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Abstract

Morphological changes i the amputation
stump may have serious implications regarding
the suspension and fit of the prosthetic socket. In
an earlier study (Lilja and Oberg, 1997) the
authors have shown that the volume of the trans-
tibial amputation stump decreases according 1o a
negative power function after amputation, and
that the stump volume docs not stabilise until
four months after the operation. In the present
study, Magnetic Resonance Imaging (MR1}
technique was used to examine morphological
changes in the amputation stump after trans-
ttbial amputation in a small number ol cases.
The authors expected to find a decrease in the
cross-scctional area of the stump and of the
separate muscles similar to the findings in earlier
studies. However. two different patterns were
found. The cross-sectional area of the entire
sturnp as well as that of the medial muscle group
changed according o the authors® hypothesis,
L.c. an initial fast decrease, tollowed by a more
moderate decrease of the arca. In the lateral
muscle group another pattern was found. After
an initial rapid decrease the area increased.
sometimes to 2 magnitude larger than the initial
value. After the amputation the lateral muscle
group may ucquire a new function, contributing
to the suspension of the socket. Despite the
limited number of patients. this study presents
findings which may be important in the clinical
fitting of trans-tibial prostheses.
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Introduction

Changes in the volume, form and internal
structurcs of the stump may jeopardise
prosthetic fitting in the early rehabilitation phase
after a trans-tibial amputation.

Several studies have examined postoperative
volume changes of amputation stumps, e.g. Lilja
and Oberg (1997), However, studies concerning
qualitative changes. i.e. specifically which
morphological structures change, and to what
extent, have not been conducted. Do these
changes involve a homogeneous development,
or is there a considerable heterogeneity among
different tissues and muscle components? A
beller understanding of these processes may
contribute to improved prosthetic fitting during
the rehabilitation phase.

After 2 major amputation, severe tranmatic
oedema and hematoma occur in the stump,
which van be reduced by bandaging and physical
activily (Levy, 1977; Manella. 1981: MacLean
and Fick, 1994), The stump volume decreases
gradually during the early maturation process
due to a reduction in postoperative oedema. Lilja
and Oberg (1997) have shown that the volume of
the stump reduces according to a negative power
function. but the question remaining is what are
the qualitative and quantitative changes
occurring inside the stump? Are there any
differences in the amount of atrophy betwecn the
gastrocnemivs muscle, that continues to cngage
the knee joint, and the other muscles that do not
engage any joint, after the trans-tibial
amputation?

To examine the structures inside the human
body. Magnetic Resonance Imaging (MRD) is a
very effective, but expensive and complex
method, Jaegers (1993). in her thesis, has shown
the usefulness of MRI1 in studying the
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morphology of trans-femoral amputation
stumps. MRI also provides a non-invasive
technique for the study of trans-tibial stump
muscles.

The process of muscle atrophy begins
immediately postoperatively, and continues
simultaneously with a reduction in oedema,
(Baumgartner and Langlolz, 1980). When only
external stump  volume is studied, these
componcnts cannot be differentiated. The
amount of this atrophy is correlated to physical
activity, postoperative bandaging and prosthetic
fit {Levy, 1980; Renstrom ef al., 1983).

The (wo heads of the gastrocnemius muscle
originate {rom the medial and lateral condyles of
the femur and for trans-tibial amputecs, the
distal part of the muscle is attached through
myodesis to the tibial end. This changes the
function of the gastrocnemius muscle from that
of a two joint muscle, to a single joint muscle
after the amputation. After the amputation the
soleus muscle and the anterior tibial muscle do
not altect any joint. Such circumstances may
influence the amount and rate of atrophy in the
stump.

Several authors have described possibilities of
controlling movement and suspension of the
prosthesis during motion by contracting the
stump muscles (Burgess et al., 1974; Kegel et
al.,, 1981). However, this contrel depends on the
function of the muscles in the trans-tibial stump
and the patient’s ability to activate and control
them.

Kegel et al. (1981) have shown that exercise
of the stump musculature should be a part of
routine physical therapy. The ampulees must be
able to control fully the musculaturce during gait.
Exercises should include specific training of the
gastrocnemius muscle as well as the anterior
tibial muscle. As described by Burgess and co-
workers (1974), these muscles do increase in
volume during the exercise period.

Amputees in the western world today have a
very high average age, and amputation is due, in
most cases, to peripheral vascular disease with
or without the presence of diabetes mellitus.
Furthermore, many of these patients are also in
poor physical condition (Alaranta et al, 1995,
McWhinnic ef of, 1994). In an earlier study,
Hedberg er al. (1989), presented a 50 per cent
lower number of muscle fibres in the
gastrocnemius muscle in  amputated legs
compared with non-amputated legs, which is

probably related to the relative inactivity of the
amputated leg and to long-standing vascular
insufficiency, When a muscle becomes inactive,
the muscle fibres begin to degenerate and fat
imbibes into the muscle tissue.

The aim of the present study was to describe
the morphological changes in trans-tibial stump
musculature during the first months after
amputation. The hypothesis was that the muscle
area dccrcascs due to both atrophy and a
reduction in postoperative ocdema, and that
muscle area reduction follows a similar course to
that of stump volume reduction presented in
earlier studies (Lilja and Oberg, 1997,
Golbranson et al., 1998).

Material and methods
Subjects

Inclusion criteria to join the study were: trans-
tibial amputation dve to arteriosclerosis, the
ability to understand the study design, and
consent (o participate in the study,

Seven trans-tibial amputees, two women and
five men, with a mean age of 69.9 (range 57-80)
years were included. One patient was bilaterally
amputated at one operation session. Therefore, a
total of eight amputation stumps were included
in the study. All patients were [ilted with
traditional patellar-tendon-bearing  trans-tibial
prostheses. PTB, during the study. The
prosthetic fittings did not influence the study.
One patient, case 5. was re-amputated to a
higher trans-tibial level, between the second and
third examination, therefore he was excluded.
Cases 6 and 7 were excluded after the first
examination due to re-amputation at a higher
level, trans-femoral. Case 8 died between the
first and second examination. For the final
evaluation four amputation stumps remained.

Study design

Three MR examinations were performed on
each patiemt, The [lirst examination was
performed during the second week after
amputation, the second after six and finally the
third examination after 28 weeks. The
examinations were performed by a radiologist.

MRI is an exclusive and expensive technique.
For this reason the study was designed as a case
study,

Magnetic Resonance Imaging
In order to obtain transverse MR images a




33%
50%

66%




Case | Case 2 Case 3 Case 4
Level 33 50 66 33 50 66 33 50 66 33 50 66
Weeks
2 100 100 100 100 100 100 100 100 100 100 100 100
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6 11.8 15.2 14.2 14.8
28 1.5 152 13.9 13.5
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Conclusion

This study has documented afler trans-tibial
amputation, severe changes in cross-sectional
area of the total trans-tibial stump and of the
separate muscles included in the stump. Two
diffcrent pauterns of change were found. The
medial muscle group decreased in arca according
to an initial hypothesis, with a rapid decrease
between the first and second examination and a
more moderate decrease berween the second and
third examination. The lateral muscle group
decreased as well, between the first and second
examination, but increased in area between the
sccond and third examination.

These two different patterns may indicate a
new function of the muscles in the lateral muscle
group. Activation of the lateral muscle group
can be seen as a contributing factor to the
suspension and fit of the prosthetic socket.
These lindings can be of importance for
prosthetic fitting, and, togethcr with earlier
studies, indicate the importance of well-planned
and functionally designed physiotherapy and
prosthetic gait re-education.
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