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= Abstract=
Ultrastructural Changes of Skeletal Muscle in Tourniquet Ischemic
Ik Dong Kim, M.D., Su Young Lee, M.D., Poong Taek Kim, M.D., Byung Cheol Park, M.D. and Myun Jung Ahn, M.D.

Department of Orthopaedic Surgery, College of the Medicine, Kyung Pook National University, Taegu, Korea

Muscles from three patients were obtained during continuous ischemic periods and were investigated ultrastructural
changes to know the reversible tourniquet time.

Tourniquet was applied for periods lasting between 60 minutes and 90 minutes in the human and muscle biopsies
were taken from 10 minutes to 90 minutes ischemic period and at the same periods after release of the tourniquet.

All specimens were investigated with electron microscopy and the results were as follows:

In 10 minutes tourniquet period, loss of cristae in few mitochondria were observed.

In 30 minutes tourniquet period, partial swelling, loss of cristae and myelin figure in many mitochondrias and vacuolar
dilatation in T-tubule and sarcoplasmic reticulumn were observed.

In 60 minutes tourniquet period, above change were observed in nearly all mitochondrias and total number of mitochon-
drias were decreased.

In 90 minutes tourniquet period, above changes were more distinct.

20 minutes after release of 90 minutes tourniquet period, small sized new mitochondria were appeared and abundant
electron dense granule in their matrix and sarcoplasmic reticulumn were visible.

60 minutes after release of 90 minutes tourniquet period, the majority of damaged mitochondrias were replaced by
small sized new mitochondrias and electron dense granule were abundant in sarcoplasmic reticulumn.

In human, the changes on the ultrastructure were reversible for at least a succeeding 90 minutes ischemic periods.
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Table 1. Data on three patients

Age

Case (y1)

Sex Diagnosis

Operation

Duration Muscle

Suh G.B. 25 M Rt knee med. colla.

lig. rupture
Jung W.Y. 37 M

Park Y.S. 42 M Lt forearm both

bone fx.

Lt. volar Barton’s fx. Wrist fusion
OR/IF**

Ligament repair 60 minutes Med. head of gastrocnemius

90 minutes E.C.R.B.*
90 minutes Palmaris longus

* E.C.R.B.: Extensor carpi radialis brevis
** OR/IF: Open reduction and internal fixation

Table 2. Method of observation in human

Anesthetic agents: Ravonal anesthesia with Ethrane
Anesthetic methods: 1.V. with circle system

Tourniquet: Zimmer Co. Model No. 2000, pneumo-
tourniquet

Tourniquet pressure: In upper extremity-300 mmHg
In lower extremity-500 mmHg
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Fig. 1. Longitudinal section through the E. C. R.B.
after 30 minutes ischemic period. The mitochondria
(M) are not changcd but a few myelin figure forma-
tion in some mitochondnas (arrow). Muscle fiber ch-
ange is not visible. The Z disc is intact(x23000).

Fig. 3. Longitudinal section through E. C. R. B. af-
ter 90 minutes ischemic period. The mitochondria(M)
are marked swollen, their cristae disorganized and
myelin figure formation.(arrow) The number of mito-
chondria are decreased(x12000).
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Fig.2. Longitudinal section through the palmaris’
longus after 60 minutes ischemic period. The most of
mitochondria(M) are swollen and their cristae are
disorganized(x23000).
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Fig. 4. Cross section through the palmaris longus10
minutes after release of 90 minutes tourniquet period.
The number of small new mitochondria(M) are incre-
ased and sarcoplasmic reticulum (SR) are present va-
cuolar dilatation(x23000).
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Fig. 5. Longitudinal section through the palmaris
longus 20 minutes after release of 90 minutes tourni-
quet period. The number of new small mitochondria
(M) are marked increased. Sarcoplasmic reticulum(SR)
are present typical vacuolar dilatation. There are many
glycogen(G) particles between the myofibrils(x23000).
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Fig. 6. Cross section through the palmaris longus
60 minutes after release of tourniquet. Many small
new mitochondriasM) appear between muscle fibrils
and swollen, disorganized mitochondrias disappear.
The nucleus(N) is euchromatic state{x12000).
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