 101.2±11.6
2

(3-0)
0

(1-0)

2 17.2±8.5 12.3±6.4 69.4±81.3 62.6±78.3 100.6±12.0
2

(3-0)
0

(1-0)

p-value 0.57 0.81 0.45 0.90 0.09 0.56 1.00

* Quad = Quadriceps muscle and Ham = Hamstring muscle
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APPENDIX J

Daily log book
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