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M3 3 51 axonotmesis £z SNz, LLEX D ERIIFEESREORE R, EHEIRTOMBRKESN?E
ETh By, EMETIREAMHE < HET 2 2 LHHERL 72,

Key words Tourniquet paralysis, Neurapraxia, Demyelination,
Axonotmesis, Wallerian degeneration.

1942 £, Seddon®i3, ERHRAIEFRIBR & VKM
iZ1B4 % neurotmesis, axonotmesis, neurapraxia
SEIZAHEL 7o, BB, RN EL B L IOREE
neurotmesis & L, ##R I BT EIE 7% O oS IR SREEDSIE
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An Experimental Study on Pneumatic Tourniquet Paralysis. Hiroshi Ishino, Depar-
tment of Orthopedic Surgery (Director: Prof. Dr. S. Nomura), School of Medicine, Ka-

nazawa University.
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1. EBEBMS & URRKFE

wEagh £ LT, RE 2.5 kg O RIS R 31
PRV, FOHERREEERERE LT, %
SHEE L7z,

ey b E Y —L 25~35 mg/kg # EHNEIRL DB
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II. #EEHERE (NCV) (F1)

BIFCTHEE&IEE K2, THRHE 3P D
NCV 2#IZ U 72, sEGIE D NCV i3 51.7~73.8 m/
sec, F$65.86+7.89 m/sec, [EEE D NCV ik
51.1~77.5 m/sec, ¥ 66.42+9.41 m/sec, ELIERD
NCV % 62.9~72.2m/sec T, R EE# O NCV it
58.5~73.3m/sec, Y967.32+6.16 m/sec T, Fi&
BREARE, AIERMIC L2 NCV OERZRD 51y
noiz,

FoBTIEERIHE 13, 3ABW 2, 5 8

B

B 1, 7TERIS5%, 14BEWC 1, 28AF:,
MO NCV £RIE L 7z EALERD NCV i3 44.0~78 4
m/sec, ¥ 66.83+10.30 m/sec, HEEED NCy it
19.3~47.5 m/sec, ¥ 32.79+8.67 m/sec, i&fiHo
NCV i3 39.2~75.0 m/sec, F¥52.03+11.19y
sec, XY BB O NCV i3 42.6~82.4 m/sec, Ty
68.56+£10.78 m/sec TdH - 7z, MEHIHRD NCV [xa
EHEUHEE I oo, FEEST NCY ELEEEN
WAETLTEYD, RO 47.5 % (34.4~62.5%)
o Toe BAED NCV IHESIC X D {EFoasn
55D (47.6~78.8 %) L xnfiE & 1% EAEEDR LY
D (91.6~98.4 %) 13 H & e, FEHEE H$E Nev
OB AN T,
BIMTHEERIAEC 1P, 3HEW 2, 51
B2, 7THEw 2, 9 HE 1 #T NCV g
L7z, SBAED NCV i 34.0~42.5 m/sec, %o
NCV & 44.0~78.0 m/sec, ) 60.35+13.11 m/sec
TH-ot, EEERL DTN TOMERK TS

Table 1. Peroneal nerve conduction velocities

Group & Day after Pressure Nerve conduction velocities (m/sec)

Rabbit tourniquet (mmHg) distal compressed proximal

number compression part part part control
1-101 3 200 # 51.1 51.7 58.5
1-102 7 200 64.3 63.3 66.1 61.5
1-103 3 200 # 77.5 72.7 73.3
1-104 7 200 72.2 75.0 73.8 73.0
1-105 7 200 2.9 65.2 65.0 70.3
2-201 3 380 52.5 25.0 68.5 66.6
2-202 1 380 # 47.5 72.6 76.0
2-203 5 380 44.0 25.8 74.0 75.0
2-204 7 380 # 23.2 60.0 60.0
2-205 28 380 5.0 40.0 75.0 78.8
2-206 7 380 5.5 37.7 72.5 73.5
2-207 14 380 # 37.7 78.6 73.8
2-208 3 380 8.1 34.0 55.0 60.0
2-209 7 380 1.9 19.3 44 .0 42.6
2-210 7 380 0.0 27.7 59.3 65.5
2-211 7 380 9.2 42.8 75.7 82.4
3-301 1 760 8.0 t -t 56.0
3-302 5 760 4.0 T t 4.0
3-303 7 760 2.5 T T 68.5
3-304 3 760 T t T 50.0
3-305 3 760 T T t 76.0
3-306 5 760 t t T 78.0
3-307 7 600 t t t 51.7
3-308 9 600 T t T 50.7

#: not determined because of the too distal place of tourniquet

1 : not determined because of conduction block
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SEENEHEMWICRD T 2 L BT, FEHOBE
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II. FEREIzo>WT

Denny - Brown &2, 5% Tid 450 mmHg, 120 47
EBRELS BT 2 & L, Fowler »2V{F baboon Tit
500 mmHg, 60 3 CHREEEENE T T2 L LT
5.

BRIMBFEEE 2 & D BRI 0 3 FE 12 2w T Denny -
Brown o214, ind 3 [EIRBRMA O Iz £ - TE%Y,
2cm 8D b O TIEEEIRO FId BRI E 0 40 %BEL
25ELTV3, BIMBEAIL < 2 FRRRIE s
SIET T 3, ROBE Lundborg'® i, HEH O ME
1% 80~110 mmHg T# Y, 2.5 cm 1B DR M4 TREER
FEII %435 F & LT it 700 mmHg 2B T,
4 BERILAR T LI MR (7 13 SR R I EHE 5 2 0%,
6~8 R THIIINCV DIET BT & LT3, —




BYIALAF 1 & % AT B R o) S BR R 9% 67

5, EHBIR L DL (B LA 2210, Rz 50 TBRM
%185 cm D, | Tk 4 T F + 40 mmHg T [l‘[ﬂlafﬁé
chpELTOB, B L, WS & 2
Ty 2 BRI, f&c@szammmHgfmm
A D 2 fEFRIE & X415,

EHOER T 3 cm QBN £ V> 7247, Lund-
porg DR LV E 2 5 ERELMMEELE L0 2
@t < &b 700mmHg OBRMHEEALEL E2 50
3. % 2 CEAMIE % 760 mmHg & U T P £ % 1T
ok k22, HEHELL F o) Waller £ % & 7z, B2
wEd, EE 25 kg AEO RO b E Y —
FE T oM 120 mmHg I CTH - 7270 o, BHI

20 245 (200mmHg), 3% (380 mmHg), 5% (600
mmHg), 6fF (760 mmHg) OBANHE I & D EHE*
otk &%, 200 mmHg PALo) SHC BB % 4 L
iz,

A R v, L B L TR T B R 0D
ErEAT 50, K I3 LI 20 92 & & - T RE
Y120 KRERCIIKBE AT L2 HEEME L
1o FEEIRER] % 2 Bt & g L e,

M. HREHEEE (NCV) 2o0T

FHHHE(E B E X, entrapment neuropathy % %
DR DE MR E, B SR T F L, #ic NCV o
ET26NODRBOUFEELEMI ZENTE S,
Fowler 52013, EEODEVIES LB ERIC 70
w7 ENBH, BREEO M T MR 3R AE T 5 12
Ufb%thwa.Mwaamm,Mﬂmgﬁﬁm
EEEC RSN, HESORIERTO NCV ZIEETH S
itz Bauwens?® ik, NCV #3E R4 5 O3 88
ORI THRIRMEDO AL T4 Z L2 L Y axono-
stenosis ZE TS 720 L L T A%, JHISH U HK'®
LNCY QETISEORYIC & 50 Cls < Rl b
RTHY, RO AHEME L U 2 BiBE O @I AT
BUBOf A A—2 > b g bt kD, TOREED
G NCV 2MEF L Ta 0, 280 NCV iz #
DOBFED LLE Iz A 3 6 & kT B,

FEORER TR, 8 1 EFTIE NCV IZEH TH 7295,
BT NCV I S CHY 5 A 0 6 T Lt B o0
5% ThH -7z, FEOHTIE NCV IEEN: £ D {ETF
TAHDLEDED 5 L OIS, TEE,
R & O IR0+ & KGRI S LT H D Sed-
don** D IR~ B neurapraxia WM T B & E % £,

FIBTILRMEIC b ¥ H BTN T 2 RIGH 4
SNBHIHBH o 72 03 EBEER T TERICHRCER 7o
V7 3NTHY, axonotmesis IZHHYT 2 LE 2 72,

V. #BENELIZ>VT

BRI 510 2 RO EALICBT 2 & 3D 1,

Denny - Brown &2 i3, BAM# L8480 48 B O AT
R& LT, M~ oM, BREROIK,
WMBENEROBE L S, EB%THERRERL:
% 5t Ranvier #RES THBEE N L LTV, Z DR
I MENEREIMET S, a5 I 2 8M%TR)
Ranvier &8O @M ET L, H@EMI2E% <Y
Sl D, BRI, RO L S B LRz, Lund-
borg“” 3, 4 B OHMBFCIREREEOBEEI N TL

7, SR OB AR 7o A T B s, 4 BERA O RELN
f*‘éC LR 7oy 7 2 520 LTHABSICIE 68
MO MHIMEE & W IR TR ER L TH 0, Mg
AIEEER ILARICE DR A BN ERTNE,
Z 4L 2 % U Ochoa %', baboon @ B T 1000
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Table 2. Summary of the observation

Group 1 axis cylinders
compressed part no change
distal part no change

Group 2 {neurapraxia)
compressed part no change
distal part no change

group 3 (axonotmesis)
compressed part
distal part

Wallerian degeneration
Wallerian degeneration

myelin sheaths
no change
no change

demyelination
demyelination

Wallerian degeneration
Wallerian degeneration

EEOERCRE I HCRBEBELAYELRA
Snlrdrotc, 18 3 BTIREERE X CERARK
ETHOEMESBRE SN, LA TE 2T,
FEEEREAIER I 38> T Ochoa & DIR~ % invagina-
tion HERE S L, WOVD T SERIIEENHSZ Z
RilbolZ L #RLTVA, L LEZOHE IR
BOTEEIO D6 % RALI ORI b —ERIEE
BEsdaohlz i, & CBEME X388 -5
el RHRIZES,

VI 3Bt g o (R2)

1. B8

BB TREER-BEORESRD o iz,
NCV R ERCHER BBy EROLALNRBI X
» Ochoa?” DR~ % transient ischemic nerve block
YTHIENTELD.

2. HBoEe

2 2 B EEIRIC BT NCV 2MET LW /za5 kR
OEMERTED S>NT, NCV OET R ESHROBEEIC &
2HQrELOND EUMTONCV ZE IBET %
HHEVHEICET 2225008580, IHREUMTO
BRSO NFRE—BL TS, B2
i* Seddon®® Mk~ 2 neurapraxia £ LTk eEZ S
nhs,

3. B3R

IR CIMREEREERTT oy 7 &N, BR
B X OBEHICIE Waller M2 S S iz, LOALEDMS
TR I DREHE 1322 W 7o 8 Seddon®® D3RR % axo-
notmesis ¥ EZ 6N 5,

VI Rz >wT -
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® 200mmHg -4 U RERERE O bicEE
+ 5, 380 mmHg BEDFETHE U RS 48HMR
LT 5.

@ wHEEEE 200 mmHtg DEETIHESE SHhZL
», 380 mmHg OFBE L D{EEREY &L, 600
nmHg TRERW 7Oy 733,

® 200mmHg TR AR D R M R
FY-% (2920

@ 380 mmHg T FREBR QLA 5 LT EE
SORBERK A SN, JORRRE JEEER & D
Eirc BV T—EOMKEC L REL .

® 600 mmHg B ETE, HEEILIT O HHEREIC
Waller E#E0E L, 9 ATHRERMC BB 3,

‘ ® Llb& D 1HAE transient ischemic nerve
block (Ochoa), 28 2 B! neurapraxia (Seddon), 3
38443 axonotmesis (Seddon) DIRKELF R S5,

@ BM#EEOEBNC & D AT 5 MR & B
SEORMES D D, % OFFEIE R AR OBMH R B2 £ K
<HY, BMOBREICE U THREREROBIMEEL
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Explanation of Figures

Fig. 1. Axis cylinders of the proximal part(a), the
compressed part(b) and the distal part(c) of
Group 1(No. 104). Silver stain x200

Fig. 2. Axis cylinders of the proximal part(a), the
compressed part(b) and the distal part(c) of
Group 2 (No. 209). Silver stain x100

Fig. 3. An endoneurial edema and cell infiltration at
the compressed part of Group 2 (No. 211). Silver
stain x200

Fig. 4. Abnormal fibers at the comprssed part of

g

Group 2. One day (a) (No. 202), 3 days (b) (Ng
201), 5 days (c) (No. 203), 7 days (d) (No. 206). anq
28 days(e) (No. 205) after compression, Teased -
fiber x200

Fig. 5. Abnormal fibers at the distl part of Grop 2
One day(a) (No. 202), 3days (b) (No. 201), 5days (¢)
(No. 203), 7days (d) (No. 206) and 28 days (e) (No
205) after compression. Teased - fiber x200

Fig. 6. Abnormal fibers 7 days after compression of
Group 2 (No. 210).
(a) A large-sized fiber (5x”) showing nodal
displacement under the proximal edge of the
tourniquet.
(b) Small - sized fibers (1.4-2.1x") showing
knobbing under the proximal edge of the
tourniquet.
(¢) A maximum -sized fiber (7.5¢7) at the
compressed part.
(d) Small - and medium - sized fibers (1. 4-3
61“) showing knobbing and segmentation at the
distal part. Teased - fiber x400

Fig. 7. Axis cylinders of the proximal part (a) and
Wallerian degeneration of the compressed part
(b) and the distal part (c) of Group 3 (No. 307).
Silver stain x100

Fig. 8. Normal large - and small - sized fibers at
the proximal part (a), large - sized degenerated
fibers at the comressed part (b) and curved
degenerated fibers at the distal part (c) of Group
3 (No. 307). Teased-fiber x400
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An Experimental Study on Pneumatic Tourniquet Paralysis Hiroshi Ishino, Department
of Orthopedic Surgery (Director: Prof. Dr. Susumu Nomura), School of Medicine, Kanazawa
University, Kanazawa, 920 — J. Juzen Med. Soc.,91, 62—75 (1982)

Key words: Tourniquet paralysis, Neurapraxia, Demyelination, Axonotmesis,
Wallerian degeneration.
Abstract

This study was designed to clarify the etiology of the compression paralysis, frequently
encountered in daily practice,

Using an experimental model developed to study the effect of the acute pneumatic tourniquet
compression on the peroneal nerve of 31 adult rabbits, this investigation was pursued electro-
physiologically and histologically.

Rabbits were classified into 3 groups according to the pressure of the tourniquet, Group 1 200
mmHg, Group 2 380 mmHg, Group 3 600-760 mmHg, applied for 2 hours.

In Group 1 the paralysis was transient and recovered within 3 to 5 days. The peroneal nerve
conductivity was not impeded and no degeneration was observed on the axis cylinders and the
myelin sheaths histologically. In group 2, the peroneal nerve conduction velocities of the com-
pressed part were diminished to 47.5% compared with that of the control. At the compressed
part and the distal part demyelination was observed but no axonal degeneration was accom-
panied. This condition was considered ‘neurapraxia’. In Group 3, the nerve conduction was
blocked at the compressed part. The Wallerian degeneration had progressed at the compressed
part and the distal part, so this condition was considered ‘axonotmesis’.

In view of the above main cause of the pneumatic tourniquet paralysis is the mechanical
compression force at the compressed part and ischmia is deeply concerned at the distal part.
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