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Abstract  

Muscle strength in amputated limb is a key factor to keep trans-tibial amputee active and mobile. 

Only a few studies have been carried out to investigate changes in both hip and knee muscle strength 

with time. Aim of this study is to evaluate muscle strength in knee muscle and hip muscle in 

amputated limb, knee muscle strength in sound limb and circumference in both the limbs. 

Muscle strength of the amputated limb and sound limb hip and knee was measured by 1 RM 

(repetition maximum). Thigh girth measurement was made using a non-elastic tape in both limbs. 

Results show that there is significant reduction of muscle strength in both knee and hip joint muscles 

compared to sound limb. It was reported that significant atrophy in amputated limb. Re-assessment 

after 1 year showed significant reduction in strength in all the muscle groups.  

 

 

Introduction 

Transtibial amputation is lifesaving surgery after a 

trauma. A large number of individuals had under 

gone trans-tibial amputation due to 30 year war in 

Sri Lanka. It is the commonest amputation done 

during peace and war[1]. Atrophy and reduction of 

strength in amputated limb is well observed [2-4]. 

Significant reduction of muscle strength is 

observed in first year after amputation[3]. It is 

accepted that strength reduction in quadriceps and 

hamstring muscles are due to lack of activity of the 

amputated muscle. It is found that transtibial 

amputees who has good thigh muscles strength has 
good walking ability[4]. Muscle atrophy in thigh 

muscles lead to frequent change in prosthesis and 

increases the no of socks worn by the amputees. 

Application of more than one sock will lead to 

numerous problems such as reduction of air 

circulation, increased preparation to the stump 

which intern cause blisters and infection in stump. 

Key factor of rehabilitation is  maintaining 

strength of hamstring and quadriceps muscle 

which control the knee joint of the amputated limb 

with prosthesis[5]. 

Hip muscles of the amputated limb play major role 

in compensating the strength deficient in 

quadriceps and hamstring muscles during activities 

of daily living [6, 7]. Strength demand by the 

prosthesis in residual limb hip musculature is high  

compared to intact limb [8]. Weakness of hip 

musculature in amputated limb will account for 

poor walking and running [9, 10]. 

 

Manual muscle testing which is qualitative in 

nature is the widely used clinical method to assess 

the muscle strength. It is recommended to use a 

quantitative method when precise and follow-up 

evaluation is necessary [11]. An actual 

determination of muscle strength in the laboratory 

situations includes the use of an isometric 

dynamometer and isokinetic dynamometers which 
require sophisticated equipment and trained 

personnel [12].  A competitive and simple reliable 

method, the one repetition maximum has accepted 

as gold standard of assessing muscle strength [13]. 

Only a few studies have been carried out to assess 

the muscle strength of both hip joint and knee joint 

in transtibial amputees. Published literature does 

not exist for strength assessment in the Sri Lankan 

context. Hence, the current study was carried out 

to study the progress of hip and knee joint muscle 

strength, thigh circumference of intact and 

amputated limb with time.  
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Methodology 

Study group was consisted of 26 transtibial 

amputees who had been injured as a result of the 

war Sri Lanka. There were 15 (50.69%) amputees 

who had right leg amputated and the remainder 

(49.31%) had left leg amputated. Cause for the 

amputation in all amputees were trauma due to 

blast or gunshot injury. Inclusion criteria were   a) 

Those who had given consent and pass the medical 

examination prior to strength testing. b) Had at 

least indoor mobility without assistive devices 

other than prosthesis. C) Minimum of 2 years 

mobility with prosthesis. Subjects who had sign of 

injury in residual limb and any associated medical 

condition which is contraindication for strength 

testing were excluded. Ethical clearance was 

obtained from Ethical Clearance committee at the 

Faculty of Medicine-University of Peradeniya, Sri 

Lanka. 

Muscle strength assessment of lower limb muscles 

were done by 1 repetition maximum (1 RM). 

Demonstration was done to educate correct 

procedure of strength testing to all the subjects 

using weight cuffs. The test-retest reliability of the 

actual 1-RM test demonstrates high intra-class 

correlation coefficients (ICC) [14]. Strength of 

following muscle groups was assessed.  A) Hip 

flexors b) Hip extensors c) Hip abductors d) Knee 

flexors e) knee extensors.  

 

Girth measurement procedure  

Thigh girth was assessed using tape measurement 

described by [15]. In this procedure subjects were 

placed in a supine position with exposed thigh area 

and knees extended and lower extremity 

musculature relaxed. Girth measurements were 

taken at 10 and 20 cm proximal to the superior 

patellar pole after this distance was measured and 

marked on the skin of the anterior thigh with an 

ink pen.  

All measurements were taken with a non-elastic 

tape measure. Girth measurements were taken at 

the site on the involved and noninvolved 

extremity. Care was taken to remove the slack 

from the tape measure without significantly 

compressing the limb musculature. Measurements 

were taken by single investigator. 

 

Stump length measurement  

Stump length was measured using the method 

described by[2]. In this method knee was kept in 

90 degrees of flexion. The upper reference point 
was the medial femoro-tibial inter-condylar line 

and the lower point the stump tip. 

 

Muscle strength assessment procedure 

Prior to testing all the subject were demonstrated 

with position and correct way of performing 

movement without trick movements to reduce the  

injury risk and to increase early gains in strength 

through motor learning. Two to three days before 

1-RM estimation testing, each participant 

underwent a familiarization session. Prior to 

testing all the subjects were instructed to perform 3 

min treadmill session for warm up prior to testing. 

Thereafter using the amount of resistance used for 

the familiarization session, subjects were asked to 

complete 10 repetitions of each exercise. 

Afterwards, the resistance was progressively 

increased until the subjects could perform only 9 

or fewer repetitions of each exercise. The goal of 

the increase in resistance was to reach the desired 

repetitions in 3–6 attempts. 

The test was accepted only if the repetitions 

completed were 9 or less. 2 minutes of rest period 

was allowed between each attempt, and 3 minutes 

of rest was allowed between each specific exercise. 

Brzycki 1-RM prediction equation [16]was then 

used to estimate the 1-RM based on the resistance 

and repetitions recorded. The equation is 

mathematically expressed as 

1RM = W/ [102.78– 2.78(R)]/100, where W is the 

weight used and R is the maximal number of 

repetitions performed 

Knee muscle strength was assessed in sitting 

position without prosthesis for amputated limb 

measurement and with prosthesis for sound limb 

measurement using quadriceps chair. Subject was 

seated in 90-90 position by taking proper back 

support of the equipment with palms are relaxly 

placed on thigh. 

Hip abductors flexors and extensors strength was 

asses in sitting position using weight cuffs. 

Weights cuffs were attached to the limb using 

Velcro straps. 

 

Results  

The patient group of this study consist of 24 trans 

tibial amputees with an average age 29.6 yrs (SD = 

4.7). Minitab 16 statistical software used for 

statistical analysis. Average age (yrs) since 

amputation were (M= 6.556, SD=4.022). Mean 

stump length (cm) was 12.05 (SD = 4.11). Shpiro 

wilk normality test was done to assess the 

normality of the data. A paired-samples t-test was 

done to compare knee joint muscle strength of 
amputated limb and sound limb.                                                                        
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Table 1.1 .Initial Muscle strength of knee joint and 

thigh circumference in sound limb and amputated limb 

(Mean and SD) 

 

There was a significant difference in the 1 RM 

(kg) for amputated knee flexion (M=10.98, SD= 

3.01) and sound side knee flexion (M=13.91, 

SD=5.64); p = 0.018. There was a significant 

difference in the 1 RM (kg) for amputated knee 

extension (M=13.84, SD= 5.10) and sound side 

knee flexion (M=20.91, SD=13.84) p = 0.007. 

Scatter plot of muscle strength vs. limb 

circumference was graphed.   

Fig 1.1 scatter plot of sound side limb circumference and 

quadriceps muscle strength 

Fig 1.2 scatter plot of amputated limb circumference and 

quadriceps muscle strength of amputated limb 

 

There was a significant difference in the amputated 

knee circumference (cm) (M=14.11, SD= 1.55) 

and sound side circumference (cm) (M=16.83, 

SD=1.408), p = 0.000. Girth deference were 

calculated between sound limb and amputated limb 

in cm (M = 1.891, SD = 0.622). 

 

A Pearson correlation was computed to assess the 

relationship between amputated limb 

circumference with amputated limb quadriceps 

(knee extensor) muscle strength and sound limb 

circumference and sound limb quadriceps strength. 

There was a significant positive correlation 

between the two variables [r= 0.714, n =24, p = 

0.0001] and [r= 0.422, n =24, p = 0.035].  There 

was no significant correlation between limb 

circumference and knee flexion strength.  There 

was a significant reduction (p<0.05) in thigh 

circumference after one year in amputated limb.    

 

A paired t test was carried out to compare base line 

(1 year prior) strength and strength after 1 year in 

knee joint muscles in both intact and residual 

muscles. There was a significant decrease in the 

1RM scores in kg for amputated limb knee flexion 

(M=11.25, SD= 3.07) with pre knee flexion 

(M=18.14, SD=7.05) p = 0.0001.  There was a 

significant decrease in the 1 RM scores in kg for 

amputated limb knee extension (M=15.60, SD= 

5.13) with pre knee extension (M=18.00, SD=5.13) 

p = 0.0001. 
 

Table 1.2. Reassessed Muscle strength 1 RM (kg) of 

knee joint and thigh circumference (cm) in sound limb 

and amputated limb after 1 year (Mean and SD)   

 

Analysis of pre strength and post strength of hip 

joint muscle of amputated limb after 1 year of time   

(fig 1.3) show significant reduction of hip flexors 

muscle strength (Pre hip flexion 1RM kg 

M=23.06, SD= 9.07) (Post Hip flexion 1RM kg 

M=21.31, SD= 9.12) p=0.0001.  

 

There were significant reductions of strength in hip 

extensor muscles (Pre hip extensors   M=20.06, 

SD= 6.78) (Post Hip extensors M=18.78, SD= 

7.00) condition; t=3.15, p=0.002.  

There was also reduction of hip abductors with 

time (Pre hip abductors 1 RM (kg) M=17.90, SD= 

7.65) (Post Hip flexion 1 RM (kg)   M=16.49, SD= 

7.39), p=0.0001. 

 

 
Knee 

flexion(Kg) 

Knee 

Extension(Kg) 

Circumference 

(Cm) 

Sound 

Limb 

15.92 

(3.975) 

23.12             

(8.27) 

16.307  

(1.419) 

Amputat

ed Limb 

 

17.77   

(7.10) 

18.004 

(4.94) 

14.835  

(1.757) 

 
Knee 

flexion(Kg) 

Knee 

Extension(Kg) 

Circumference 

(Cm) 

Sound 

Limb 

13.91   

(5.64) 

20.91             

(8.27) 

16.083  

(1.408) 

Amputated 

Limb 

10.975  

(3.011) 

13.84             

(5.10) 

14.117  

(1.551) 
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Fig 1.3 box blot of strength of hip flexors, hip extensors 

and hip abductors  

 

Discussion  

Proper prosthesis fitting and quality of the gait 

highly dependent on the thigh muscles of the 

amputated limb. In our study muscle strength of 

the hip joint and knee joint were measured using 1 

repetition maximum (1RM). Our results indicate 

that there is significant strength difference in 

amputated limb quadriceps and hamstring with 

none amputated limb muscles. Studies done by 

[2]also established a significant reduction in 

amputated limb thigh muscle strength (p<.001) for 

a group of amputees who had duration since 

amputation not more than 7 years duration by 

analyzing muscle strength using isokinetic 

dynamometer. Isakov, Burger [3] also reported a 

significant reduction in strength in amputated limb 

muscles (p< .001). Even though our subjects were 

maintaining activities of daily living there were 

average reduction of strength (kg) of knee flexors   

M=4.25 SD= 2.62 and knee extensors  M=7.15    

SD= 5.67. 

Proper fitting of the prosthesis (suspension) 

depending on the type of prosthesis and length of 

residual limb that is called stump. Amputees in our 

group had average stump size of 12.9 cm (range; 

10.6-19.5cm). [17]reported that average stump size  

of 16 cm (range10 -25cm) and [2]reported that 

average length of 15.1 cm (range; 8.5-21 cm). 

Comparatively low stump length in our group may 

have been due to that fact that all the amputations 

were result from blast injuries, where preservation 

of limb was difficult. 

 

Our observation of a large difference between the 

girth of thigh in sound limb and amputated limb 

(p<.05) is suggestive of less muscular activity in 

amputated limb. The significant positive 

correlation between quadriceps muscle strength 

and thigh circumference measurement of residual 

limb [r=0.714, n =24, p = 0.0001] suggest that the 

atrophy of thigh muscle is associated with the 

strength reduction in quadriceps muscle. 

Correlation analysis between knee flexors strength 

with thigh circumference of amputated limb 

showed no correlation [r. 0.214, n =24, p = 0.293] 

indicating that strength reduction in knee flexors 

are not associated with the reduction in thigh 

muscle bulk. Schmalz, Blumentritt [18] has 

reported a significant reduction of muscle mass in 

ventral muscle groups than the dorsal muscles by 

using ultrasonography study in amputated limb 

thigh muscles. Similar results were reported by 

also reported by [2] 

These finding suggest that there is significant 

reduction in muscle strength of both quadriceps 

and hamstring in amputated limb. Also, a 

significant reduction in thigh circumference of 

amputated limb was evident. It is also evident that 

atrophy is more common in quadriceps muscle 

group. 

Analysis of muscle strength in hip and knee joint 

of amputated limb after a period of 2 years showed 

significant reduction strength in all the muscles 

group of amputated limb. Nolan (2012) also 

reported a reduction of strength in hip muscle 

strength in amputated limb after 10 weeks.   

 

Conclusion  

It can be concluded that reduction of strength is 

present in knee joint musculature mainly in 

quadriceps and also in all hip muscle groups in 

amputated limb compared to normal limb.   

Muscle atrophy is also present in the amputated 

limb. It can be concluded that atrophy of 

quadriceps is the main contributing factor for the 

reduction of thigh circumference in amputated 

limb. A progressive reduction of muscle strength 

and circumference is also observed in all the 

muscle groups of amputated limb. 
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