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Aims Amputation makes a person susceptible to postural deviation and compensatory 
movements and causes reduced performance, biocompatibility, pain, and dissatisfaction. 
This study aimed to investigate the effect of eight weeks of a comprehensive rehabilitation 
protocol on indicators of postural control, back pain, quality of life, and gait speed in adults 
with unilateral lower limb amputation.
Materials & Methods This Quasi-experimental study was carried out on 23 subjects with 
transtibial amputations at K2 level and above who could walk with the help of a prosthesis. 
The subjects were selected by purposive sampling and were assigned into training and control 
groups. The training group received proper posture, correcting daily life activities, teaching 
the correct use of prosthesis, and mirror therapy for eight weeks. However, the control group 
followed their routine daily life activities. A dynamic computer posturography machine was 
used to evaluate the postural control indicators. Low back pain was measured by a visual 
analog scale. The quality of life was evaluated using TAPES and CLASS questionnaires. And 
the gait speed was checked by a 2-minute gait test.
Findings Eight weeks of the comprehensive corrective protocol had a significant effect on 
the indicators of postural control, low back pain, quality of life, and gait speed, in the training 
group (p≤0.05).
Conclusion Implementing a comprehensive program of correctional protocol leads to 
improvement of balance and postural control indicators, quality of life and gait speed, and 
reduction of low back pain intensity in unilateral lower limb amputees.
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Aims West Java has the second highest incidence of hypertension in the country, with a 
prevalence of 36.79% in the city of Bandung. The elderly have the highest rate of hypertension 
among all age groups. This study aimed to investigate non-modifiable and modifiable risk 
factors, as well as the most common risk factors related to hypertension in the elderly.
Instruments & Methods In this cross-sectional, all patients who visited and received 
treatment at the general polyclinic and were registered in the Neglasari Health Centre’s 
report registration were investigated. There were 245 respondents in this survey. A basic 
random strategy was used to collect samples. Data were collected using questionnaires and 
observation sheets and analyzed by Chi-square test and multiple logistic regression.
Findings Age (p=0.000), family history (p=0.015), obesity (p=0.0001), physical activity 
(p=0.003), stress (p=0.000), excessive salt consumption (p=0.007), alcohol drinking 
(p=0.0001), and inadequate fiber consumption (p=0.0001) were risk factors for hypertension 
in the elderly. The degree of stress was the most important risk factor for the occurrence of 
hypertension in the elderly (OR=4.2).
Conclusion Both non-modifiable (age and family history) and modifiable (obesity, physical 
activity, stress, excessive salt consumption, alcohol consumption, and low fiber consumption) 
factors can influence the occurrence of hypertension. Stress is the most significant factor 
linked to hypertension.
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Aims This study aimed to investigate the prevalence of hypoxic encephalopathy in patients 
with COVID-19 and its relationship with in-hospital mortality.
Instruments & Methods A multicenter prospective study was conducted on 1277 patients 
with SARS-CoV-2 infection. All patients were evaluated based on age, severity of disease course, 
presence or absence of typical symptoms of COVID-19, presence of exacerbating chronic 
conditions, and presence of developed acute neurological complications. Patients with signs 
of encephalopathy were identified among patients with acute neurological complications, 
and a differential diagnosis was carried out to identify hypoxic encephalopathy. The data 
relating to severe patients with hypoxic COVID-19-associated encephalopathy was studied 
thoroughly for the chronology of the onset of symptoms, detection of the SARS-CoV-2, the 
similarity of test results, and diagnostic clinical examinations.
Findings Hypoxic encephalopathy was identified as the most severe complication among 
patients with neurological disorders. Most often, older patients had a severe course of the 
disease. 20% of patients had obtained disorders of the nervous system. 92% of them were 
diagnosed with hypoxic encephalopathy, which led to death in 95% of cases.
Conclusion SARS-CoV-2 hypoxic encephalopathy may lead to a poor prognosis for the course 
of the disease in the vast majority of patients with neurological complications. It means that 
this serious complication should be investigated more carefully for possible prevention, early 
diagnosis, effective treatment, and long-term rehabilitation for patients with COVID-19.
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Introduction 
Movement disabilities are the most prevalent 
disabilities, and amputation is one of the most 
common cases [1]. Amputation makes the person 
susceptible to postural deviation and compensatory 
movements, and it causes a decrease in function and 
abnormal adaptation in areas such as the spine and 
lower limbs. Asymmetric movements in the trunk, 
lumbar-pelvic joints, and thigh following amputation 
lead to muscle fatigue and stress on the skeletal-
articular structures and ultimately lead to a change in 
the alignment of the spine and pelvis [2]. Also, the 
problems of balance, flexibility and peripheral 
neuropathy are other complications of amputation [3], 
and disturbance in balance control is one of the most 
common movement challenges [4, 5]. In an 
inappropriate physical condition due to amputation, 
body parts are far from the reference line, and many 
complications are created, such as pain, increase or 
decrease in the motion range of the joints, reduced 
flexibility in muscles and soft tissues, adhesion, and 
imbalance in muscles, biomechanical change of joints, 
reduction of physiological capacities, ligament laxity, 
change in surface sensations and proprioception, a 
disorder in the sequence of the pattern of using 
muscles to perform normal daily movements, and 
functional limitations by inducing movement and 
pattern position [6, 7]. Therefore, it is very important 
to pay attention to the movement pattern and 
perform corrective movements to reduce body 
deviation, and improve back pain and the quality of 
life of amputee people. 
In examining and treating muscle imbalance 
syndromes, the more important cause of deviation 
position and hypertonicity of certain muscle groups 
is the reducing the threshold of irritability and 
hyperactivity, which causes stiffness and shortening 
of these muscles. Whereas hypotonicity and 
weakness of antagonist muscle groups, with a high 
excitability threshold which is often weak and 
inhibited, have a delay in activation [8]. The main aims 
of correctional exercises for amputated people are 
restoring the length of shortened contractile and non-
contractile tissues, recovery of strength in weak and 
inhibited muscles, development of endurance and 
functional power in the muscles, and development of 
functional and motor power. In this regard, based on 
the extensive studies on sports and physical activity 
of amputees for 10 years in America, physical 
activities improve the condition of these people [6]. 
Physical activities often include flexibility exercises, 
muscle strengthening, cardiovascular exercises, 
balance, and gait [3, 9]. On the other hand, atrophy of 
the trunk muscles, postural deformities of the spine, 
and biomechanical changes of the joints cause 
decreased activity, muscle stiffness, fatigue, and pain, 
so low back pain is seen in 71% of lower limb 
amputees [10]. Godlwana et al. [11], Shin et al. [10], 
Wasser et al. [12], and Faraji et al. [8] showed that 

strengthening exercises in amputees with back pain 
reduce pain and increase the strength of back 
extensors. Godlwana et al. investigated the effect of 3 
months of home exercise on lower limb amputees 
compared to the control group and reported the 
improvement in performance, mobility, and quality 
of life in these people [11]. Wasser et al. prescribed 
exercise interventions for unilateral amputees with 
low back pain and concluded that regular 
performance of these exercises reduced the intensity 
of chronic pain and improved the quality of life in 
transtibial amputees [12]. 
Walking speed has been studied in healthy subjects 
and subjects with transtibial amputation. A normal 
walking velocity has been reported to be 83m/min. In 
contrast, walking speed has been estimated at 
45m/min for persons who had undergone transtibial 
amputation for vascular reasons and 36m/min for 
persons who had undergone transfemoral 
amputation for vascular reasons, at least 6 months 
after wearing a prosthesis [13]. 
Considering the significant population of amputees 
and the physical complications caused by amputation 
and musculoskeletal problems, body malalignment, 
and compensatory movements, as well as the 
limitations of recent studies background in 
investigating the role of a comprehensive correction 
protocol in the symmetry of spine and hip muscles, 
reducing low back pain, improving the postural 
control indicators of this group of people, and 
expanding the hypothesis of movement patterns and 
frontal plane deviations, this study aimed to 
investigate the effect of an 8-weeks of comprehensive 
corrective protocol on postural control, low back 
pain, gait speed and quality of life on unilateral 
transtibial amputees. 
 

Materials and Methods 
This is a Quasi-experimental study with a pre and 
post-test design through two training and control 
groups and is a randomized controlled clinical trial 
(RCT) due to the use of the intervention variable, the 
existence of the control group, and the random 
grouping of the subjects.  
The statistical population included unilateral 
transtibial amputees, who were referred to the 
comprehensive rehabilitation center of Red Crescent 
in Tehran between 2019 and 2021. Sampling was 
conducted based on the inclusion and exclusion 
criteria. The sample size was determined to be at 
least 20 using G power software concerning the 
statistical test, the number of variables, test power, 
and effect size. The subjects were 23 patients were 
included if they were at least 18 years of age and 
transtibial amputees who were homogenized based 
on the cause of amputation, activity level, gender, 
pain level, and ability or inability to participate in 
training sessions and randomly assigned into two 
training and control groups. The subjects were 
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selected by convincing and purposive sampling and 
classified into two groups of training (n=13; 8 men 
and 5 women) and control (n=10; 4 men and 6 
women) by the random. The participants signed an 
informed consent form before the study. 
Inclusion and exclusion criteria 
Inclusion criteria were age over 18 years, back pain 
[12] within 30 days before starting the study, non-
participation in treatment and correction programs 
parallel to this study, and no open wounds and 
infections in the amputated limb within the past few 
months, continuous use of prosthesis, having a 
functional level at k2 [14] or higher, and no other 
musculoskeletal diseases or disabilities in the upper 
limbs. The prosthetic walking potential of people 
with lower limb amputation was originally described 
by the Medicare Functional Classification Level. This 
classification system consists of five levels referred to 
as "K-levels". K-levels range from 0 to 4, where K0 
refers to a person who does not have the ability or 
potential to use a prosthesis for transfers or walking, 
and K4 refers to a person with the ability or potential 
to exceed basic ambulation skills, exhibiting high 
impact, stress or energy levels. In summary, the 
median (IQR) gait speed for each K-level was as 
follows: K1=0.17 (0.15– 0.19) m/s, K2=0.38 (0.25–
0.54) m/s, K3=0.63 (0.50– 0.71) m/s, and K4=1.06 
(0.95–1.18) m/s [14]. 
Exclusion criteria were the subject's lack of 
cooperation with the researcher, suffering from 
mental problems and taking sedative drugs, the 
occurrence of any mental and physical disorder 
during corrective interventions, not participating in 2 
consecutive sessions or 3 non-consecutive sessions, 
and not participating in the post-test [15]. 
Assessment of postural control indicators  
Computerized Dynamic Posturography (CDP) was 
used to evaluate the effect of exercises on postural 
control indicators of amputee people and to measure 
balance error. The machine evaluated the balance 
state in six positions, including: 1) senses of vision, 
hearing, and proprioception, 2) removal of vision 
sense, 3) change of hearing sense, 4) proprioceptive 
change, 5) removal of visual sense and change of 
proprioception, and 6) change of hearing sense and 
proprioception (ICC=0.35-0.79) [16]. In the 3 first 
positions, the power plates were fixed, and in the last 
3 modes, the power plates moved in anterior and 
posterior directions. In the first position, a person 
was placed in the system so that all sensory 
information involved in postural control was 
available. In the second position, the subject was 
tested with a blindfold (removal of visual system 
information). In the third position, the person's eyes 
were open, but the visual environment was dynamic, 
leading to the presentation of incorrect vision arrays. 
In the fourth position, the force planes were dynamic, 
and the information of proprioception was removed. 
In the fifth position, the eyes were closed with a 
blindfold, and proprioceptive information was 

removed by moving the force plate. The information 
on the vestibular system in the postural was 
controlled in this situation. In the sixth position, the 
visual sense, hearing available proprioception 
information were removed. The duration of each test 
mode was 20 seconds. Each mode was repeated 3 
times. The rest time between each mode was 10 
seconds. During the rest period, the next situation 
was following aimed to the subjects. No feedback 
should be provided to the subjects at all stages. 
Finally, all the subjects were tested 3 times in each 
situation. The average stability variables and center 
of gravity shift were used 3 times in the test. In each 
of the 6 positions, a range score of 0 to 100 was 
presented as an index of the individual's balance 
control (Figure 1) [16]. 
 

 
Figure 1) Computerized dynamic posturography 
 

Assessment of back pain intensity  
Back pain intensity was measured using a numerical 
pain rating scale and a visual analog scale. The visual 
analog scale is a 10 cm horizontal strip, in which one 
end is zero meaning no pain, and another is 10 
meaning maximum pain. This scale is the most 
reliable pain grading system for comparison between 
different courses, and it is widely used in research 
related to pain, whose reliability (ICC=0.93-0.98) and 
validity were confirmed [17]. 
Assessment of quality of life 
The comprehensive lower limb amputee socket 
survey (CLASS) (validity and reliability ranged from 
0.73 to 0.97) [18] and Trinity Amputation and 
Prosthesis Experience Scales (TAPES; available in the 
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attachments) (validity and reliability lower than 
0.70) [19], were used to check the quality of life. CLASS 
questionnaire to check the satisfaction level with 
prosthetic socket fit included 4 positions of 
prosthesis stability, suspension, comfort, and 
appearance in sitting, standing, walking, and going up 
and down the stairs, which scored using a 5-point 
scale including totally disagree with score 1, disagree 
with score 2, agree with score 3, totally agree with 
score 4 and have no opinion with score 0. The total 
number of points divided by 60 was expressed as a 
percentage. The TAPES questionnaire also included 
scoring the items based on marking each of the 5 
positions. 
Assessment of gait speed 
The 2-minute walk test (ICC=0.86–0.98) was used to 
determine the walking distance of amputees. By this, 
the subject covered a distance marked by the 
researcher for 2 minutes in a round trip mode. After 
the end of the time, the whole distance was obtained 
by multiplying the number of round trips and the 
route taken by the subjects [14, 20]. 
Comprehensive corrective protocol 
The comprehensive corrective protocol included 
corrective exercises, optimal posture retraining 
patterns, mirror therapy, training optimal use of 
prosthesis along with adopting optimal posture, 
improving the balance of the physical structure, 
increasing efficiency, preventing and eliminating 
skeletal-muscular disorders and deviations, and 
correcting postural abnormalities. According to the 
specific problems and receiving a history of the 
physical condition of each subject, an individualized 
comprehensive correction program through a 
guidebook was used, including 8 weeks of exercises 
and training, ranging from easy levels with fewer 
exercises to advanced combined levels with more 
exercises and activities.  
The exercises aimed to restore the length of 
shortened contractile and non-contractile tissues, 
recover strength in weak and inhibited muscles, 
development of endurance and functional power in 
the muscles and the central portion of the body, 
development of functional and motor power, 
improve balance and postural control, teaching 
optimal body positions, and correcting postural 
malalignments in the subjects. In addition to the 
individualization of the comprehensive protocol of 
exercises and training programs, principles of 
program development in each subject were accorded 
to the overload principle, the gradual progress of 
training intensity, the progress of the subject based 
on gender, amputation period, medical and sports 
records and self-report of the subject. At the 
beginning of the protocol, the subjects' exercise 
program was designed and implemented with a focus 
on the center body portion. Appropriate techniques 
and methods of training were used to release, stretch 
and restore the natural length of short and tight 
tissues and to improve the strength and endurance 

power of the pelvic-thigh muscles. The training 
program included 3 one-hour training sessions per 
week at home for eight weeks according to the 
program of the corrective exercises booklet after 
ensuring the correct training of the patient in the 
clinic. The researcher followed up the exercise 
process and completed the exercise session checklist 
for each subject. All the exercises were done slowly 
and without rushing and causing pain. There were 3 
main stages of warming up, the main training 
protocol, and finally cooling down. Middle-body 
exercises were used for 5-10 minutes of warming up. 
In the main protocol, there are (1) release of the 
iliotibial band, tensorfasciata, and iliopsoas muscles, 
(2) stretching of short and tight tissues, (3) 
strengthening of weak and inhibited muscles, (4) 
balance and range of motion exercises and (5) 
coordination movements. And walking was done for 
a total of 30-45 minutes. At the end of the protocol, 
simple breathing and stretching exercises are used to 
cool down (Figure 2) [8, 15]. 
Statistical analysis  
The information obtained from the measuring 
variables was analyzed using SPSS 23 software 
through descriptive and inferential statistics. Data 
normality was checked using the Shapiro-Wilk test. 
One-way Analysis of Covariance (ANCOVA) was used 
to examine the differences between studied groups in 
the post-test and pre-test. Also, paired t-test was used 
to check intra-group differences. Partial η2 was used 
to check the effect size of exercises. 

 
Findings 
Demographic information and duration of amputation 
and using the prosthesis in control and training groups 
are presented in Table 1. 
There was no significant effect of the 8-week 
comprehensive corrective protocol on postural control 
in the first (p=0.810), second (p=0.092), and third 
modes (p=0.133) on unilateral lower limb amputees. 
However, there was a significant effect of an 8-week 
comprehensive corrective protocol on postural control 
in the fourth (p=0.042), fifth (p=0.003), sixth (p=0.021), 
and the total score of the balance of the subjects 
(p=0.004; Table 2). 
There was a significant difference between the training 
and control groups regarding back pain intensity in the 
post-test (p=0.0001). Also, a significant decrease in back 
pain intensity was observed in the training group at the 
post-test compared to the pre-test (p=0.0001). 
However, there was no significant difference in the 
control group in the post-test (p=0.846; Table 3). 
A significant increase in gait speed was observed in the 
training group than in the control group at the post-test 
(p=0.001). Also, the gait speed in the training group 
increased significantly in the post-test than in the pre-
test (p=0.0001). However, the result of the control 
group showed no significant difference in the post-test 
compared to the pre-test (p=0.885; Table 3). 
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No. Exercise name Picture Rest Time Set Description 

1 

Isometric abdominal 
contraction with bent 
knees (posterior 
pelvic tilt) - 
Core training with 
prosthesis 

 

 

20 
The amount of rest 
between each 
repetition in each set 
is 20 seconds (2:1) 
and between 
exercises is 30 
seconds (3:1) 

10 4 

Supine sleeping, roll under the 
stomp and back rotation of the 
pelvis with the reduction of the 
lumbar lordosis along with the 
contraction of the abdominal 
muscles (breathe easily) 

2 
Opposite hands and 
feet 

 

20 10 4 
Supine with bent knees, raise the 
opposite arm and leg 45 degrees 
from the bed 

3 Bike 

 

20 10 3 
Supine sleeping and bicycle 
movement 

4 Hip contraction 

 

 

20 10 4 
Lie on stomach and contract hip 
muscles 

5 
Taking the thigh away 
from the side with 
bend knee 

 

 

20 10 2 
Sleep on your side Put your leg in 
bend position and move it away 
from the body and then close 

6 
Hip extension from 
the side 

 

20 10 2 
Lie on your side and pull your thigh 
back 

7 
Moving the thigh away 
from the side with 
straight knee 

 

20 10 2 
Lie on your side and keep your leg 
straight and lift it up and down 

8 Hamstring stretch 

 

      

20 10 2 
Supine sleeping, raise the thigh 
straight up on each side and stretch 
with the hand 

9 
Quadriceps muscle 
contraction 

 
 

20 10 3 

In sitting position, by placing your hands 
behind your body and maintaining body 
weight with hands and isometric 
contraction of the quadriceps muscle, 
contract the muscle 

10 

Ball below the knee 
isometric contraction 
of the quadriceps on 
each side  

20 10 2 
Place a roll or ball under the knee 
while sitting. Try to straighten your 
leg and push the ball down 

11 

Abdominal 
contraction sitting 
with posterior pelvic 
tilt  

20 10 4 
Sit up straight and contract the 
stomach 

12 
Cross (abdominal 
contraction) 

 

20 10 4 

In sitting position, contract and 
straighten stomach and put hands in 
a straight cross position next to your 
body 

Figure 2) Exercise protocol 

 
Table 1) Demographic information and duration of amputation and using the prosthesis in control (n=10) and training (n=13) groups 
Variable Minimum Maximum Mean±SD 
Performance level (k) 
Control group 1 2 1.10±0.316 
Training group 1 2 1.62±0.506 
Age (year) 
Control group 18.00 60.00 46.20±16.81 
Training group 26.00 65.00 46.15±12.79 
Duration of amputation (year) 
Control group 0.60 30.00 16.46±10.11 
Training group 1 50 17.84±8.37 
Duration of using the prosthesis (year) 
Control group 0.20 3.00 1.07±0.92 
Training group 0.30 6.00 1.77±1.55 
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Table 2) Comparision of the mean scores of postural control in the pre-and post-test stages in the studied groups 

Variables Pre-test Post-test 
Within-group changes Between-group changes 

t p F p Partial η2 
Total postural control 
Training group 80±5.87 86.15±4.37 3.495 0.004 

9.841 0.005 0.330 
Control group 81.40±8.55 81.30±8.42 0.264 0.798 
Postural control in position 1 
Training group 91.81±4.53 92.08±1.99 -0.246 0.810 

1.021 0.324 0.049 
Control group 91.50±3.19 91.07±3.34 1.421 0.189 
Postural control in position 2 
Training group 90.76±5.03 90.68±2.23 -1.813 0.092 

2.070 0.166 0.94 
Control group 92.68±2.29 92.38±2.31 0.896 0.393 
Postural control in position 3 

Training group 91.32±4.36 93.30±2.30 -1.613 0.133 
2.470 0.132 0.110 

Control group 89.83±9.21 89.90±9.24 -0.108 0.917 
Postural control in position 4 
Training group 81.03±8.10 87.34±6.09 -2.274 0.042 

8.228 0.01 0.291 
Control group 78.94±10.96 77.90±11.08 1.491 0.170 
Postural control in position 5 
Training group 72.30±9.01 82.88±6.56 -3.626 0.003 

4.012 0.059 0.167 
Control group 76.73±10.76 78.90±11.05 -1.490 0.171 
Postural control in position 6 
Training group 66.93±13.38 76.26±11.61 2.654 0.021 

5.420 0.031 0.213 
Control group 69.73±19.63 68.22±19.55 0.588 0.571 

 
Table 3) Comparision of the mean scores of back pain and gait speed in the pre-and post-test stages in the studied groups 

Variables Pre-test Post-test 
Within-group changes Between-group changes 
t  p F p Partial η2 

Back pain 
Training group 4.92±2.78 2.56±1.71 6.672 0.0001 

67.137 0.0001 0.770 
Control group 6.80±3.12 6.90±3.10 0.123 0.846 
Gait speed 
Training group 79.98±27.53 98.97±32.31 -5.092 0.0001 

15.998 0.001 0.444 
Control group 71.13±28.26 70.77±29.66 0.188 0.855 

 

Considering the quality of life, including 10 items of 
quality of life and satisfaction with prosthesis 
function, the results showed the effect of 8 weeks of a 
comprehensive corrective protocol on the quality of  
 

life of unilateral lower limb amputees, and a 
significant difference was observed between the 
 training and control groups in the post-test stage 
(p=0.0001; Table 4). 

 
Table 4) Comparision of the mean scores of quality of life and satisfaction level with prosthetic socket fit in the pre-and post-test stages in 
the studied groups 

Variables Pre-test Post-test 
Within-group changes Between-group changes 
t p F p Partial η2 

Quality of life (CLASS questionnaire) 
Training group 73.76±12.11 87.46±11.18 -5.926 0.0001 

32.152 0.0001 0.617 
Control group 72.80±9.62 71.01±11.61 1.804 0.105 
A person's habit of using a prosthesis 
Training group 17.74±3.13 20.69±2.52 -5.505 0.0001 

33.543 0.0001 0.626 
Control group 18.40±3.80 17.70±3.97 3.280 0.01 
Importance of other people's opinions 
Training group 15.76±4.54 16.37±3.73 -1.199 0.254 

5.210 0.034 0.207 
Control group 15.50±2.99 14.80±3.35 2.333 0.055 

Adaptation to prosthetic limitations 

Training group 15.15±4.27 12.30±4.32 5.259 0.0001 
25.264 0.0001 0.558 

Control group 15.00±4.08 16.30±4.47 -2.177 0.57 

Social restrictions 
Training group 3.23±1.87 4.76±1.53 -3.987 0.002 

12.357 0.002 0.382 
Control group 4.10±1.91 3.60±2.22 2.236 0.052 
Restriction on functional activities 
Training group 3.61±2.10 6.46±1.80 -8.011 0.0001 

40.877 0.0001 0.671 
Control group 4.10±1.96 4.30±1.70 -1 0.343 
Satisfaction with the beauty of the prosthesis 
Training group 5.00±2.58 6.00±2.23 -3.950 0.002 

7.434 0.013 0.271 
Control group 3.50±2.79 3.50±2.79 0.005 0.999 
Satisfaction with the weight of the prosthesis 
Training group 13.15±2.60 14.61±2.18 -3.787 0.003 

24.175 0.0001 0.547 
Control group 13.80±1.47 13.90±1.44 -0.429 0.678 
Functional satisfaction 
Training group 2.76±1.16 3.69±0.75 -3.860 0.002 

2.290 0.147 0.103 
Control group 2.30±1.05 2.00±1.24 1.964 0.081 
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Discussion 
This study aimed to investigate the effect of an 8-

week comprehensive rehabilitation protocol, 

including corrective exercises, correct posture 

training, mirror therapy, daily activities training, and 

use of prosthesis on indicators of postural control, 

back pain, quality of life, and gait speed in adults with 

unilateral lower limb amputation.  
In this research, the postural control index was 
assessed in six positions separately. There was no 
significant difference between the existence of three 
senses of vision, vestibular and proprioceptive, 
removing vision, and vestibular sense change in the 
training group than the control group. Also no 
significant difference was observed in the training 
group after the post-test. The position 3 to 6 included 
proprioception change, vision removal and 
proprioception change, and vestibular and 
proprioception change. The results of investigating 
the 3-last positions showed a significant difference 
between the training and control groups; also, the 
post-test results showed a significant difference in 
the training group. The findings of this research on 
the effective role of corrective exercises in improving 
postural control and balance in lower limb amputees 
are accordant with the findings of Schafer et al. [9, 21], 
Mohamadtaghi et al. [22, 23], Damayanti Sethy et al. [24], 
Miller et al. [25], Devan et al. [2], and Moradi et al. [1]. 
Schafer et al., in a randomized controlled trial, looked 
for the role of a 12-week personal exercise program 
on the balance of lower limb amputees after home 
exercise sessions of the exercise group, including 
balance, endurance, strength, and flexibility exercises 
on balance scores. The exercise group significantly 
increased muscle symmetry and weight bearing 
while standing on an unstable surface without visual 
input and sensory feedback [21]. Mohamadtaghi et al., 
in another research entitled "effect of the selected 
balance program on postural control of amputees 
under the manipulation of visual, vestibular, and 
proprioceptive systems with 14 subjects in training 
and control groups", found that following a 
therapeutic exercise program was effective in 
improving balance and increasing stability. Probably, 
the reasons for effectiveness in the functional 
conditions of amputees were performing balance 
exercises, improving the muscle strength in the 
central portion of the body, improving the 
proprioceptive function of amputees, and increasing 
the control of posture in subjects. Postural control 
indicators in unilateral lower limb amputees changed 
because of muscle imbalance caused by excessive use 
of certain groups of muscles and inactivity and 
proper use of another group, and it inclines the 
patients towards performing compensatory 
movements and adopting compensatory postures 
such as bending to the prosthetic side and creating an 
unfavorable alignment in the person's posture as a 
compensatory strategy [22, 23]. One of the prevention 

and compensation strategies in the design and 
implementation of corrective protocols for 
improving postural control by affecting weight 
distribution between two organs is the proper use of 
the central muscles of the body and optimal use of the 
prosthesis during functional activities, which has an 
important and effective role in maintaining balance 
and postural control, especially during movement 
activities [24, 25]. Selective correction exercises, 
emphasizing the strength of the central portion of the 
body, improving power and endurance of pelvic-
thigh muscles, improving balance and postural 
control in different situations during 8 weeks, aimed 
to improve the functional ability of people while 
using a prosthesis, gait and improving their quality of 
life [2, 26]. 
The reduction of back pain in the training group was 
another result of this research. Back pain is one of the 
secondary and undeniable conditions after 
amputation [12]. In this research, we tried to decrease 
back pain intensity in the subjects using emphasizing 
exercises in the center portion of the body especially 
pelvic and thigh muscles, increasing motor control, 
improving neuromuscular coordination, and 
improving the alignment of the pelvic and lumbar 
areas in the frontal and sagittal planes. Also, the 
findings of Shin et al. [10], Fatone et al. [26], and Faraji 
et al. [8] showed a decrease in the long-term risk of 
back pain using a change in the movement strategy of 
amputees [27]. Consistent with our findings, Shin et al. 
[10] in a study entitled "effects of lumbar 
strengthening exercise in lower-limb amputees with 
chronic back pain", emphasized strengthening 
exercises to reduce pain and increase the strength of 
back extensors by strengthening exercises and 
declared that following exercises prevents atrophy of 
trunk muscles and compression of joints and have an 
effect of 71% in reducing the back pain of amputees. 
It’s because of strengthening the muscles of the 
central portion of the body, strengthening atrophied 
muscles, and stretching weak muscles [7, 15]. Similar to 
our results, Faraji et al. [8], in a study entitled "the 
effect of 12-week corrective training on lumbar 
multifidus muscle asymmetry and pain intensity in 
veterans with one-sided below-knee amputation 
suffering from chronic back pain", mentioned the 
positive effect of 12 weeks corrective training on the 
decrease of back pain intensity whereas there was no 
effect on the multifidus muscle asymmetry in a 
maximum contraction of the muscle and muscular 
endurance. Therefore, this research aimed to design 
and implement a comprehensive corrective protocol 
to restore muscle balance, improve the levels of 
neuromuscular coordination and motor control, 
especially in the subject who used the prosthesis 
during daily life activities such as gait, and improve 
motor patterns and postural strategies in order to 
reduce back pain intensity in the subject. 
There was a significant increase in the quality of life 
in the training group than in the control group after 
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the post-test. The use of prostheses on amputees has 
a positive effect on their quality of life since the 
amputee does not enjoy the same conditions as 
healthy people, such as the use of stairs, vehicles, and 
the lack of urban furniture. Selected corrective 
exercises focus on strengthening weak and stretched 
muscles, restoring the length of muscles and 
shortened soft tissues, creating functional organ 
coordination, and acquiring the ability to perform 
efficient movements and improve the quality of life of 
amputees [28, 29]. 
Our results are consistent with the findings of Bouzas 
et al. [30], Wasser et al. [12], Miller et al. [25], Parker et al. 
[31], and MacKenzie et al. [32]. Bouzas et al. reviewed 
the effect of exercise on the physical performance of 
amputees and pointed out the role of combined 
positive, endurance, and functional exercises on 
respiratory stress, muscle fitness, and better 
performance in adults with unilateral lower limb 
amputation [30]. Wasser et al. investigated the 
exercise intervention for unilateral amputees with 
low back pain and concluded that stability exercises 
have a significant role in central body stability, 
lumbar strength, and dynamic stability, changing the 
musculoskeletal system, reducing pain, improving 
quality of life, and reducing injuries caused by the 
physical problems of amputees [12]. Miller et al., in a 
study entitled "the effect of a supervised community–
based exercise program on balance, balance 
confidence, and gait in individuals with lower limb 
amputation", mentioned the positive effect of 
exercise and rehabilitation programs to maintain the 
ability and functional activities of amputees on 
improving their quality of life [25]. In the research by 
Parker et al., who examined the relationship between 
the motor ability of amputees, quality of life, and level 
of performance, the increase in social activity and 
presence of amputees in society is related to the 
increase of the quality of life and the induction of a 
useful social role [31]. Consistent with our findings, 
MacKenzie et al., in a study entitled "functional 
outcomes following trauma-related lower-extremity 
amputation", found the effect of amputation and 
appropriate surgery to cover the stump with suitable 
and sufficient soft tissue, patient's personality, health 
status, prosthetic technology skills and patient's 
activity level in improving the quality of life of 
amputees [32]. The present research investigated the 
quality of life of amputees and the effect of 
comprehensive corrective protocol on the activity 
and presence of amputees in society to improve their 
quality of life. In general, the research background 
and the present research point to the effective role of 
corrective exercises in the quality of life and the 
useful role of amputees in society.  
The quality of life of amputees created lower quality 
due to the lack of limbs, the resulting physical and 
mental problems, and society's view of this group [3, 

32]. According to the results, we can declare that 
carrying out organized physical activities in the form 

of suitable correction protocols improved the 
physical conditions of amputees, such as improving 
the motor range of joints, improving muscle strength 
and endurance, and also helping to gain optimal 
flexibility. In addition, informing people about 
unfavorable physical conditions, teaching optimal 
body postures, correcting wrong posture and motor 
habits, and improving methods of optimal use of 
prostheses during various activities can lead to the 
return of this group of people to society and improve 
their quality of life. The possible reasons for 
improving the quality of life in amputees are 
improving their functional levels, individual 
independence, self-esteem, and a sense of efficiency 
in life, work, and sports activities.  
Another result of the present research was the 
effectiveness of the corrective protocol in improving 
the gait speed of lower limb amputations. Amputees 
suffer from gait and stepping disorders and adopt 
body positions and compensatory movements to 
facilitate walking and reduce speed [15, 24]. Therefore, 
by designing and implementing appropriate and 
efficient comprehensive corrective protocols in this 
research under the supervision of a corrective 
exercise specialist, we observed the improvement of 
daily activities, individual independence, and 
functional abilities of amputees. The results of this 
research are consistent with the findings of Abou et 
al. [33] and Wong et al. [15] concerning gait speed. Abou 
et al., in a review study, showed that specific sports 
activities have a positive effect on the balance and 
walking speed of amputees compared to traditional 
prosthetic exercises [33]. Wong et al., in a study 
entitled "exercise programs to improve gait 
performance in people with lower limb amputation", 
emphasized the effect of rehabilitation and use of 
prosthesis after amputation on wound healing and 
individual performance, as well as the effect of 
following exercises such as gait, biofeedback, and 
balance exercises on improving gait speed and 
quality of life [15]. It seems that due to amputation, 
muscle weakness and neuromuscular limitations 
occur, and a training program focusing on 
strengthening exercises, balance, flexibility, and 
correction of gait patterns can increase the speed and 
quality of gait by increasing the production of muscle 
power considering the age, level of amputation, and 
physical conditions of people [24].  
In total, this research showed the effectiveness of 
comprehensive corrective protocol on indicators of 
postural control, back pain, quality of life, and gait 
speed of unilateral lower limb amputees. Following 
comprehensive corrective protocols is suggested 
considering various educational dimensions, 
correction of behavioral, postural, and motor habits, 
and recovery of optimal muscle balance aiming to 
restore the length of muscles, stiff and shortened 
tissues, fixing existing contractures, strengthening 
weak and inhibited muscles, development of 
endurance, functional, and motor power, restoring 
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Conclusion 
The comprehensive corrective protocol affects 
indicators of postural control, back pain, quality of 
life, and gait speed of unilateral lower limb amputees. 
Also, awareness of physical-movement conditions 
and self-conscious improvement of body structure 
and alignment improves balance and postural control 
indicators, reduces back pain intensity, and improves 
the quality of life and gait speed index in unilateral 
lower limb amputees. 
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the correct motor patterns and optimal use of the 
prosthesis according to the special conditions of each 
subject. Also, awareness of physical-movement 
conditions and self-conscious improvement of body 
structure and alignment improves balance and 
postural control indicators, reduces back pain 
intensity, and improves the quality of life and gait 
speed index in unilateral lower limb amputees. Due 
to the side effects of amputation on the physical and 
mental dimensions, postural and motor patterns, 
functional abilities, social dimensions, and other 
quality aspects of life in disabled people with one-
sided amputee of the lower limb, it is suggested to use 
the comprehensive corrective protocols for different 
recover areas of rehabilitation, reducing negative 
effects, and improving abilities. In addition, following 
the corrective exercises protocol as a standard 
approach in daily programs causes a decrease in the 
development of physical, mental, and social 
disabilities and the secondary effects of the disability 
in this group of people.  
In the present study, due to the long distance of the 
patients from Tehran, first, the exercises were 
performed in person at the Tehran Red Crescent 
Movement Center, and then they were performed 
remotely at home with the researcher closely 
monitoring the correct implementation of the 
exercises. But it will be much better if future 
researchers can do face-to-face exercises with 
patients. 
It is suggested to conduct a study similar to the 
present study on above-knee amputees and use other 
exercise protocols to improve muscle balance, 
prevent falls and improve the walking speed of 
amputees. In addition, it is suggested to use other 
tests and methods to check variables such as posture 
control, walking speed, and low back pain. 
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