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Introduction and Research Problem 

isability is a problem encountered by 

many countries in the world, especially 

in the developing countries. The Solutions to 

this problem are a must if development is to 

be maintained in such countries. This paper 

discusses physical disability which has many 

forms such as amputation arthritis, 

amyotrophy and paralysis. 

A scientific study (by Kessler) states that 

during World War II about 18,000 American 

citizens lost parts of their bodies during 

military service. During the same period 

120,000 American civilians lost some limbs 

in accidents. Thomas and Haddan estimated 

the number of annual amputations at 40,000. 

(17:74-81), (23:521-532) 

The above mentioned data might be a good 

indicator of the number of amputations that 

might occur in a given community, especially 

in case statistics are not available. Such 

numbers might be the minimum of cases in 

developing countries if population is taken 

into consideration. 

Amputation can be defined as removal of a 

limb or part of a limb as a result of interior or 

exterior causes, or congenital disabilities. 

(13:831-836), (21:3-12) 

 

Causes of Amputation 

 Tumours, malignant tumours, 

osteochondromatosis or cell tumours 

that necessitate amputation for fear of 

contagion, and when treatment is 

useless. 

 Accidents and trauma 

 Putridity of a limb wound, as in the 

case of gangrene, especially the germ, 

in which case amputation is of great 

importance. 

 Congenital amputation, which is not 

considered by many studies as 

amputation because it is caused by 

atrophy in a given limb. (25:634-645), 

(11:875-883), (19:485) 

Several rehabilitation specialists agree that 

post-operative left parts have their particular 

characteristics. The post-operative left parts 

of a limb plays an important role in 

rehabilitation after the healing of the 

amputation place. It also gives a clear 

indication of the new motor possibilities of 

this part which can be used after 

rehabilitation. 

Amputation place is determined by means of 

protection, the muscles point of contact and 

the relationship with blood vessels and 

nerves (14:229-241), (18:465-469). The main 

D 



Mohamed Kamal Moussa, Wael Kamel El-Hawy 

TAIE 160 March 2014, Volume 4, No. 1 

characteristics that must be considered in the 

left part are: 

 Length: length of the left part is a big 

advantage. This part should usually be 

shorter in the lower limb in 

consideration of the venous 

circulation of the blood and for safety 

reasons. This occurs in below knee 

amputation where many knee flexor 

and extensor muscles merge 10 

centimetres below the joint (figure 

….knee joint). As for the femur joint, 

the merging of the muscles along the 

thigh, especially the flexor and 

adductor of the femur joint causes the 

left part length to be something 

between 15 and 30 centimetres so as 

to keep some strength for the adductor 

muscles. It is also important for the 

other body joints to take into 

consideration safety of the left part 

and making the most use of the power 

of the flexor and the extensor and 

other muscles that move this part 

through the nearest joint. 

 Shape of the left part: the end of this 

limb must be conical in shape because 

artificial limbs depend on lateral 

loading. 

 Position of the wound: this must be 

liable to much movement or friction 

and it must also be in the form of a 

free-moving line. 

 The tissue covering the left part: this 

part should be covered with skin and 

tissue under the skin and must not 

exist in the skin tissue so that 

movement can be easy without any 

flaccidity of the tissues (8:395-399), 

(16:901-904), (24:34-43) 

Rehabilitation for Amputation-Disabled 

Persons 

Post-amputation rehabilitation is a well 

organised process reflecting an integrated 

concept of intensive care for the patient from 

injury to return as a useful member of the 

society. This aim requires the cooperation of 

the surgeon, artificial limb specialist, the 

sport coach, the psychologist and everyone 

working in the field of rehabilitation. The 

patient starts rehabilitation after 2-3 weeks 

from the surgical operating date. During this 

time care is given to the healing of the 

position of the amputation, how it is adapted 

to the new position, preventing any muscle 

dysfunction, reviewing of the case, blood 

circulation problems, amputation ulcer, skin 

inflammations and similar problems. At the 

same time this process helps atrophy of the 

amputated part in preparation for fixing the 

artificial limb and legamenting the limbs, 

recently experimental research has been done 

to improve higher and lower artificial limbs 

reflecting the rapid progress in this field and 

requiring training and rehabilitation 

processes that must be compatible to all that 

is new (1:92), (7:139-144, 395-399), (9:559-

566), (20:227-235). Physical exercises, 

whether free or tool-based are very important 

in developing the physical and motor abilities 

for people in general and the disabled 

peoples in particular. Many physical 

exercises specialists agree that such exercises 

should be performed as a team activity. They 

are performed as free exercises (without 

tools) or using small tools or on bigger 

equipment in order to increase a person’s 

physical and motor abilities. Exercises for 

special purposes are performed as a team 

activity as games in different sport and 

physical competitive activities or in 

recreational competitive championships or in 
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sports events (5:40-44), (3:27-33), (4:24-32), 

(6:15-18), (2:29-31). 

Prosthetics 

The artificial leg (Prosthesis) consists of a 

costume fitted socket of the amputation place 

and belts to attach it to the body. The knee 

joint can be provided with belts to control 

motion and also the lower leg and the foot. In 

this way the prosthesis can be suitable to 

children and youth who have strong parts of 

the limbs that can endure the loading system 

when supporting the body and during 

movement. In case the processes includes 

belts and works in a manner similar to the 

normal walking movement, the position of 

the prosthesis above the knee joint does not 

prevent the movement of the joint (15:117-

129), (12:662-668), (22:157-171). 

Objectives of the research 

The research aims at improving some 

physical and motor abilities after double 

trans-femoral lower - limb amputation 

through: 

 Improving the muscular strength of 

the muscular groups at upper limb, 

lower limb and trunk; 

 Increasing the motion range of the 

trunk flexor and extensor muscles; 

 Improving still and motor balance; 

 Increasing the ability to climb up and 

down the staircase; 

 

Research hypotheses 

 The exercise program helps improve 

the muscular strength of the muscular 

groups at upper limb, lower limb and 

trunk; 

 The exercise program helps improve 

the motion range of the trunk flexor 

and extensor muscles; 

 The exercise program helps Improve 

still and motor balance 

 The exercise program Increases the 

ability to climb up and down the 

staircase. 

Research procedures 

Methodology 

The experimental method was used, being 

suitable for this type of research, pre- and 

post-measurements were taken of one 

experimental group. 

Research sample 

The study sample consisted of 3 elderly 

amputees with double amputation above the 

knee who had amputation performed within a 

month on the two limbs. Amputation was 

done in the same manner and by the same 

surgeon who recommended to start 

rehabilitation after making sure that the 

wound healed, no inflammation or tumours 

existed on the left part of the lower limb 

above the knee and the amputee's health was 

in a state of stability.  The surgery was 

performed in Al Salama New Hospital, in 

Smouha, Alexandria. 
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Homogeneity of sample subjects in the basic variables:  

Table 1 

Statistic Description of Elementary Data of Research Sample 

Variables Mean Median Standard Deviation Contortion Co-efficient 

Height in cm 169.667 170 1.366 -0.523 

Weight in kgm 90.667 91 4.926 -0.152 

Age in years 56.667 57 1.466 -0.623 

Table 1 shows that the contortion co-efficient 

value of the variables was  3, indicating that 

research sample was below the normal curve. 

Height was measured to the nearest 0.5 cm 

using a stadiometer. 

Homogeneity of sample subjects in physical and motor measurements:  

Table 2 

Statistic Description of Data before Experiment 

Variables Mean 
Standard 

Deviation 

Kolmogorov-

Smirnov Z 
Sig. 

Muscular 

Strength (kg) 

strength of trunk flexor 

muscles 
10.333 0.577 0.667 0.766 

strength of trunk extensor 

muscles 
9.500 0.866 0.667 0.766 

strength of femoral flexor 

muscles 
1.500 0.500 0.303 1.000 

strength of femoral extensor 

muscles 
1.417 0.520 0.506 0.960 

strength of femoral  adductor 

muscles 
1.833 0.289 0.667 0.766 

strength of femoral  abductor 

muscles 
1.833 0.289 0.667 0.766 

strength of shoulder joint   

flexor muscles 
18.333 0.577 0.667 0.766 

strength of shoulder joint   

extensor muscles 
14.000 1.000 0.303 1.000 

strength of shoulder joint     

adductor muscles 
11.667 0.577 0.667 0.766 

strength of shoulder joint     

abductor muscles 
11.667 0.577 0.667 0.766 

strength of elbow joint   flexor 

muscles 
14.333 0.577 0.667 0.766 

strength of elbow joint   

extensor muscles 
13.333 0.577 0.667 0.766 

Table 2 shows that the Kolmogorov-Smirnov 

Z value ranged between 0.303 and 0.667, 

which is insignificant at the level of 0.05, 

indicating that the measurements reached are 

near to normalcy and belong to a 

homogeneous community. 

Muscular strength was measured by 

dynamometer. 
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Table 3  

Statistic Description of Motion Range Data before Experiment (N = 3) 

Variables Mean 
Standard 

Deviation 

Kolmogorov

-Smirnov Z 
Sig. 

Motio

n 

Range 

(cm) 

measurement of the motion range 

of trunk extensor muscles (the 

distance between sternum and the 

ground (  cm) 

5.333 0.577 0.667 0.766 

measurement of the motion range 

of trunk flexor muscles (the 

distance bending the trunk forward 

from long sitting (  cm) 

-12.000 1.000 0.303 1.000 

Table 3 shows that the Kolmogorov-Smirnov 

Z value ranged between 0.303 and 0.667, 

which is insignificant at the level of 0.05, 

indicating that the measurements reached are 

near to normalcy and belong to a 

homogeneous community. 

Motion range for trunk was measured by 

measuring scale. 

Table 4  

 Statistic Description of Balance Data before Experiment (N = 3)       

Variables Mean 
Standard 

Deviation 

Kolmogorov-

Smirnov Z 
Sig. 

Balance 

(per 

second) 

Still balance with the walker 7.333 2.082 0.506 0.960 

Motor balance during 3 m/s 

walking 
52.667 3.055 0.438 0.991 

Climbing up and down the 

staircase (number) 
0.333 0.577 0.667 0.766 

Walking distance (  m) 4.000 1.000 0.303 1.000 

 

Table 4 shows that the Kolmogorov-Smirnov 

Z value ranged between 0.303 and 0.667, 

which is insignificant at the level of 0.05, 

indicating that the measurements reached are 

near to normalcy and belong to a 

homogeneous community. 

Balance was measured by stopwatch. 

Research measurements and tests 

 Age to the nearest year 

 Height and weight measured by a 

restameter 

 Measurements of the muscular 

strength of the lower limb (by 

dynamometer) 

- strength of trunk extensor muscles 

- strength of trunk flexor muscles 

- strength of femoral extensor 

muscles 

- strength of femoral flexor muscles 

- strength of femoral  adductor 

muscles 

- strength of femoral  abductor 

muscles 

 Thigh circumference measurements 

(by meter tape) 

 measurement of the motion range of 

the trunk (by measuring scale) 
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- measurement of the motion range 

of trunk extensor muscles (by 

measuring scale) 

- measurement of the motion range 

of trunk flexor muscles 

- Still balance and motor balance 

 Measurement of  the muscular 

strength (by dynamometer) 

- strength of shoulder joint   flexor 

muscles 

- strength of shoulder joint   extensor 

muscles 

- strength of shoulder joint   adductor 

muscles 

- strength of shoulder joint   abductor 

muscles 

- strength of elbow joint   flexor 

muscles 

- strength of elbow joint   extensor 

muscles 

 measuring the motor efficiency 

- climbing up and down the staircase 

(by number of stair scales) 

- walking (by centimetre) 

Executive procedures of the research 

The pilot study 

A pilot study was conducted in the period 

15/1/2012 – 18/1/2012 on a sample of 2 

patients exclusive of the basic sample of 3 

patients. The aims of the pilot study were as 

follows: 

 Identifying whether the content of the 

program is compatible with the study 

sample;  

 Identifying the methods and means 

most appropriate to double trans-

femoral amputees, especially 

wheelchairs, prosthetics, walkers and 

crutches;  

 Identifying the organizational 

approach to deal with the case to 

make sure of  the availability of 

security and safety factors; 

 Making sure of the security and safety 

of instruments and means used on the 

sample subjects; 

 Identifying difficulties encountered by 

researchers during the application of 

the program 

Results of the research showed that the 

program content is appropriate to the patients 

studied. A number of points must however be 

taken into consideration: 

 There must be interval rest periods 

when performing the free exercises 

and tool exercises; 

 Alternating movement should be 

allowed when necessary; 

 Giving due attention to the patient's 

psychological state during application 

of the program, noting any change in 

the expressions on his/her face and 

trying to understand his/her needs; 

 Perfecting the performance by the 

patient is not necessary. He/she 

should only perform according to 

his/her abilities and potentials; 

 Exercises with weights must be 

gradual; 

 Weights must be standardized. 

Pre-measurements 

Pre – measurements and pre-tests were done 

on some physical and motor abilities of the 

research sample in the period 20/01/2012 – 

27/01/2012. 
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Applying the exercise program 

The free and tool exercise program was 

applied in the period 29/01/2012 – 

27/05/2012. it took 12 weeks to apply at the 

rate of 3 units per week (Sundays, Tuesdays 

and Thursdays). The time for the whole unit: 

60m – 75m distributed as follows: 

preparation and warm-up:  07m. 30s; the 

basic component of the program: 40m – 60m, 

using free and tool physical exercises; 

closing: 07m. 30s. the following points were 

taken into consideration: 

 Gradual shifting from easy to difficult 

loads and from simple to complex 

loads; 

 The use of low-intensity interval 

training; 

 Principle of load and rest   

Post-measurements 

Post-Physical and motor measurements and 

tests were conducted on the research group in 

the period 28/05/2012 – 05/06/2012  

Statistical treatments 

Mean 

Standard deviation 

T calculated value 

Kolmogorov- Smirnof Z 

Improvement percentage 

Result presentation and discussion 

Significant differences between pre- and 

post- measurements 

 of the research group 

  

Table 5 

Significance of Differences between Pre-Measurements  

and Post-Measurements in the Muscular Strength Tests (N = 3) 

Variables 

Pre-measurements Post-measurements 

D
if

fe
re

n
ce

 

b
et

w
ee

n
 

m
ea

n
s 

T
 c

a
lc

u
la

te
d

 

v
a
lu

e 

Z value and 

significance 

Im
p

ro
v
em

en
t 

(%
) 

mean 
standard 

deviation 
mean 

Standard 

deviation 
Z Sig 

S
tr

en
g
th

 o
f 

(k
g
) 

Trunk flexor 

muscle 
10.333 0.577 18.333 0.577 8.000 16.971* 2.023 0.043 77.419 

Trunk extensor 

muscle 
9.500 0.866 15.667 0.577 6.167 10.262* 2.023 0.043 64.912 

Femoral flexor 

muscle 
1.500 0.500 7.667 1.528 6.167 6.645* 1.964 0.050 411.111 

Femoral 

extensor muscle 
1.417 0.520 5.000 0.000 3.583 11.926* 2.087 0.037 252.941 

Femoral 

adductor muscle 
1.833 0.289 4.333 0.577 2.500 6.708* 2.023 0.043 136.364 

Femoral 

abductor muscle 
1.833 0.289 3.833 0.289 2.000 8.485* 2.023 0.043 109.091 

Shoulder joint 

flexor muscle 
18.333 0.577 33.667 1.528 15.333 16.263* 1.993 0.046 83.636 

Shoulder joint 

extensor muscle 
14.000 1.000 31.667 1.155 17.667 20.032* 1.993 0.046 126.190 
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Variables 

Pre-measurements Post-measurements 

D
if

fe
re

n
ce

 

b
et

w
ee

n
 

m
ea

n
s 

T
 c

a
lc

u
la

te
d

 

v
a
lu

e 

Z value and 

significance 

Im
p

ro
v
em

en
t 

(%
) 

mean 
standard 

deviation 
mean 

Standard 

deviation 
Z Sig 

Shoulder joint 

adductor muscle 
11.667 0.577 25.667 0.577 14.000 29.698* 2.023 0.043 120.000 

Shoulder joint 

abductor muscle 
11.667 0.577 25.333 0.577 13.667 28.991* 2.023 0.043 117.143 

Elbow joint 

flexor muscle 
14.333 0.577 33.333 0.577 19.000 40.305* 2.023 0.043 132.558 

Elbow joint 

extensor muscle 
13.333 0.577 33.000 1.000 19.667 29.500* 1.993 0.046 147.500 

T value significant at the level of 0.05 =4.3 

Table 5 and figure 1 about significance of 

differences between pre-measurements and 

post-measurements in the muscular strength 

tests show differences between the two types 

of measurements in the muscular strength 

tests at the level of 0.05, with the T value 

ranging between 6.645 and 40.305. This 

value is higher than tabular T value at the 

level of 0.05. In consideration of the small 

size of the sample, the Z test was also 

conducted to identify differences in small 

samples. Results showed that there are 

significant differences between the pre-

measurements and post-measurements in 

strength variables, favoring post-

measurements with Z ranging between 1.964 

and 2.087.  These values are significant at the 

level of 0.05. Percentile differences ranged 

between 64.912% and 411.111% in muscular 

strength. This improvement in muscular 

strength of muscle groups in the upper and 

lower limbs is attributed to the nature of the   

tool exercise program (medical balls, 

different and standardized weights, rubber 

bands, divided boxes, etc) and the free 

exercise program. The program improved the 

strength factor in muscle groups working on 

the two arms including the flexor, extensor, 

adductor and abductor muscles which had a 

great effect on increasing the motor ability of 

the research sample subjects and their ability 

to easily carry the weight of the left part after 

amputation, supported by the walker and the 

crutches. The program also improved the 

muscular strength of muscles working on the 

trunk, which had a positive effect on the 

ability to control the prosthesis, and which 

plays a great role in the muscular work of the 

femur joint that has lost much of the muscle 

working on it as a result of the amputation 

below the femur and the muscle groups of 

the lower limb. Application by the sample 

subjects of the tests measuring muscular 

strength, and strength exercises included in 

the program had a positive effect on research 

sample. Psychologically speaking, sample 

subjects had some compensation in exerting 

the maximum effort, when performing theses 

exercises, for the disability of the lower limb. 

The above able also shows an obvious 

improvement in the muscular strength of the 

flexor, extensor, adductor and abductor 

femoral joint muscles. This had a positive 

effect on carrying the weight of the 

prosthesis, representing 2 – 4 kgm through 

the gradual shifting when performing the free 

and tool exercises, using the artificial limb.  
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Figure 1 

The mean of the pre-measurement and post-measurement of the experimental research group in muscular strength 
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Figure 2 

The mean of the pre-measurement and post-measurement of the experimental research group in muscular strength 
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Table 6 

Significance of Differences between Pre-Measurements and Post-Measurements in the Motion Range Tests (N = 3) 

Variables 

Pre-

measurements 

Post-

measurements 

D
if

fe
re

n
ce

 b
et

w
ee

n
 

m
ea

n
s 

T
 c

a
lc

u
la

te
d

 v
a
lu

e Z value and 

significance 

Im
p

ro
v
em

en
t 

(%
) 

mean 

st
a
n

d
a
rd

 

d
ev

ia
ti

o
n

 

mean 

S
ta

n
d

a
rd

 

d
ev

ia
ti

o
n

 

Z Sig 

M
o
ti

o
n

 R
a
n

g
e 

(c
m

) 

measurement of the motion range 

of trunk extensor muscles 

 (the distance between sternum and 

the ground (cm) 

5
.3

3
3
 

0
.5

7
7
 

1
3
.6

6
7
 

1
.5

2
8
 

8
.3

3
3
 

8
.8

3
9
*
 

1
.9

9
3
 

0
.0

4
6
 

1
5
6
.2

5
0
 

measurement of the motion range 

of trunk flexor muscles 

 (the distance bending the trunk 

forward from long sitting (  cm) 

-1
2
.0

0
0

 

1
.0

0
0

 

1
.6

6
7

 

0
.5

7
7

 -1
3
.6

6
7

 

2
0
.5

0
0
*

 

1
.9

9
3

 

0
.0

4
6

 1
1
3
.8

8
9

 

T value significant at the level of 0.05 =4.30 

Table 6 and figure 2 about significance of 

differences between pre-measurements and 

post-measurements in the motion range tests 

show differences between the two types of 

measurements in the motion range tests at the 

level of 0.05, with the T value ranging 

between 8.839 and 20.500. This value is 

higher than tabular T value at the level of 

0.05. In consideration of the small size of the 

sample, the Z test was also conducted to 

identify differences in small samples. Results 

showed that there are significant differences 

between the pre-measurements and post-

measurements in strength variables, favoring 

post-measurements with Z ranging between 

1.993.  This value is significant at the level of 

0.05. Percentile differences ranged between 

156.250% and 113.889% in motion range. 

The improvement in the measurements of the 

motion range of the flexor and extensor trunk 

muscles is attributed to the nature of the 

program applied to the research sample, and 

the various and numerous exercises and their 

content. When performing an exercise, 

motion is made around one particular axis, 

i.e. joint. This is why muscles working on the 

joint, ligaments and tendons are affected by 

the exercise whether the aim of the exercise 

is developing strength, flexibility, motion 

range or coordination. The program applied 

included several over-extension exercises 

which make the muscle groups working on 

the joint, ligaments and tendons subject to a 

stronger external effect. This had a positive 

effect on the motor performance of the 

research sample subjects in their daily life 

and helped them be self-dependent. Various 

motion range exercises were used with the 

research sample subjects because the range 

motion and flexibility are very important for 

the amputees since they reduce the risks of 

back pain, a problem likely to be encountered 

by amputees.  
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Figure 3 

The mean of the pre-measurement and post-measurement of the experimental research group in motion range 
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3
2
.0

2
0
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6
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5
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2
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Table 7 and figure 3 about significance of 

differences between pre-measurements and 

post-measurements in the balance tests show 

differences between the two types of 

measurements in balance tests at the level of 

0.05, with the T value ranging between 7.071 

and 32.020. This value is higher than tabular 

T value at the level of 0.05. In consideration 

of the small size of the sample, the Z test was 

also conducted to identify differences in 

small samples. Results showed that there are 

significant differences between the pre-

measurements and post-measurements in 

balance variables, favoring post-

measurements with Z ranging between 1.964 

and 2.023.  These values are significant at the 

level of 0.05. Percentile differences ranged 

between 72.152% and 1627.3%. The 

improvement in still and motor balance is 

attributed to the nature of the program 
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applied to the research sample and its content 

of balance exercises, whether these are free 

or performed with standardized tools, 

gradually shifting from easy to difficult 

exercises. The program had an obvious effect   

in helping the research sample subjects stand 

still or walk a short distance. The program 

exercises that improve strength and motion 

range also improved balance, being a 

complex physical element. Physical 

exercises, whether free or with tools, develop 

physical traits of people in general and he 

disabled in particular because they use 

certain parts of the body in the appropriate 

position. Results of this study showed that 

the muscular strength of the muscle group 

working on the upper limb and the left part of 

the lower limb has improved as a result of 

using the free and tool exercise program. The 

motion range of the flexor and extensor trunk 

muscles has also improved, and so has the 

still and motor balance element, which had 

an effect in improving walking forwards and 

backwards as shown in the above table. 

Improvement also occurred in climbing up 

and down the staircase using the prosthesis. 

Research sample subjects could also live as 

normal people satisfying their daily needs.

Figure 4 

The mean of the pre-measurement and post-measurement of the experimental research group in motion range 
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Conclusions 

In the light of the research aims, results of 

the statistical analysis and results of the 

application of the exercise program, the 

following conclusions were reached: 

 There are statistically significant 

differences between pre-

measurements and post-

measurements, favouring post-

measurements of the physical and 

motor abilities studied. 

 There was an improvement in the 

muscular strength of the muscle 

groups working on the upper limb, 

lower limb and the trunk. 

 There was an increase in the motion 

range of the flexor and extensor trunk 

muscles. 

 There was an improvement in still and 

motor balance. 

 There was an increase in the ability to 

climb up and down the staircase. 

Recommendations  

It is recommended to: 

 Apply the program used in this 

current study, in view of the positive 

effect it has had as shown in the 

research results; 

 Follow up, in a scientific manner, 

taking periodic measurements,  of the 

physical and motor efficiency of the 

amputees after double trans-femoral 

amputation; 

 Conducting further studies on the 

subject for different age groups.  
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