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Stump length as related to atrophy and strength of the thigh
muscles in trans-tibial amputees
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Abstract

Stump length and the thigh muscles strength
of the amputated limb are among the major
factors influencing outcome of prosthetic
rchabilitation of trans-tibial amputees. In the
present study the authors evaluated and
compared the strength of quadriceps and
hamsftrings muscies of both limbs in trans-tibial
amputees, as measurcd by means of an
clectrical dynamometer. The obtatned results
showed that the thigh muscles of the sound
limbs are significantly stronger than those of the
amputated limbs (p<0.01). The results obtained
for amputees with shorter stumps were
compared to those with longer stumps. In the
group of amputees (n=9) with a stump shorter
than 15.1 ¢m, values of peak torque (in
isokinetic contraction) and maximal average
torque  (in  isomeltric  contraction)  were
significantly (p<0.5) weaker when compared to
those (n=9) with a stump longer than 15.1 cm.
The results obtained for amputees with a higher
rate of thigh muscle atrophy were compared to
those with lesser atrophy. In the group of
amputees where muscle atrophy  was
accompanied by decrease in thigh girth of over
5.9 cm, muscles strength did not significantly
decrcase (p<0.5) as compared to amputees
where thigh girth decrease was less than 5.9 cm.
Tt is concluded that atrophy of the thigh muscles
of trans-tibial amputees is accompanied with a
significant decrease in strength. In amputees
with a short stump, the short lever action
provided by the stump interferes with the ability
of the thigh muscles to control the prosthesis
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efficiently doring daily activities such as
standing and walking.

Introduction

A short stumnp might interfere with success in
prosthetic  rchabilitation  of  trans-tibial
amputees. An adequately long stump provides
thc amputee with a good proprioceptive
feedback {Guerts and Mulder, 1992) resulting
from both a large contact surface and good
stability of the stump-sockel unit. These factors
enable good standing and walking in these
paticnts (Isakov et al., 1985; Isakov et al., 1994;
Scliktar et «@l., 1980). When the stump of a
trans-tibial amputee is short and the transverse
and longitudinal dimensions are almost similar,
the stump acquires a round shape and may
become unstable inside the prosthetic socket
(Selikiar er al., 1980; Nissan, 1977). As a result,
instability of the stump-prosthesis complex
creates shear forces with resulting pain and/or
blisters or friction sores which prevent
prosthesis usage for a long period of time.
Researchers have studied the forces acting on a
short trans-tibial stump (Sanders et al.,, 1992,
Lilja ef al, 1993) and various prosthetic
solutions have been suggested for improving
stability of the sturp-socket unit and the quality
of standing and walking (Isakov er al., 1992;
Pritham, 1979).

It is suggested that the stump of trans-tibial
amputees is less active in the daily functions of
standing and walking. In fact, atrophy of the
thigh muscles of the amputated limb is often
observed among such amputees, a finding
evident from quadriceps muscle hiopsies
(Renstrom et al., 1983). Evaluation of standing
balance activity of both limbs in trans-tibial
amputees showed that the foot-ground reactive
forces generated by the amputated limb are




n=18 :

Sex (E/M) 6/12
Age (yr) 45.7+14.7 (27-74)
Amputation
- side (R/L) 6/12
- duration (yr) 134x144 (1-46)
! Stump
- length (cm) 15.1£3.2 (8.5-21)
- thighs girth diff (cm)
18 cm above TT 5.9+2.5 (2-12.5)
30 cm above TT 4.0£2.9 (0-10.5)
Walking
distance (km) 2.5+1.4 (0.5-10)
- prosthesis
PTS 4
PTB+belt 12
PTB+corset 2
- aids none 17
cane/crulch 3




|
Muscle

Quadriceps

Hamstrings

Type of muscle
contraction

Isokinetic concentric
Isokinetic eccentric
Isometric

Amputated
limb
40.4+£205
112.0+£47.2
46.0+26.4

Isokinetic concentric
Isokinetic eccentric
Isometric

29.9+20.0
64 5+37.3
30.3+20.4

Sound
limb
76.7+£31.0
171.2+£45.4
93.0£34.0

74.6134.8
128.2+45.1
52.6£24.3

01
002
001

001
001
007




Type of muscle

Stump length:

Muscle contraction <15.1 cm (n=9) <15.1 cm (n=9) p
Isokinetic concentric 32.6x16.6 48.3+219 113
Quadriceps Isokinetic eccentric 87.0+£27.6 137.1+50.6 016
Isometric 354«173 60.4+£31.7 112
Isokinetic concentric 19.1+6.0 40.6£23.6 .038
Hamstrings [sokinetic eccentric 47.8+10.5 81.3x47 075
Isometric 22.1+12.6 38.3+24.2 087
Type of muscle Thighs girth differences:
Muscle contraction <5.9 cm (n=9) <5.9 cm (n=9)
Isokinetic concentric 35.9£13.8 44.91+25.6
Quadriceps Isokinetic eccentric 108.5+47.9 115.6+49.1
Isometric 45.7x18.7 50.1£36.0
Isokinetic concentric 30.0£20.8 29.8+20.5
Hamstrings Isokinetic eccentric 62.1x27.3 66.9+46.8

Isometric

24.1+11.6 35.8+26.3
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short trans-tibial stump, compromises the
performance ability and level of the knee
muscles activity during prosthesis usage.

Thigh muscle atrophy was determined by
measurements of thigh girth. The measuring
level was chosen where differences between
thigh girth were greater, 18 ¢em proximal to the
tibial tuberosity. Two groups of amputees were
compared; those where thigh girth differenccs
were greater than 5.9 cm and thosc with a
diffcrence smaller than 5.9 c¢m. Comparing
values of muscles strength measured in these
two groups, a general decreasc in strength was
noticed among those with a greater thigh
muscles atrophy nevertheless, differences were
not significant,

In conclusion, although most trans-tibial
amputees manage their activities of daily living
and conduct a fairly active life, strength of the
amputated limb thigh muscles was found
significantly reduced, especially in amputees
with a short stump. In so far as the ultimate goal
in the rehabilitation of ampulees is to return the
patient to an acceptable level of function, it is
recommended that the amputee should be
traincd and encouraged in self strengthening
exercises for the amputated limb thigh muscle.
Stronger muscles will improve standing balance
and quality of gait, especially among those with
a short stump,
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