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Long-term Follow-up Results of Carpal Tunnel Syndrome in
Long-term Haemodialysis Patients Using the USE System

Ichiro Okutsu - Ikki Hamanaka - Tsunenari Tanabe
Setsuo Ninomiyva & Yoshio Takatori

During the past ten years, we have operated 1572 hands in 985 long-term haemodialysis patients
who suffered from carpal tunnel syndrome, using the USE system, We followed up 169 hands in 112
patients for over two years. The mean follow-up period was 3.8+1.52 years (two to 8.17 years).

Clinical and electrophysiological recovery were satisfactory, however, the recurrence rate was 18
percent, When we reoperated using the USE system, we observed newly formed flexor retinacula and
remaining distal holdfast fibers of the flexor retinaculum (DHFFR).

We suspect that the cause of the recurrence in this series may be the remaining DHFFR which
function as a holdfast of the released distal end of the flexor retinaculum. We conclude that release
of both the flexor retinaculum and the DHFFR are essential to delay the onset of recurrence in long-
term haemodialysis patients,

EF 313 F) OEF 985 EH 1572 Fizxt L T
USE system # V72 SEHFN2TL -7,

BHIMEERFIIRE L - FREEERICBITS, FREERRODING, BHRERY, BREmEN

ERFMOBRHEERRIIOVTOHETIEN, 4, BmEEEDY B L OBFHREET ICEHEN T 25

EHBE, BERAOEENR, BLUERTMTRL RENENEEREY Y 2o REMIBE L. TR

FrOESEHET S, ST A% Z, epinephrine A Y @ 1.5% lidocaine

s 10ml @ J& BT BE®: T I2 continuous infusion tech-

S $UTE nique # W TiT o 72, TEALC 15mmHg L EF

1986 E4+5 1996 4 3 H = CIZ FIREIERIEICRA 7 ERKAEEM A T 135mmHg L EDERRT
L7-RHIMAEEN B8, 5% 541 FEH 853 F (HF FEBI % FABIG & L7z,

403 F, E£F 450 F), =ik 444 EH 719 F (FF 346 Z09H b, BREREERERENREEROTE

@ L &

Key words : flexor retinaculum, distal holdfast fibers of the flexor retinaculum, endoscopic surgery, long-term
haemodialysis, carpal tunnel syndrome

Address for reprints . Ichiro Okutsu, M.D.,, Department of Orthopaedic Surgery, Japanese Red Cross Medical Cen-
ter, 4-1-22, Hiroo, Shibuya-ku, Tokyo 150, Japan.

71_



656 B E — -

PEEGFT, 2EULOERIChZ) 720 -7 v
TTERLDIL, BHLEFIRIF (FFMUF, £F
45F), Wik ER B0 F (BF36F, £FMF)
DR LI2EB 169 FTho7:. INHOEFOHE
FMRFOFEHFEE (ZIEERE) 152119325, F
YEMTEAR (EIZEREE) 13 1472316 48 (1 ~21 48),
WHROFHBHEIE (ZEEREE) E38£1502F (2
~8IT4) TH-7-.

ERAERFWRITEROHEIE, MEMERAE
B (DSL) B LUESmELR B (DML) £ Hw
7-. DSL %% 3.4msec. LLU'F, DML Tif 4.2msec. LLF
OEERLBEFEREWELS. BREROSE
DHEIE, LR, BE, MEZHvZ LT
A PR EEEESR T, BENICESIZHE LR
HrtiERar L7z, Sgm BEF, 2gm. v. Frey
hair Z HWTHER 1TV, I[ERHEHRB 2K TEE
DR EMEERD 5\ IXER O F A HRHES L FEo
BEARLUESE, ERLE L.

WEMED Y bu— VEEH 7002, #ital, B
%% %5 £ O DHFFR" (DHFTCLY ") o4 #
Torttiz, WERIZEZTT -7, WEHEERTR -
EMEEE, BEI0EMI8IF (FF 82 F, £
F99F), 104 ER 145 F (EF69F, £F 16
F) OEET 2 ER 326 FTH L. FHNEHOTHER
(HEERZE) (255549428, FHENMYHE (LE
HIRE) 12 16314.04 4 (3 ~244F) Thot-.

BREACBITA2WEFMEL 2 P - VOREA
EIEE Y ZFE B L URERRBEEENZICBWTE
NENEMRE L 72, Wilcoxon ranksum test %
Vv, p<005FEEE L7

& ®

1. AEFAH

A, BREHFENUE

HMEMRAEBRETE, #TA0, 169 T 123 T3 7%
b 78% (123/169 F) FEFEEZR L. Mk, o
AR EEERL2269% (85/128F) HIEHMEE T
mE L. —7, EEHERERTIE, M, 169
FH152F, $2bb 0% (152/160 F) HREMET
mL7o. #itk, WENICEEMEER LA 63% (85/152
F) PEFMEE CTERBELL.

B. BERERDUYE:

ERERENIZHEESEFTHEAICEEL 2oz
FEFITH, BREROBBEIEIRFTH o7, Wk, L

Table 1 APB muscle power recovery

POSTOP. n=169
mut{ 0 [1[2 3] 4]
0 L4
P
1] 6
R
2 9
E
3 5 32
O
1 689
P.
5 14
(=24MOS.)

UNRASERITIHE LA R (2B REE)
FT02x1TLT H, BEISELICEE L 2 FHEH
M O(:EEEE) 1313112301 #, 2gm @ v. Frey
hair TH FEH#RIZ 1294301 BTRIEL Tz, §H
OEBIEIWHOFE L D B S 5T/ (Table 1),
2. BEH

169 FoH, 30F (18%) (HEEF AL,

BEOZWIL, WERER L FBOZHEETT-
2. TbLEBRER, BEREBEMNRELRE L FHE
EAFHEARLIDHEL:. BEBOFHER (+
BEHEZE) 135431810 3%, FHEMPEM (HEERE
) 13196248 ETH -7z FAEFHH S FHFME
OFEEARNIE 5.24£1.T1 £ TH o7z,

FBEH 2T FIZ0 LTHEE, USE system 2 HWn T
WEFMHEROFMEIT 7.

A SRR

UM S NZSTHERIC, ARAERD B I
HETIHEIERTE (Fig. )., ZodBxd
HET A L, EAST, POoFERKE OMICEET
LR, Thbh, biubhoF S distal holdfast
fibers of the flexor retinaculum ¥ L T DHFFR”
AR s (Fig. 2).
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Endoscopic Carpal Tunnel Release in Long-Term
Hemodialysis Patients

Noboru Maeda - Kazuhiro Suzuki & Tetsuro Takatsu

Endoscopic carpal tunnel release (ECTR) was carried out in 103 hands in 85 long-term hemo-
dialysis patients with carpal tunnel syndrome (CTS) and 10 hands in patients with idiopathic CTS.
The average duration of hemodialysis was 15 years ranging 7 to 25 years, Electrophysiologic tests
were pérformed preoperatively in all cases. There is no significant differences in distal motor latency
and sensory conduction velocity in median nerves between two groups. Carpal tunnel pressures were
recorded in all cases and two control subjects using the continuous infusion technique. Pressures in
long-terrn hemodialysis patients elevated significantly compared with control subjects, When the
wrist was in neutral position the mean pressure was 42.2 millimeters of mercury in hemodialysis pa-
tients and 22.3 millimeters mercury in patients with idiopathic CTS. Pressures with the wrist in neu-
tral and palmar flexion were significantly higher in hemodialysis patients with CTS than in patients
with idiopathic CTS. Pressures after ECTR decreased immediately in both groups. Three months later
satisfactory results were obtained in 93% of long-term hemodialysis patients. Four patients developed

digital nerve apraxia which resolved within three months. These findings suggest that ECTR is effec-

tive for long-term hemodialysis patients who suffer from CTS.

& L o (il

EHMAENEE CRET 2 FREERE (CTS)
EFRBENICT I 04 FibE - REERADE
HE SNDMEREEBROVLERIZ DWW TIEERIES
NTwhv, ZICENBEICHIE L7 CTSIZHL
TERTFREERF (ECTR) 217V, 20/%IC
FRENEFEHN L2, 2 L CERETRERERERD
AE & LB L7

Xt ®

RIS L VEREEEREIZTHH L CTS
94 FEBI, 118 FI LT ECTR %1772, 209 b
A ENTEFIZFAE L7 CTS O5EH 2% 85 61 103 F,

(BHE50F, w53 F) Thby, #HEMECTS DIiE
BIA 9B 10 F, (BESF, TH5FE) Thot. F
BERITENEN, B5I3E, BIRTHo72. 2BE
WEZOFYENBEIL I8 FE (T~2BH4E) Tho
7. Yx Y MUDPE3FE, Ly ML FETH
7z, F7zcontrol & LT 2 FI L THFRENE S 5
WL

BB ZERE Iy — =47 vy MIfEEE3, Con-
tinuous infusion technique % W CFRENE %
EHHl L7-. Chow @ ECTR @ /£ 2 {€vs Entry por-
tal & wrist crease TR 5 mm (ZER L 727, BE
1.33mm OEHAAL AL TE D, side hole 252 #
Fric® 5% 50em @R =F LV F 2 — 7 % Entry
portal 25 FRENIZHEAL T, BEIEHEHD

Key words : carpal tunnel syndrome, endoscopic carpal tunnel release, carpal tunnel pressure
Address for reprints : Noboru Maeda, M.D., Department of Orthopaedic Surgery, Nagoya Daini Red Cross Hospi-
tal 2-9 Myokencho Showaku, Nagoya 466, Japan.
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Fig.1 Changes in carpal tunnel pressures following endo-
scopic carpal tunnel release
TCL : transverse carpal ligament
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Fig.2 Carpal tunnel pressures before release of transverse

carpal ligament in hemodialysis patients and patients
with idiopathic carpal tunnel syndrome
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OHD patients

Fig.3 Carpal tunnel pressures after release of transverse
carpal ligament in hemodialysis patients and patients
with idiopathic carpal tunnel syndrome

Table 1 Carpal tunnel pressures in patients with carpal tunnel syndrome and control subjects (mmHg)

Study No. of wrist Neutral Dorsal flexion Palmar flexion Grip
Gelberman 1981 Control 12 2.5 30.0 31.0
CTS 15 32.0 110.0 94.0
Werner 1983 CTS 16 31.0 105.0 75.0
Futami 1986 Control 20 7.0
CTS 7 23.0
Okutsu 1989 Control 16 14.3 157.8 143.9 124.3
CTS 62 43.0 2224 191.9 206.2
Luchetti 1989  Control 4 13.0
CTS 30 26.0
Rojviroj 1990 Control 32 3.5 12.7 9.3
CTS 61 11.9 32.8 26.6
Seradge 1995 Control 21 24.0 101.2 79.5 234.0
CTS 81 438 1194 98.0 124.9

mL7z (p<0.01). #EEMTD 55.4+36.0mmHg &4
< (p<0.05), Lo ULEBA TSR MERIZ 1062
+31.8mmHg L HEEIIFED L o7 (Fig. 2).

¥ ECTRIZX ABFUHEZOFERENTIIHR
MRS TP 3.7£3.0mmHg, EEAr 27.6 £14.5
mmHg, EREMTIE5.8+5.1mmHg L EWEF L HF
BERFED o7 (Fig. 3).
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New Thenar Muscle Plasty for Severe Carpal Tunnel Syndrome

Yoshiro Kivoshige - Yasunobu - Handa - Masayoshi Ichie
& Daisuke Ishigaki

We report the new thenar muscle plasty without postoperative immobilization for severe carpal
tunnel syndrome with thenar paralysis and atrophy. Anatomical findings: Palmaris longus continued
to palmar aponeurosis, which receives an accession of fibers from the flexor retinaculum, sending some
tendinous slips to the thenar muscles’ fascia. The median nerve innervated thenar muscles arised from
the retinaculum, Surgical procedure. Skin incision was made parallel to the longitudinal palmar curves
into the distal wrist flexion crease. The palmaris longus was divided, preserving continuity with the
fibers of palmar aponeurosis to thenar eminence. The thenar muscles’ fascia was stripped distally just
proximal of the insertion of motor branch to the thenar muscles from the flexor retinaculum. Then,
the contraction force of palmaris longus muscle came to abduct the thumb.

Advantages of this procedure are no loss of motor function, no requiring of postoperative immobi-
lization and no special postoperative re-education. Because the palmaris longus is potentially the
sinergist of thenar muscles. The plasty has its greatest application in severe carpal tunnel syndromes
with thenar muscle atrophy in the elderly.
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Key words : carpal tunnel syndrome, thenar muscle, plasty, atrophy
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EMNYEL L LTHOIEEREEZNELMN, FICD
ST D AEIT L B motor loss lEnEELLNE,

PL 2SR-EEKkAT 0 synergist TH 5 720 M #1551 72
BEEOLEN 2L, NEEOLES V. REEL
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Electrodiagnosis and Treatment for Carpal Tunnel
Syndrome with Severe Thenar Muscle Atrophy

Shingo Nebuta - Tadao Ojima - Katsumi Sato
& Kazuyoshi Sasaki

We performed nerve conduction study in 4 cases, 5 hands of carpal tunnel syndrome with severe
thenar muscle atrophy and made a comparative study between electrophysiological parameters and
surgical findings. We used the inching technique and recorded compound muscle action potential
(CMAP) from the abductor pollicis brevis (APB) and the second lumbrical (SL) muscle, and recorded
sensory nerve action potential (SNAP) from index finger. Distal latency, conduction time in 1 cm
segment and amplitude in the above potentials were parameteres analyzed. APB-CMAP was not
recordable in all 5 hands, SNAP was recorded only in case 1 with low amplitude and delayed distal
latency. SL-CMAP was recordable in all 5 hands, in which 4 hands showed low amplitude and delayed
distal latency. In case 2, conduction time of SL-CMAP was prolonged in the proximal site of flexor
retinaculum, Surgical findings of median nerve revealed abnormality in the course of thenar muscle
branch in case 1, pseudoneuroma in the proximal area of flexor retinaculum in case 2 with Kienbock

disease. The other 3 hands showed a marked narrowing of median nerve entrapped by thickened
flexor retinaculum. In conclusion SL-CMAP was one of the most valuable potential in the nerve con-

duction study for the definite diagnosis of carpal tunnel syndrome with severe thenar muscle atrophy.

@ UL o I
FIREEEHOBTESHIL, BRAIRL D128

SEIEEEN (compound muscle action potential,
LT CMAP LBE) RMEMEEEEAM (sensory
nerve action potential, LAF SNAP B4 ) i
I L AR RERE, RMEROBETZ D &2, F
REIICBIT A EFEREDORBESEGEBEELITET 5

ZEPAARTHL, Lo, EEFREERET
SNAP R E RS2 5 0 CMAP 258 H s Lz v
BEE, BREBFNBUIESEL 252 L0555,
I THR4E, EWLBRRGEE ) FREER
BN 2EAERRBHEOREZENE LT, &
BigslEEs (APB) BLUS 2585 (SL) Lho
CMAP, RiEL )@ SNAP #4547 L, BRAEEEM
BT R & S R LeBRET L7,

Key words ! carpal tunnel syndrome, thenar muscle atrophy, electrodiagnosis, second lumbrical, median nerve
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BREFE

g, 1992F 7T L0 1995498 FCIloREL
7 FARE B O REN 2201 25 F0 ) 5, WD
(TSR RS TR L M ES AP LT
ThokdBl5 FThHD. WRIZEMELH, K36
AFTHY, FRILIBEIDS 3RTEHNETH
B, FIEEOBBHMMILI 7 ALD bE, FHLET
5 (Table 1). %BEHMS, 43FA—EBHTHY,
ERFRO 142 7 ARICEAFRE/TL, LHF
e AR IR T A D, AR IS s
EE % B 70T, BRERATORSEE & b IR
rais L. ’

EHEREORR T EL, 1 v F v VLT
EdE A B S em METHB LY, s
EMERNE SR EES ) L LTRSS+, &
fihmae—+LClemEIZ& Sem §2oE L 7.
HIBGREEIX CMAP ClafA L%, SNAP Ti2g8s
$e Lo, SRHESES L ) CMAP 0 Hiz 1315043
B (EH) % 04850 5cm EROERIENES

Table 1 Materials

Case Age Sex Side °~ Period MMT
1. FK. 33 F R 13 P
2. S.T. 63 M L 9 P
3. K.M. 52 F R 26 P
4. KM. 50 F L 12 T
5. RK. 50 F R 60 P

Period : period from the onset (months)
MMT : manual muscle test of thumb palmar abduction

i

o

- i

DFEFRIZ, ZREBE LY ZO 5om KRBV,
RHE L D SNAP OB ITHATHICIT, EHER
(U »r7&M) % 05mL 10cm ORFE MP IS
FEEBER L RTE DIP BEIEICB W, 82 I J:
Yy @ CMAP O#H 21 Logigian 52 0 Fic# L
T, ERFBEEE 00 L) Tom OF 3 FFREHEMAIC
HEHETH % 15 DIP BE I B /2.

SHAEE, CMAP Y5 E25) K, SNAP I
EOEREEZERI L, RESORBUC & 25480
ReE LTEFBESEE LA, lom KB OEERE
O.4msec BLF 2 E# & LY, (RIGEM@A L LB L 7.
WA RO #HE ITEERA 10 F0sHMEL D
Mean+ 2SD.zHH L THWA. T4&bLH APB-
CMAP Tt 1.64~4.72msec T 4.7Tmsec LI, SNAP
¥ 1.79~3.6Tmsec T 3.6msec LT, SL-CMAP &
2.03~4.0Tmsec T 4.0msec LT 2 KA TEEMEE L7z,
b a#riE R e FWET R & hBwat L7,

& s

1) #R{=EMAE (Table 2)

GEfesEs L VEL O CMAP 1, 534608
WCIRIE 100 4V BLEOBEAER CE S, S TEE
THhoz.

I L DM O SNAP I3, #EH | TIRIEREO K
ErEm L2700, miEeid dlmsec EREOELE
R, FER 3, 5 TIEFREREHORE T A
BARBEOHEF 2 B 7205, EF 2, 4 TIRIEE 104V
Ll ko> SNAP SERTE b o7,

%9 BB & D EE O CMAP X, Bl 10~63%
IR 2 A5, b TR 100 2V DL E o B

Table 2 Results of nerve conduction studies

Case APB-CMAP SNAP: (Amp DL) SL-CMAP: (Amp DL CT)
1. F.K. (=) (+) 60 4.1 (+) 42 48
2. S.T. (=) (=) (+) 83 2.4 (+1~0)
3. K.M. (=) (+) 40 (+) 50 41 05(=1~-2)
4. KM (=) (=) (+) 10 41
5.  RK (=) (£) 80 (+) 21 12
APB : abductor pollicis brevis
CMAP ! compound muscle action potential
SNAP | sensory nerve action potential
SL : second lumbrical
Amp . amplitude (per cent, compared with normal side)
DL : distal latency (msec)
CT : conduction time in 1 ¢m (msec)
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Table 3 Surgical findings and nerve conduction studies

Case APB-CMAP SNAP SL-CMAP Surgical findings of median nerve
1. F.K. (—) (+) (+) abnormality of thenar muscle branch
2. S.T. (=) (=) (+) pseudoneuroma, Kienbdck disease
3. K.M. (—) (£) (+) severe entrapment
4. K.M. (=) (=) (+) severe entrapment
5. RK. (—) (£) (+) severe entrapment

T TASE TR CH o 7. HEF 2 OIRERF I 0 &
PEEA 1 em OXEIZ, EF 3 TIEEM L em 2256 2
cm DEMICEEF RO, EF 2 DHD 4 Fizsir
B AL X 4. lmsec 20 5 T.2msec L BIEZFRH /-,
2) FHFiA (Table 3)

FHIEEBIFRERB L ER RN (epi-
neurotomy) %177z, EFILIEFHEDOKIE L &
LIz, BRI FREN CTEFHEER L D 5k
LCEHEm A ERT L0 - ETREEATHY, B
EE TR OBYE RO, ER 2 13F -y
ZIREHHTHY, BRELAVTHEEHIHOTD
BRENZIEFMREO L R E IR L 7-BEMREEZ 2o
7275, ARBOERICL 2 FHESEAOBETORE
WBBRETHo7. ER3, 4, SRERTWIZLAER
RO & PAMEE B 7,

% £

EH L BRI B L 1O EE O FARSEERI,
HRENEE L ) O CMAP R2/R§8 X ) @ SNAP #5&
W8 CHMREEE R, R E NG L 72 Y,
HROEPMENELSHASEHEL 252 L ¥ BED
FTLIELITRRT 2. M ook 2Esl
LT, RERAERESRELOERIC L 5 HE
BRI O RESW 2 KA TV B, HHAEHL ~
Wk W BB EN, SHEOMESLETHRE~D
MEREAEC, BESEIOSET 2 ISR it
TH5b.

Logigian 5% 3 FREHRGEEB LU EMA 2 1%
LT, EREIEER L 42 AL £ ) CMAP %
WL RSB L, FRENCTEFMEOE 2
BRI BRI L D IR EET Ao TRE
ANV ERE L, FAEELT REREN
B85 & ) CMAP BSELRED 17T F05 b 12 F, 71
%IZHE 2 BRERS & ) CMAP 2SS EE T H - 7» & i
N, FAREEGER TR R AR

BEERSZIIRT, B2 REHRILESTTE I AE
TLOTHEESNLTREID LV ERE L2, Bt
D 1, EREMERS & ) CMAP SEH S Ak
VEEBI D) 50% 1255 2 BURERS £ ) CMAP ASEH AT #8
THAHEBRITNE,

LB A DB LG T, SEEAES LD
CMAP 7SR TH -7 5 FLFIITBVTE 2R
BERG & 0 BB 7 CMAP 2 S h, SR OME L [
BOBERETHo7. 4 FIIRMBEBEOREL R, &
B2, 3TRAVFYZEICL) lom REOZEE
ELHETE, o OBREBENTRIEFHFR
FLEMITAEETHY, 2 BES LD O CMAP
FFREEIC B 2 PR BERGEREDRE
WCHE—HH L HETH 7. F7- SNAP (36 2 ~
SIEBVWTEE ST, 63, 5 Tk ARG R
DHETORMEIRIBORTATEE Sz, fEoTH 2
BRI TRIENOMER L ) SEESRIC VR
Blsh, Logigian 5% &% 2 B ATRIE~ DM
HRHEI D AEEI NI VI EDH D LBRRTND,
BAEST ORBIZMRTIZE D L, FRE~NOMER
DOREIZE 2 BEHK L) S ETEHICTET L L&
RTBY, FIE~OMERIE 2 BEHRL ) bEE
NPT VEEIIRETH S,

SEG) 1 AT EREE % & B, ISR
DGR ER TH-72. Phalen? FFAREEREED
2T5% DI ITMERENS LV EREL, T-EF
& BB R O A Bl BRI O S - &
TREXAHIIBREATH L EBRTVL, HEE
EM CIZITEFO SNAPHE B S, BigskpzE
FOSEE CHBENES L ) CMAP 2B T TdH
ZHEBIL D) REATIE, E2REHLIVERD
CMAP OAMPGEBEDRILE 72 2 DT, KD
B R E B L CI348 2 AR & ) © CMAP #¢
BIZER G ERBWHETHD LV 5.

SHESIERARERT, WkOBREROEE
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ELIERIENETH B L UE 2 ARBH L ) o CMAP
& SNAP OEEBEBL e TRE LW EEZ T
5.

S & &

1. EHLBIERGEGL LD FREEEFELH D
Flo L CERBM 21TV, FMATR & LB,

2. EEEAEHLIVOCMAP ERIEL Y O
SNAP IZEHATET - IIRETH - 7245, F2 HE
Lo CMAPIZ S F2fTEREN, ST ET
Hote. ToELHBEHO CMAPIZL ) FHFTRD
L O Y (AN

3. IEHHEOE L HBH~OMIILER LTI L
AEErHRNPTVEEZ LN, FREERROERE
Bl BHEERH IR E G CILE 2 MR L D ER o
CMAP OGS HEES WAL ELS.
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Evaluation of Internal Neurolysis for Severe Carpal Tunnel Syndrome

Youichi Miyazaki - Eiji Hirano & Kazuya Kimura

Adjunctive internal neurolysis of the median nerve followed by release of the carpal tunnel is
widely performed for treating carpal tunnel syndrome. However, the efficacy of internal neurolysis is
still controversial, In this study, severe carpal tunnel syndrome cases were evaluated pre and post-
operatively. We also compared the results of patients treated by internal neurolysis followed by re-
lease of the carpal tunnel with patients who had release only.

Between 1987 and 1993, 23 hands of 22 patients with severe carpal tunnel syndrome that was asso-
ciated with sensory loss and severe thenar atrophy with no motor response to stimulation were treated
at the Aino Memorial Hospital. All hands were randomized to two treatment groups, release of the
carpal tunnel with the addition of an internal neurolysis of the median nerve or release of the carpal
tunnel without neurolysis. All patients were diagnosed primary carpal tunnel syndrome. Group 1,
consisting 11 hands in 1] patients, were treated by release of the carpal tunnel and internal neurolysis
of the median nerve. Group 2, consisting 12 hands in 11 patients, were treated by release of the carpal
tunnel without neurolysis. Thenar muscle strength and bulk were recorded in all hands, Thenar mus-
cle strength was evaluated a manual grade scale of ( to 5 according to the classification of the Ameri-
can Orthopaedic Association. Thenar atrophy was graded as none, mild, moderate, or severe based on
the bulk of the thenar muscle. Mild atrophy consisted of mild decreasing of thenar muscle bulk, mod-
erate atrophy consisted of flattening of the thenar eminence, and severe atrophy consisted excavation
of the thenar eminence. Median nerve function was evaluated using two-point discrimination test and
electromyography. The two treatment groups were compared using a non-paired T test.

Analyzing the post-operative data, the majority of the hands in both groups achieved satisfactory
results and there was no significant difference between the results of the two groups. Results of this
study indicate that standard surgical release of the carpal tunnel is equally effective in patients with
severe carpal tunnel syndrome.

PEETEa E DRSS E WL, MENRIBEROF AL

THREL7-OTHES 5,
AR ORI £ ) 2 17 A "
DI 2 FHThH B, = OIS MEBSVTE
S E R . AE AL, e 1987 40> 93 4 % T> T 4B HBE T £ 17
BRI b o BTSRRI L RSN S RREEENE 24 51367 F0d b, MR L B s
WOBEFTo1BIE, CIBENABRE A 6 PATH R A0S EC R B (S R

Key words ! carpal tunnel syndrome, muscle atrophy, internal neurolysis
Address for reprints . Youichi Miyazaki, M.D.,, Department of Orthopaedic Surgery, Aino Memorial Hospital,
3838-1, Aino-cho, Minamitakagi-gun, Nagasaki 854-03, Japan.
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TH-o7bDT, BERZ TE- 2523 F21%E
L7z, Thbod b, FARE B MmN RIS 4
Mz 7=8% 70— 71, FREARN & wEREOR
BWOAREToBe s NV—T2k L. T v—T711k
116011 F, BYE2 ok Inl, 5F84ILF 34,

SEXIER 60.6 5, FBAED L FNGITR E TOFEERE
TREARE T4 4, BRI 2T A» S 640 H, F
WALLH A TH-7=. FA—721311612 F, B
1Bl 10 B, A5 7604F 3 FImE 14, FHaE
15 58.8 ik, FIAMIM 1.7 45, BEFERMIX 147 H
25306, FH2AATATH -7 Fivik, KE
W7 Ty 7 TICFEERC Curved Incision % N 2.,
BMERYw LT, FRELHRLZ. 2618,

FN—7 1011 FIEEERE T I IE g o Mg -
AL ConeRIBEL, MREEERMALLZ, Mk
ORI FPMHEOZMAIZE &8, VwWhw 5 par-
tial epineurectomy & L7z (Fig.1). “ZBFiffid+
NTHEHEICL > Tfrh iz, fikidnTnd il
BEOY - AERE T2, ZDIBTV—=FT 105
FL, V=720 2FI Camitz FEEREIMLZ. &
nH IOV S MRICHE, 9, BHERE,

BB EEBREORIEZ T 72, FHEI static two
point discrimination test (L\F 2PD) % &Ml L,

T AN A FONEFLOFFMELEIIE, 4 BREIZH
E L. HIEHRFHIIRE TR NG 2 lE L
7=, EEEIE Gelberman 53 DEFHE % —HWEL,
] & E_EEIBL LT3 b0 x Mild, #i83k
DFEERATFHELL T 5 4 D% Moderate, & 528
TEEREENCHRM S ED 5N L b D% Severe & L 72
(Fig.3). VM EDATEH I DWT 2 HERH oo B % g
L, W OESIZOWTHE L., ZBREERE
BHIED Wt REL VTS %BOBBRERTIT- 7.

& ES

MEOEEE, #8424 Protective TH o720
Dps, WEE s v— 71 Cid Normal 8 F, 7/ —
72 Cid Normal 11 Fiztg®E L, MEE s b RiF%E
#whrELh, BEZIRO o7 (Table 1).
ferliEms i, WA EBl 025 1 Th o725, Witk
B3 EOHARESLCBY, MEEICER R,
7= (Table 2). S IZOWTIE, Mravid 26 Se-
vere ThHo7-75, i srnv—71, 7 Nn—72&%
(25 FH Normal i F CHEL, TNRHIXIEIFLE
FHBTEEEENSE LN TV, BEFALN Lo

Table 1 Static two-point discrimination test

Group 1 Group 2
pre-ope post-ope pre-ope post-ope
Normal
(0-6mm) 0 8 0 i
Fair
(7-10mm)  ° 3 0 !
Poor
(1-15mm)  ° 0 0 0
Protective
(>15mm) 1 0 12 0
Table 2 Thenar Muscle Strength
Group 1 Group 2
grade pre-ope post-ope pre-ope post-ope
5 0 4 0 5
4 0 5 0 4
3 0 2 0 3
2 0 0 0 0
0~1 11 0 12 0
Table 3 Thenar Muscle Atrophy
Group 1 Group 2

pre-ope post-ope pre-ope post-ope

None 0 5 0 9
Mild 0 3 0 2
Moderate 0 2 0 3
Severe 11 1 12 2
Severe 4 a o o

>

r

g Moderate

-]

<

@ Mild

°

[}

3

3 Normal J roon BB 2!

0 5I 1‘0 \I5 2'

0

(yrs)
Duration of Symptoms

O Groupl A Group2

Fig.4 Recovery of Thenar Muscle Atrophy
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TOEFENEFNTIFL2FETH o7 (Table 3). =
DL HEROEBIIOWTOHEEICEEZIZ
Mo ts. EEERER ML 2B CRIEAE
THors, FERETEFAClETREERY, -
7 113 4.8msee, Fv— 7 2 13FH 5.2msec (2[A]
BLTBY, MEEICEFEZE 2o/ (Fig. 2).
UEOEBIZODWTHERIZEESZDLNY, MR
AR O BRI FREFRNERO b DIz~ &L
EN TR d o7z, &, S5ICHEHOEE L
SEWS, MR, BREE, EEEEICoWTRET L2,
BRI & EEORICIZAEBE R 0413 (P<0.05)
OEEFROLN, HEMOBEIZERBHICEZES
naEmIED LN/ (Fig.4). LarL, ZoiEd
DOERF & OMEEIIRD LN o 7.
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AR S ILEIH 0% BA Lz b BE LT D, &
5 L ERMIIEOTE LRI, BREZR
FHIZ BT D EENFIEER T X 2 BT 2 SO HE I
W ok sHVY, HEE LERAOBREESRE
Lo TIREOENH B2 L0 S WMENFEROEH
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HERIEE TR SRR TH o7
EETREEERO &% FRICHENIBR 05 B
RIRE L7, MIEERFIT2PDAYEL TV, &
B2V CIER OHE T b RN O & E» 1
bTRIFAREFREs T ) U mErrme
ERBIIBV T FREHMFOATRF 2T OR
BABONDEEZ LN, SEMEE L LSAE
EEREERBOGHPHEROEFIZ OV TIZ
Curtis 51 % Rhoades &% Asixmsigeaio® mit
%##E LTV D, —4 Gelberman 5% {3, Rhoades
b & IR CEREE OB L FREBBAOH Y
FOZORMEE B L MR, MBOREIZEIRS
EEFREERETOFRENIMOATL VLB~
Twad, 22T, SEHCHEROEEICED LTH
Bx{Tol75, MERMOBRBICAEEI o7, %

7z Normal ¥ TRIE L7 ESNIEHE & 21T 1 E5
BCEBELTBY, NI ILHERORERGR
AEELBLIIL T oz, SEOFKA DL
TIHIIZFA CEEEO =20 ¥ Vv — Tz F—#iZ»F
MaAT- 7205, MBERBCEEREZIZDOOLNT, E
BEFREEERECT L Ch FRERBN I & 28850
BOHORENATRIFEREFHLND LEZ BN,

S & )
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Efficacy of External Neurolysis for
Severe Carpal Tunnel Syndrome

Yuji Uchio + Naotaka Shu & Mitsuo Ochi

A retrospective study was undertaken to determine the efficacy of external neurolysis in patients
with severe carpal tunnel syndrome (CTS), The criteria for severe CTS in this study were severe
thenar atrophy, anesthesia, unobtainable median sensory-evoked response and absent or prolonged me-
dian motor distal latency. Eighteen hands in 16 patients met these criteria. These patients (severe, S-
group) were compared with 25 patients (35 hands) without these criteria (mild, M-group). All
patients had symptoms, including pain, weakness, or decreased sensation. Postoperative follow-up av-
eraged 74 months. Symptomatic improvement was obtained in both group. Two-point discrimination,
Semmes-Weinstein monofilament testing, and distal latency of the median nerve significantly im-
proved to normal in both group (p<0.05). But grip and pinch strength did not improve in S-group.
These results indicate that external neurolysis is of benefit to patients with severe CTS, but thumb
function does not return to normal. To improve thumb function, not only external neurolysis but also
opponens plasty is recommended for severe CTS.
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Table 1 Demographic Data

S-group* M-group ' b value
No. of hands 18 35
Age (years) 51(35~61) 51(27~171) 0.993
Male female ratio 1:17 4:31 0.651
Dominant side 9/18 25/35 0.125
Duration (months) 56(7~240) 36(3~240) 0.286
Occupation 15/18 27/35 0.125
Follow-up (months) 82(26~156) 70(24~153) 0.356

*severe group, " mild group

Table 2 Preoperative and postoperative results (S-group)

Preop. Postop. P value
Symptoms 38+1.1 1.1+0.1 <0.05
Grip (%) 61.7+0.3 80.0+26.6 0.106
Pinch (%) 66.3+43.5 18.4+22.7 0.486
s2PD 8.0+1.2 4.6+14 <0.05
m2PD 73+1.5 29+156 <0.05
SW 83+3.5 53+20 <0.05
Motor latency (msec) 7.1+0.3 41+07 <0.05
Sensory latency (msec) 8.24+29 3.2+0.8 <0.05

Table 8 Preoperative and postoperative results (M-group)

Preop. Postop. D value
Symptoms 3.7+1.0 1.2£0.5 <0.05
Grip (%) 61.7+0.3 80.0+26.6 <0.05
Pinch (%) 66.3+43.5 844221 <0.05
s2PD 6.2+19 43+1.1 <0.05
m2PD 57+19 2.5+1.3 <0.05
SW 59+22 4.6+1.2 <0.05
Motor latency (msec) 6.0+1.4 45+1.1 <0.05
Sensory latency (msec) 42+18 3.3+14 <0.05

7o, BENFRCIZEN, Y+, RigKERT
@ 2 point discrimination (LLTF 2PD), Semmes-
Weinstein monofilament testing (LA F SW) % &
L &, Bh, CrFhidER, mH, EEEE
berEAY oFhKT A RER KD, 55
W, EBHMROEREHENREL T 7.
MATORMEBFEOLBIZIIEINE OB E & 812, ¥
ERLMAEAERFOEZLMHOETHLTH LD,
MEEE THE L/, SETEALIE (21 unpaired t#&
ErHw, BREL %RBEEEEREY & L.

& ®

FRREHMETI3EM, LUhWK, Bih e LB THEE
HEL, BREAFETI HEEROFMERA A5 S
BETIIMETEY 38 Tho 0 Wi 1.2 10 EL 2

(Table 2). MEET b TRT 3.7 A5 1.1 ek &E L 72
(Table 3).

LAL, BENHEDD L, B7id M B CIEwar
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FLUT, SEETIIMIET61% 2514 80% | CL B M % 7R~
THOD, EFLTAIZIIES d o, [FEEIZE Y
FHZDNTH MBEZRAERERLL Tz L
T, SHETHRMERNEZH25DOEFOY Y FH%a
BELTiEvikdro/, —7, 2PD IIWEE L B static,
moving & bFELWELRL, EWILLA. SWiZB
WCH TR &b ARICYE LIEE(LL: (Table 2, 3).
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Table 4 Improvement ratios

S-group M-group p value
Symptoms 69.4+11.2 §4.6+17.1 0.287
Grip 2.5+215 15.1:+14.4 0.157
Pinch 16.9+25.1 324427 0.320
s2PD 404214 23.2£32.2 <0.05
m 2 PD 57.4+25.9 48.2+39.3 0.652
SW 26.7+31.6 11.0+42.6 0.341
Motor latency 42.9+6.8 20.6£25.5 0.208

*improvement ratio: | preop.-postop. | /preop. x100

ENhdo/8FN, MENAIFETERLRD, &AL
EBRFLATET T.1msec T o 7= DA FER 4.0msec 12
HEIZHE L7 (Table 2).

snlcERrEENTRETLE, B, YUF
DTCHSEHEEIMBLDLNSWERZD D, FOf
OEEATH SHEOENMBEL ) ORKEVWETTDY,
$5Z static 2PD TIZE B SEAFKRE D o7 (Table
4).
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Clinical Significance of EMG of Abductor Pollicis Brevis
for Severe Carpal Tunnel Syndrome

Nobutaka Tayama - Shinichi Kikuchi & Nobuo Yokomura

Needle-EMG of abductor pollicis brevis (APB) for 15 hands with severe carpal tunnel syndrome
(CTS) before carpal tunnel release were examined. In view of the findings on APB EMG we evaluated
the recovery of motor function after surgery in the cases with severe CTS. Motor unit potential
(MUP) was recognized on APB EMG in 4 hands and not recognized in 11. The motor function im-
proved in the cases in which MUP was recognized before surgery. Of the cases in which MUP was not
recognized, the cases with a long history of the disease had poor recovery in the motor function.

Opponoplasty is sometime performed for severe CTS at the time of carpal tunnel release, but we
think it should not be performed in the cases in which MUP is recognized on APB EMG before sur-
gery.
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Key words ! carpal tunnel syndrome, severe case, needle-EMG, surgical treatment
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tal, 1-1 Kotaro-cho Taira, Iwaki, Fukushima 970, Japan.
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Table 1 Relationship between MUP on APB
EMG before the operation and MMT of
APB after the operation

MMT
MUP 0 1 2 3 4 5
+
N=4 4
N=11 3 1 6 1
no recovery recovery
group group
month 140 p<0.05
120
100 4
80 4
60 4
40 4
20
(o]
0
no recovery recovery
group group
N=4 N=7
Fig.1 Period of involvement —MUP (—) group,
11 hands—

The period of involvement of recovery
group on MMT of APB were signifi-
cantly longer than no recovery group

(p<0.05).
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An Anatomical Study of the Ligamentous Structures
at the Palmar Side of the Carpal Tunnel

Tsunenari Tanabe - Takenori Sakada - Setsuo Ninomiya
Ichiro Okutsu & Ikki Hamanaka

We have been treating patients who suffered from carpal tunnel syndrome using the Universal

Subcutaneous Endoscope (USE) system since 1988.

We discovered fibers which function as a distal holdfast of the flexor retinaculum (DHFFR) or the
distal portion of the flexor retinaculum. When only the flexor retinaculum is released using endoscopic

procedure, the sectioned ends of the flexor retinaculum are separated by only 1-2 millimeters,

This study demonstrates that the carpal canal is not completely released by the section of the
main part of the flexor retinaculum, but completely released by adding the section of the DHFFR.

i L & (£

FREEEF IS T2 FHOBMIE, FREZQO
WE O LT, FRENELET S EEFRHEE
RIETAZ EiZd 5. bbb iid, Universal Sub-
cutaneous Endoscope (USE) system # Bv7-F
RS EER T 2SR TR % 1986 £ & 0 7% -
T&7. ZORKERE L UFRENTREER,S,
5 H (flexor retinaculum) & % W iZ#FEE
HOREMYBEDO A TIIEH T OWERIE 1 ~2mm
PRELPERETT, FREQUERILTH5TH 50
DT, FRENE S HHET L0 =
WEMW, X512, USE system 2 & 5 FHREE
DEBRCEIEN S, BEXwOEMEMC, #HEY
B HERE AR 5 ek RuiLe,

OWEFET 5 W S Y & S IR B M & dis-
tal holdfast fibers of the flexor retinaculum (LA
T DHFFR & ®-4) 3 7-i4 distal holdfast fibers of
the transverse carpal ligament (DHFTCL) & &
2LV, #LC, BBHEWHOL%L 5T DHFFR %
YT AZ L1280, BHXHOYEEMIE 6 ~ Tmm
HERA L, FARENIE S B O BMYIEER - T
HEICETT2Y SraReELe. $abb,
FREZZSIARLTTHCRET 5720101, 8
BHHIZINZ C DHFFR O @8 MgEsLETH HE
a0 L

4E, bivbiix, BEHFERIC DHFFR 28R L
TOTHET 5.

Key words . anatomy, carpal canal, endoscopic surgery, flexor retinaculum
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Morohongo, Moroyama-machi, Iruma-gun, Saitama 350-04, Japan.
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Comparison of MRI and Arthrography in the Diagnosis
of Intercarpal Ligament Injury

Kaori Shionoya - Ryogo Nakamura - Toshihiko Imaeda
Yasuko Gotou & Naoki Makino

Hitherto the diagnosis of wrist lesions has depended primarily on wrist arthrography, but recently
with the enhanced precision of MRI the usefulness of this modality in this area has also attracted at-
tention. In the present study in cases subjected to wrist arthrography and MRI prior to arthroscopy
we compared the usefulness of the two modalities in the diagnosis of wrist ligament injury.

Of 500 cases undergoing wrist arthrography at this hospital since 1984-, 40 ligaments of 37 wrists
in which injury to the scapho-lunate ligament (S-L, 22 ligaments) or luno-triquetral ligament (L-T, (8
ligaments) was confirmed and both MRI and wrist arthrography were performed within the 3-month
period before surgery were investigated. 3 cases had both of S-L and L-T injury. On arthrography
the presence/absence of communication between the midcarpal joint (M-C) and radiocarpal joint (R-
C) and its location were determined. S-L and L-T on routine MR coronal images are depicted as a
low-signal small triangular area. The presence/absence of injuries to these structures was determined,
and the two compared with the site of ligament injury confirmed by arthroscopy.

On arthrography the site of leakage and site of ligament injury were consistent in 19 of 22 at S-L
ligament (86.4%), 15 of 18 at L~T ligament (83.3%), totally 34 of 40 cases (accuracy=85%). In 16 of
22 S-L ligament (72.7%) and 11 of 18 L-T ligament (61.1%), totally 27 cases in which ligament injury
was discernible on MRI the accuracy was 67.5%, which was a lower figure as compared with arthro-
graphy.

The cases misdiagnosed on arthrography showed communication between M-C and R-C or influx
from the torn portion of TFC to the distal radioulnar joint, and it was thought that insufficient con-
trast medium reached the injured portion of the ligament. The cases misdiagnosed on MRI showed de-
struction of the lunate bone, high-grade DISI deformity and/or small perforations, with the image
rough and the presence/absence of ligament injury niot discernible.

On arthrography the site of communication between R-C and M-C was largely consistent with the
site of ligament injury, and the site of injury could be relatively easily diagnosed. At the presently
feasible resolution of MRI accurate grasp of the findings is difficult, and so with respect to the diagno-
sis of ligament injury wrist arthrography is superior to MRL

Key words . MRI, wrist arthrography, S-L ligament, L-T ligament
Address for reprints . Kaori Shionoya, M.D, Department of Orthopaedic Surgery, Branch Hospital of Nagoya
University, 1-1-20 Daiko-minami, Higashiku, Nagovya 461, Japan.
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The Anterior Transfer of the Ulnar Nerve for the Cubital Tunnel Syndrome
— Comparing the Subcutaneous and Submuscular Transposition —

Naotaka Shu - Mitsuo Ochi + Yuji Uchio
& Hayato Hirotani

A retrospective study was conducted on 62 patients (66 elbows) with cubital tunnel syndrome,
who underwent anterior transposition of the ulnar nerves, to compare the outcomes between the sub-
cutaneous transfer (38 elbows) and the submuscular transfer with musculofascial lengthening (28 el-
bows). We compared the surgical results, that was evaluated by a self-administered questionnaire
developed to evaluate elbow function, of these two groups and factors influencing prognosis.

Overall, 90.2% of patients improved postoperatively. Submuscular transposition was better than
subcutaneous transposition although the difference between the surgical results of two groups was sta-
tistically not significant (p=0.055). Advancing age, duration of symptoms, the severity of pre-
operative clinical findings, pre-operative electrophysiological findings did not predict an adverse
outcome, but only the type of transposition did (p=0.023).

1990 48 3 H 3 TR TRITH (LI SC &mgv, 36

a = 2B %, LIRIGE TRAM (L SM Lag,

R ERE BRI T B R BRI HRATH 2175 I, 26 % 28 1) #1772, 8B T B4T4TIE Dellon 5

RTH5V3HBTRITMEL L2 BIRT 2, W HEY kT, EHEASORESY ZRCERET
PRRVPDSPN—CEOEREHES 0o Tk, BFETITo7.

SEbbIIE, BE~OT Y r— NAKY TICHE WAL Rettig HOERED 2 —8EEL, &

DEHBEAEE LB L 2O THET 5. 100 A A A EME (Fig. 1) 2ok, B

P, BICEHT - PRERTo7. SCE - SMER

DORREED LB Welch © THExR Hw7-. 77,

EREMAFERAIIBLIUHBEERRENS WHIOER, BELHE, McGowan 585, #ifio
BT RE MR AT & 4T - 72 62 & 66 BT (BB 49 MCV, SCV, s-2PD, m-2PD, &/, % &%
#5308, I3Z13RF, 15~T98) 2x&E L. R EBE I R T B8+ EEREAT = F v Olket

Key words ! nerve compression syndromes, ulnar nerve, elbow, surgery, treatment outcome
Address for reprints : Naotaka Shu, M.D,, Department of Orthopaedics, Shimane Medical School, 83-1, Enyacho,
[zumoshi, Shimane 693, Japan,
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ULNAR NERVE QUESTIONNAIRE
Please check the statement that best describes the condition of your elbow at this time.

PAIN
20 _I experience no pain in my elbow.
16_I have occasional pain with strenuous sports or heavy work.
12 1 have occasional pain with everyday activities or light recreational activities.
8 1 have frequent pain with strenuous activities.
4 T have frequent pain with everyday activities or light recreational activities.
0_I have continuous pain in my elbow with everyday activities. Pain limits my life style.

NUMBNESS

20_I never experience numbness or tingling in my elbow, forearm, or fingers.

16 1 have occasional numbness or tingling with strenuous activities. It does not alter what I do or don’t do.

12 I have occasional numbness or tingling with everyday activities. It does not alter what I do or don’t do.
8_I have frequent numbness or tingling with strenuous activities that alters what or how I do or don’t do.
4 1 have frequent numbness or tingling with everyday activities that alters what or how I do or don’t do.
0_I have constant numbness or tingling that limits my lifestyle.

DEFORMITY

10_I feel no difficulty in full-extending my ring and little fingers side by side.
8 I feel little difficulty in full-extending my ring and little fingers side by side. It does not alter what I do or don’t do.
6_1 feel much difficulty in full-extending my ring and little fingers side by side. It does not alter what I do or don’t do.
4 1 feel little difficulty in full-extending my ring and little fingers side by side that alters what or how I do or don’t do.
2 I feel much difficulty in full-extending my ring and fittle fingers side by side that alters what or how I do or don’t do.
0_My bent ring and little fingers are of absolutely no use to me.

STRENGTH

10_My strength in my elbow and arm is excellent.
8 My arm is slightly weak but this does not affect my daily life in any way.
6_My arm is mildly weak. This does sometimes affect how or what I do.
4 My arm is moderately weak. This frequent affect what I do.
2 My arm is extremely/severely weak, affecting my activities of daily living.
0_My arm is of absolutely no use to me.

FUNCTION

10_I can grasp and use small objects such as key, coin, pen or chopsticks without limitation.
8 I feel slight difficulty in grasping and using small objects such as key, coin, pen or chopsticks.
6_1 feel mild difficulty in grasping and using small objects such as key, coin, pen or chopsticks.
4 1 feel moderate difficulty in grasping and using small objects such as key, coin, pen or chopsticks.
2 I feel much difficulty in grasping and using small objects such as key, coin, pen or chopsticks.
0 I can not grasp small objects.

OVERALL ACTIVITY LEVEL

30_No limitation. I have normal arm and am able to do everything including heavy labor.

24 _Mild limitation. At times I must guard my elbow by limiting heavy labor or certain sports.

18 _Moderate limitation. I have to give up my previous sport or job.

12_Moderate or severe limitation. Even light labor cause frequent problems with my arm.
6_Severe limitation. Problems with my arm have cause me to give up all job or sports.
0_All daily activities cause problems with my elbow. My life is severely affected.

Rate your elbow on a scale of 0-10:

0 5 10
(worse than before surgery) (no change since surgery) (excellent)

Fig.1 Modified Rettig’s 100-point subjective questionnaire,
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Fig.2 Overall rating of modified Rettig’s 100-
point subjective questionnaire before and
after operation.

* Comparison between two groups with
use of a Welch t test.
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(Table 1).
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(Fig.2). 4 OERPMERBBICRITTHELEMN
BOWMET-TRELLEZ S, £, BHAEHH,
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Table 1 Pre-operative clinical findings

e SM b value®

age 581139  572+122 0.93
male : female 18:2 15:3 0.99
severi‘cyT 0.99

grade I 9 7

grade I 14 11
duration™® 32.2430.0  245+28.] 0.56
MNCV 33.7+182  35.8+95 0.12
SNCV 19.1+17.2  21.9+18.7 0.94
s-2PD 9.2+2.6 8.8+3.0 0.76
m-2PD 8.83.0 8129 0.56
grasping power! 08403 = 0703 0.52

*

. Comparison between two groups with use of a
Welch t test or chi square test

: McGowan's classification

. duration of symptoms

. affected side/normal side

== 4 -

Table 2 Factors influencing surgical outcome

» value™®
age 0.984
duration* 0.842
severity ¥ 0.694
MNCV 0.687
SNCV 0.936
s-2PD 0.862
m-2PD 0.802
grasping power 0.662
type of op. 0.028

. multiple regression

. McGowan's classification
. duration of symptoms

. affected side/normal side

e
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Long Term Follow-up Study in Cubital Tunnel Syndrome

Akihiko Asami - Tomoko Higo - Hiroko Mine
Hideo Watanabe & Toshiyuki Tsuruta

Ulnar nerve transposition may cause additional iatrogenic ischaemic damage to local endoneural
vascularity if the nerve is separated from the ulnar collateral artery, Our technique of transposition
of the ulnar nerve with its vascular bundle maintains the advantages of the method of anterior trans-
position in common use. Patients who had long postoperative periods of more than 10 years were
studied. Of 18 sequential procedures, 13 extremities in 13 patients (9 males, 4 females) were available
for follow-up (mean: 148 months after operation). By use of Akahori’s postoperative evaluation crite-
ria, there were 76.9% of excellent or good cases, and no poor or recurrent cases. Preoperatively deter-

mined stages were not always of prognostic value,
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Key words | cubital tunnel syndrome, ulnar nerve, entrapment neuropathy, vascularized anterior transposition
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BB B A/ NEIVERD OB ZER IR 13 B 12
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(Table 1).
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TRIE O THEFMARE T, BEMIZIZETH, B3
B, T3E (F- BEEHLELDIIEED 76.9%)
T, AABIREHER L% 072 (Table 2).

Table 2 Preoperative classification and postop-
erative evaluation,

Preoperative classification | Postoperative evaluation
Stage Case Case
I 1 E 1
il 6 E 3

G 1
J 2
v 4 E 2
G 1
F 1
\2 2 E 1
G 1

Total Excellent 7 Good 3 Fair 3 cases

76.9%
E ! Excellent G Good F: Fair
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8 & BERAEIR AT~ L R W& A% v, —7F, stage
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Table 3 Recently reported postoperative outcome, Percent-
ages of excellent and good cases.

Author Method Percentage
Akahoril) (1986) King Method 79.5%
Tkuta® (1987) King Method 8.3

Anterior Transposition 80.0
Sugawara® (1988) Vascuralized Anterior Transposition 90.9
Tsuruta” (1989) Vascuralized Anterior Transposition 79.2
Urabe® (1992) Modified King Method 72.9
Anterior Transposition 58.3
Ishizu® (1993) Modified King Method 495
Anterior Transposition 71.8
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Recovery of Motor Function after Surgery
for Cubital Tunnel Syndrome

Katsurou Furumachi - Katsumi Tajima - Masataka Abe
& Kazunari Kashiwagi

The range of recovery and the required duration for recovery after surgery in advanced ulnar
neuropathy at the elbow is not well known. Long-term outcome of surgically treated cases was inves-
tigated.

MMT, pinchmetry, sensory evaluation and nerve conduction study were performed on 24 limbs of
20 patients who underwent our modified Osborne’s procedure more than 2 years prior to the study.
All were advanced cases rated as McGowan grade 1 or II.

All cases regained no less than S3+ (Highet) sensation and 91.6% regained motor function of no
less than M3 (JSSH score).

It takes years to recover after surgery in advanced cases showing muscle wasting or clawing de-
formity, Reconstruction procedure should be considered for patients who require early manual dexter-

ity.
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Key words : cubital tunnel syndrome, long-term follow-up, motor function
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2) MW E

EPTSI+ D ET bbbl E U EA~DRIER
w7z (Fig. 3). #iard v S3+LIEo 8 Bl Tl &
BhbaWHELZE L Twi,
3 ) AR R

SCV R & fIE B EE, MCV i3 10 i cEE AR
RETH o7 (MEEFIOFELE 32.3m/s). AL £FE
RS T 424m/s TH o7z, 4 FFDAHE MCV K
THBREL T,

pre post

Fig.1 Pre and post-operative grading of motor function.
(M0-5 : according to JSSH system. % of total MMT in FCU, FDP5, Ad-
ductor pollicis, 1st dorsal interosseous, ADM, 3rd palmar interosseous)
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Fig.2 The same grading as Fig. 1, precluding FCU muscle.
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Fig.3 Pre and post-operative grading of sensory function.
(S1-4 : according to Highet system)
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Study of Postoperative Results in Cubital Tunnel Syndrome

Kengo Yamamoto - Hiroshi Kanai - Takaaki Shishido
Atsuhiro Imakiire & Yukio Miura

We have reported on the various operative procedures and its long-term results in cubital tunnel
syndrome. In this study, the factors affecting postoperative results, transition of postoperative recov-
ery and the operative findings in revision cases were investigated, The patients comprised a total of
94 cases of this syndrome with 98 limbs including 70 males and 24 females who had been surgically
treated at our department during the preceding 20 years. Their ages ranged from 11 years to 77 years
and 44.4 years on average. Casual diseases included cubitus valgus following the fractures in child-
hood in 40 limbs, osteoarthritis in 36 limbs and others in 22 limbs. The average postoperative observa-
tion period was 6§ years. Preoperative severity and postoperative results were evaluated according to
Akahori’s classification and prognostic criteria, No correlation was seen between the causal disease
and prognosis, The significant difference of the age at operation such as 384 years (excellent), 46.2
years {good), 56.5 years (fair) and 58.8 years (poor) in the average was observed. Poor prognosis
tended to increase by prolongation of duration of preoperative sympotoms. Electrophysiologically,
postoperative early stage MCV showed higher correlation with prognosis than preoperative MCV,
Changes in postoperative long-term results were also studied, confirming that subjective symptoms
and disturbance of sensation started improving from an early stage after surgery, plateaued quickly,
and also had a high rate of improvement. Contrary to this, muscle strength and claw finger deformity
demonstrated a low improvement rate at the initial stage, and a tendency to improve gradually after
a long term. As a result of studying the backgrounds of cases whose final evaluation results had
dropped from before surgery or remained unchanged, a large number of these cases showed worsening
of cervical spondylosis and diabetes, and ulnar nerve strangulation factors to remain in diagnosis when
surgery was performed again,

EROR T ¥ g & B

WMHE T NF TS ERERO ST 5 *E5IdiBE 20 FERIC LUHE TR ER Y BT L
BLURHEBICELCHELTE Y Sk PR RO S BT 1 FEURICRES LS U
FEOMERENIRAE 2 2FOBERB L ORI R T8 ELTH B, BYETOH, i 24 4, Efi 11 5%
PEAL L 72 B0 &% I RET L7, Do TSI h ), M MAETHE.

BRBEEEEIE L E,S 1T4, FHE5ETHL.

Key words . cubital tunnel syndrome, revision surgery, long term results
Address for reprints : Kengo Yamamoto, M.D,, Department of Orthopaedic Surgery, Tokyo Medical College, 6-T-
1, Nishishinjyuku, Shinjyuku-ku, Tokyo 160, Japan.
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FEREBNOTFHREISEBOHOE - B - o
23— T, #40~50%, B30~40%, W 15~30
%, A5 ~10%RETHY, PAohreAEEIRD
V. FARREER & TROBRTIITFHERIIE 384

age at T-test * (P<0.05) ** (P<0.01)
operation * *
80+

70/
60
50 ]
40]

30
20]
10]

0 T )
Excellent Good Fair Poor

58.8+8.1
56.5+15.6
46.2+15.5

38.4%17.0

Fig.1 Age at operation and prognosis
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symptom
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30 sswmee .
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0 2 46 8101214161820 22

W, R 46.2 %, T 56.5 %, A 588 MR T
DUMIZIZES PR B A R 5 (Fig. 1), #5E
L ORI, AT, D029 FlEHRICE - B
22T HI93% % 5 BAS, IV, VEITIL 32 i 17 #
53%SET, FREICH Y, HEIRE L TICIE B A
Bi% 305, MEBRNE TR OMETIE, BE
HEPIEUTOFTIET, ATDED5E T 20%
LITFTd A7, 34D ETIE 40%5F < OBIHTE, R
BRT. SR BERESIICKRETT A&, SRR
TIRBRBEER O RSO EN TREAR BRI 5
POA BB CRBREMOBEIZ v, ZhF K
FROEBFNCAD &, BEEREBHRPEI R
W ETERE L R B EESE VSRR, s
RFHIESEC THRCEABLTY A (Fig. 2).
BB R 2B\ TR O BB i i
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ERFENCFRERTT 2 &, AEREHT - I
BOBES CIRFMAEIHS TE - BFkSiy &
0B, BAEO ML TIETHB 4712 L King
B BB RS VRS 2Y . 2 LE
B, B, T, NEREOYEOBEL AL L

sensory
disturbance

(points) v — _381x +16.777,12 = .14

20 1 oeees o oe o
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duration of symptom lyears) duration of symptom years)

muscle finger
strgngth deformity
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25 . 20{es0ee o . .

20 15{ e®
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Fig.2 Duration of preoperative symptom and prognosis
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BERTTR & MRS FIIITE UREORER
Bery, RIMERESERIZB 5 BRI ROK
BERE L, BEERICELTCE, WREHIclE
PEEEVEHEIC TS 1EL, REBEICCLE
Lz A LROZ . MEBEEICHL THIEER
BOEREZRS. HHEESTRAROUEIlZ LY
FEFIASESLON, S AU LORHEREE ) L #RY
EEAERTONLRDOLNE. ERIIELTLH
EPREEE 2 E B, WHIOEEEL TRV EMRE
HERI T e UERAEZRS 2 VEFLBED LN
b, INLORHHOWEERELE T L, 5ELU
WO TIIEEER 0.35, $IEBEE0.36, 577 0.25,
ZH0.06 LRI E R, REERETIIE 4 0.39,
0.33, 0.33, 0.19 &5 RIFLHELTYT. LoL,
ERICHL TEREMIIHERRTH L. RIWRT
lAEA 7T b—I12ET 5 T TOHM & AETEHE A

Fig.3 Backgrounds of cases whose final results
had dropped from before surgery

backgrounds number of cases
progression of cervical spondylosis 3 (25%)
progression of diabetes 3 (25%)
progression of ostearthritis 4 (33.3%)
instabiity of elbow joint 1 (8.3%)
overuse of elbow joint 2 (16.7%)
total 12 cases

= - i

DBEFRERET 5 EWMEBILBEOMBEZRL, WRIERE
Bl 5 H5T < AZh 7z Y BEAM A < EBI L &
5. ToATET AR L RREHER O S B L UHR L
A EERFMFOABOMBE LET 2 LEEDIE)
PLOBOHEERD L, RIHROBMFRTMD
B S I, WRTOFMEAEIC S L ORI AR
PEADHLVENETH o2 BB L TCZOES
TRET Lz, TR, EmAR, RIEEAE, e
RS I LTI, Thoo 12618 BEREFOE
HEZEROZ. LyL, SEEMSIZBYTi
MBRIZERIERT ROWE, RRATRONE, R
WEER(LOEST, HEEOIREEED BB & p
H7io7 (Fig.3). ThoD P THFMEIIE -
72T BIOBEFMETREANL &, REMHEREHEOR
R, NS SREORE, BIASRIC L 2T
H, NELEOWBRARZ EOHR S N: (Fig 4).

% =

HEEEREREOTRIIEEL 52 RTICME LTI
INF TS OBENALND. BRERNNIILE
MU ESESRETRETH 2 L+ 285 20K
BB SRE LT 2MER LML ThHAHFHBEIH S
BB S PR FROERBO o7 —F
WERHABROBEY 1252 &5 THERE Tk
E (o TW7e, FREAER L ATREE b A A <

Fig.4 Operative findings at revision surgery

King's method anteru.)r- total
transposition
(3 cases) (7 cases)
(4 cases)
scar formation around the 9 4 (5T.1%)
ulnar nerve
.remain of the madial 9 9 (28.6%)
intermuscular septum
compression with the 1 1 (143%)
pronator muscle
slip back after transposition 1 | (14.3%)
of the ulnar nerve
kinking of the ulnar nerve 1 1 (14.3%)
insufficiency of resection on
0 1 39
the medial epicondyle (14.3%)
compression with ganglion 0 1 (14.3%)
reformation of the fibrous 0 1 (143%)
band
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Preoperative Evaluation for Carpal Tunnel Syndrome
— Correlation Between Electrophysioclogical Examination
and Semmes-Weinstein Monofilament Test —

Masao Watanabe - Kazuteru Doi - Kazuo Kaneko
& Shinya Kawai

We investigated the correlation between electrophysiological tests and sensory function in 41 cases
(55 hands) with idiopathic carpal tunnel syndrome. Orthodromic sensory nerve conduction studies fol-
lowing electrical stimulation of the middle fingers were evaluated in the electrophysiological examina-
tion. Quantitative sensory evaluations were conducted at the tip of the middle fingers using Semmes-
Weinstein monofilament test. Electrophysiological tests had a sensitivity of 96% and that of Semmes-
Weinstein monofilament tests, 34%. Severely impaired cases showed significantly greater sensitivity in
electrophysiological studies than mild or moderate cases. However there was no significant correlation
between the value of sensory nerve conduction velocities and the results of Semmes-Weinstein
monofilament tests.

SW DR, OMEOBESEL LU RBIE L 0E

HIZDWTHRET L -0 THET .

FREFEEFE (UT CTS) FFoNs#Hgzsw i %
THBEBEDZVWEREATH S, REDSE IXHEFEMAET
RPCEZIIZBHTELY, BEDHICIZEREES 1993 4F 1 A5 1995 4F 9 A F CIZERRAY I FARE
BWMENEEL 24, TABRARERBETLL0L EREHEBHENLBF0I L, A—REILL-T
L CHIERE, P TIRBAETIIREEINIZVE SCV %517 L, FHEHZOT 12k »T SW 247 - 72 41
fE# A & L T Semmes-Weinstein monofilament FOLFEMRE L7z, LBIMEERERF B X U5
test (LLF SW) ® static 2PD #1795 = & KT FHCBEE L/ ERNRRIBR L7z, £ 7 SW Tud s
H5. N AER,PLOEEL I RTADIZ60 B E

F ZCAENIRTIC T L B0 S &, SCV & OEFSHIG L. BEES5617F, ki 36 & 48
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Key words | carpal tunnel syndrome, sensory function, electrophysiological examination
Address for reprints | Masao Watanabe, OTR, Department of Rehabilitation, Ogori Dai-ichi General Hospital,
Shimogo 862-3 Ogori-cho, Yoshiki-gun, Yamaguchi 754, Japan,
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OSCV TOREHE L SWHEDMEME 227D
|- SNAP S T RERI O (ZEHRE & SW 18 % B
L7z, EEREOET ISV SW EAYR T § 5 MEm
300, IE50ENH NEERFEOMKTIIMES
B & A 7 HEA BRI ERD T o o 72,

SNAD Ml OSCYV & Bl & U SW & 8
REIEI I R B Lo 7o,

SNAP(+) 4 43 46
26 hands
SNAP(-) 19 71 10
29 hands
%o
[C_1Green [_Blue Purple [ "]Red
Fig.1 Result of Semmes-Weinstein monofilament test.
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wrist ] E %alm digit
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(1993.Kaneko)

Fig.2 Electrophysiological grading in carpal tunnel syndrome.
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Results of Surgical Treatment for Carpal Tunnel Syndrome

Makoto Ichikawa - Yoshikazu Ikuta & Kenji Kimori

The subjects of the present study are 5§ cases involving 65 hands who underwent surgery at this
department from January 1985 to March 1995, composed of 10males involving 11 hands and 46 females
involving 54 hands. The involved side was right in 25 cases, left in 22 cases, and bilateral in 9 cases.
Age at time of surgery ranged from 18 to 84 years with a mean of 54.7 years. The postoperative pe-
riod ranged from 7 months to 10 years and 9 months with a mean of 4 years and 9 months, The cause
was idiopathic in 42 hands, complication of rheumatoid arthritis in 17 hands, posttraumatic in 5 hands,
and ganglion in one hand. Preoperative evaluation according the classification of Hamada et al was
grade I in 14 hands, grade I in 29 hands, and grade 11 in 22 hands. In the direct visual procedure, re-
lease of carpal tunnel was made in all cases. Of the cases of grade I, opponensplasty (Camitz's pro-
cedure in 10 hands and FDS in one hand) was performed at the same time, Subjective symptoms such
as pain, numbness, and ADL disturbance improved in 92% of the cases with the level of satisfaction
of the patients being high. In the remaining 8% of the cases, the level of satisfaction was low due to
complication of RSD, numbness, and opposition disturbance, For cases with severe preoperative oppo-
sition disturbance, primary opponensplasty by Camitz's procedure is considered useful in improvement
of ADL from the early postoperative stage.

HOMTH 7.
FATEAERSIL 18 A ~84 ik (P 54T 8%) T, R
FREFEBRIFIN T 2 FHREE—RIZZEL T BEPLFMEICOPMIT 2 A A ~234F (FHIES

& C & (&

BUS, B AHERTRESBEENERIEIZLD HR) ThHot.

ADL L OFXEEFRAAPOEET L. 4H, FLi FRIT R 42 F, BHEMEEY YT 1T F, B85

FREEERFHOOFEREEZ T >0 TFOHE

AHRETH L LD, AHER S - T EE Table 1 Classification (Hamada)

DYEMZOWTIRE L7z, Grade I  Grade I  Grade II

HEB L UBE hopathic ; . ?

MR8 6 1 APs 0B EIAETETREE o : X

EH LI NFM 2T LERD ) B, SEHEN Ganglion 0 0 1

RETRETHo B 1060 11 F, 466154 Fo Total 14 29 22

&1 56 5165 F<, BEEIIAME 256, 0246, & (hands)

Key words . carpal tunnel syndrome, surgical treatment, opponensplasty
Address for reprints | Makoto Ichikawa, M.D,, Department of Orthopaedic Surgery, Hiroshima University School
of Medicine, 1-2-3, Kasumi, Minami-ku, Hiroshima 734, Japan,
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Table 2a Clinical Evaluation (subjective symptom)

i - i

Table 2b Clinical Evaluation (subjective symptom)

Good Fair Poor Good Fair Poor
Idiopathic 21 16 5 Grade I 8 6 0
RA 7 10 0 Grade Il 12 15 2
Radius Fracture 0 4 0 Grade T 8 10 4
Wrist Sprain 0 0 1 Total 928 31 6
Ganglion 0 1 0
(hands)
Total 28 31 6
(hands)
Table 3 Static 2PD Test
t X
post op <5 6-10 11-15 16-19 =20
pre op.
(X
<5 = MAEEEEE
A
6-10 a : - : oo
- HENR
AAAAAAAAL AA....
11-15
A A
16-19
=20
AA A
@ grade I W grade I A grade [ (mm)

EVHEI4F, FESGBRIE Yot v F
THotz.

BEGNCERY o5 E IR LT &,
Grade I %14 F, Grade 0 #%29 F, Grade M %% 22
FTH-o7z (Table 1).

FHREIEFERT I, EFREFOUHEIZLS
FREDEBMNDAFIT-72 00 4 F, TR
YL -0 bW HELHALZLO 10 F, BFER

WOUBES, BENVEELFRELAZLO UL FT
Hotz.

»f ST EEL Camitz % 10 B2, RIBORIEESD
AR E LB 1 FICEIT L. 7,
Camitz SEHITHO 9 5 6 FIIBELEER L 7-.

P EoEFCR LT, BREER, BRI,
RISFGERONEELAETL, TS L
EELTHIEROY > F1, BRAEMINES T A
LB

WHEEIAEE, THBE~104FEITH (FH4LED
AA) ThHot,

& R

GHEE LTHESRF - TEBERES S F (17
%) 2, RSD % 2F (3.1%) 277,

HEREROFMITER S 26y, &R, LUK,
ADLBEL FOAEFEROREFZLIZL Y, EHLEY
Eh, WEL-L D% Good, YEL A —HEET
5L 0% Fair, 2{HEL v, ELLbo%
Poor & L7z, EREFIDEHETIE, (2& A LOERT
TEE, LUNOWENMELN, &F T 65 T 59
F (92%) 2 Fair UET, BEOHEERE 72,
6Bl (8%) & Poor TH Y, ZIERSDOEH, LT
NN TEEORFIZL LD TH -7z (Table 2a).

Grade BIZEEIT 5 &, Grade I DER T 4B
% Fair LLE TR EIES» -7, Grade I DERIT
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Table 4 Functional Evaluation

Pinch power Palmar abduction

Camitz's method 80 97
pulley (+) 94 98
pulley (=) 58 95

Tendon transfer (FDS IV) 90 100

No oppnensplasty 81 83

Percent of the contralateral side

12 29 Bl 27 1 (93%) A% Fair hbTHbH, Poor T
Ho7: 26035 1T RSD #40L, 89 16T
B LUNOBEPNBEOEE L %2> Tz, Grade
M OFEFI T 22 Bl 18 H1 (81%) (& Fair LT
72735, 5B o460 (19%) i Poor Td - 7. Poor
DEBTIE, DFAREMERRY > O2TIIT LR ED
LEEHEEORFSAMECEB &L 2o T
(Table 2b).

BH_ABNEIL2FCHEMTRTSH /2.
Grade I B L U I OMEFITIZHMTAET 10mm LUF D 4EH
A%<, AR Grade T 4 BILAIZLH S
mm LT efE L Tv27z, F72 Grade MOFEHITH
T BB — AR E SRR - N T BIERID S
<, 1EIRB 72284 10mm T IcigEL Tn:
(Table 3).

METORIGERE O EHE L, Crade T OFEHTIZH
ARFIZIT 6% THENRD LN/, —F, Grade I
TR TT%DHEL, 283%BEARETH 7.

Grade HOEFMIZB W THEEREMNEHO®
Bt % 4 5 &, Camitz FEB L0, HIERBES
TRITIXZFNFNFEE 97%, 100%I12C0E L T 7298,
WUEREHIT L 2o EMATIE 3% I ER D
OrILEEE o T, BEOFETOEIRD:
otz F72, Grade IOEFORAEFO Y ¥ F5
B EMEGNC ST 5 &, Camitz 57T 51380
T 80%, HIEEHREBATENL 90%, i+
AT Lo 2RI FEI 81 % TH D, RIBEHE
BATFIAE - T 7z, F /2 Camitz BEEFITHIZB VT
BEEROFECIET L &, BELERLER/T
W 94%, IEEEIER L b o - B AT 58%
T&H o7 (Table 4).

% =

—RIZFREEEHROTMEEIRIF L b Ty
5795, SEOKAOEBHFHAETH SEFD 92% 128
EOBVREEF,BEONTORRAMIHETEL. £

7z, WRTHROMEFGE L TiT- -8 S#ENE L
Grade W OEFITH LBIRL N TV B ER L,
WHOEREL L CMBROWEFICIIIIZILEETS
W Ebhero .

MacDonald® (%, €12 & % FARE 8 KT 186
BlD S B4 34 BHHELRERL, FOWRRIE, EF
REFOUEIAREEL DD 12 B (6.5%), EfH
REMEEE 11 # (6.0%), RSD 4481 (22%), M
EERRE 26 (1.1%), FEFmME?2 4 (1.1%), &
HEOFEE LA 260 (1L1%), EHEEs 15
(05%) THo/EHELTWAE, HADHALETH, 5
Bl (1.7%) OEBIIEEMES 5V IIERERES, 2
Bl (3.1%) (- RSD #8@7z, 2@ bLIEEMRIK I
WIS FESEARRAL VPR CELTEY, &Y
FHEMEMEEL ) R B L THRTETSH
29, BE, SRTLFEODEICL B FREEK
HikiToTWvab. F7-, RSD ORAEER LB EMRE
FOBELEZOSNTBY, EPRREIIARBEE
MOSHENFVWE VWO TWA I ERG, E#ENE
MRV W HROBETH P RSD OREFRHICIRE
BEThbHEEZ LN

IS L BEE OB GAEFIZxT L, SRClIa i
PRI ET L BT HOENICEEMZ 6 H L
TWAEY, WMIABEEZIThAP - EFI A~ R
W o TRERHORENBEONTB ) BEOHEER
Ehol, —F, NUFERELBITLRD o EFOF
SRR IEENET L ADL LOBELHEZ 5
BIDHFHEFE L. WHOERENAEHROHERT
MESERTE LR WVESIICAERHERORET S
ANV LY, MESEREAICIETEE
PEBTRETHLEELION,

N BEOMR THRIEREEGRBITHOIE A
Camitz HERITHI & ) bt Y FHEBET
Hot:, LPLHEEBETOFEOFRICIZEZRD,
Pz,

Camitz EOFE L LT, FHENCL HENBEHET
RHESERE B2 BRI O
BHTHYBEEOESTRAL VN TEENLEIY
HTERY, REFBIOND. FLAECEEOE
BEMHETAZEIILD Y F B2 MP BEi ALY
ZELLE Y FHoORENE SN S, —F, Camitz
FIIZRIBRIEEHERITEI G AR5,
FIEHPATHTH AR EORESN DB, Lrl,
REWEZEOERIREA IS ISk d 5 R2ERH
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LTBhY, REicLotERSNAZANED T
SThBEEL LN, T, B E MP MEO
TELLEGIRACEET LI LR, WHEERTS S
LT AR ER O BRI TH 5.

& B

1. LR8BI 5 FREEMBRE 56 61 65 FOWT R
BIZOWTHRET L7z,

2. BEMDDLITEREREEZSF (T7%) 2,
RSD # 2 F (3.1%) 1Z38&7-.

3. &g, LUNh, ADLEZA2EOEEERE 92
% DIEFITHE LMEEEE» 27225, BHDE%T
X RSD &M, LUNRHRIEENDEFTIZLVEL
EAME o 7.

4. B SN EIEHEROMVER T D R
(AT (MERYAR

5. WIEEOEVEFIIN T S Camitz E% F v
Wi ex I EEE, MRENH,S50 ADL ol
WCEHTH5%.
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14 Cases of Carpal Tunnel Syndrome after Distal Radial Fracture

Noriaki Suematsu - Ryuuzou Hirayama - [kuo Muramatsu
Itaru Qoshio & Hiroyuki Kato

We analyzed the factors that were involved in the development of carpal tunnel syndrome after
conservative treatment of distal radial fractures,

There were 14 women, 15 fractures. Colles’ fractures were 14, and Smith's fracture was one. All
the patients were over 50 years old. The interval between fracture and the onset of carpal tunnel syn-
drome of 80% patients were within 3 months,

In Colles’ fractures, the dorsal angulation (=10°) of the radius was found in 80% of the patients.
The ulnar positive variance (= 5 mm) was found in 80% of the patients.

In Smith’s fracture, the volar angulation of radius was found 20°, and the ulnar positive variance
was 7 mm.

We consider that the anatomic derangement play an important role in the development of carpal
tunnel syndrome after distal radial fracture,

HUFISFTHS.

wUoe B OSEEEE, 2FEEICLS low energy

BRI E TR U PR EREORES S - accident DFNZIRY, HK BRI, EEL
NFCRENL v, SE, FOBKE RERK, LOBIEBRINLCTH S,

wHEE IOV TR L2 F 7o, BIROERSBIENICITR - BB 72,

X SOLSBERFRT LTS 14815 FliownT,
X & T G, B (2L ABRFHAIXEID), BIF
BRI SIE, BERS R IE U R R A, XREHEIN, BRrLRET TORME, W

Key words . carpal tunnel syndrome, distal radial fracture, median nerve, Colles’ fracture
Address for reprints . Noriaki Suematsu, M.D,, Department of Orthopaedics, Kitami Red Cross Hospital, Kita 8,
higashi 2, Kitami City, Hokkaid 090, Japan.



716

R OB

i1}

B -

Table 1 Colles’ Fracture (14 hands)

Nerve

interval between palmer ulnar . Fracture
] . Compression e 4)
fracture and onset tilt variance Site Classification
57 5idays —16° § mm proximal i
7 10days —-30 5 proximal il
61 Odays — 5 6 central v
8 0days —15 1 hii
8 0days —30 8 a
72 Odays —30 5 total I
59 30days —17 7 central il
80 lday —13 7
69 40days —40 8 proximal v
51 T0days —26 5 v
63 Jyears -1 6 I
i 20years —10 4 proximal I
53 105days -8 4 total \%
64 T6days —23 3 I
Smith’s Fracture (1 hand)
12 30days +20 Tmm distal

FET R Sl 0w TR L7,
S RY.

B8 & Universal

L5 E=

EHIRETH Y, EHIT 0L 4 F, 60 w4
T, M0HEA6F, R LIFTHo7/ T0FERO—
BlUIEAIBI CH o7z, BB a— LV AEH 4 F,
AIAFH LI FCHoIz BNHPLAEEELRHE T
DY, 0 B25 204 B DH o 7287, 80% Tl
EWHIPAUATH 572,

X@mRE, BRI EBIU 0 EICFREER
BARELL 28 %BRv- 126113 £CiE, Univer-
sal SMETEBIA class T (BEEIS, &b D) T/
X class V (BEEEMI, MY ) THY, &FZEH
BB D TH o7,

AEBESHBELTH»L0 XEFRE, a1V A
B CTREBEE EFIELON, U EOER

EIRHH 80% 12520 5 7z, ulnar plus variance
BEFICE D5, 5mm Ll E® ulnar plus B
Bo%IcED SN, T, AIAFHO 1HITIE
BREETAS 20 B, ulnar plus AT T mm ThHo7z.
FIREMBMFERNZIT R o 20— L AEH 8 Foffis
FRFRICL 2 &, FREATOILERHEOLEHBMIE,
EME4F, FR2F, 2K2FTHD, FEENE
MDA TOMBEEBI LD -T2, —F, FRER
BMERZIT R AIAEBHO 1 FTIE, FREAT

DEFHZEOEBBIAE, FRENORMETH -7
(Table 1).

% xE

Aro (1988) 13, BEERMEENFOMBEEFRE
EREIZOWT, IV AETHORTEEEF S %D
BEEBELTWAEY, £, 2ORERFICOVT
i3, BEOEBELEEERICL) BREITREL, F
WHRRMETUCES LERT S, ZRIZE D FR
B AT EPRERTHLEERHL TS, &5
12 Arold, I—LABHIIBITAEEROLFEHR
= EE10° LT, #BEA 1L L, BAEA 2mm L
TelL, COEELH L GCITFREERBEORENE
WAV ERE L. SEOI— L AFHE 14 F
DHH, TOAro DEREOFTER 10° LT %7
THIE 3 FDAT, D 11 FTid Aro DEE % /-
LCWwihhor, £/, 4H, 5mm LlE® ulnar
plus 13 80% D F B BN/, L7zd%-> T, Aro
ORFET 2 £ 512, BRWROEEIFREEEROR

&L?%E%%LTV‘%T RETEDSE .

LHaL, b&d ERHREEFREERERFEOV - IZFM
Wz &) RIBEBROERD, BN ZF0BOLERI
L0, PFREEEEORBECEs W) TEERLH
%3)

A EET LERAOFICERHBIFE L 0 FE5ET
o, FREERBEZEELZ2H2F0H5. 20
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Endoscopic Carpal Tunnel Release for Treatment of Carpal Tunnel Syndrome

Hiraku Kikuchi « Kazuhiro Ohtani - Yoshivuki Yasuwaki
& Seisuke Tanaka

Since 1994, we treated 23 cases of the carpal tunnel syndrome with the endoscopic carpal tunnel
release under local anesthesia and without tourniquet. All patients were relieved from their pains,
paresthesias and the other clinical signs, Only one patient who received the hemodialysis recurred her
symptoms after 3 months of the operation and received a conventional open surgery at 4 months after
the first operation to improve the symptoms. In this study, we found the correration between (1) the
improvement of grip strength and the duration of healing (p=0.01) and (2) the improvement of grip
strength and the shortening of distal latency were correlated (p=0.05). We conclude that endoscopic
carpal tunnel release is useful in the carpal tunnel syndrome under the rigours indication.

i UL ® I

EERNEBRERER I RED sh, ARmEE
PERLTETWS, BRTH 1993 £ F Tix, FB
EfFEERE (Carpal tunnel syndrome: CTS) 2 81F
BERERBMAIZIERE (Open carpal tunnel re-
lease: OCTR) #f7oTw7z. OCTR OB # L BT
THUSNTVLL00, EFIZLY, BESEE
BYHEDVH o7, HF T FIREHBAT (Endoscopic
carpal tunnel release: ECTR) #% 1987 EEE DO H
22 DS AEIZ L YRR S M, single portal tech-
nique 7 two portal technique ®E\WiddH 5 DD,
ECTR 0 B 7 B G2 5 8EY ShTws,
e b 1994 EMD LY CTS (281 5 FREBIIRH
WL ECTR 2B AN O THAEREHRET 5.

WHEB LV FHE

LHRECTIREAE LT CTS oZWik (BRKRER,
BRAEHZORE, ARNT—E7967%L), YA

Sk, RPNEA L night splint B E % SR E
EREELESICH L, BEBIFAY HEIZRH 28
OTW5, F7z, CTSIZHT % ECTR O #EIE% KD
LHTRDTS, (1) IR TREERHR A E 2
FEFICHLZ L, 2) FRSHBIZVE, (3) W
HFEHCThs L, (4) BHHEFFRENAAD A
Fhvbo, 6) NEEEISAMETH L LD, (6)
BFREHEHESTOTOy 7 REBTHBE LD,
(T) BEBEMRE, EPERBABIT AWM 2 42 &%
EOA VT =L FaAVEY FMELRTVAESE
LTwa, HHBELZ L CICFERNFHE LT two
portal technique T & % ECTR system (Smith
and Nephew Dyonics) # W T W35S, HESL O
$#P83 % distal hold fast fibers of the transverse
carpal ligament 13¥JEE L T 3. Z D& H 1994 4F
£ 9B CTS 123t L ECTR %47 - 72611 19 41
28F (BEE1BILF, LHE18 4122 F, FifBER
3T~T4 7%, WRIIFERME 16 F, MEET4F, 1B
Y3F, BHRHH2~6078) Thor. —J, 1994

Key words . carpal tunnel syndrome, endoscopic surgery

Address for reprints | Hiraku Kikuchi, M.D,, Department of Orthopaedic Surgery, Kinki University School of
Medicine, 377-2 Ohnohigashi, Osaka-sayama 589, Japan.
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Fig.1 Correlation for (A) the improvement of
grip strengh and (B) the duration of
healing.

FELFEIZOCTR 217o RN 4 B 4 F (FFEME2
Bl 2F, MBEN2H2F) Thos. FBKREHMHILE
RiE LT AR, fiffedA, 12:B124T-7. FHOH
g (1) &7, KB, LUh, FHEE0ES), ik
R CREERER, (2)EBHT AV, TEERES T
(3) FHHMTOETHZAZEER (distal latency
of compound muscle action potential: DL) # il
EL, |HEULKELZ-DORRE, ELOE0bo
PR, lHHTLE  ZombDnBILL L. B
J1& DL 13 4 OEDEL 50T, BATORHIHH#
Db KD, WEERLFHEL LTHERL /.

& S

196123 F& b BFEMBTIZEHIFTERTHY, £
WML REE 125~ R 45 (CFH2 3) Tho
7z. ECTR THEGLETH 2 M H MR - MEEER
Bodrorz. L LIMEEN 2 EOEF T, #MF
RSO TR SRV ERIS S o 22 28
ey T4y 3 RECB L CEETH o7, i
BEAE L LT 48 BRI B ANE % 1T - 7078,
AEERERET, BEREREHT L. S5 CHFfE
BIVMEEEOWUES S NI HHBOBER T D7,
Wik 4 BT 28 T 3 BB R T EEL L 7.
20 F [3 FC Tinel sign W% L, EMAERMED
HOERY 2 FICROA, FHEESOTEIEFIEH
FHEESECEEL XS hdo BHTIZNF
16 Rt Rz, 20 Fid 11 B (55%) A%iE
KL L, 720 IPIGERRIERSIE L, BRICHMREL
Tufz, i 12 BERETIRELIZ 3B REET R
BL7z. 1THH LB CTS o4 8o (18K), #

5 1 15 2 2.5 3 3.5
(B)

Fig.2 Correlation for (A) the shortening of dis-
tal latency and (B) the improvement of
grip strengh.

BARBEHIE LA, 126 (T1%) 25EREERL, &
D 4BLBRREREEL, BRICHEL WA, Zh
L4 FIIME 24 BE TICEREE L. BHTR
16 FH 15 FiCEMzRRD, HNMoBohizh o701
BIC I FERERFEDER D H D double lesion A5E z 5
n7-.

ECTR {2 & 2B 78EE (#714/M#80), DL f2HE=%
(#ite/#7a), RmEIM, ERUET TOHEO4E
BizB L T ARET L. BISER L ERlE
FCOEMIIHEEE R L (Fig.1). &5z, DL &
WELBHRERLMAMAERLL (Fig.2). L2 L,
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Long Term Follow-up Results of USE System Management of
Idiopathic Carpal Tunnel Syndrome

Ikki Hamanaka - Ichiro Okutsu - Yoshio Takatori
Tsunenari Tanabe & Setsuo Ninomiya

We performed endoscopic carpal canal decompression surgery using the USE system in 438 hands
in 296 patients with idiopathic carpal tunnel syndrome. In this group, there were 44 hands in 28 pa-
tients who were followed up for over two years. We analyzed the clinical symptoms,
electrophysiological test results and carpal canal pressure pre and postoperatively as well as the
reccurence rate,

All 44 hands had tingling sensations preoperatively, In 42 hands this symptom disappeared com-
pletely postoperatively. Two patients had cervical radiculopathy. The mean disappearance period was
84.8 days. All 44 hands had sensory disturbances preoperatively. In all 44 hands these symptoms dis-
appeared completely postoperatively. The mean disappearance period was 12.4 weeks. All 44 hands re-
covered or remained the same abductor pollicis brevis muscle power preoperatively. Preoperative
abnormal Distal Sensory Latency was recorded in 36 hands (81.8%). Recovery to within normal range
was attained in 33 of those hands (91.7%). Preoperative abnormal Distal Motor Latency was recorded
in 43 hands (97.7%). Recovery to within normal range was attained in 30 of those hands (69.8%).
During the follow-up period the recurrence rate was 0 %.

In summary, after complete endoscopic decompression using the Universal Subcutaneous
Endoscope system, symptoms of carpal tunnel syndrome were relieved in all hands.

We conclude that endoscopic management of carpal tunnel syndrome using the Universal Subcuta-
neous Endoscope system is effective,

UFORHBEReRET 5.
EflH LOHE

& U ®»

bivbitid 1986 4F & ) FREEFEBEEE IIHL T,
BHRFHZToCTEL. 209 bEREFIREERER 1986 45 & 1) 19954 8 A £ TiZ, USE system % H
BECHEHUFMZITY, BRER, EXEEFNRE VTR T 2 11T L7245, 206 SERY, 438 F
HBREMFZ2EULEEERET740-T v 7 TE TH72. ZDH 5, BREK, BEXEBEFIORERS

Key words : endoscopic surgery, idiopathic carpal tunnel syndrome, USE system, carpal canal pressure, complete
endoscopic decompression

Address for reprints . ITkki Hamanaka, M.D, Department of Orthopaedic Surgery, Japanese Red Cross Medical
Center, 4-1-22, Hiroo, Shibuya-ku, Tokyo 150, Japan.
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1. BEXRFEHZENREERONE

AT DSL it 81.8% (86/44) DEFICEEME T
L7z, #if8 91.7% (33/36) OIEFICTIEHIE $ TiiE
L7z, #irfk, BALL 70EGNIE 2 A - 7-. #i8T DML (%
97.7% (43/44) OEBITREMAR L. #77% 69.8%
(30/43) DFEFTERMET THEL 22, Wik, BLL
f:ﬁf?ﬂéi&#ot (Table 1).

. BREROEIE

Eu” FEIRD EEII B BEMREREROEEI A
T3 TH o ERICBNT L RIFTH o7,

fran, 2flCLUNWEIEE L. Wik, EHENR
WRIEDEHE L CTvrrz VAER 2 FLIAL, T4b b 955%
DIEFIT, LUHNEDEE L, LUONBIETFE 84.8
+119.7 CFHEE R H+EEEZE) (1~421) B CTH
L7z #itg, BALLAEBII R -7z, #HiRTEsT

Table 1 DSL/DML Recovery

Postoperative
Recovery from
Abnormal DSL/DML (%)

Preoperative
Abnormal DSL/DML (%)

DSL 81.8 (36/44) 81.7 (33/36)
DML 97.7 (43/44) 69.8 (30,/43)
(n=44)

Table 2 Clinical Symptoms Recovery

Mean
Recovery Recovery
0,
Rate (%) Period
Tingling , 84.8 (Days)
Sensations 9.5 (42/49) {1-421)
Sensory 123 (Weeks)
Disturbance 100 (44/44) . (172‘;)5
(3 g Algesiometer)
Sensory
Disturbance 100 (44/44) 125 EFZE;TS)
(2 g von Frey hair)
(n=44)
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Table 3 Abductor Pollicis Brevis Muscle Power

Recovery
POSTOPERATIVE (MMT)
0 1 2 3 4 5 (n=44)
P 0 1 3
E 1 3
B
E 2 2
N 8
T4 19
}37 5 8

MERENFEELL. MR, 3gWMEFTCIEFH 123
+17.958 (1~64.9), 2g BAEEICIEFH 125+176
# (1~649) TESIKEHEL TV, NEEEHNE
FLAERME o7, ik, BALLENI R
7z (Table 2). HEHEMNER 4 13, 26 CH
FERMU, LLIEEIELA (Table 3).
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A Comparative Study of the Conventional and the
Endoscopic Approach to Carpal Tunnel Syndrom

Hidechika Nakashima - Kenichiro Teramoto - Tetzuya Hirano
Hiroshi Takeda & Hiroyuki Yonemitzu

We compared the comventional with the endoscopic operation in the carpal tunnel syndrom. We

studied 25 hands in 24 cases under the conventional group and 30 cases in 23 cases under the

endoscopic groupmore than one month after operation.

Distal motor latency under the conventional group was 6.68+2.03 msec before the operation and
5.13+1.16 msec after the operation. Under endoscopic group it was 6.32+1.90 msec before the opera-

tion and 5.33+1.38 msec after operation.

SCV of the conventional group was 35.9+=10.8m/sec before operation and 43.8411.7m/sec after op-
eration and it of the endoscopic group was 36.1+£6.8m/sec before operation and 39.1+6.7m/sec after op-

eration.

The complication under this endoscopic operation was only one case of the rupture of the superfi-

cial palmararterial arch.

i L o i

FREEERISH LT, FHBORE, fitoRH
BiRE% 2, $5 L omRY #H ), 815 omRY
2B 5. FEREY 513, One portal technique T
OHERTFEME2RERL 5, SHEMEL, R3I27
YRR T a0 A A2 A ST ERY,
Two portal technique TOFRE B A % 23 FEHI
30 FITHEAT L7z T, TERED 24 FEF) 25 F & B
LHET 5.

Two portal technique (= & % $5R T E4if

FrER, FHEENALDZTFESEVEESREL )b
W lem T, REELY RMIZHv72 1 ~1.5cm &

Ll LTWh, I a— LoBOERigssricst
L, BROERV»LFETICEREF &, i, B
ROBHE»L COBEBICEARS | WBORTh B EZ
AT, ZOWEH lemBIL, FERBEO—F %
WL H =2 — LVOREFHL T VI ) IZT 5. 5l
EMOANOBE TSR, TIcHs
EEELZRL, Th2BHL, B cBRAITIXET
WCEARMRGEETHT. FLT, JOHERHIHE
WZHIBT A, RIZ, BEEEL SO 2L

FOBELE ZOBEOME I — T 571 s ¥ — T B
L, MEREFEOF ML TV E, PR -
BEEOME Fig. 1oL ) 1c3ET S, 2ok
CFEENTEELTWBEDT, g 273
BELTWE., ZOHROHENIOFMTRIEETH

Key words . carpal tunnel, endoscopic approach

Address for reprints | Hidechika Nakashima, M.D., Department of Orthopaedic Surgery Unit, Kumamoto Kinoh
Hospital, 6-8-1 Yamamuro, Kumamoto 860, Japan.
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Transverse carpal
ligament

Median nerve

Fig.1 Cross-section, Anatomy of Wrist,

Space dissected with a carved dissector into the carpal tunnel just
under the transverse carpal ligament and above the palmar tenosynovium.

Ulnar nerve

Tenosynovium

Flexer digitorum
profundus tendon

Curved dissector passed into carpal tunnel just under transverse carpal ligament and above

palmar tenosynovium
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ERTFMOBEL o5 FHEEWHEIH D, FHE
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EBEEEIBRA L. FREODWARL LT, Wl
M KBRS 45msec L& LAz, LA L, EW
HREEBOMERESHE T, FHEEEIC tinel's
sign %% ¥, phalen test 5, FHEIBEOD 5 IE
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13 53.3+7.] M CHHGEELIMIZ 203140 HTH 5.
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L. FHEEIL 52560 BT ABHELM L 301+
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#& ES

M H OB KERL, TERETHIE 6.68 £2.03msec,
W% 513+ 1.16msec T p<0.0l THEIZHXEL TV
7z, BT ET L ATAT 6.32 = 1.90msec, #7# 5.33+
1.38msec T p<0.01 THFICHEL Tw7z. Fig.2
BRERBRFET 7T 7LD THAH. SCV idkfER
BRI E T & 72 20 T, #7ET 35.9+ 10.8m/sec,
itk 43.8+11.7Tm/sec T p<0.01l THEEIZZEL TW
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Clinical Comparison of Conventional and Endoscopic Procedures for
Treatment of Carpal Tunnel Syndrome in Hemodialysis Patients

Tomoyuki Rokkaku - Katsumi Imai - Tatsuki Ebata
Shinobu Saitou & Hideshige Moriya

We compared clinical results of the conventional open carpal tunnel release (OCTR) and
endoscopic carpal tunnel release (ECTR) for the patients of carpal tunnel syndrome (CTS) with long
term hemodialysis.

82 limbs out of 57 cases were treated by OCTR and 21 limbs out of 19 cases were treated by ECTR.
Follow-up period were 30.3 months and 7.7 months respectively. OCTR was performed with using of
an inflation tourniquet. Teno-synovectomy was done, if amyloid synovitis was apparent. ECTR was
performed with modified Chow’s method. Comparisons of clinical results and complications between
two groups were done, The clinical criteria was based on Clarke and Stanley’s method., No difference
of outcomes were found between two groups, Although recurrence were found in 11% of OCTR
group, it seems due to long term follow up. All the recurrent cases were received teno-synovectomy.
Complication rate was lower in ECTR group.

To relieve of symptoms of CTS in hemodialysis patients, simple carpal tunnel release is sufficient,
Further follow up to ECTR group was necessary.

=i Ay ¥R EFE

LEOEEANTEREZIZFELENL, F-EHE
ELFNIHECEIIL TWwA, AHETH 5 FRERE
BHLEZCBBREINDL IR, ZOBRBIZLEEA
HMEERH B, S0, ANTENBEEFREEBREIC
T BEROFMEE (UT OCTR) L &iTFEH &
NAERTFREREM (LT ECTR) z20&% 0
e EHREL LERE T A LR ENE L.

PRICHE L D BEET TIZHE L7 OCTR # 57 4
82 B (BE 316, 2ok 26 61, FATEFHEE 54.0
%), ECTRHII9#i 21 & (B1% 12 81, ik 741,
FHEEPIERSTAR) 20HE L. BEOES
TECTR #% 272, FHRABSEHEH 303 4 A,
1T BEENH T,

BN RE OFREEEFROBYYERE LT, &
KR ot 2 v E1d OCTR BT 42 if 51%, ECTR
HTIFEMN%E, EHIEHM RSN oh

Key words . carpal tunnel syndrome, hemodialysis, endoscopic carpal tunnel release, open carpal tunnel release
Address for reprints . Tomoyuki Rokkaku, M.D., Department of Orthopaedic Surgery, School of Medicine, Cliba
University, 1-8-1 Inchana, Chuou-ku, Chiba 260, Japan.
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iy MIICE DB RONBERD S o7z, E7
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Fig.1 Coagulating of bleeding with a special
made electric coagulator
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Fig.2 Results of OCTR and ECTR with regard to arterio-venous fistula

up
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Table 1 Complications

OCTR ECTR
fistula 1‘1or1* fistula I.lon‘
. fistula . fistula
side . side .
side side
Swelling & bleeding |1llimbs 15 3 0
of the wound (25%) (89%) | (20%)
Pain of the wound 6 4 1 0
(14) (11) (7)
Obstruction of 1 0
the fistula (2)
Injuries of nerves, 0 0 0 0
tendons and vessels
Recurrence 5 4 0 0
(1 (11)

mLTwsRAE, OCTR, ECTR THEIZEIL R
o7z (Fig. 3).
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Nerve Regeneration Following Peripheral Axotomy
— A Study on the GAP-43 Expression Following Sciatic Nerve Section —

Yukio Matsuura - Yuji Uchio - Genichiro Suzuki
Naotaka Shu & Mitsuo Ochi

Peripheral nerve injury induces the increased or decreased synthesis and axonal transport of a va-
riety of proteins. One of the most useful markers for studying growth and regeneration in neurons is
the growth-associated protein GAP-43. This 24 kD acidic membrane-bound phosphoprotein is found
at high levels in the axons of developing and regenerating neurons. We have used
immunocytochemical staining to assess changes in GAP-43 expression after sciatic nerve section and
to compare the level of GAP-43 in adult rat L5 dorsal root ganglion cell and L5 anterior horn cell, At
5 days following peripheral axotomy, a part of the dorsal root ganglion cells began to express low lev-
els of GAP-43, and at 7 and 14 days, almost all the cells express high levels of GAP-43, On the other
hand, at 14 days following peripheral axotomy, the anterior horn cells began to express
immunoreactivity of GAP-43, and gradually increased in grade until 28 days after the operation.

The results showed that sensory neuron expresses high levels of GAP-43 earlier than motor neuron

does, suggesting that sensory neuron might begin to regenerate earlier than moto neuron.

i U ®

Skene 5° %% Growth-Associated Protein 43 (L
T, GAP43 LBEd) 2 ARHL THhs, ZTOMERRE
EAOMERE - BERICBITAREDEEIATY
5. LoL, KE#HEIS OIS -%o GAP-43 %
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ME LGB Ry, F2C, KR TIR, v
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MERB L VHE

FEERITIE Wistar RERZF T v & (8 ~10:88,

250~300g) 30 LA FH W/, ZhsiZA>y T ¥ —)L5
mg/{FE 100g % EER~HS L CREEZ TV, A4
EHEr ER L CHABAS) O L BIC KRR
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W3, 0, 7, 14, 21 BEXUBHBIZFNFNS
2% 4 %X RNV L7 VFe FI0IM U > B g
B CEMREE L CEMr O EHRE SO TIRIL
Too BT 0% L &84 % /X TRV AT VT NI
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frofz. 20% L X 3EmM) v ERREABAER (4C)
TR LB EEEIEL, UL Ay M ER
WTEE 10pxm THEG L. WH % 05% Triton

Key words | growth-associated protein GAP-43, sciatic nerve, nerve regeneration, moto neuron, sensory neuron
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An Experimental Study on Perineurial Window

Yoshihisa Sugimoto - Shinichiro Takayama - Yasushi Nakao
Keishoku Naonaga & Yutaka Yabe

Introduction: Limited ruptures of perineurium introduces the herniation of endoneurial contents
called perineurial window, Perineurial window was first described by Spencer and well known as a
model of local demyelination, but mechanism of demyelination of the perineurial window has not been
satisfactory explained. To investigate the pathomechanism of the prineurial window, we performed an
experimental study using two different sizes of the perineurial window.

Materials and methods: 37 Wister rats were used. Two different sizes (1 mm length; } mm group,
5 mm length; 5 mm group) of the perineurial window was designed by surgical incision of the
perineurial sheath of left tibial nerve. Sham operation was carried out as control group. Tibial func-
tional index (TFI) described by Hare was measured every week up to eight weeks. Animals were sac-
rificed at one, four and eight weeks after making the perineurial window. Transverse section of
heriated nerve was examined in light microscope and electron microscope.

Results! In 1 mm group, remarkable herniation of the endoneurial contents and deformities of the
nerve fibers were observed at one week after operation. Degenerating change of the nerve fibers were
observed was not, herniation not only in herniated cotents but also in subperineurial part nearby the
window. Nerve herniation was gradually reduced in size, but still seen at eight weeks., TFI was de-
creased to —20 at one week and was not recovered up to eight weeks. On the contrary, herniation
was not so prominent in 5 mm group. Marked endoneurial edema was seen, but nerve fiber change
was not severe compared with | mm group. TFI was decreased to —40 at one week in 5 mm group.
However it was recovered to nomal level within four weeks. This study showed that the
pathmechanism of the perineurial window was different due to the size of the window.
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MRBBEOBFGIZL Y, WHREI V=T Lo
TZEH L, WEHPEL BT &1L, perineurial win-
dow OEBITHISN TS, LA LS OFREES, i
BB L 5 MBENEEEOBRFER 2O,
MRS AN Z T HEA TSN L Z EFERZD

PR GEPIZEN TRV, E2OFEER SRS
THY, INLEWET500UTOERY T2,
ME RO E
TARY—F%T v b, HE200~250g 37T L& v,

FEBEE MR HICE S 1 mm KUY, b mm @ perineurial
window % {j:#4 _7-. sham operation L7-b D% o

Key words ! perineurial window, perineurium, demyelination, light microscope, tibial functional index
Address for reprints | Yoshihisa Sugimoto, M.D,, Department of Orthopaedic Surgery, School of Meddicine, Keio
University 385 Shinanomachi, Shinjyuku-ku, Tokyo 160, Japan.






Perineurial Window |2

1mm Smm

Fig.3 A comparison Imm length window
and 5 mm length window.

% -3

Perineurial window |2 1975 £, Spencer® 73
BRET L& L RIS L7245, 1980 £, Nesbitt!
IHEER Y — B2 h DR LA L 0T, 254

DhHVWIEARE L., oz Ly, Perineurial
window |2 & 2R E A HE % 2 MERL o K873
I TELLDTE i?ﬁrw;tf)?ﬁzﬁléﬂt. 1992 4,

Nukada? 14 winndow #4r TRMAE LT 2 = &
TG L, MAEEENEETEI L4k T V2

SRl O FEERAE A 5, perineurial winndow e
DFALEY, BEPRZLLO LN S, +
Tbb, K& perineurial window T e E ik
BRI L B EAE R SR e ke L, S5 gEL
ELBA, HEEEIBRETHEADLRE V., F 4 Lol
&7z perineurial window I350% £tke L, EH4T
ENRERT 24 % (Fig. 3).

¥ & &

1) 79 F0EBHERE R, F1ADRL 23 9
M D perineurial window OF 7L % ek, 8 %
TOWES & ORI 21T - /2.

2 ) Perineurial window IZ# M 1 Xz & b 5tk
HRELELLDLEZ LRI,

B4 % EERAYTTE 737

X 2

1) Nesbitt, J. A, et al.: Histopathological changes fol-
lowing removal of the perineurium. J. Neurosurg.,
53 : 233-238, 1980.

2) Nukada, H,, et al.: Perineurial Window: Demyelina-
tion in nonherniated endoneurium with reduced
nerve blood flow. J. Neuropathol. Exp. Neurol, 5] :
523-530, 1992.

3) Spencer, P. S, et al. The perineurial window: a
new model of focal demyelination and remyelination.
Brain Research,, 96 : 323-329, 1975.

4) Hare G, M, T, et al: Walking track analysis: a
long-term assessment of peripheral nerve recovery,
Plast. Reconstr. Surg., 89 : 251-258, 1992.

B M TR AL E KRBT EE RS —n

1. B L 2 traumatic 31EI12 £ ) B2 -
AR v A 0

2. BIGEZOEMIT R L v

m & BERB A FERNE R %A
I, HGE Tt <, window 3 RE -0
WI e, traumatic ZHEEIX LRV E BN,
2. BRICERE LD ORERLChin,

2 ™ RRERERAR R %
FMMTLIELD 4 HDIE S 2% window 2 EA - T
WBDIE D7

m & BERBEREAR BE #A
HZPRL TO20 TR UOHERTH 724 Dt
LB o TR ool Bhh b,

5 M FARE KBRSk

Smm DHNPES Lozl I BRI ST 2
&, FRIRAYIZ perineurial window #5% - 7+ & X (212
T 8E% L2 id L voh 2

m % % EXRBIEERINE A HA
BRAR CRta s 2 1 S S IR PN ETH D EZ 2

Twa,

NN NN AN NN A AN AN A A A A



AF4&3E (). Jpn. Soc. Surg. Hand), #13% %45 738-741, 1996

Experimental Evaluation of Functional Recovery of
Nerve Reconnection and Conventional Repair

Hideki Asato - Fuminori Kanaya - Manabu Tokeshi
Jun Asato & Kunio Ibaraki

Functional recovery after nerve reconnection and conventional repair were experimentally evalu-
ated. Left tibial nerve of 76 Wister rats were used. These rats were divided into 4 groups, that is,

neurolysis group, nerve reconnection group, conventional repair group and non-repair group. In nerve
reconnection group, both stumps of sectioned tibial nerve were coapted by suturing proximal and dis-
tal nerves to 4 X 5 mm rubber sheet with two sutures {modified de Medinaceli, 1983). This rubber
sheet closed by one stitch to cover the reconnection site. In these groups, TFIs (Tibial function index)
were measured before surgery and every 4 weeks after surgery up to 24 weeks, The buckling of the
axons were graded from 1 to 3 by longitudinal section stained with silver at 4 weeks after surgery in
nerve reconnection group and conventional repair group. The mean of TFI at 4 weeks after surgery
were —4.6+3.5 in neurolysis group, —37.0:£10.6 in reconnection group, —64.7+26.2 in conventional re-
pair group and —118.2+21.8 in non-repair group. Nerve reconnection group showed better recovery
than conventional repair group at 12 weeks after surgery. Nerve reconnection group showed less buck-
ling (mean 1.1+0.3) than conventional repair group (mean 2.4+0.8). Better functional recovery in
nerve reconnection group might be caused by less buckling which indicated less misdirection at nerve

repair site,
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vl &=
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Fig.3 Functional recovery after neurolysis, nerve reconnection, con-
ventional repair and non-repair.

At 12 weeks after surgery, TFI (tibial function index) in re-

connection group was significantly higher than that in con-
ventional repair group.

A. Reconnection group

B. Conventional repair group
Fig.4-1 Histological findings immediately after surgery
A. In reconnection group, buckling of the axons is scarce.

B. In conventional repair group, buckling and gap formation between the axons are observed.

v, BAEETIIEES buckling & gap BREED B A L buckling 213X A EHBoO LW, BEETIE

(Fig.4-1). buckling AF8TF L, #&RELIC R HAR 5 1
Wik 4 BOBEHTHEABKAABIEMSFEI. 3 (Fig 42).






HF4:E (J. Jpn. Soc. Surg. Hand), #513% %45 742-745, 1996

B EG R 1T A IREE
— V) arvFa—T7 % EV-ERZE —

5 TR
i %K A H OB W
FH H B —- /s —
Lund KEFONEFHE
G. Lundborg

A Treatment for Neuroma in Continuity
— An Experimental Study Using a Silicone Chamber —

Tadahisa Urabe - Nobuki Terada - Syuuji Usuda
Kazuhiro Kotakemori & G. Lundborg

How to repair the neuroma in continuity is still one of the most difficult problems in peripheral
nerve surgery. This experimental study was designed to evaluate the possibility to use the silicone
chamber to partial nerve defects after resection of the neuroma in continuity, Female Wistar rats were
used. Each partial defect was created by resecting a 10 mm segment of tibial fascicle from the sciatic
nerve leaving the peroneal fascicle intact. A 13 mm long silicone chamber was sliced and opened. The
proximal and the distal stumps of the tibial fascicle together with the peroneal fascicle were encased
in this chamber. The tibial stumps were secured to the chamber wall with sutures leaving a 10 mm
gap between the two nerve stumps. The regeneration process in the defect was analysed by
immunocytochemistry and light microscopy. After 7 days the fibrin matrix spanned the defect. This
matrix was quickly invaded by non-neuronal cells and regenerating axons. Unmyelinated nerve fibers
had almost reached the distal stump by 16 days. The tetanic force of the gastrocnemius muscle 120
days after repiar showed 82% recovery, The results suggest that the neuroma in continuity could be
repaired by the silicone chamber technique,
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BRI D T &A%, Gilbivbitid, MEELY) THRMEEFoT L, & & 13mm, NE
L 7o 181249 A R KR OB HoF LWV l4mm ) 1 ‘/—Pl—'/c‘%ﬂ AUy bx AT
AELT, Mggeftr)arfa-rTabin AR R E W XD TG LA, R bR T
) EERIFFEE T2 - O THET 5. A 10mm OKIEERDLEHIZY0F A TL )3

P o - THECRIE LS. iR, 16, 28, 42, 120

Key words .| neuroma in continuity, nerve injury, silicone chamber, nerve regeneration, immunocytochemistry
Address for reprints . Tadahisa Urabe, M.D,, Department of Orthopaedic Surgery, School of Medicine, Keio Uni-
versity, 35 Shinanomachi, Shinjuku-ku, Tokyo 160, Japan,









AR I B IBRE 745

following repair ofthe transected sciatic nerve: A
comparative study of different repair techniques in
the rat, J. Hand Surg., 17B: 257-261, 1992.
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Reconstruction of Peripheral Nerve Gap Using an Atelocollagen
Tube Regulated in Absorbing Period

Takeru Arai - Yasushi Nakao - Yukio Horiuchi
Kenichiro Uchinishi & Yutaka Yabe

An atelocollagen tube was used as a nerve guide, and attempted to induce nerve regeneration to
pass through a 12-mm interstump gap which considered to be difficult to regenerate for the sciatic
nerve in rat,

The experiment | was performed to determine a period of time the tubular structure of the nerve
guide should be maintained to achieve good nerve regeneration. Rat sciatic nerve was severed, and
the stumps of the nerve were bridged with a silicone tube to induce 10 mm distance. Animals were
divided into two groups; one group (n=22) in which the silicone tubes were removed after 1, 2, 3, 5
or 10 weeks, and the other group (n=16) in which the tubes were left in place. The degree of nerve
regeneration was compared at 5, 10 and 20 weeks after the initial operation. After removal of silicone
tube, apparent increase in diameter of regenerated bridge was not observed. The results of this study
indicated that the tubular structure of the nerve guide should be maintained for at least 5 weeks to
achieve good nerve regeneration,

In the experiment 2, atelocollagen tubes (length, 15 mm; inner diameter, 1.2 mm; thickness, 0.4 mm)
were prepared which was subjected to intermolecular bridging treatment with HMDIC (hexamethylene
diisocyanate), to elongate the absorbing period. A severed sciatic nerve was sutured into an
atelocollagen tube to obtain 12 mm nerve gap (n=20). Silicone tube was implanted in the same way
as a control (n=13). At 10 weeks after operation, regenerated nerves were evaluated using morpho-
logical, electrophysiological and histological observations. Atelocollagen tubes were absorbed at 10
weeks, There was no obvious inflammation and little scar formation in the surrounding tissue,
Atelocollagen tubes induced excellent neural bridge in 12 cases (60%) and M-waves were observed in
T cases (35% ), however, no regenerated nerve was observed in silicone tubes.
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Table 1 Evaluations of regenerated bridges across a 10 mm gap through a silicone tube

tubulization period/

development of neural bridge

group evaluation time 4+ 4+ ++ + — M-wave
remove 1W/5W o0 ( 1) 0 (0%)

control ® [ ] ® 1 (33%)
remove 2W/5W ® (1] ( 1 ] 0 (0%)
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control o0 [ J ® 2 (50%)
remove 5W/10W ( 1] o o 3 (75%)
control [ I ] o 3 (100%)
remove 10W/20W (1] o 3 (100%)
control [ 1] o 3 (100%)
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Functional Regeneration through the
Allogeneic Nerve Graft

Yasushi Nakao - Yukio Horiuchi - Seika Ishii
Kenichiro Uchinishi & Yutaka Yabe

Department of Orthopaedic Surgery, School of Medicine, Keio University

Introduction

Nerve autografts are now routinely used to guide the regrowth of the proximal nerve to the distal
nerve segment, However, the limited source of expendable cutaneous nerves restricts the use of nerve
grafting technique. By contrast, the use of nerve allografts would provide a limitless source of mate-
rial to reconstruct otherwise irreparable traumatic nerve injuries. This study assessed functional regen-
eration through an allogeneic nerve graft in rats immunosuppressed with monoclonal antibodies
(MAbs) to cell adhesion molecules, intercellular adhesion molecule-1 (ICAM-1) and lymphocyte
function-associated antigen-1 (LFA-1). MAD therapy is a new approach for immune control without

former immunosuppressive strategies,
Materials and Methods

Twenty-four Lewis rats (about 250g) serving as recipients were divided into the following three
groups. group I received ACI nerve allograft and was treated with intraperitoneal injection containing
both MAbs against ICAM-1 and LFA-1 (2 mg/kg/dose/MAD) daily for the first 2 weeks, group I re-
ceived ACI nerve allograft without MAb therapy, and group II received a Lewis isograft without MADb
therapy. In nerve transplantation, the posterior tibial nerve was transected and a 2 cm segment of
donor nerve was interposed and repaired. Functional nerve regeneration was evaluated by electro-
physiologic study at 16 weeks and walking track analysis consisted of evaluation on hind-foot print
length every 2 weeks. Nerve grafts were harvested at 16 weeks and histologic study was performed
with cross sections from the center of the nerve graft, stained with toluidine blue., All data of this

study were presented as the mean +£SE and analyzed with one-way ANOVA,
Results

In the electrophysiologic study, the mean conduction velocity for MAb-treated allografts (group
1) was significantly higher than for untreated allografts (group II) (54.6+3.0 vs 28.2+1.5m/s, p<<0.01),
but not significantly different from untreated isografts (group M) (54.6+3.0 vs 66.3+3.9, NS). Simi-
larly, the mean amplitude for group I was significantly greater than group 0 (171.1+8.4 vs 84.7+12.6
#V, p<0.01). The mean amplitude did not differ significantly between group I and group I (171.1
+84 vs 174.44+16.0, NS). In walking track analysis, print length factor showed significantly better re-
covery in group I compared to group I from 8 weeks until 16 weeks (p<0.01); group I did not differ
significantly from group II. In histologic study, the graft segment of group I showed excellent regen-

Key words | peripheral nerve, nerve graft, allograft, transplantation, immunosuppression
Address for reprints : Yasushi Nakao, M.D., Department of Orthopaedic Surgery, School of Medicine, Keio Uni-
versity, 35 Shinanomachi, Shinjuku-ku, Tokyo 160, Japan.
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eration with densely populated small and large, well-myelinated fibers. Although some segments had
edematous epineurium, a well-organized fascicular pattern was preserved with minimal cellular infiltra-
tion (Fig.la). In contrast, the graft segment of group Il demonstrated complete disruption of nerve
architecture, Ruptured epineurium and poor population of the regenerating nerve was observed with
increased connective tissue (Fig.1b).

Discussion and Conclusion

The role of adhesion molecules in maintaining a normal host defense against foreign antigen has
been clarified in detail in recent years, The adherence of lymphocytes to the foreign cells in the graft
is critical to the initiation of rejection. Recent in vitro studies have demonstrated that MAbs to cell
adhesion molecules, ICAM-1 and/or LFA-1, inhibit T cell functions. The following in vivo studies
showed that these two MAbs have an immunosuppressive effect in transplantation models! ™. This
study indicated that the combined use of MAbs to ICAM-1 and LFA-1 for a short period results in
long-term immunosuppression and permits nerve regeneration across allografts which is histologically
indistinguishable from that seen in isografted controls, Further, this regeneration induced excellent
functional recovery. While this was an experimental study, considerable side effects were not observed.

Based on the results of this study, it was hypothesized that the rejection response was initially
suppressed with the blocking effect of MAbs between lymphocytes and the transplanted foreign grafts,
but the prolonged acceptance of the graft was due to changes in the recipient’s immune systems). Ex-
cellent functional recovery in MAb-treated recipients suggested that MAb therapy may provide a po-

tential strategy for nerve reconstruction using allogeneic grafts in the future.
References

1) Cosimi, A. B., et al. In vivo effects of monoclonal antibody to ICAM-1 in nonhuman primates with renal
allografts. J. Immunol, 144 : 4604-4612, 1990.

2) Van Dijken, P. J., et al.. Evidence that anti-LFA-] in vivo improves engraftment and survival after allogeneic
bone marrow transplantation. Transplantation, 49 : 882-886, 1990.

3) Nakao. Y. et al. Immunosuppressive effect of monoclonal antibodies to ICAM-1 and LFA-] on peripheral nerve
allograft in mice. Microsurgery, 16 : 612-620, 1995,

4) Nakao, Y., et al.. Extended survival of peripheral nerve allografts after cessation of monoclonal antibody therapy.
J. Jon. Soc. Surg. Hand, 12 : 154-157, 1995,

5) Nakao, Y., et al. Assessment of regeneration across nerve allografts in mice immunosuppressed with low and
high dose MADb therapy. J. Jpn. Soc. Surg. Hand.,, 12 : 158-162, 1995.

§) Nakao, Y., et al. Monoclonal antibodies against ICAM-1 and LFA-1 prolong nerve allograft survival. Muscle &
Nerve, 18 : 93-102, 1995.



Functional Regeneration through the Allogeneic Nerve Graft 753

IRk
EREAIAERAE I & B BRI AR OFE

RS A B EE AV
TRESZ-BATHE - BHEE
NTEE—ES - & &8 #

bRbhiZ1992F 1Y, v 7 AOREHEBIET
FIIHIAEES T TH5H ICAM-1 & LFA-1 # 7oy
I AFEAERICHL, —EHHOREHE & BEMRE
FPHETLIEICRIILA. FENE, Ty MEAWS
BHRETF LAV, HEESTFREORME®
ISIRIZI R BE L, S5 RAEMEBEICLI-T
FEINFHEMEY, RO EERELESLY 2
PEPERE L7

2emED FF—##EE, LI LY P OBEEH
BB L, PikkS RESHEH (2mg/kg/day/
dose) (ACl—Lewis) S EMBEMEREE, FAREB
fE#E (Lewis—Lewis) OEBELZFNLEN LD
fER L7, BRI, 16 AROBREMER®
FEMEFHEE L. BROEOFMmE, Mkl
BRI ET o213, 16 BTBREMEE S A
RIS MEOIREEE L amplitude Z{HIE L 7.
Pkt 5 REBIEE T, HBEOBEIERE S NE
FBRHEIERT 2 EHOARMBROBAFEE S
A%, EMBRABEBERETIE, MEEEITSIIBES
NTHEY, BEEBHIIOT P LBEEMEIEESN
DK THot, FLREESEEBERETIE, FE
< amplitude IXHEWLE FERMEE I THE
PICHEEICT CHER BB ILR T 2 AR L7213
B, BT CORRBMEBEICSE LVERER L.
G of ICAM-1, LFA-1 i3 54k, 5 v b
O R FEMRBHLE 7OV TOIEMEUS BRI b2 -
THIH L, MEFEMIZL, ToMBEEEmIIY, R
RBHEBICIEH T 2 FERE S FHE L,

2 M RERAERSAF FEE—

ICAM-1, LFA-1IZH§ 2807217 T < CD2 12
W ABEEBOIZEROITOR TS, HIZERD
EBDbNDDIEAM%E block L 7235675 7 - &IEM
HEOPE T block TNIXRE L - HEIBOLNS
POBETLHEORSE, BIZLD, BETHHHE
BOWFIELED.

[E1 BEZBRAFERAE R RE
ICAM-1/LFA-1 O#ESFLSHTIE, CD2/LFA-
JONRT - & IEER, RENSCERELZEZ 0N
BRFRT —=HFbhroTw20, &b AHE% block
OAZHHOEOFHIZSHOBRETCL LY. #HEOX
x5, %’ifﬁif:ﬁﬁ%ciﬁo TBHYFRAD, FRT
REERPFEINTVWAI LR EET 2 L, FUkE
OERITELEZTT.

g M ARERREELSR EH IEE
Donor & RA—RD T v NOEEBHEIT-T, TH
MOEREREHELTELSNLETH?

H & BESZAEERIE MR RE

HEEFALNFT— OB P LBE L EBIIEES
n, ol l@)t— P74 —poOEBITERIN
5 EEHRELTE), BRWAEERSTEIN:
HBDEEZTENET.




HE4E (. Jpn. Soc. Surg. Hand), #13% %45 754-757, 1996

i Afes s & PSR A o MRIIZ B3 % EERWAF 72

BRERRRZEFHERIBERE
WA R K
H L E—

O &

%
#
ES

>

okt
=3

An Experimental MR Study on the Denervated and
Reinnervated Skeletal Muscles of Rat

Yoshito Kikuchi - Toshiyasu Nakamura - Wataru Inokuchi
Sinichirou Takayama & Yutaka Yabe

Magnetic Resonance Imaging (MRI) has been recently reported to be able to evaluate denervated
skeletal muscles after peripheral nerve injury. However, little is known about the MR findings of
denervated muscles in reinnervation process. In this study, 37 male Wistar rats weighing about 200g
were used. Denervation group (n=18) and reinnervation group (n=19) were examined with a 15T
MRI device every 2 weeks, Tl-weighted (TIWI) and T2-weighted images (T2WI) were obtained in
the axial planes. Furthermore, measurements of wet muscle weight, electrophysiological and histologic
studies were also performed., For histology, toluidine-biue staining was employed for evaluating the
nerve, and Hematoxylin-Eosin staining for the muscle. The gastrocnemius and soleus muscles showed
high signal intensity on T2WI at 2 weeks, and normal signal intensity on TIWI in denervation group.
Area of the muscles were smaller than the non-operating side, And from week to week, the area be-
came smaller, but the signal intensity remained increased. In reinnervation group, the muscles showed
high signal intensity on T2WI at 2 weeks, but the signal intensity returned to normal at 6 weeks., The
area was small comparing to the non-operating side, but it became larger than that of the denervation
group from 4 weeks.

The altered interactions between water and macromolecules in denervated muscles are responsible
for the changes in signal intensity of imaging. The increase in T2 signal correlates with the increase
of muscle free water. In our studies, it was postulated that reinnervation diminishes muscle free water
by the functional recovery of the muscle fiber and the signal changes normalize. However, slow recov-
ery of the muscle area may suggest that the recovery of total function of the muscles takes more time.
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A ETIE T2HMABGRTEEEL R LY. &
MM D A EZ D 2/ S WS, BINERICS -
72 (Fig. 1D). YIWEETIE T2 BAEE TOSHE &

Fig.1 MRI (T2-weighted images)
(A) 2weeks after operation; denervation group
(B) 2weeks after operation; reinnervation group
(C) 8weeks after operation; denervation group

(D) Bweeks after operation; reinnervation group
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Fig.2 (A) Area of gastrocnemius and soleus muscles
(B) Wet weight of gastrocnemius and soleus muscles
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Fig.3 Signal intensity ratio

(A)

T1-weighted images

(B) T2-weighted images

R EAA ORISR L (Fig. 10).
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(Fig.2A).
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ERABEESR

BOH AT, MEBEZEHSA 2 -7 48T

M OB ATEE Y 72 57245, temporal disper-

sion DFFRHMR SN/, MRI L EE+ 5L, T2 hH
B TOBEEOEEIX MEOERICETEN:.
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Expression of Protein Kinase C in Injured Rat Schwann Cells

Seiichiro Okajima « Takashi Tsujihara - Kazuo Tamal
Yasusuke Hirasawa & Chizuka Ide

Immunohistochemical expression of protein kinase C (PKC) was investigated in injured rat sciatic

TIETVES,

Sprague-Dawley male rats weighing 200-250gm were used. The left sciatic nerve was kept ligated

with 1-0 thread for 24hours, and released from the ligation 24 hours prior to euthanasia. Animals were

fixed with 2 % paraformaldehyde in PBS (pH 7.5) supplemented with 8 % sucrose. The injured and

contralateral (control) sciatic nerves were excised, frozen, embedded in OCT compound, and sectioned

10 #m thick in a cryostat. The specimens were incubated with anti-PKC ( «

, 8 and y subtype) an

tibody and horseradish peroxidase (HRP)-labeled goat anti-rabbit IgG antibody. After embedding in
Epon 812, thin sections were made, and examined in an electron microscope.

In the normal sciatic nerve, PKC (# subtype) immunoreactivity (IR) was not found in Schwann

cells of myelinated axons. After the traumatic injury, Schwann cells of myelinated axons expressed all

subtypes of PKC.

It is suggested that B subtype is specifically involved in the function of injured Schwann cells.

#

FiMRE BT A &, BIERL DA TEHED
FAENERT 5 & REICY 27 ¥ D & Mg sl 7
PR S NEROMEIRESND Z EAHS LT
2V, FuF 4 v x+—¥C (PKC) XI5 s
EWEODEDTH Y, MBEEDCS /=) VE
BONREH THLITINVT) T — il kT

Wl

MALENBBETH LY, PKC MO ES L OF

BB CERYICREB T 5 GAP-43 (growth associ-

ated protein) & W IZMEMIRMED ) o B{LEEE &
LMo TEY, REHRBEROFAMNREIZD
RETH I PHRINTVEY . KR EEe
BB UBBHE 27 YHlZBT 5 PKCOER
DWW TREMBICENFET B TR L /2.

MRS L UHE

7w b (SDA&, H, 200~250g, n:10) ﬁéﬂ%ﬂ:ﬁ
BEA 7y — WEERRRT IS ROTESR
24 1212 2 % /8T RNV AT VT I~, 8%y aﬁ&m

Key words | Protein Kinase C, Schwann cell, peripheral nerve, nerve regeneration
Address for reprints ! Seiichiro Okajima M.D., Department of Orthopaedic Surgery, Kyoto Prefectural University
of Medicine, Kawaramachi-Hirokoji, Kamigyo, Kyoto 602, Japan.
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% =

AL ) HBERERO L 27 YHlBIIBITS
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AR

RIEMZEBE S5 LBGEM & D EA oY
BE®L, vsurr—YEedilyay s
HOBSEZME LB, Yo7 rHREEERSEN
W22 a7 YHIREERET 5. ERREAHEE SIS
ST EREHLCERREYEL. 2o
Do HIBENE S, SEE L TEHRHIE
HZRBEICMD»-> THET S, BN 27 Vg
ERAT A LIZ L D EE CIE A ARE & AR
HEETIHELHONTEY . $h2 27 Vil
fansg L oM #ERT, NGF (nerve growth fac-
tor), BDNF (brain-derived neurotrophic factor),
CNTF (ciliary neurotrophic factor) # 4T 5 &
EZoNTWE, HIZNGF (2T 5 E84E (Trk
family) "8R3 27 VB &2 DTHERE
PHEBLL NGF BEEOREH 2 IToTwDLEEZHNT
% (autocrine). PKC 7% autocrine |2 317 5 Hlf

PEREEICES L TWAI EmeNTEY . A
TTIE 27 VHIRRIIBITS PKCOREHDIH S I
ol &I, BTy A4 THEE SN HERMER
D a7 ARRRICRERC BT A EEITEKIE.
RIEMBAENFERCL VB OMBI B 5974
A THORBOMELRET HZ LETRETH 57,
HALERN S 5 ITERENEHOER Y T A5 2 &
EHEETH 5.

a2 VB BITA PKCOF Ty £ THETHE
HEMEROLE, WitT 22 L8 BoBETHA
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Changes in Muscle Energy Metabolism and Blood Volume
in relation to the Type of Peripheral Nerve Lesion

Hiroaki Takai - Takaaki Ikata - Yoshihiro Hayashi
Nobutaka Miki & Keiko Koga

To examine the effect of laceration and chronic compression of peripheral nerve on energy metabo-
lism and blood volume in lower leg muscles during tetanic contraction.

Laceration group: Six male Wistar rats were used. The right sciatic nerve was cut off about 10
mm in length at the level of the buttock and examined 8 weeks later. Six rats were examined just
after the operation as the control group. Muscular contraction was induced by percutaneous electrical
stimulation of the lower leg at 40 Hz; 40V.

Chronic compression group: Five male Wistar rats were used. The posterior segment of the fourth
or fifth lumbar vertebra was completely resected and replaced by cancerous bone from tail bone. They
were examined twelve months later, Lumbar spinal canal stenosis was confirmed histologically. Mus-
cular contraction was induced by electrical stimulation of the sciatic nerve at 40 Hz, 4V. As controls,
five intact male Wisrar rats aged twelve months were used.

Muscle energy metabolism was evaluated by measuring the relative intensities of phosphocreatine
(PCr) and inorganic phosphate (Pi) by 31-phosphorus magnetic resonance spectroscopy and intracellu-
lar pH (pHi) was also estimated from the chemical shift of PCr and Pi. Blood volume was examined
by 19-fluorine magnetic resonance spectroscopy after intravenous injection of perfluoro-carbon.

In both groups, the Pi/(PCr+Pi) ratio and pHi at rest were not significnatly different the values
obtained in the respective control groups. After electrical stimulation for four minutes, the Pi/
(PCr+Pi) ratio, pHi and increase ratio of blood volume were as follows:

laceraton control chronic compression control
Pi/(PCr+Pi) 0.853+0.015* 0.795--0.107* 0.851+0.006* 0.753+0.042*
pHi 6.360+0.110% 6.590+0.092* 6.529+0.031** 6.587+0.029* *
increase ratio 34.3+126%" 67.2+13.2%* 29.6+14.7%* 655+12.3%*

of blood volume
(*p<0.01, **n.s. versus values in both groups to that in the respective control groups)

Key words . peripheral nerve lesion, muscle energy metabolism, blood volume, 31P and 19F magnetic resonance

spectroscopy

Address for reprints | Hiroaki Takai, M.D., Department of Orthopaedic Surgery, University of Tokushima, 3-18-

15 Kuramotocho, Tokushima 770, Japan.
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The relative PCr content and increase ratio of blood volume during electrical stimulation decreased

significantly both in the laceration group and the chronic compression group with regard to that in the

respective control groups. On the contrast, pHi decreased significantly in laceration group but not de-

creased in chronic compression group. These results suggested that the buffering capacity of muscle

was preserved in the compression group.
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FEHEOTW B L EEERIIBVTIE, BER
NIHREOR L S THEHIIBOTHRLRLIEENE
CAZeATFillEns, BEINHOBENLENL
BHA 2O, TAVE-RE LS FPICMEEOEE
{22 T, 3i-phosphorous & 19-fluorine magnetic
resonance Spectroscopy (3lp-MRS &£ 9F-MRS) %
AT, BRI L 2 BB OEE X IARET L7,

Vil *E

YIWFEECIE, Wistar 2T v M6 L& vy, HEER
ZBWTAEMZELY Imm KB L, 2, 4, 8B
BEMICTRHTESAEL (40Hz, 40V, 11X
M, 1 BHEE). /o, AEWNBEUFEROT Y MO
Iz FER e BEEFRE LTV Lz, BEEEETil,
Wistar 27 v b 5IC% Hv, H4 OBEHTITEE
=AY RUERL, 120 Ak, LEHEY BN
L7- (40Hz, 4V, 1#UUE, 186508, 72, A&
127 AOEMES v b5 I IFEBEZERFE LTV
wH L7z,

I VE—IREE, MEA pH B & CIIEE2 8L,
3P B X OF-MRS (kFEF % BEM250/80 2T)
FHWT, THREVL /A FIf VICHEALT, &8
W, SRR, EEBIIoVWTHIE LS. ek
#1x, S'P-MRS : B 32.3MHz, 7%)L X E 45sec,
0 E LBSR] 2 sec, MEME 60 H, YF-MRS: g
WHT5.1MHz, 7SV ANE 4bsec, # 1B LM 2 sec,
TEEEE 60 B & L7,

SIp_MRS 22513, &Y > (P, ZLTFIY Y
B (PCr), a, B, y-ATPOS DY —27 % F>
AR P NHELNLD, HOTANE—RKEZ, &
Yy (P) 2L 7F ) B (PCr), #hFh
O ¥ — 7 O Pi/(Pi+PCr) T, #IEA pH i Pi

L PCr oty 7 Mok (Fig. la)?.
HAOMERE, M&MA tracer & L T perfruoro-
carbon (FC-43: 3 FU+%) &AL, YF-MRS
ABGBILICEDRDB I EFTHETHLY . AN
7 I NVIE4 DD v =T E— s 20N (Fig. 1b),
HEEOFEILAD CFy ¥ — 7 O & 488 7 7
Ly AEBIIN TR TRLL. 28, BYEEET
I, AR (1 Hz, BEMZIOE), $£128
MERE R & CRMERE B REAEE (SEP) %17\,
F OIRIG % AL OX R & s L.
FETEREATIS, T ALF —IREES L U pHi X 3
TAEANERRESY, MEEIL 2 TS E &
E&FT\Vvy, SEP 3 Wilcoxon BETIT- 72,

& £

YIWEETIE, ZEEE O Pi/(Pi+PCr), pHilZZEi
FONIRD o 7205, FIHLEAET 4 5 Cld Pi/(Pi+PCr)
i3 0.853+0.015 &5 HE 0.795+0.107 L W FHEIZE L
(p<0.01), pHi iZ 6.360=0.110 & BB 6.59 +0.092
LD BEEIED -7 (p<0.01) (Fig.2). BAM#H
OMBEREOMEIIE, HBALEED 167227%TH -
7R L, HIEIEETIE 1204 13% 21k F o 72 (p<
0.01) (Fig.3).

BYEEEIC BT L BEE O PI/(Pi+PCr), pHi
AR E B AL N o7, RIEBEBHRLIS T
Pi/(Pi+PCr) 3 0.851 +0.006 & #fEB > 0.753 £0.042
YW EBICE -2 (p<0.01), pHi IZ 6.529+0.031
EXtERD 6.587+0.0290 L HEEN 2o 7 (Fig. 4).
BEFB A OMBEEDOWEIE, MRITLEFREO 166+
12% CTHorzolzxt L, BWEEEH T 120+15% 12
EEF o7 (p<0.01) (Fig.5).

SEP Tid, BWEEHEORIEE 18.22£4.664V T,
RO 20026146 VIZHHL T, HFEIETLCW
7z (p<0.01).
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PCr

Intracellular pH
¢ 6.75+1log{(d-3.27)/(5.69-d)}

PCr: phoephocreatine
Pl1: inorganic phosphata

Fig.1la Typical 31-phosphorus magnetic resonance spectrum

perfluorotributylamine emulsion{FC-43)

& YA a
(CF3CF2CF2CF, JaN

Referrence Malerial
’A\ {Hexafluorohenzene)

Son.Ao0 | -10b.ono | -120.000 | -140.000 160, 006
FRECUENCY 1H PPH

CF3

Fig.1b Typical 19-fluorine magnetic resonance spectrum

L Rest ! Stimulation Racovery {
1.0 14— T T 1
o}
0.8 |
';j ——0— conntrol
] J —e— 2w. after denervation
E —2— 4w. aftar denervation
5 0.6 4 Bw. aftar denervation
o]
+ 4
-
A 0.4
-~
~
i ..
=]
0.2
b ‘:-*“'!'ai‘?“' s
0.0
— T T T v T T
0 10 20 30 40 50
Time Course (min)

Fig.2a Change of the Pi/(PCr+Pi) ratio in the laceration group before, dur-
ing and after electrical stimulation. LSS indicates the compression
group.
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Fig.2b Change of pHi in the laceration group before, during and after elec-
trical stimulation.
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Tig.3 Change of increase ratio of blood volume in the laceration group dur-
ing and after electrical stimulation.
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Fig.4a Change of the Pi/(PCr+Pi) ratio in the compression group before,
during and after electrical stimulation. LSS indicates the compres-
sion group.
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Fig.4b Change of pHi in the compression group before, during and after

electrical stimulation. LSS indicates the compression group.
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Fig.5 Change of increase ratio of

blood volume in the compression group

during and after electrical stimulation. LSS indicates the compression

group.
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Acute Nerve Compression Can Cause Mechanical Damage to Axonal
Transport System in Nerve Fibers not Undergoing Wallerian Degeneration

Atsushi Kitao - Norifumi Satoo - Akimasa Morita
Hitoshi Hirata & Atsumasa Uchida

Due to the favorable prognosis of the incomplete nerve palsy from nerve compression, the patho-
genesis has not been studied in depth. Most researchers attributed the malfunction of the compressed
nerve to extra-axonal pathology like intraneural edema or demyelination. However, variety in recov-
ering pattern from compression nerve injury implies more complexity in the pathogenesis of the palsy.
The purpose of this experimental study is to show that destruction of the microtubles based axonal
transport system can be an important factor in the development of compression nerve injury.

Materials and Methods

Male Wistar rats, weighing 300-350g, were used. A 5 mm segment of the tibial nerve was com-
pressed with a specially designed clip. Rats were divided into 4 groups according to the applied com-
pression force and time (group A: (g, served as controls, group B: nerves were cut, group C: 50g, 2
minutes, group D 100g, 5 minutes) In group B, the proximal stamp of the severed nerve was reflected
and ligated to prevent axons from entering into the distal segment. Functional recovery was assessed
using Tibial Nerve Functional Index (TFI) described by Bain et al. Two rats from each group were
sacrificed every two days from day 0 to day 10 and the sciatic nerves including the compressed portion
were harvested for histological assessment. Specimens were stained with anti-dynein, anti~tubulin,
and anti-neurofilament antibodies.

Results and Discussion

All rats in group C and D showed incomplete tibial nerve palsy on day 1. In group C, complete
functional recovery was observed by day 3. No abnormality in staining was detected in any of the
three immunocytochemical staining. In contrast, functional recovery delayed until day 21 in group D.
In this group, anti-dynein and anti-tubulin staining showed disorganized staining (some axons become
wider and stained very intensely and others stained much less intensely than normal) between day 2
and day 8 in the compressed portion, which returned to almost normal by day 10. In contrast, anti-
neurofilament staining showed no abnormality throughout the experimental period in any of the three
portions, indicating that Wallerian degeneration did not occur in group D.

These data suggests that prolonged disturbance of microtubles based axonal transport system can

Key words ! nerve compression injury, dynein, tubulin, neurofilament, immunocytochemical
Address for reprints . Atsushi Kitao, M.D., Department of Orthopaedic Surgery, Mie University School of Medi-
cine, 2-174, Edobashi, Tsu city, Mie 514, Japan.
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be associated with compression nerve injury without progressing to Wallerian degeneration. It also

implies there seems to be a variety form of nerve malfunction from nerve compression and they have

to be treated based on the individual pathogenesis.

& L & I

FRIEHLC & A RERREIL F OB T HF RS
LIV TLLFOMEL T5ITHBE L OEESR
ENTWBE EFEVH v, —KIERE L TldmE
PR S Vo MHFIRE LD LS8 LTnE
HHRERERBEO LI+ £ BT D L MRAFLE L %
O—RiZhE DI BLOEEESNSL. SHF A L8HE
W% AOEEDES O EEIZE LEEREE B
VBRI LI DB,

HREVFTE

W Wistar &5 v b (300 225 350g) & Hv72.
BEMBEOR, REMERT ZRANCIER L 72 H
» w7 (JE#E 3mmX 5mm, E#I 50g, 100g,
ERESERTEL) TR Lo, B & E R S
UTA 7 N—=T1250F ., Fuv—T AT E#D g,
TN—7 B MG, Suv—7CL R 508 E
HEER 2, FIV—T7 D E#S 100g DR S
SO ABRPERENS, SV =T B TCEHHEOFE
PRI LWL S ICHMEL R LB 0=ME T
L7,

Functional assessment
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Fig.1 Functional assessment
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EEs 2= i 0Ea i

Fh—7A (0g, 0min) ! ¥ XTOIMAIH VT
Dynein, Tubulin, Neurofilament {2 &&F &yt
EOREZBDO Lo 7.

=7 B (ST} L SIMERE AL B O
#% 4 H¥E X Y Dynein, Tubulin, Neurofilament -
L GORTASRIIEIRAL:. 40 BDRIIHRE
MAHIEL, Waller B e 2 -7,

7Vv—7C (50g, 2min) ! TRTHOFLIZHNT
Dynein, Tubulin, Neurofilament {Z £#&®EiZ B\
THEHDBRELED o7,

7' v—7D (100g, 5min) : FEMEBIZBVTHiHR 1
HH X 9 Dynein, Tubulin #EMDET % 32 7>
(Fig.2). $EBMOBRTENZSAEEITHE 0H
Bioidgpmloy B EM % 297z, F 72 Neurofila-
ment 2B AEIZ b THAFEREIZ BT L& %0
TH#ADDHSODEM, BN TE—YVOLEEDET
IO -7 (Fig. 3).

% =

mEMEORB BB O IMEMEEICEP L
TBh, BiR4EEL, BRIESIHERTA®
ICEEBSEEENTET S, BEHL IR VEE
EEVCEESHMLNTE D, B0 IZIEfT g
EHITHEESMSN T VA, BUEETIIHAE
(mocrotubule) OH 72y b /R —07 4
F A v b (neurofilament) O HIIRER RS % i
#ELTwA, BWIETERR CEE BB/,
HEEHCIRED L AR S, RUMIRRESS
FEERL TVD, ETERS MR L hBigh
TEWMEXBEERS S0, EREYY MIZRIZED
SEL720, KNS AASYWERE®®E LD
LT\ 4. kinesin & dynein i& ATPase T, #/&
+ /8 E (organelle) #% kinesin (& BT 112,
dynein BT HEICEHE L TR EEZ LN TS,
GIEMLF MIFZEY 12 X ) dynein ANEATYEIC 8% &
T 5 organelle {24 T HIZEHEINL TS
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organelle IZbFEFEL TWAE I EATREN, T IAGE
> dynein HINEFTHEIZEIL L, BEOKRKTEM(
SNHITHEEOE—F —F X7 1lhbEEZ LN
Twa ) %5171 kinesin & dynein X[ —® or-
ganelle E12& D iFHL S LT 72 v dynein 2SFAE
¢ % organelle % kinesin 25 H{TIZ#i%$T 22 & A7
RENTz, dynein R REEBRFNICEETL 12
EEALIZER CRBINDE 2 &M EMFIENIHERER
5 organelle DFEELRRT I & LD, A4 IZSEH
DEBRIIBWTIOZ EEZFMAL, dynein gt
DETICL D BEMESFHEENTCVE I EERL
tubulin IMUNE DR Y 37 THY, FO%ak
OETEMEEROBEELRLTWE, —2—1074
Z A Y MIBUNE RIS TH BB ORE
EM/NE L DRET, RO~ — b - LTHAETE,
F oAt ofFEWaller EHICHE > TV &
R
HAOEBRTEERT I & RET A DUlET
NTHEHITNV—TBEERLA. 2t Seddon @
Neurotomesis, Sunderland O5SHIZHEL L, #@ED
CIMFIZ & 0 Z O FRERIT Waller BHEICTE- 72, F4
# 4 53 H XY Dynein, Tubulin, Neurofilament =
ZEHORTIERIZEH L. 4 BB EHRE
WAHEL, eIy V—7A, C, DERERS
et rRL7:. =7 C (50g, 2min) BEEOD
B Cid Dynein, Tubulin, Neurofilament = e
EORTZEDT, MEEMEDIMEERIEEINT
BOT, LeAL—BE0EHEELZZOL-I b
Neuraplaxia, Sunderland & 1 EIZH%$ 5 & b
na., B4p45EEE L2270 —7D (100g, 5min)
DMFRE L, BB L DR T Neurofilament
REOEEWES—ELTEDL LR WI LH 5 Waller
EHIZM > THB 59, Seddon ¢ Axonotmesis,
Sunderland @ 2 B L W EEOEFLEbN L, L
L, Dynein OFAMEOET L ) EBHRERX D BEE )3,
% 7- Tubulin OREMDVET L H BEBEOBE
R X Seddon ¢ Neurapraxia, Sunderland @ 1
FZEAY U7\, neurofilament & f/NEF Tl ik
FIEEDSE 2 D INA 273§ 5 EF L neuro-
filament O FAEH VW E SN T WD, X o THUNEIX
N A A neurofilament (XN % WARFE O H 4504
L EERFEESNB IO E D 5 Waller 212K

LRVRENFELLD HEEZ NS, 72 Tubulin
BRESHECHICBESTELETTHAENF IV —
TDOMEIZIELBILL CEY, Tubulin Dife
WOREMEIZH 10 HEE 55 2 &£ 45 Tubulin OF
B2 T AMO20ERINH LI EARBES NI,

S & &

SELHRERIC L ) B NERPBE SN ZICL B
59 neurofilament |Z{EFE &4, Waller ZBH b 4
Lo L A 7OREDFIEN R E NI

B —RY1Z Neuraplaxia & SN TCE L FICEEL S
BEOLOPETIN, MENBEROBEL—HFTH
D, SHRENEFNIS LHIETLE L Bbh /.

X ik

1) Allan, V. J., et al. Microtubule-based organelle
transport in neurons. In The Neuronal Cytoskelton.
R. D. Burgoyne, editor. Wiley-Liss, Inc, New York.
257-282, 1991.

2) Bain, ], et al: Functional evaluation of complete
sciatic, peroneal, and posterior tibial nerve lesions in
the rat. Plastic and Reconstructive Surgery. 83 : 129-
136. 1989,

3) Hirokawa, N,; et al.! Brain dyneic (MAPIC) local-
izes on both anterogradely and retrogradely trans-
ported membranous organelles in vivo. J. Cell Biol,

111+ 1027-1037, 1980.
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HE & TII—MEBO LN L0 2 XM ENI21Z
ERECRDO e hoT.
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Comparison of Neurotropic Effect on Motor and Sensory
Axon Regeneration (2 nd report)

Naoto Tsubokawa - Hiroko Narisawa - Yutaka Maki
Takae Yoshizu & Tatsuya Tajima

In our first report, we have already reported the difference of inductive ability of Schwann cells
(including other cells) in the distal motor and sensory nerve segments respectively. The results were,
that in the motor model the number of regenerated axons toward the fresh nerve segment was lager
than that toward the frozen and thawed nerve segments, and average ratio of fresh to frozen and
thawed was 44%, in the sensory model the number of regenerated axons toward the fresh nerve seg-
ment was extremely lager than that toward the frozen and thawed nerve segments, and average ratio
of fresh to frozen and thawed was 6 %. We concluded that the neurotropic effect might be very weak
or none in the motor regeneration but strong in the sensory regeneration. This time we examined the
inductive ability of sensory Schwann cell for motor axon regeneration and that of motor Schwann cell
for sensory axon regeneration.

We used 16 Luwis rats (aging 14 weeks) Group M-S; (Proximal Motor-Distal Sensory) Proximal
stump of L5 ventral root was inserted into the proximal channel of the silastic Y tube and both 1 c¢cm
long fresh L5 dorsal root segment and frozen and thawed dorsal root segment were inserted into distal
two channels, Fifteen seconds freezing and sixty seconds thawing of nerve segment were repeated five
times. Group S-M; (Proximal Sensory-Distal Motor) Proximal stump of a saphenous nerve was in-
serted into the proximal channel of the silastic Y tube and both 1 cm long fresh isograft of L5 ventral
root segment and frozen and thawed isograft of ventral root segment were inserted into distal two
channels. Six weeks after the anastomosis, we counted the total myelinated axons regenerated into the
distal two channels.

Group M-S; The number of regenerated axons toward the fresh nerve segment was lager than that
toward the frozen and thawed nerve segments, and the average ratio of fresh to frozen and thawed
was 13%.

Group M-S; In five of eight cases the number of regenerated axons toward the fresh segment was
larger than that of the frozen and thawed segment. In three of eight cases the number of regenerated
axons toward the frozen and thawed segment was larger than the fresh segment.

Key words © selective regeneration, neurotropism, schwann cell, motor sensory specificity
Address for reprints | Naoto Tsubokawa, M.D., Niigata Hand Surgery Foundation, 1-18 Shinko-cho, Niigata 950,
Japan,
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These result presumed us that the sensory Scwann cells have strongly inductive ability for motor
axon regeneration, but not so stronger than that for sensory axon regeneration. On the other hand,
the motor Scwann cells have no inductive ability for sensory axon regeneration. In clinical view point,
the regenerating motor axons might misdirect into sensory Scwann tubes by stronger neurotropic ef-
fect of sensory Scwann cell, comparing with motor Scwann cell.

=] By

E1IHTHEL, sy rE2HTY ) aY Y EE
DFERLF ¥ 7 F VI § BEERAIR, |2 Fv v 2L
WCETRESS 5 REERRTAR MR (MR ) & SRR R AR
D LIRS % FEIE S & 70 5 5 IEERATIR A A F p AR Ay
(Mifa—) #BAL-EEBEFNE, BEF ¥ 20
WIRTERBEE, ML 2 F ¥ > R VICETEERIERR A (H
Ba+) LHEREE AR K LR % 580 & & /- R M
B (HE—) #BALCHEEFVT, BAMER
@ Schwann #ifg z &0 & LM 0B E#ME O
FEEHERELED., ZORE, MEEF L TEE
SERTERRRER (WA +) BOBEEDTERICE B
MR IEEMRER (Miz—) ~ik Glfz+) BioFH 6
BOFELE Lol —HEESTFNTLHEEES
FESRRTARAER (i +) BINS{BETLLOOH
TERLARES b BESRRTR MR (Mifa—) ~db (Mfe+)

M—S Group

L5 ventral root

freezed and thawed fresh

L5 dorsal root

Fig.1 The methods of nerve setting in Proxi-
mal Motor-Distal Sensory Group.

L5 dorsal root

PHMUBDBENFEL TV, ZOEEPSHE
RO, EEMEOMBRS & ) AREN
FNOWHEER L T BROBERIVE L
‘L.

S, BZEL N CHMEMEOMBRSR S A% E
TWHEE L o - BAEEEE L, FTEHAED
MR PEEMEMEICN LT, YOREOFERE
NEFOONERE L.

Vil =

HU4BSONA RHET b IGEMEH L.

M-S 8 (GIfvEs)—mAMER) 85, >z Y
FEOFNITGE b ERAR, ZEMIC lem FEED
FESRER RN (Mfe+) LSRR T 15 Bk,
EREBAEKTOODEBEL SEHEIELZ lem
DI b EEERMRER (Mfa—) WA L7/~ (Fig
1.

S —M Group

saphanous nerve

I
N\

freezed and thawed
Isograft L5 ventral root

fresh lsograft

L5 ventral root

Fig.2 The methods of nerve setting in
Proximal Sensory-Distal Motor Group.
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Table 1A Result of M-S group (Proximal Motor-

Distal Sensory)

O OE

A Al

Distal Motor)

Table 1B Result of S-M group (Proximal Sensory-

fresh nerve |freezed and thawed ratio of fresh nerve |freezed and thawed ratio of
segment nerve segment regenerated segment nerve segment regenerated
(Cell+) (Cell—) axons (Cell+) (Cell—) axons
number of number of V number of number of y
regenerated axons | regenerated axons ( Cell+> regenerated axons | regenerated axons ( Cell+>
NO1. 1084 266 0.25 NOI1. 953 332 0.35
2. 1113 75 0.07 2. 967 284 0.29
3. 426 0 0.00 3. 79 385 487
4. 1633 23 0.01 4. 164 368 2.24
5. 892 328 0.37 5. 1361 324 0.24
6. 909 120 0.13 6. 516 560 1.09
7. 746 53 0.07 1. 316 60 0.19
8. 1655 175 0.11 8. 1233 17 0.02
M0.13

S-M B GEfZHE —&AEENEE) 88, YJary
FEOEMICEREMEE, R isograft OHFEERT
RAERE lem (FEfE+) L#AREET M-S BRI
AR % 5 R Y 3K L7z isograft ORTBMER 1
cm (fa—) ##A L7 (Fig.2).

B2 OOMBRIIMEEEL S LE LD LA
VEDIRBL Az, & EmEVHER OFET &4 4
mm & L GEBBICEN 2 F Yy A VOBEBRER
FROBLINVY =N, FAIVABEE, TRV8
B, MA I TN RERERE, BRETEE
% BV TEARIRICTE 2 72217 W ER 0 0 B Bl
xR EH, REMRET L.

& 3

M-S # (EfES)—ZMAER) TIE8ELTIZ,
B AR (R +) B FEESRES S
FAERRIEM AR (M) B~0BEsEH
i3 CH+) EOFEH 13% TH o2 (Table 1A).

S-M# (ERME-—ZLEEIH) O RITREL
NT Y& EABREE 8 B 3 CHEARMR TR
BR (MRa—) @z, 8HES S EoHERMER
(Mife+) BlicEh o/, FENBABMBRICON
S FHKRED o7 (Table 1B).

% =

KA & B A 21T contact guidance & & %12
neurotropism |2 & 5 ZIREAME < Z & 2L D
LRTwa, L LAEMESHEME Schwann
B, EBHEIEE A Schwann & AR

MIZFEI N PIIDW T, EBMHEIZOWT at
randam (ZH4 L/-8i3E 0 &8) Schwann B2 H4 L
72 b DI HEREY B L2 Brushart o Y &
SIEMEE I3V neurotropic 2 BRIV ELET 2
HSEEN R AR OB IR M 1 neurotropic 12 % neuro-
trophic {2 b ABIB L VY, EED oMK
TEERPHB. TOME, EBHMROFEEHOE
OEREE L TEAMIZE S N7z Schwann HIEDOEE O
EPREVEEEL, BIMCIHEEMMEEIBRIEL
Wl % BRS¢ Schwann HOEEME 45 | 758
EEE R OME T & @M I SRR 5 D T b
NEME, EBHEL 4 ZEHELERE L. 20
R, AEAREOMEES HE B RESET L
i, EEEOMRES S ESE AR T HEE
LVBECEHELR. SHO M-S B (FER, &
SMERRE) OBRE L YV HEMHER O Scwann {18
e LR L BB AR OFEIZ b 5HR <
M5 LCwa EiEE L. BEREAMELIEBEENC
MEMER O Sewann BICFEINTWL LD EE
bbb, F1LHROFRILETHEHFEZRZEVLD
OHMEHER O Scwann Mg % .0 & L2
OFBEOBS TESFEHRIIHN LTI LNEEE
BRI LTOHFBRCER IS EBbh/, I
EREIHPLELL NI DOV TIZEE Scwann #
5 S b B—o tropic factor (2% U T &1 &
BOFHNLY sensitive [IHIETAHEEL B, T2
13O tropic factor 25 Y, #D3 b D 1 D34
BERICFREGICERL, M5 ESEEICDIFER
BIERT A L vo R HEEL R Y 70,
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—F, S-MEOEVAE, ENESHHEEOER
ERECIELDW. B 1HMOBRL ET 2,88
BEF o Scwann Mg % 0 & LRSI, #E
ORRL ) BEHARETFET 2RI EAET LT
HiEH 20, MEFEMELFET LHDITEVTEE
EFECEHE L7z, B0, SEEFHLZERRT
ER GRS WicownTi, EMEETIS D
Scwann ML OEE L, GEE-—) BoEML» 5
DFHDLEREIZXF LT contact guidance &9 # 2 »
LIZBARBAEIZE o T (Mig+) BXFRHEELON
%, L2 LR CEMERETYH, B8, QEEE o
H%Z & Sewann MR O RZBIKEDZEL i
tropic factor IC L 2FHEDNENHR BB L T a L
REEEZ -

L, 2ROBRZEOTELL LFRIZIBITHEMH
MREAOBEIZ, MEMRERAEEIC L ) mEmg
Sewann BIZHAET 505, EFHRIE, FhLEED
FEEDNK LTS, P i o THE Scwann #
TR FFE %58 < ZU M EME Scwann % 912 misdi-

rection LTLE 9 WaEHAEVWEE LS.
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2) Brushart, T., et al.. Selective Reinnervation of Dis-
tal Motor Stumps by Periferal Motor Axons, Exp.
Neurol., 97 : 289-300, 1987,

Brushart, T. et al. Preferential Reinnervation of
Motor Nerves by Regenerating Motor Axons. J.
Neurosci, 8 : 1026-1031, 1988.

Brushart, T., et al. Preferential motor reinnerva-
tion! a seqential double-labeling study. Rest. Neurol.,
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975-978, 1991.

BB Ml EE), MEBRMEOBRRNEACET S
EERBOAFSE (B3 M), HESFE, 64(8) 1 S1025, 1990.
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1989.
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Rejection and Regeneration Phenomenon of Peripheral
Nerve Allograft after Withdrawal of Cyclosporine

Haruhiko Takata - Kenji Kimori - Yoshikazu Ikuta
Osamu Ishida & Mitsuo Ochi

Long nerve allograft was made with the use of rats and after withdrawal of cyclosporine A (CSA),
the interaction of schwann cells between the host rats and recipient rats was examined histologically,
morphologically, and immunohistochemically, In the allograft group, 35 mm sciatic nerve collected
from ACI rats (RT-1%) was transplanted into Lewis rats (RT-1!), using epineural sutures. Isograft
were taken from Lewis rats, After the graft, CSA was administered subcutaneously to both groups
daily at a dose of 5 mg/kg for 12 weeks.

Six rats each of the allograft group were sacrificed at week 12, 13, 14, 15 and 16 after the graft and
six rats each of the isograft group were sacrificed at week 12, 14, 15 and 18 after the graft. The wet
weight of the muscle of the allograft group decreased at week 13 and 14, but thereafter it increased
gradually. However, the wet weight of the muscle of the isograft group did not decrease. In the
allograft group, infiltration of mononuclear cells could not be observed at week 12, but a remarkable
infiltration of mononuclear cells was seen around the epineurium at week 15.

Morphologically, at large number of myelinated fibers was observed in the allograft group at week
12, but it decreased at week 13 and 14 and thereafter it recovered rapidly. The diameter of the
myelinated fibers showed the same pattern. Immunohistochemically, the reactivity to OX antibody in-
creased after week 15 in the allograft group. On the other hand, the reactivity to S-100 antibody was
similar to the morphological results,

The results of our study showed an early rejection of regeneration nerve fibers when compared to
the results of 25 mm nerve graft. The early rejection observed in our model using 35 mm nerve is con-
sidered to be due to the presence of a large number of schwann cells of donor origin.

Key words . peripheral nerve allograft, schwann cell, nerve regeneration, rejection phenomenon
Address for reprints . Haruhiko Takata, M.D., Department of Orthopaedic Surgery, Hiroshima University School
of Medicine, 1-2-3, Kasumi, Minami-ku, Hiroshima 734, Japan.
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FREMBEAEBELBERICSA T ICEEHBO
FRMEFIE SO A THENFAL, EERBIZL
AR EREH 2 TR 5k, KEFEDE
sy PEBRALCTRMICESEBHELT
v, FELFF-MoY T yHBOMEEER %
Ry, BREER, REMBENICKRITAZ LT,
BHHROEBE BEA T XL %28t 8T
»5.

X B F &

EEREW I EEHABESIMERORE L S 2BEOR
THRT v MRV, FEBERE FABEELERL
7o, FEBEBETIIACIZ v b (RT-1%) % F+—
EL, Lewis v b (RT-1D) #BEE Lz —7,
FABHETIE Lewis 5y NEIZTRBELZT- 72,
TEE MR ) RO LTS 72012, ERloLsH
B O GROBEMEN, FIMOE T ELTREL
2. SOFELED dmm oML BT A Z ks
WheTho7-. MBIV 270K v 5mg/kg!’ %
WRTH 2 SR 12 BEE THS L. FERILEKE
HEEOILE L, BHERI12, 13, 14, 15, 16 BBIZL
TOSEBIZOWTHREL.

S

1) FIEBEHEERONE

(9) *
0.4 :—*-——-l -

0.3

0.2

0.1

12 13 14 15
allograft group

16 (w)

2 ) MBS BVEEAE

Bt rp JL B 4 SR L%, HE FECTREMILOR
WEBELL.

3 ) TEREZBYEEAE

B R ESH O & 512 b mm FIYLREL % HF
Bk, PA T TV-RAEIDTHBERMER, TR
REEY EFBEME T IHE L.

4) RIS E

AR OREMRERRE AR L, Tz 3
B L7 2R L7, —RPUKIC Y 2
HIRLLIATY B PR (S-100 $ik) k& Lewis 5 v b
Zxt 3 2k (OX HifE) % vy T SAB % (Strep-
tavidin-Biotin) 12 T#m L, FBEHEEIZ DAB *# H
WEF DGR TEHE L 7z,

5 ES

1) BEEMmEEE (Fig. 1)

FRERAERE, 13EBTRLETL, 15 16 HE
WEEZENzZRLZ —7, BABERTIEEE
D o7z

2) M AgET

FIAER RS Cid 15 BB CHoE L IR B B 12 2 5E AR
DERRREEZRD2H (Fig.2), FIRBER T
HO»Rb DR,

3) TEREZ IR

a) HEEMMEL (Fig.3)

TruAR) YESRICIETR L b BIF R EE LR
L7z=2%, RREBAERTIE 138, 4 BHTEHICET

0.4

0.3
0.2

0.1

12 14 15 16 (w)
isograft group

Fig.1 The wet weight of the muscle
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Fig.5 Number of myelinated fibers
35mm group was rejected earlier than 25mm group

(provided by Dr Ishida)?
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5 ES
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20 - RIEEENRET 21T 7.
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Experimental Study on Donor Nerves for Brachial Plexus Injuries

Yasunori Hattori - Kazuteru Doi & Shinya Kawai

The spinal accessory nerve and

neurotization in patients with brachial plexus injuries.

intercostal nerves are widely used as donor nerves for

However, the characteristic differences in

reinnervation by the spinal accessory and intercostal nerves have not been investigated. The purpose
of this study is to compare the resultant contractile properties of the biceps muscles following nerve-
crossing procedures of spinal accessory nerve and intercostal nerves to the musculocutaneous nerves.

In ten beagle dogs, the spinal accessory nerve was used to reinnervate the left biceps muscle and
the second and third intercostal nerves, the right biceps muscie. After 10 months, the reinnervated
muscles were studied by measuring their force of contraction as well as by histochemical method, Bi-
ceps muscles reinnervated by spinal accessory nerves (A-transfer) acquired the properties of fast-
(IC-transfer) acquired the

intercostal nerves

fatigable muscles, whereas those reinnervated by

properties of slow-fatigue resistant muscles.

Furthermore, histochemical studies showed that Type

I fibers were predominant in A-transfer whereas Type I fibers were predominant in IC-transfer.

This study clearly demonstrates the differences between the spinal accessory nerve and intercostal
nerves as donor nerves, This may lead us to select appropriate donor nerves for nerve-crossing proce-
dures and free muscle transfer depending on the desired functions to be reconstructed.

& U o I

A 7A=Yy —OFEILL ) ERIBMEEE
I RE R EMII R & 2 F 2 R IT 7. RE TR REN
B RN & S RMRERATITOMEIC L Y, FHEE -
FIBIEEFROBREN AL L FLICRLNL, FRE
ITRBRER & A A& TIEE) & & FRMPHEEZIT,
tenodesis BJ5RIZ L AILFEREOBEYRA . B4
i3 2 B0 ER % B LEITE & P L D (Egh
# % Double Muscle % Bi%E LiL L7 FHatkee
HETAZEIIES L. S0l HIc, #ENGAR

so = LE A

AT BT 21T 56, (FEhR e L TRl
EWEHEESERTHANIECAVLERTYS, LL,
B & AR OMBEE LB OB VI DWW TITER
BIZIEHES T2y, 2T, B EHENED
MREEXEOBR VKT 5 B TUTOEREST-
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Address for reprints :

spinal accessory nerve, intercostal nerve, reinnervation nerve-crossing
Yasunori Hattori, Department of Orthopaedic Surgery, Ogori Daiichi General Hospital 871-1
Shimogo Ogori, Yamaguchi 754, Japan.
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15kg TH o7z, FHAOFHEME LE SR o5 L
T, AENIEIMEEAENLE 2, IHEMEE &ﬁ,
BEMRERET 11-0 44 0 VR THEVHERE S 2 T o 72,
BIF R IIEEIRIL S M E T Ioem #IBELE T %
EBLTHTA~IT, BMHRIZILER D & PRI
Wem FEELBITL. FHEREOB X IC L0 MR
BAMICERS IO W I & 2L, MRidEC
F7AEER EOVEEIIT T HEIGER S,

(2) 37

1. CAT HEDHIE

EFhE & BB IS & F N B BB O MR IRET T
Bz RSB L 2o CAT iEM %, Engel @
FECEE L CEiE L7

2. FXE S 7 B EEA 0% RIERIUHED OBl

Py

7
Mt 10 7 ARICE S M T ISR R AR & Rl — 8
EBEL, FIEHOEE M7 v AFa—%— (FD

Yy o 7 7HARE) (ZHRL

, resting tension &

EFF AT OMEEI MR

¥ 5 FBRIYERE (B3 H) 81

R 3L e
twitch tension

(a)
(b)
(c) tetanic tension
(d) FE5RE

3. ATPase #flC L 5 R HHAS
DAL

DAY 1T

L BH 12

2T ATPase e (PH 4.3) #17vy, 1 #
iz2 & S00 AL E D FERHEIZ DT Type I 8
& Type NGO DE LTV, Type 1 MO ESHE
REIEL.

& ES

1. CAT i&¥:

B #4212 6058-18217cpm (12059 + 1767.0), # 2
MRS IE 4158-8309 (5394+585.6), %5 3 AhMwE
i3 3832-8885 (5246820.8) TH 1, EIMEIIIHEH
RO 2 fEOMEETRL.

ERYEGHD

B L ICHEIZERD R T R L RE 0.2 Table 1122 b= & LCEEO LB _EHHO
ms & square wave |2 CHRAKERIEHL, UToZ k Ty Y. BECHREL, KELkgAIHZOY —
HlE L7, TNVKEFER L. F7- Table 2 IZFEERETF VDT —
Table 1 Tension profile in normal unoperated muscle
Muscle weight Contraction time Twitch tension Tetanic tension Tetanic tension
Dog. NO (g) (ms) (g) (g) /muscle weight
1 6.2 80 280 960 154.8
2 6.8 13 320 940 138.2
3 6.3 69 300 920 146.0
4 5.6 16 220 820 164.0
5 7.4 80 240 1000 135.1

Table 2 Tension profile in muscle reinnervated via the spinal accessory nerve {(A) and intercostal nerve (IC)

Muscle weight Contraction time

Twitch tension

Tetanic tension Tetanic tension

(g) (ms) (g) (g) /muscle weight
Dog. NO A IC A 1IC A IC A 1C A IC
1 114 13.6 89 108 60 70 310 370 21.2 21.2
2 19.3 18.2 62 91 200 200 740 710 38.3 39.0
3 14.8 214 101 132 120 220 350 640 23.6 29.9
4 23.6 19.5 89 99 160 110 700 600 29.7 30.8
5 21.7 20.3 71 79 160 100 650 610 29.0 30.5
6 18.1 154 69 103 210 110 600 520 33.1 33.8
7 16.6 13.2 60 78 100 100 480 410 38.9 31.1
8 174 16.2 78 104 195 135 560 480 32.2 29.6
9 234 19.4 95 111 150 130 680 620 29.1 32.0
10 16.6 13.3 70 70 120 95 520 440 31.3 33.1
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(b) twitch tension (c) tetanic tension

twitch tension, tetanic tension & &2 8 #I TRl
WREBITOAPBRAFHIPELN LeLlar bo—
WV EtEE§ 5 &, tetanic tension/muscle weight
ITHMEBITLE /T 1 OfTEEIZEET -
T,

(d) xR

20, 50, 100Hz & & \ZBh MR IT SR A &R 4T
I LEHFLIZLL, 100Hz Tk bu—ibkh
LEF LI WEMTH -7 (Fig. 1),

3. Sy 1 TOEAL

ATPase &t (PH 4.3) 124& 1) Type 1 #AEIZE
<, Type 2 MRHEIEHE QB INTEEITHE ISR
BETH-o7z (Fig.2). 2 b2 —VOEHEO LT
B TR T A 7RIS T 5001, &l
WEBT WEHERITL L FNFN Type 2 M
Type 1#5#ED type grou ping 2SBHS 2 TH - 7-.
Type | MO EHFILBIHRERAT 30.9-37.7% (345
+2.81) BOREIMIEREIT 44.2-62.1% (54.2+743) TH
D, BITEERITIZ Type 2 #RHEEN  BIRIAERITIL
Type | BMEBEA L 2072,

£ =
TREDHREIC X B RE XA OBV OERIE, EEH

& N5 motoneuron ORE/SY — L DEWE
EEBREOHTH Y, AFOL L DBRTEREGOE
BR X 0 B II T OXEHBEL IS ITHE R

EHEL EOIURFEICKE BB 52 TnwA T L
B0 TWab, BIRFICBIT 5 EEmREE LT
L MARORBICE LT, THEEHRICLY
BXRSE-HAOFFMHMSEL Y dMuHIEH
Hiarlcwal, ERREORIELTE, KE
BTV CIRERRIBICHESED 2 0 CAT &
HTHY, Karnovsky e THRIMBED FHL L D
EEFErELEEZ LN, N TREEICL B L
A AR TIT R DT 1400, Bh I AR DT 660,

Bonnel i & % & MEEHMER CIIBIMEEAT 1700, FHiE
MEED 1121 THY, WTHIZLTLRIHERO A S

CDEBREZECLOLEELILRD, SEHOKEEL
y, BlmReEERICL ) FhENEXR I L
oA T 5 &, BIMRETIIHRE - BEFHH
IR CILER - EFWHEHICEMT 2 I LML
7z, F7, MEBEERIZOETE L Type 2 MHEEM
Hix Type 1 B L2Y), 2OBRELRHTELOE
EzZ oz, —IERXROER = 2 — 0 VITHER
FED D DIZHAT, REEELIE £ OFBEITEITR
BEEVECBENTH L EEDbN TS, Eccles
VR LA R D RV B AR HE 1L fast o -motoneuron
2L D BOEEMEIE slow o ~motoneuron (I AL S
NBELTHDY, ERREMEBREIIESTLNS
{ ® fast o -motoneuron ¥ HEATWA DT %W
PR EING.

% & &

SR L L TR & hMmE0 B 21T 72
¥, ¥ — VRO O AR BT & B HARE
FENENBT L ERZERHOMERE T LB L7
FORER, BIMERITTILER - BESH ICHE R
BATCUEE - BEMMEGH & 20, gL g
OEEIMIEE LTOEVWFHL P E R o7z,

X 2y

1) K, Doi., et al.. Double Free Muscle Transfer to re-
store prehesion following complete brachial plexus
avulsion. J. Hand Surg, 20A : 408-414, 1995.

2} 1. C. Eccles, et al. The Action Potentials of the
Alpha Motoneurones supplying fast and slow mus-
cles. J. Physiol, 142 : 275-291, 1958.

g M ErrEBEE4FHEE AH FE
BIME X OMEIES & MR EEOMEFOmM
BALZFT R DL THEIRT S,

[E1 =S NERE— TR RER RA
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Evaluation of Peripheral Nerve Injury in
Continuity by Magnetic Stimulation

Ikuya Yamazaki - Yukio Nakatsuchi - Satoru Saitoh
& Tomoko Misawa

Compound action potentials in APB and ADM were evoked in 10 normal subjects (20 upper ex-
tremities) by conventional electric stimulation and by magnetic stimulation. The stimulated sites were
the wrist and Erb’s point in the electric stimulation and Erb’s point, the neck and head in the magnetic
stimulation, The amplitudes and latencies in both muscles at the supramaximal stimulation were com-
pared between in electric and magnetic stimulations. The largest amplitude was obtained in the mag-
netic stimulation at the neck, at the Erb's point, in the electric stimulation at the Erb’s point, in the
order, The amplitude in the transcranial stimulation was the weakest, Additionally we reported four
cases with peripheral nerve injuries, in which the magnetic stimulation were useful in diagnosing com-
plete or incomplete nerve injuries. We conclude that the magnetic stimulation is more effective in
stimulating the nerve trunks located in the deep place such as in the brachial plexus than the electric

stimulation,.

i L ® <

1982 48 Polson® 512 & i L CRESAIEIC & 2
FAGMRER OB SRS <4, 1985 421213 Barker!)
b ORI B O BI5 L BEERENESHRE S h
2. BATIE 1991 S ICRIERISE B O BRI T AT
NTERIEATYS, LEL, IhTThHEHsT
DCERRISHE SN, KRMENOIRF %5 572,
SR 4 v B RRS R % AR OSREEE L C
BONEEHITHEL (CMAP) ORELXHIEL,
B RIBT I SN R BT L7, S 5I10HE
HIBTHWT & 7= MBI MR 52 4 Rl LR
B 4B EEBR L OTHECHET S,

HRRVHEE

BELEEI0S (Fk25~33 %, FH2T2m®K)
XTSI, HER U Erb A THAREE T o 70,
B EOIWAITH 100% L L7z, Erb & 8
figure coil A L 7-. BAHIEEE L Selcom #t
B Magstim 200 2 A L7z, BEHBUIED A& F
MEOERS L UCREMME L CERRMMTIT- 7.
# ¥t supramaximal stimulation 2 KEE & L
7o, RARIFREERIC CHACERIE NG (APB)
EohfestE sy (ADM) LTHElZE L. 2o CMAP
ORIEE HER S L ERRNEETHERE L, &b
SAH LRIEE, R RET L.

Key words : magnetic stimulation, electric stimulation, compound muscle action potencial, peripheral nerve injury
Address for reprints . lkuya Yamazaki, M.D., Department of Orthopaedic Surgery, Shinshu University School of
Medicine, 3-1-1 Asahi, Matsumoto 390, Japan.
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APB, ADM TORETOEE L IREBEOFHEL T
§ (Table 1). BMSHEECETAE L b FoEw
4 FTOREMNYYY T—H LTz RIEOTY
fEERIRT (Fig. 1), £EBHHOSH#IL F ME® T
Vv, HEZE (p<0.05) OBFLHEBOFHEOKRE
IGEBMES B tiREZTo 72, APBOBE, BH
TOWERE L FHEGE TCOBSREOEEM IcFZE
ol HERMOP T, EEFERB TR
Erb, BRIEEZHMBIIR LT o7 (FHFMEIZ p<0.0]
THEZEED). E—ELTHhEE Erb HIZBWTHE
SHABIESTE L D EEEL S o TR o 72
(p<0.001). ADM TH I FIFFEDEEENR S N7
A, ESMOBTHE L) FEGOBRNEOFHIEE
EE D o TREIGEV A ER > Tz (p<0.01).
UEDFER?S, BEMNBETEE cCORBRNEIZS
5 WHBEBRAMSTEAZ Lathhrodz,

785

i 5

FEB 1 48 5%, B, EEHICEHNATEIANTYY,
EEHREEMEENEZE, ERL ) LRHEEOR L
EEFOMBYARGEE o, GHREAKE FR=
B0 CHAICHERY RO UEL Y, quad-
rilateral space syndrome & E Wl 7-. K% 4 A
BEHOHBEN THEZAROSHEL LU ER=EY
IR IRBEMERD ko 72h%, B, B,
Erb S CORSRIM THEIRIEZ 455 CMAP T
&7: (Table 2). BEHFEOEBEETIASN o7/, Z
NIEEHRE L EENESEERETATEBETH
LIEeRBETARREEZ SN, BRI SAR
AT N FH R T I @R R O o L
SRR L b BB OBE TR LRIt L T
WAEREE R LTV, BRERS~OESNHET
HIEE = R o 7288, AH~OEBEERENET
XD & RO T O MERBM ORI L KD, =f

Table 1 Charactaristics of CMAPs by electric and magnetic stimulations inAPB and ADM

Electric stimulation

Magnetic stimulation

Muscle .
Wrist Erb Erb Neck Head
APB  Latency(ms) 3.0+0.67 12.6+15 11.6+0.72 12.9+0.85 208+1.6
Amplitude(mV) 12.5+7.3 4.3+5.1 9.2+35 12.7+4.1 3.9+35
ADM Latency(ms) 1.7+0.6 12.5+2.0 11409 125+0.9 20.04+2.0
Amplitude(mV) 11.7+6.9 3.9+33 6.2+2.7 79+24 2.9+1.4
Amp | tude Amp | i tude
mv) APB v ADM
Dy 0 ¢

18
B

Wiste

Electric stimulation Magnetic stimulation

18t
16 +

Ebe Erb-m Neckm  Headm

Wriste

Magnetic stimulation
(* p < 0.01 =P <0.001)

Electric stimulation

Fig.1 Mean amplitude of CMCT by electric and magnetic stimulations in APB

and ADM.
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B AHbN, iR 8 7 AOBIER L b MMT 3
FTEEL T A.
EGI2 1 20 7%, Bk N o TEEL, EikLhE
ERcRREAIMILL 72, BAEE OsME, Hih, (RE,
Shies L UM ofEd, (FRIEeTRE MMT 0, 3
EifE 0, FHEHEML3, UTREETH2. %

%% 60 HEDHE

FTid LR DR 1 & UK O B

WALTEBEM 2 3807, ECR UTIHEHELOH

B % Fu7- (Table 2).

Pl &b Ch, C64BRE RN

R & BT L /2. R HIIT - AT,
=AMHO CMAP X S e d o 7oA LI 5 5

LSO R =ER & b I CMAP PRI T & 7.

hd

Hb

-

CoPTELBE T RET AR EZZ b, [AK
ELNCORREBHLEZ SN PR TIECH
IRFI 2R E BB E L, COIL ML CRIE T
% MR O ZEREAE Lo L ANERIEE T LT,
CO M TR LIRAYWENTRETH » 7. R
MR R R AT A 1T o 2. MR8V BOHE

BHERTZAN, MLES, ER_EGH I U=EGIC
GBI EMAEL T 5,

JERI 3 D T0RE, . ATHREEBIERATER, St
IZEBEETEREMEREL B o7, HHEHIEE
BBIUBIMHELII0T, RERWABOHE
TR S5 silent Td - 72, BRMESB L O
B TIEmRG & O CMAP 258 8 W IF 3 7
WHEOBRESRBINA, BELPARL ) EBESO
BENAEEE B o 7.

Table 2 Results of preoperative EMG and MEP

(Case 1)
Muscle EMG MEP (Neck)
unit | Fib Latency Amplitude
Suprasupinatus | ++ | —
Infraspinatus ++ —
Deltoid - — 7.35ms 8881V
Triceps - + 6.55ms 98614V
ECR +4++H - 7.90ms 2.3mV
(Case 2)
Muscle EMG MEP (Head)
unit | Fib Latency Amplitude
Deltoid - + Not detected
Biceps - - 16.7ms 390V
Triceps - + 17.7ms 12674V
ECR + —
Finger flexor ++ | - 17.2mas 1.34mV

Table 3 Comparison between magnetic stimulation and electric stimulation

Magnetic stimulation

Eleciric stimulation

Intencity of stim.

stronger in deep layer

stronger in superficial layer

stim, of proximal limb Effective not always effective

Localization of stim. Uncertain certain

Pain of stim. (—) (+)

C it e of adjacent . .
oncommance o / (+) (+) in strong stim.

nerves
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AR e L EEANS R O R4 % Table 312F &
0722009 SRR OB B BRI
REORBIZEN, KEHREOIRE A ST T
HbH., ZO-ORFRBILRSICHTEET LU0 FR
OB EFICERNTH L. MEHEEDLHRL, 4
E$RAR LAEFIO X ) ICHENRE CHIGEEEML I
HTELPo 7o THHAIEIC L - T CMAP #5%%
HEaNbZ s, FEREHEEE CIRS OB
C—BBICBBEDTRAE L T B X ) RBlicB VT, #&
EEFARONZEHER T silent EHESINTH
INEFEHEHIIBNTLZERTER Y. 0L
LA, [ERIIMEBRA~OBRHEIC L 2 EERET
HEZT->TEM, LrL, WEOHIREIZBITAH
BBRANOBRMNEIFHEEIIThREVEHELES &
Ll A, ZOHIIBY TSI ETHESA~O
MEST TR BRAEET L, HEREERECS
A MRERTIE RSB A B RR E &
NEBBLEZOLND, —F, BB BN
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Paralysis of Anterior Interosseous Nerve and
Posterior Interosseous Nerve due to Fascicular Constriction

Kenichi Tazaki - Yukio Horiuchi - Tohru Ichikawa

Yasumasa Nishiura & Yutaka Yabe

Idiopathic anterior interosseous nerve (AIN) and posterior interosseous nerve (PIN} palsy are occa-
sionally caused by localized fascicular constriction without extrinsic compression. The pathogenesis of
this condition has not been clarified. To determine the mechanism behind this condition, we studied
clinical cases and worked on developing an experimental model.

We treated 3 cases of AIN palsy and 7 cases of PIN palsy in which fascicular constriction was re-
vealed after internal neurolysis and followed up at an average of one year and 5 months (range. 5.5
months ~ 2 years 11 months). These 10 cases and more than 50 cases reported in the literature were
analyzed. In the experimental study, we tried to make the constrictive neuropathy model in the me-
dian nerve of three adult rabbits. The funiculus of the rabbit median nerve were induced edematous
through saline injection and mechanically stressed under repeated passive elbow motion.

1) Clinical cases: Three patients of AIN palsy, whose mean age was 31.3 years, were affected right
side. Seven patients of PIN palsy, whose mean age was 26.6 years, were affected left side in five and
right in two. There were possible causes most of which were overuse of the arm and hand, and there
was following pain suddenly appearing at the elbow at 2 ~ 3 weeks before the onset of paralysis. Be-
cause of no recovery of palsy, neurolysis was performed at an average of 4.7 months after the onset
in AIN palsy group and 3.6 months in PIN palsy group. Operative findings showed that the affected
nerve was edematous and opaque. After internal neurolysis had been conducted along the AIN
proximally from the pronator teres muscle arch, the fasciculus of AIN was edematous, swollen and not
flexible and had the localized constriction at 2 ~ 4.5 cm proximal to the cubital crease. In PIN palsy
group, the appearance and property of the fasciculus was just same as that of AIN palsy and the
marked constriction was found at 1 ~ 3 cm proximal to the arcade of Frohse. All cases were treated
by internal neurolysis alone. At the last follow-up, the paralysis was generally recovered except one
case of PIN palsy (Case 4).

2) Experimental study. After the injection of saline into the funiculus, the median nerve was

Key words | anterior interosseous nerve, posterior interosseous nerve, constriction, nerve palsy, internal
neurolysis

Address for reprints . Kenichi Tazaki, M.D., Department of Orthopaedic Surgery, Ogikubo Hospital, 3-1-24
Imagawa, Suginami-ku, Tokyo 167, Japan.
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swollen and lost its flexibility and kinked sharply upon passive elbow flexion. Repeated saline injec-

tion and elbow motion caused local torsioning at the kinking point in the funiculus,

The fasciculus of affected nerve were edematous, swollen, opaque and not flexible in our cases and

most cases reported in the literature.

The fasciculus was proved to kink sharply during passive elbow

flexion at operation in some cases, which resembled to the results of experiment, Based on these re-

sults, we suggest that the cause of fascicular constrictive neuropathy might be edema and cosequent

loss of flexibility of the fasciculus and frequent motion of the elbow.

i U o (Z

BB B A & 1B P AR D 5 B M BRI OO T4
RO { O e B9 B EFAOREIRRA S WD &
Sl ort, L l, ZOBRRREED AT I
OWTRAHLZ EAE L, I OFREFRHO—BE LT,
FERFIE L BEORER LR L, »bETHYE

B CARRBED ET MMER &AM,

Table 1 Cases of

il 3

T4 DEM 2 ATV S CNDSHEREC & 7= BB P TR RR
3 Blds & UM AR 7 B2 BRET L7, Aitsal
AWML WAPL 2R N AAFH1IELSAAT
Hols. INLERFUINAT, BEIZHRE S hH
FREAERRE 11 61, R R 40 £ 41 g b
WEMHOEEL Lz, £/, A0 75— VRETIC
WARE 3 PO EPHEMRERIZERTEALFEL

AIN palsy

Case Age/Sex Affected Cause

Period from Constriction Beginning of Last follow Result

(yrs) side cause to palsy to op. Number Site* Tecovery
palsy {mos) after op.(mos)
18/M R Badminton 1 mo 3 1 3cm 8 1 year Full recovery
2 44/F R Manual lobor 1day 3 1 45cm 3 1 year FDP-1[4]
Piano-playing FPL[5]
3 32/M R Heavy lobor 1mo 8 2 2cm ? 2yrs 1mo  Full recovery
3cm
Mean 31.3 20days 4.7 3.1cm 1yr 4 mos
*proximal to the cubital crease
Table 2 Cases of PIN palsy
Case Age/Sex Affected Cause Sensory Period from Period from op. to Last follow
(yrs) side disturb. cause to palsy to op. beginning full
palsy (mos) of recovery recovery
(mos) (mos)
1 43/F R Golf - 1 wk 2.5 2.5 6 10 mos
2 19/M L Heavy labor — 1wk 6 12 2 yrs [1mos
3 33/M L Finger - 0day 5 3 5.5 5.5 mos
traction inj.
4 32/M R Tennis + 2 mos 6 — - 2 yrs 4 mos*
5 17/M L Rugby - 1wk 2 6 12 1yr 5mos
6 13/F L Gymnastics - 1wk 2.5 2.5 6 lyr
(horizontal bar)
7 29/F L Suckling — 9days 5 3 6 9 mos
a bady
Mean 26.6 2 wks 3.6 3.8 7.9 lyr 5mos

*Tendon transfer was performed at 2 years 2 months after the first surgery.
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Clinical Study of Posterior Interosseous Nerve Palsy

Katsumi Takase - Michiaki Ohtomo - Shuuzou Nagai
Atsuhiro Imakiire & Yukio Miura

How to treat posterior interosseous nerve palsy is a controversial issue, including surgical and con-
servative therapies, are employed taking various factors into account such as the presence or absence
of trauma and duration of illness. In the paper, we reviewed therapeutic outcomes in 18 patients sur-
gical treated for posterior interosseous nerve palsy in this unit since 1979.

Of the 18 patients, 11 (Group A), 7 males and 4 females aged between 26 and 54 years (mean; 31.5),
had non-traumatic palsy and underwent surgical treatment when symptoms did not improve after con-
servative treatment for 6 months. The other 7 patients (Group B), 6 males and 1 female aged between
15 and 55 years (mean; 36.3), had traumatic palsy.

In Group A, decompression and neurolysis were conducted in all patients. In Group B,
neurorrhaphy was undertaken in 2 patients with nerve defects of less than 3 cm, while a modified
Riordan’s method was conducted in the other 5 patients with 3 cm or greater nerve defects. In one pa-
tients, neurorrhaphy was followed by modified Riordan’s method 5 months later due to poor outcome,
The followed-up period ranged between 8§ months and 8 years (mean; 2 years, 3 months).

Eight of the 11 patients from Group A showed evidence nerve strangulation in the arcade of
Frohse. Functional recovery was achieved in all patients in this group within 1 year after surgery, and
recurrence was seen in no patient. Complete recovery was not achieved in 1 year after surgery in the
patient who underwent neurorrhaphy alone. In the 6 patients from B who had a Riordan’s method,
dorsal extension of the wrist joints and fingers became smooth by 6 months after surgery. However,
grip strength was only 68% than of the unaffected side even more than | year after surgery.

The findings in the study indicate that neurolysis should be conducted as soon as possible if no
sign of improvement is seen after conservative theraphy in Group A, while in Group B, reconstruction
by modified Riordan's method is recommended if neurorrhaphy is impossible. The Riordan’s method
seems to greatly satisfy patients and accelerate their return to social activities, although it may result
in decreased grip strength.

BHTHH., L LAREBILEBEHINT, B

BRI EDOBEPRETERWERND»S 4B 5

BB HAERE I MEEES 7% < drop finger de- ZEFRESNTWE, K, BRETLIMEORE -
formity &) 5¥d 5 FHEER 2 LBIE—i&IC BREIE IS X ) BIRIEE - REFEE L4 TS

i L ®

Key words : posterior interosseous nerve palsy, tendon transfer, entrapment neuropathy
Address for reprints | Katsumi Takase, M.D,, Department of Orthopaedic Surgery, Tokyo Medical College, §-7-1
Nishishinjuku Shinjuku-ku Tokyo 160, Japan.
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HIBAT - BRI F RIS e T — o 8-
FAY MCBEET L HETHSD. BEEE, Eik
£ ) FEEE 30° - T8 MP BEMBAOME Y 7
AfEE L 3EE L) FREHBE:EHMS, 6.8
L0 BEEENC L A HHERE, SETEE el
F& L7

Table 1 Evaluation method of Radial Nerve Palsy

(by Highet)

Ml M2 | M3 M3 | M4 M4 | MY M5
M. triceps brach. — + + + + + + +
M. brachiorad. - — + + + + + +
M, ext. carpi rad. B _ + N N N N N
long. et brev.
M. supinator — - + + + + + +
M. ext. digit. comm. — — — _ + + + T
M. ext. digit. mini. - — - — + + + -+
M. ext. digit. ind. — — — — -+ + + +
M, ext carpi uln, — — — — + + + +
M. abd. poll. long. — — — — _ + +
M. ext. poll, long. — — — — _ _ + +
M. ext. poll, brev - — — — — _ + +

+: MMT normal or good, =: MMT fair or poor, —.

MMT trace or zero
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HOE 42°, T4 MP BEIf R —3°, BLiREEM b
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Clinical Features of Traumatic Posterior Interosseous Nerve Palsy

Kazuhiko Hirachi - Akio Minami - Hiroyuki Kato
Keiji Kutsumi & Naoki Suenaga

We reviewed 14 patients with posterior interosseous nerve (P.IN.) palsy due to elbow and forearm
trauma., There were ten males and four females, The age at the time of injury ranged from 9 to 54
vears old. Associated traumas were as follows: Monteggia fracture-dislocation in five patients, shaft
fractures of both radius and ulna in five, contusion of the forearm in two, subluxation of the radial
head in one, and laceration in one. In Monteggia fracture-dislocation and subluxation of the radial
head, if closed reduction of the radial head was obtained, nerve palsy was followed conservatively. In
open injuries, the nerve was explored and repaired. In closed shaft fractures of the radius and ulna,
nerve palsy was also followed conservatively., Treatments for nerve palsy consisted of neurolysis in
four patients, neurorraphy in two, conservative therapy in seven. In one patient, the nerve could not
be identified because of severe damage. Except for this case, recovery of motor function was evalu-
ated by BMRC grading system. Motor recoveries were obtained to Mb: eight patients, M4 . four and
M3 one.

Clinical features were divided into three types based on distribution of paralyzed digits. There
were drop finger and thumb type: 11 patients, drop finger type: two, and drop thumb type: one. The
P.LN. bifurcates into two branches at the distal edge of the supinator muscle. One branch innervates
EDC, ECU and EDM. Another branch innervates APL, EPL, EPB and EIP. Because of these anatomi-
cal characteristics, there are three patterns of clinical features. In our series, all PIN. palsies caused
by elbow trauma showed drop finger and thumb type. On the other hand, P.LN. palsies associated
with forearm trauma showed three types of clinical features.

In our series, posterior interosseous nerve palsies associated with Monteggia fracture-dislocations,
open injuries, shaft fractures of both radius and ulna. It is often difficult to diagnose as a P.LN. palsy
in such traumatic cases because of no sensory deficit and variety of paralyzed digits. Meticulous clini-
cal and electromyographical examinations should be carried out.

RREZR EOTMG I BB FAEEREIC OV TOR

" Fi3b v, FELRANES S 5 IZAEROMEC

BE BRI BRI BRR L RETS BEETLBREHMRERED 4B B L -0T, K

h, FNEERmESOTEEZY. L2 LREICETS BOBRE, BEERIZOWTIRET L, BEFIID
WEDE IFENBEREICE T L 0TH Y, BT WTEET S,

[l

Key words | posterior interosseous nerve, trauma, Monteggia fracture-dislocation, drop finger, clinical features
Address for reprints . Kazuhiko Hirachi, M.D,, Department of Orthopaedic Surgery, School of Medicine Hokkaido
University, Kita-15-jo Nishi-7-chome, Kita-ku,Sapporo 060, Japan.
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ERREW L L B T 72, I A X B85 4
THY, ENEHHOTOEEMETH - 72720 HiEkE
Wz {To7: (Table 1).

& E=

1) R ORI
WBBORE DR TR HAREEREO 2T
LRI b 1L T & —HB 5 0 0 R B L

THREEZ RO 3 DD £ S5 L7z, Bliger ok
IBOETOEPMEARE R drop finger & thumb-
type (Vhwz TER) @ 1141, BHEOMEETRET
HEN, REFPSNED S L —HORSHERIER
drop finger type : 2 . fHig O & B A EE 7 drop
thumb type : 1 Bl TH -7z (Fig. 1A, B, C).

ToBsd o7z, I TREREELIBOMAS HEIZL -
o

Table 2 Results

Treatment Motor Recovery (BMRC) Time needed to maximum
M5 M4 M3 M2~0 recovery (mean)
Observation 5 2 0 1~ 6months ( 3.0 months)
Neurolysis 3 0 1 3~13 (6.8 )
Neurorrhaphy 0 2 0 16~24 (20.0 )

Fig.2 Case 1. 43-year-old male with Monteggia fracture-dislocation. Internal
fixation of the fracture of the ulna had been performed, and the disloca-
tion of the radial head had been missed in another hospital (A). P.LN.
palsy was remained (B). Open reduction of the radial head and neurolysis
of the posterior interosseous nerve, which was entrapped at the arcade of
Frohse, was carried out. Operative finding showed a lesion in continuity
of P.LN. (C). Seven months after surgery, complete recovery was

achieved (D).
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Diagnosis for Coexsiting Entrapment Neuropathy and Cervical Myelopathy

Kazuo Kaneko - Shinya Kawai - Yasunori Fuchigami
Kazuteru Doi & Tatsunori Oda

Clinical evaluation for coexsiting entrapment neuropathy (carpal tunnel or cubital tunnel syn-

drome) and cervical myelopathy is a problem to the clinicians. We investigated the clinical utility of

motor evoked potentials (MEPs) following transcranial magnetic stimualtion for this pathologic condi-

tions. The MEPs, CMAPs and F-waves following peripheral nerve stimulation were recorded from ab-

ductor pollicis brevis and abductor digiti minimi muscles in all the patients, The results showed that

central motor conduction time (CMCT) was definite for diagnosing cervical cord compression. The

CMCT showed within normal value in all the patients with entrapment neuropathy alone. Although

the radiological findings(magnetic resonance imaging) showed cervical cord compression, the com-

plaints were resolved by neurolysis alone in patients with noraml CMCT value. Transcranial magnetic

stimulation was useful to decide whether cervical cord compression was symptomatic or not.

=S VR I

FH L UM Z Ry ERIBHRBIOR e E,
HMELZ EPHIToND, BRMIZOMEBOETILT
BWESHTHL., LrLEeFomENEGH LB
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FHEAEHEER SIS, SE EEOSIUEHREE
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HIB.

HERBLUHE

MEAIEEAR 32 Bl & FREEMRE (CTS) 2241,
BHEREAEREF (Cub TS) 12 %1, FHBE (CM) 25 6l

Thh, HHEAMELBILENEREZED & HH
(CMA+EN) G 118ITH 5. SHAOAFRIZHIZH
itk b EREEFLZFOT, HMEOAHROZH
N0 246l MEEICBIHOREL %R0
BIEDOEHZE-TLDOTHTH A, Mo 2 HHIHS
PR BERRERIE 2 o o AFEHE B X-P TR
BiLEZ RS, MRITHEHEEBTZEL TW6TH
A, ZBWEEGHL CTS 1l & HEHEEERIFITH-
7.

REMELE T 5 /NI & EPHEZETH
5N ORI ISER, FEBICEEER
kB L7, MEP 37ME ldem O I A VEHV,
Magstim model 200 %88 U C&EH OB &G
THIEH L7z, FIEAEOFEMIT A AMESERES

Key words | motor evoked potentials, cervical myelopathy, entrapment neuropthy, transcranial magnetic stimula-

tion
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DN o 7. E - FBIEIEL T R & Fefe
0.2ms, A EHIE (120%) THRIBIL TM#ESB LU
FilaEH L7z Boh/ MEP O s EAS ) i
LM FE»SER SN ERE O ERFE % 2
LOWTKBEED > FMEEs) —~ 2 — 0 v FTORE
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DR, RIS (peak-to-peak), CMCT ®fii % mean
+SD TREL, FELBEOEOHEEMRETIZE
unparied t-test (p<0.05) % Fv 7.

5 S

BE Bl o MEP &k, EMEIL APB TiX 19.9+1.6
ms, 3.6+1.0mV CT&HH, ADM Tit 19.4+1.3ms,
3.7£1.lmV T& »7:. CMCT |4 APB T4.9+1.4ms,
ADM T45+09ms ThH -7z, KT A5 —DERE
fEiZ mean+25SD & L7 (Table 1). MEP » &
I CM BT ADM, APBE LEEFIZILLAEILE

WL Tuw/:., EN BT CTS T APB, FHE#%®E T
ADMIZBW U BIZHEHFEIEL D 7:. CM+EN
BETIL APB, ADM & b BEIZENH LY, HEI
JBHEL T\»7z. CMCT Tla CM & & CM+EN#T
I ADM, APBELEHEIZBEL TWADIIHLL,
ENBETIIERETHY, ERkirobEsNTnE L)
(2 CMCT OBIEAFERIEN S I 1 SE0I B4
B EAURENI. MEP ORI HE L 7248, Ak
EFRECTEL LD, GHHEICHST2BEE LT
EHLER SR 1B,

fE il

ST THFO LN E FERICEBE L. B
HaBrEE, FEBREIR, - 20% TREK
FHLITLHE L T/, BEERPIICHFIREEERN &
pHsh, ST TFRERB BT L. MRLY
NOUWET T Thho72. MiR2 7 HORS TFE
EHEAT L7, SEHFWONBIC LA MAERRTIE,
APB, ADM & &I BIE & IRIBE T 20D 722,
CMCT & APB T 12.5ms, &@BIEL TWw7:. MRIT

Table 1 Parameters of MEPs recorded from AFB and ADM

APB ADM
MEPs Lat, Amp. Lat, Amp. CMCT
(ms) (mV) (ms) (mV) (ms)
Normal 199+16 36=+1.0 49+14 19.4+1.3 37+11 45+0.8
C.T.S. 23.9+1.4 3.0+1.6 18.5x1.1 4.2+2.1 41+1.0

Cub. T.S. 20015 3.5%18

52+13  23.2+23 1.8+1.2 48+1.2

MEPs CMAPs F-wave
1 mV/D 8 ms/D
D S s¥/0 88 u¥/
T . % ma/D
AL C&\{;
S S | =
. .28.8ms -
-
CMCT12.6ms H
4.6 ms

Fig.1 MEPs, CMAPs and F-waves recorded
from APB in patient with cervical
myelopathy and carpal tunnel syndrome,

M. swn . . . . 3an 16 - - . Sand)

50 F Rt Carpal Tunnel Syndrome

Fig.2 MEPs, CMAPs and F-waves recorded
from APB in patient with carpal tunnel
syndrome.
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C5/6 DHEMIRANZTIZL 2 EFMEEEHERE L 72,
RN Ay 7 RERECLVEREBRL 2055 0°F
WHIEFREEEBL T3 (Fig 1).

Z £

FIEL UM% & -9 BEENRHR B TIL RIS
CEMEROENVFEZETH L. LUN, HEBED
WHErOALE, CH/EEMTHOEBIZLZ2EMET
EREIO LU N ER-L, HENEFEERSEN OXNER
kb, C4/HBIUCZOBEATOEBEE CTIIEIBIC
LUNERT /-0, HHEEEERE PIREERBEE D
FoEFE M overlap T4, WTFRIZL TCOEMEE
AT L AR E 2SG0 L35 & BRI 74 B RE
KR T HILEREDOEE S BRIICBET 52 L1k
Wi o b bdH2Y. BHTRFHROLURICHT S
TBLEEBFW Y screening & L TEBIED SNAP 0%
L&Y, Edgs REWED SNAP # HhEk
4% Z L T Preganglionic lesion T& % ZE B E &
postganglionic lesion Ta& 5K MREE L D EF
BHESHEL L., LA LIOFETHHEMBE L it
BEEOMENEH L GEORMIIRETH - /2.
BREE SRS BB IR IR A TR FE
ERHOFMITRETH Y, HRKEEL L CHEIZA
BHTdh, CMCT OESEICNT 5 sensitivity &
70~90% & FF#12m < VYT 2o SEP 42 b
Borb@mEsncwsl. IL5E0RETY, &
TEHEMEEES T CMCT X EETH B 2 & 2R
SNz, L7zd5> T, REZEE L St aREE
DEFBIOBIIZERATH B L EZ, BETIIENE
&AM EEEE OS5 D L Wl Tl MEP (12 Xk
LEHfix L —F Y IfTo T3, FEE L LTIIfE
HWOMMWER Tt MEP 2B HNEEL Z L2z, &
FRZEBIC L 2 B LIS COMBY SO FLET 5L
T REES TIE AP E MEP O B S &
CMCT 2 48#E3 52 &05H 5.

Fig. 2 i2 20 BB % =¥, ESFIIFREEERRET
5. APB OEEHRFRL TOoms L ERE L,
TOIEH L TIIFHEEIRE O CMAP & [
BRI, BESOMBEYAE*mEL L HiERD
BOEGIERENTWS (Fig. 2 £EH), EEIC
MEP #EH$5&, O L) BEHFTIZ APB D
MEP DA ADM L 1ZIZR%E L 4 h FR AR L
A, TOX) AL, Collision 48R L T
WA B BES B4, EBIZIHEHO W

EREIES BB OZUT 805

O CMCTHigd LTwhid®k) 2 &b v, 20
Hho b B MREEG CHEHBIESH TR BE
(B o FREEBE) T3 APB, ADMOEEH 5
MEP # & L, CMCT %#51ll32 2 L HFEETH 5.

3 & &

BRI ERAE &0 BRI B E S OB ¥
LREEMATMGESELOBKNE BEERE L
72. APB & ADM ® MEP ##H L, CMCT # &1
TAHIECHBREOMGOFEY R TELI LY

FEL7:. L Lt o@EHOEmugr bEl Shi:
CMCT OfEICIIEBE*ET 5.
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fascilitation ({Ex@) % 4TH 7% < T 2% MEP
WENBDPEIPBEATT S,

|\ & WHRFERN &F flE

IEEF TR D MEP BHEWRETY A%, HH
ETIXERREE 223565 % SR CHEERER
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g ™ b B EEE KB &

CMCT AL THZETH2HEIZFEMNE LI
EBHEINDLZ LU ENSH, entrapment neuro-
pathy "H 2 BEETT A &L FEIEL LIz %
D, HIBIZERTAZ LA ET. BAEHIZED L
AL TAHZ F T4

H % WO RFER/NR &F N4
F i SE RS 2 5E 13001 ) g -0
DEEELYFD L7200, BEREIETICERT A
LEALvhtBRnET,
FEOREERIIDVWTIIRBEATILHE LS
T ClEMEr 2 ZEd ) £ A

" M
By RIS SWEETRNE S -
1. APB X1 & ADM OF AR VEEIZ CMCT £
MEfE, MEP OHEETHBFEZVDY, The REWHE
FREA B L2 EOFMIC oW TIREI B B2

2. GHESI DI R IEOM BT HARFI
DNT, KHOGEEEIEEL THhb0.

3. FEMESESEBIO S B, Radiculopathy & RS
BE L DOEIHEM TORMHZEORIEFEICOWT, b L
BARTBOLN L THRC S W,

m & IWORFERAR £&F £

1. ADM © MEP 79 i S L2 Wi Id APB T
MEP %38 L 925, 20 L) REFITHEERNICA
THEBEDCTEAELH S N TBMIICER T 22 Lk
wEBbLRET. '

2. BBHELSEIL LSRR E C S TR AR
MR OZEEE IS E L E L.

3. 4EMBEZE T Myelopathy & RRSHE, BE
B & DEBBICHE L2728, Radiculopathy & @
EHEFITIEH I Y TEA. Myelopathy BT, R
MRFEEL I, LPCSADE S ZRETIE
BEbTLLS.
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Functional Results of Low Median and Ulnar Nerve Repair with
Electrical Fascicular Orientation Technique

Hiroyuki Kato - Akio Minami - Masatoshi Takahara
Masayuki Kobayashi & Toshihiko Ogino

Fifty low median or ulnar nerve injuries were repaired using electrical fascicular orientation,
Eleven freshly lacerated nerves were seen within 48 hours after injury. Thirty-nine nerve lacerations
were subacute or old, Fascicular orientation between sensory and motor fascicles at the proximal
nerve end could be accurately differentiated in 46 nerves (92%) independent of whether it was fresh
or old. At the distal nerve end in fresh lacerations the motor fascicles could be determined conclu-
sively by muscle contraction with sequential electrical stimulation of the fascicles. In subacute or
chronic nerve lacerations, the distal fascicles could be estimated anatomically after internal neurolysis.
Nerves were repaired with end-to-end group fascicular suture or inter fascicular sural nerve grafting
after fascicular orientation. Thirty-five nerve repairs were followed more than 25 months. Satisfac-
tory sensory functions, that were S3 + or S4, were obtained in 27 nerves (77%), and M4 or M5 motor
functions were achieved in 27 nerves (77%). There was no patients who needed additional tendon
transfer to reconstruct thumb opposition or to correct claw finger deformity. These results suggest
that low median or ulnar nerve laceration, independent on whether it is fresh or old and whether it is
partial or complete laceration, can be successfully repaired with the aid of electrical fascicular orienta-
tion,

" MR RABANE T F VRIS ToTBY, 2
OFHL B ERREC OV TR RE LTS

KREAEBEORBEE T LS 3A L LTHER 7209,
BAENH D, EBEOIT1983EL D ELARIEIC L B L[]l 7 DB B LGB % Bl £ 72 50 R R

[l

Key words . peripheral nerve repair, fascicular orientation, electrical nerve stimulation, internal neurolysis,
fascicular suture

Address for reprints . Hiroyuki Kato, M.D,, Department of Orthopaedic Surgery, Hokkaido University School of
Medicine, Kita-15 Jyo, Nishi-7 Chome, Kita-ku, Sapporo 060, Japan.
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HEBNOEREZHET H. SOIAREZHNTEER
L7z 5 MREOMBRMBEIIOVTHI|MET 5.

fiE gl

1983 L 0 1995 12 B F iz, EXHHICL S
TR E % T 5 72 45 B 50 ME R MG & L2
(Table 1). SESMIE, LB CBEEREEGED
lem EAHS 6om FLF COBEMTH - 7.

=S R~

TR O FEE, BBTICEE L7 i h ik L
THGZEYY . BB ORENE, SRR RRE: T 32
B, (EERE:E BHREOERS 13 FTH o 72, »
FROFRELEIZ BT b AR O BRI E IR
BEL L7 BEICELTE, FIRMEoRE e
FIL, EFE TR 4RSS 6 ROMERE, R
BRRETIE 2 A D 4 ROWERE S8 L 72, B
ek, EHERELIEAESAMLT, 700
EEHCREORROBEL OB B, M
LRk 1 e B A BB TR L U L7, A
BzDWTIE, B5% 3 BUAOTEEGI T, ik
BOSHRTo 72710, SHERRLESHEL, &
RO 3 & M7z b Ok SEEHIE TR L BT L7, #5000
DHRENTRNB], BBV 4 AL EEEG T,
Nakatsuchi & 0 FEY 1250 T, HEME L E

THENRFIEL T2, DEOFTEIZL Y, A
b & EVAETRO 2N ENT, EBMRE L HIEmE
WEXFT2IEEFEEE LA, S5 RETH T
BRI OMEMBER G HB L2, T 2
FE% 8-0, 2L 9-0F 10 r%12T, &2~ 3%,
group fascicular suture #4772, FRE O KB
ELFHE T EERBMIZL THFEER (A Bed
1TZ % \WEE|ZIE, interfascicular sural nerve graft
T 7z,

UL OMWERBIEEZT>TBEL 2L EEEL
TEBOMBRBELRE L. MEOHEICIZ 2 5%
FMEEL BV, IERMEECIRTE & dign i
TREL, DEWEDHEZHERL . REWES T
NEDFREEOMEE L7z, Th5DEA Tmm Bk
TIomm LANTF % 83+, 6mm T4 S4 & L7, &
B IC oW, IER RS CIRERENEH O
HEFFHRELC Y FEEBCCEHE L 2Y7. Ei

BRSPS L CEB T RE 42 & M3, M3 T
BYEFhr@EEo 0% L% M4, 5 12&E®
T5% LA L% Mb & L7z, REMEFTIE, »EIEE
BoHE, £1FNEEE, BRANES, NMNelED
DEFHIBELT o7z, HEMBERI L Ins
OFRDPESNIL L TEBEER 51 M3 & L7z, M3
DOFITIE, SHICHIEEROLIC LIRS, BE, NE
O NEEH R RELCE L 2, SEMEMF -

Table 1 Details of nerve injuries treated by electrical fascicular orientation

No. of Age of Patients Time Elapse from Injury Type of Laceration

Nerve Cases (Mean) 0tod8 3to28 2< Complete Partial
hours days days

Median 27 15 to 52 (27.6) 8 15 18 9

Ulnar 23 12 to 61 (28.3) 3 13 20 3

Total 50 12 to 61 (27.9) 11 11 28 38 12

Table 2 Success rate of fascicular orientation at the proximal nerve stump

N No. of Method No. of complete No, of probable No, of
FIVE Cases ve Success(%) Success(%) Failure(%)

ical

Median 27 Electrica 17 (63%) 8 (29%)* 2 (8%)
Stimulation
Electrical

Ulnar 23 cectrica 21 (91%) 0 (0%) 2 (9%)
Stimulation

*In eight median nerve injuries, it was assumed that the most radio-volar lo-
cated group of fascicles to which electrical stimulation provided sensation to
the thumb contained the motor fascicles.
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EASNERGOESENOEELRAELSZ. ThS
A5DEREDD b LHOEBHFID SN, #O T h
FAEE D 40% LA % M4 & L7:2,

& ®

T. FREW LS BT 5 MR O #S

RO ARTRETH - 7ERIIE 4 61 4 7
BTHolz, IS ABNIBITBEINEOERRE A
5 &, 2HITIRRERE: S b\ IIBEBESLRRER O 5 BE 2%
ERBHROMNBPSERE D, BEOBIPELN
ipoiclzdTHholz, 1T 12FOMNEHT, %
BEAARIBEMS I3 Y LTz, ZOERES
MO TIERSEERTHrORDEMOZEN TH-
2. RO O 1 BIOBIAEROERIIFHETH 72,

IErhfieE 27 o S © 3 MR Cly, BHHEERD
BUPAHECTH T, TNLLEOSMBRETIE, 405
6 A L R OV T O MR R T R L
THHMEDOHEAE SN, FITINS BHIETIE,
BEICEE O A5 Lo kY LT, Mgk E
OBEMFE L BRI CHIE~ORE O REDFE
BHONLHERFBHWERE L. Zho §HRED
P58 13 probable success L EHMEIL 72, FEH @ 38
AR TIIERIEC L 0B ROER & NEREER
DFEIENTETH -7z (Table 2).

0. ELWIC BT A /MR OET

FEEREF O ) H2EAH S 40 BN % 1T
1L BITi, EMERBICSA-BERHABTHRES
NABIHEOFED & BEFEEROBIINTETS -

Table 3 Long-term results of low median nerve repair with electrical fascicular orientation

Type of Nerv-e No. of FOHO‘_’V’UP Sensory Recovery Motor Recovery
Laceration Repair Cases Period

Method (mos.) S3 S3+ S4 M3 M4 M5
Partial GF.S* 3 25~36 0 1 2 0 0 3
Complete  G.F.S. 9 25~89 3 2 4 0 3 6
Complete  SN.G.** 8 26~65 2 8 0 1 5 2

G.F.S.*: Group Fascicular End-to-End Suture, S.N.G* *: Sural Nerve Grafting

Table 4 Long-term results of low ulnar nerve repair with electrical fascicular orientation

Type of Nerv.e No. of FOHO“V’UD Sensory Recovery Motor Recovery
L tion Repair Cases Period
acera Method (mos.) S3  S3+  S4 M3 M4 M5
Partial GF.S.* 1 37 0 0 1 0 1 0
Complete  G.F.S. 9 25~89 2 3 4 3 5 0
Complete  SN.G.** 5 26~65 1 2 2 4 1 0
G.F.S.*: Group Fascicular End-to-End Suture, S.N.G**: Sural Nerve Grafting
Table 5 Results of end-to-end nerve repairs in adults:
without fascicularorientation vs. with fascicular orientation
Low Median Nerve Repair Low Ulnar Nerve Repair
No. of S3+or M4 or No. of S3+or M3 or
Reference (Year)
cases better better cases better better
Without orientation
Posh®) (1980) 14 571% 57% 21 29% 40%
Jongen® (1988) 8 86% 50% 7 57% 29%
Tupper'®’  (1988) 39 46% 17% 9 33% 1%
Kato® (1990) 10 50% 50% 4 25% 75%
With orientation
Current series 9 67% 100% 9 8% 100%
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7o, BB I AL EEALBEIEE 39 TIETERR
B & DB OIMEL D SN THBENREE LEE L
7205, $RTCOEF THEROHENITETH 7.

. #HEEENRORHABE

30 B 35 #EEAT 2 FELL L RBHETRETH o 7. &
BEEHEE 2 A, 664 H (FHITAHE) T
o fz, B L7 AR I BT B MBI D
LBNEHAL L7z, A REE B 22 MR, MR AEA
I3 HETH o7z, HEBERRIET X TOREHL S
PLRicmE LA, 27T #iE (17%) i, S3+4 S4icH
B, EfmEoEfgael 1 5l Ry Taflss
M4 5V M5 IZ|{E LTz, SRR O R
% probable success CEHEL - 6 FlicBWTYH, &€
B ML 25\ MEICEIE L7, REWEEBERN O
EBEBEEL, TRUPMIBHLIVIE ML FTEEL T
Wiz, BRI EEM R EEEROBEZ ED7:
DICERITH 2 E L2005 72, OIS HE
BlLEEWAEE L ) BESR VRS S o 72, s
EBOBEOHHFHREBHEGAIOREL ) b3 cEh
Twvy/z (Table 3, 4).

% =

BRI & B HERGRAEL, FHHHIE, FEE
TERAGHROBEBRE I h o THITHATETH I,
BRI BN & M LE L Ly, KRR
BV CHHBAIPTRTH S, INLDRMIIMOH
FERRIE VIO TH D,

LaL, FEZLHEIRTEIER L L) ICRE

DHFERDE R ETLETH A, Lih - THREEE
OREGIRETH L, T, FER, EBhE, SHE
EDHLEBERETHE, RERTIZEVEL . 5
2 OMELIIREENTH L. SEOHER» LI, K
MBI TR RSB A AL LT lem B2 S
Gem AL E CHOREH, TbbLFEEE LY Ak
WAL 1/4 £ TOBMICEV TIZHERO B LR
HICTRETH H 2 L PR SNz, RKBIEDOE I F
HoMES, EHHERERGHORITHS.

SE DR T b EFRMHRES 27T M0 5 H 8 #& (30
%) 2BV, EREIC B 5 BRI 2 =
AT A RREETH 7. LA L, intraneural
topographic atlas DEIRVOIY 2RI LC, FEhis
BmoBEMcNEL, ERUBTERIZAED
WEATRED SN L MRS ek L EET B

EY G T, BHEERGROBENIITECH-
Fo. EINL OB ARTRESEEO IR
WFCH Y, FIREREH A PRI T X 2R L Bk
WCEIE o7

SEE L RAES, REMEOMEIEY, W
BEBAHTOTIBESNAERLER, REGED
B8 L Bt L C a7z (Table 5). MEEHRT
DB ZHSPIZTEH7-DI, WFROT ) —XH
ABIC, FRMEHT A ATIORETH 5.
TREREAE BV 7SS ORI, HEROMERD
B % TR WBEFOREDYY LB picER
Tt BRI EEIRAEO S BT 12 SATHME T -
7.
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2) FHIEES O RIBLRA OMEHEEENIE, FriEd]
PRIAFD, FEEREPERSMEP OB PDHS
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Radiopalmar Wrist Ganglion Pain and Its Relation to the
Lateral Antebrachial Cutaneous Nerve

Keizo Fukumoto - Tadao Kojima - Ken Kodachi
& Hiroaki Kataoka

A study was undertaken of painful radiopalmar wrist ganglion and their relationship to the lateral
antebrachial cutanecus nerve. Thirty four radiopalmar wrist ganglions of 34 patients were examined,
said patients consisting of 15 males and 19 females ranging from 2 years to 69 years of age (mean age:
374 vears). Pain was involved in 16 cases (47%). Surgery was performed in painful 12 cases. For
T of these 12 cases, simple ganglion extirpation was performed, which four cases resulted in pain relief,
and three cases in which the wrist pain had developed while the patients were performing heavy
and/or light manual work, For 5 other cases, the surgery consisted of ganglion extirpation and partial
denervation of the lateral antebrachial cutaneous nerve, resulting in pain relief for all cases, excepting
for one case in which the wrist pain had developed while the patients were performing heavy manual
work.

The results of this study revealed that the lateral antebrachial cutaneous nerve is a main cause of
radiopalmar wrist ganglion pain. In treating these cases of painful radiopalmar wrist ganglion, good
relief from pain was achieved by extirpation of the ganglion and partial denervation of the lateral
antebrachial cutaneous nerve,

FHEHOT Y 7Y F vk E LTEERE) 28 SRR Y ) F Y OERBIC OV T E RN v 7
Db, FEESET 7 )+ v O & e R Ay L FEEICORT A MBEOBRERELLOT
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bbb FEE ORI 2 REFOREE SRS L7 1991 € 3 B2 5 1995 £ 3 A %
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VT 36 EARSTHRE LY. 2O THER FHSEEAT Y 7 )4 EBW SN U U F
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Key words : ganglion, wrist, nerve, hand, pain
Address for reprints : Keizo Fukumoto, M.D,, Department of Plastic and Reconstructive Surgery, The Jikei Uni-
versity School of Medicine, 3-25-8 Nishishinbashi, Minato-ku, Tokyo 105, Japan,
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Effect of Stress Loading Program for RSD of the Upper Extremity

Masanori Taketomi & Hironobu Kotani

Reflex sympathetic dystrophy (RSD) is not made clear today and a certain treatment has not been
established in spite of numerous therapies which many doctors had reported. We have treated patients
for RSD with “Stress loading” program which was reported by H. K. Watson in 1987 and have good re-
sults,

“Scrub” -The patient is positioned on the floor in a quadruped position, with a brush in the af-
fected hand. He is told to scrub a plywood board, applying as much as possible, If he is unable to
get on the floor, the program can be adapted by placing the board on a table. The average program
begins with 3 minute sessions of steady “scrubbing” performed three times a day. Finally, the program
is increased to 5 minutes three times a day and increased to 7 minutes after 2 weeks. “Carry” -the pa-
tient is told to carry a weight or purse in the affected hand, with the arm extended, An initial weight
is determined at the first session, generally (.5 kg. The weight should be carried throughout the day
whenever the patient is standing or walking. Recommended increases in weight are made.

The period from onset of RSD to starting program for the acute phase was 7 ~42 days (average
22 days). That was 3 months~ | year (average 6 months) for the chronic phase. It took 4 ~28 days
{(average 16 days) to recover for the acute phase and took 21~56 days (average 34 days) to recover
for the chronic phase. For the acute phase, 5 cases had pain at rest and 8 cases had surface imprint
before program but 7 cases had no pain and 7 cases had no swelling after program. For the chronic
phase, 6 cases had pain at rest and 2 cases had surface imprint and 4 cases had edema before program
buf 5 cases had no pain and 5 cases had no swelling after program. We evaluated the result with a
score of pain and swelling (Total 5 points). The average was (.57 points before program but 4.71
points after program for the acute phase, The average was (.66 points before program but 4.66 points
after program for the chronic phase.

“Stress loading” program consists of active traction and compression exercises that provide stress-
ful stimuli to the extremity without joint motion. The advantages of the program are its effectiveness,
simplicity, safety, and noninvasiveness,

Watson 572%, 1987 41285 L /-8 & 7% BT 7T i
k%4744, active traction & compression ex-
st 2 bo 7 4 — (RSD) (&, 1953 ercises 7547 2 3 “Stress loading program”? #
442 Bonical #5208 L CLURBIE LB EIEH & 2T 18 ELVRALEN ZEELT BN OTHRET
wl, BEETEEEROEFREIHBRICL YRGS 5.
NTWBY, HEREGEEERV., 4|42 H K

=S VR I

Key words . RSD, upper extremities, stress loading program, scrub, carry
Address for reprints .| Masanori Taketomi, M.D., Department of Orthopaedic Surgery, Tamatsukuri Kouseinenkin
Hospital, 1-2 Yumachi Tamayu-Cho, Yatuka-Gun, Shimane 699-02, Japan.

—161—



816 RO OB

b ®

1988 4 & 1 1995 £ THBICT RSD & & W L

“Stress loading program” #1772 14 FEMIZD W
THEFL7:. Koman b O#Zki#E (Table 1)%
H3HEBLULERATLDE, RSD L3 L7z, &

ORVERNZ I, FYEE (v¥vTyurorF MY
Tk, YU TzF b N)TA, TIZTT L)
ABERFRAELEMEES) 26 L. ERI
BYET R, KT REN 14 RT, WBEERIT 38~ 71
% (F¥525%), RSD oz & 5 Lankford @4
YD cir, T84, TMI6KRTH-7. REHE
Lo/ FESL, Table 20@Y TH D,

Table 1 Criteria for Reflex Sympathetic Dystrophy
(Koman)

Pain Autonomic dysfunction

Functional impairment Trophic change

BB H &

RICBWE NV AR ASIIR Y, 7937
TEB7ZTNEANTIT L. BRTIITNRWEE,
WAEFLO LIZECTITS . i, 35M% 15 3E
frva, 2 MBI, T9M% 1 H3EZWL 1045
lH2MEFTEHMPTIEAEELTS (LT
AR, AT, HILETVWEARLES. RUES
id, 05kg ORI LIEAZEET S (LTHREL
). 72720, BELIRYE, BEBEEEYVEE

LEFTEEWI EDEhoizl 8, HRIZERIGE
b dpo 72728 6 FER L 21T adodz (Fig. 1).

iE i

BBt FR2FELVEFHOLUEFRZ
R CFIREERFE ORI CRREMITE 21T 5.

itk | BTHA, TRLEEE, BEmd koic®
LSRN SNz, RSD oW C¢, 77 v lEH

R 10 BB & D EREE, 208X 0EERLESR -
7z (Fig. 2).

Table 2 Etiology of RSD

Phase Etiology Cases

First Fracture of upper limb 4
Tendon injury of hand 2

Operation of rotator cuff rupture 1

Operation of ulnar nerve palsy 1

Total 8

Second Trauma - sprain 2
Operation of carpal tunnel syndrome 2

Fracture of finger 1

Operation of de Quervain 1

Total 6

Left: Scrub Right: Carry

Fig.1 Stress Loading Program

Fig.2 Case Left. pre-exercise Right. Post-exercise
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Table 3 Grade of pain and swelling at pre and post exercise

First phase Second phase
Pre* Post* * Pre* Post* *
(cases) (cases)

Pain | Pain at rest 5 0 6 0
Pain at active movement 2 0 0 0

Pain at passive movement 1 1 0 1

No pain 0 7 0 5

Swelling | Surface imprint 8 0 2 0
Edema, no surface imprint 0 1 4 1

No swelling 0 7 0 5

*Pre. Pre-exercise, * *Post. Post-exercise

Table 4 Score

Pain ( point Pain at rest
1 Pain at active movement, no pain at rest
2 Pain at passive movement, no pain at rest
and active movement
3 No pain
Swelling 0 Surface imprint
1 Edema, no surface imprint
2 No swelling
Total 5

0 _—

7 |

0.57 0.66 / -

Pre-exercise Post-exercise

% First phase - Second phase

Fig.3 Average at pre and post exercise (Total 5 points)

" ® B LEEE L7 (Table 4). T EMORRZ I,
. THICIE, IR 0.57 BAsaliis 471 A1 04,
RSD #4ED S E TOMBIE, 18T, 7~42 F4sRT 0.66 A%, Diiskis 4.66 HIc%E L7 (Fig. 3).

H CEH2H), THT3HA~14E (EHeHA), T8I, D#IEbI091%L Fotisx
ERNEE COIBERE, IHT4~28H (£ (_mﬁ&ﬁﬁ—%ﬁmﬁﬁxwm
16H) IHT2U~56H CEH U RB) Tho7. WA —iRERAK

HRTROER, BROELIZARDEY TH 2 (Table ThHote.
3). HilH DEFRERTMAEY e L, 5
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Treatment of Reflex Sympathetic Dystrophy of the
Upper Extremity after the Replantation Surgery

Hiroaki Kimura - Hiroshi Muneshige - Kenji Kimori
& Yoshikazu Ikuta

Reflex sympathetic dystrophy (R.S.D.) is characterized by severe burning pain caused by surgical
or traumatic insult to an extremity, We discuss R.S.D. of the upper extremity after the replantation
surgery.

Five cases of R.S.D. of the upper extremity after the replantation (323 cases) were reviewed from
1972 until 1995. There were three males and two females, Their ages ranged between 42 and 54 years
and the average age was 454 years. Amputation level was fingers in three cases, a wrist joint in one
case and an upper arm in one case. Based on Lankford’s classification, two cases were classified as
major causalgia and three cases were classified as minor causalgia.

Neurotropin®, which is an extract isolated from the vaccinia of virus-inoculated and inflamed skin
of rabbits, was effective only to one case of minor causalgia. SGB was fairly effective to one case of
major causalgia. One case of major causalgia responded to transcutaneous electrical nerve stimulation
only for a short period.

53-year-old female, Complete lesion at left wrist joint 10 years ago, and replantation was done im-
mediately. She felt severe pain 1 year after injury, and diagnosed as major causalgia 7 years after in-
jury. No treatment was effective. So, we decided to do peripheral nerve resection, including median,
ulnar and radial nerves. After one week pain relief, pain recurrented. However the severity and area
of pain decreased.

An incidence of R.S.D. after nerve injuries is between 5 and 7%. The incidence of R.S.D. after
replantation was 5/323 cases (1.6%). It is more likely to develop in partial lesions. Pathophysiology
of R.S.D. is related to peripheral abnormality, central neurologic dysfunction, or both. Neurotropin® is
believed to restore the function of the descending pain inhibitory system.

A AR ME Y A F 2 7 4 —  Reflex Sym- B4 & 72+ HEMEEE T, Lankford I3 RSD OFHEB &
pathetic Dystrophy (LLTF RSD & 859) %, #ME UYERIZE Y Table 1 o<, MEEGOHLLD%
BB A LD & A, allodynia (IE# Cl3EE% causalgia & L, FHOKVWHEIEE D% A major

BUONEVWREONMCEETRL L), LHELE causalgia, FH DMV #ERIBGE DB 4 minor causal-

Key words . R.S.D, upper extremity, treatment, replantation
Address for reprints . Hiroaki Kimura, M.D., Department of Orthopaedic Surgery Hiroshima University School of
Medicine, 1-2-3 Kasumi, Minami-ku, Hiroshima 734, Japan.
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Table 1 Lankford’s Classification

> Causaigia

®

RSD——— Nerve injury
®
S Trauma
S

Minor Causalgia

<: Major Causalgia
Traumatic Minor T.D.
Dystrophy <: Major T.D.

—=————— Shoulder Hand Syndrome

gia ESELTWD, TABIBIEL YT =T
A NVABBRRAELEREGE (V1o toes®)
OWE% RSDIREDOE—FIRE LTBY, FFi
minor traumatic dystrophy IZE#TH 5 2 & ¥
HLTERY, UL, WEREEED causalgia
BE, BEICERSTAZ LS\, MREBEES B
BLLT, BAGEBNM4ATELVFRTEEITO 234E
ML BRI ICx L CEESEN % 323 flicdTv, £
DN 5 Bl RSD ORER RO =T, Zh o OES
DIREE L B RIZ OV THIE TS,

I. % ®

HEIEE B, K2 BT, FWERERHIL 42K
oM, FHHBARTHo /. YWEHLIEFR3
B, FRAEEE 1 B, Lkl 1T, RSD OEEFAE,
Wik 1 A RA2H, ME1FEIHA, WML 3E, Mtk
TEFENFNIBATH- 7. UHHEFEENZO
BEIIWEEE L LT O T2H) causalgia L& 2
L, MEBEORMIZL ) FRERSE LTS
1172 2 Fl% major causalgia & L, FH TS
7z 3 #l#% minor causalgia & 48 L 7.

Lankford i, RSD OFER %K ®E, [BIE, #HHE,
BRATBOERGER L, BEME, BELL, ZBF0
b, MTOLRLZENE, FEREED RKIERICS
BLTW5D, 4132 O Lankford DS % f#H
L, EAMEROHLDOF RSD EZBH L. /2
SUWTRE, BIGUERLF, FMBERMEIGE, sHE#ZME
LERERNLL.

M.& & &7 &

RSD Iz 2 i Ei s b >®194
B0 6EORRE L, ZOREROEBIZE T

Transcutaneous Electrical Nerve Stimulation :

TENS, ERMEH 70y 7, ERGKERE% A
L7z, E7:BEitiRce U CEESE T BINL 2.

V. & £

4ot r® omiBiz & Y minor causalgia
D1 FHESE & EROMB % 7>, minor causal-
gia 2 #1 & major causalgia 2 BIDEH4 BIIFIRA%
Poiz. BRORONIIEFIL, WHIETREL /
subuer®RIEEEET QS ShTV. B
ROLro7z LERL, BERDECES 2 ALK
RS ENTEY, RSDDOF A 7HIFTr /40
P e s ® R S EREE O EET A LEFS o 7.
TENS B&ERIA T 7245, BEHN2SRIEZ %25
7. LA L, TENS #4720 A major causalgia
@1 FICTEMBPBER L THBY, RSD o M & il
HEORBICEREEZ oM, BEREEH 7Oy 2
% minor causalgia 1%l & major causalgia 2 #l®
&t 3611247y, major causalgia @ 1 FIZEHIR 72 %)
BRI, K4 kS OBE L 7zEK - Sk
BEAT- TV A, S CHKIEEZRGEREEE <
Y, TREZHETEZENTE P72

F Ol 1

54 B, Z WL minor causalgia TH 5. H&
15 IP BAES, 715 PIP MET L BERE T 2, H
H LB CHESMSHT SN/, Wik 3 AMEEE,
HERERF LA L 72,

itk 4 BTHFEROER L8R, BEERL:.
minor causalgia ¥ ZWL, EbiZ/ Ao hoE
2®% 106Gl L7 Mk 5 AT BRI LG
o, ik 12ATEFOERBEERIZHEEL 1}
o R omENED b, ik ECEREER
O LUONK L BEFEL R UERER L.
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An Anatomical Study of the Superficial Branch
of the Radial Nerve and Cephalic Vein
— Prevention of latrogenic Nerve Injury —

Daisaku Tokunaga - Shinji Yoshioka - Kazuo Tamai
Yasusuke Hirasawa & Fumihiko Suwa

latrogenic injuries of the superficial branch of the radial nerve caused by intravenous catheter
penetration or by operative procedure for de Quervain disease are troublesome to patients with con-

tinuous irritable paresthesia.

Twenty-eight embalmed cadaver specimen were utilized to study the

anatomy of the radial nerve and cephalic vein. Of 28 hands, 27 (96.4%) showed crossness of the radial

nerve and cephalic vein at the site between 5 cm proximal and 2 cm distal to the wrist joint.
eraged position of the crossness point was 10.6mm proximal to the wrist joint.
first compartment of the wrist extensors and the radial nerve was averaged 10.7mm,

The av-
Distance between the
It is important

to understand the anatomy of the radial nerve and cephalic vein to prevent iatrogenic nerve injures.

= S VR B

TBAETERHEI I b T, M R IR & AR
KART L CHET 2 TH YY), mEERe g
BELE N B B U K4 LS ViR o4 2 RS G RS i
FTIZBE L CE RS M & & 23 2 £ 5%
23 (Fig. 1), e L Cld— i IC R as R IR
SN, KR, AEREORMICIIESMEET S
BEbH 5, AE I OEBEEMEBEE DT OB S
5, HEEMEERES L OB R IR OB R0 %
Bl &2t 5 AT T O/t %o 7.

WRESVHE

TR S EE AR 18R 28 A L/, fihi
BAL1/2 A b FRIMIRA 2 cm I CTOMEBIZ DOV TEH
B & UM EE L TRBMALL (Fig. 2).
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Ay — R — A — AL L A& L7
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Daisaku Tokunaga, M.D., Department of Orthopedic Surgery, Kyoto Prefectural University
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6 31 9mm A, TRIE - FIEANO ST
(L2) 3FH 64mm ziiicd 7. ZOHMIIBITS
BEMREEOERE (d) EFEH2.6mm THY), £
FWMBEEECEEERROLTA (o) 13FH 223
THoi-,

% =

BEE MR MR E DR L LT, LB 0,
FHIERT LD, FTFARBILLLL DR EDD
F 3

EHI I ABRBEEDER Y L CEMEEICL DD
O, MR OBMERE, METRRLEHREI &
LR ENH LN, BRINEES (S SREH)
DR BRI D 09 bR ORI L b b
DEFEZONL. BRAEES (7 E4E) ONE
1218G T 0.95mm TH 1, BEHEEHOBEROTY
2.6mm X L TH /3 OMELE LTV, BRIIH
RETDSSEHE 0 ST H LTS OB & X 7
LRdnr &, ME70y 748 L C%IkET T bevel
FOEHBOTOERS) O & WM I L TP
RIS B AAEEAI DN LA RE LY. s
R B~ B ST A T3 bevel DT % BIRIZ R L
THEAILT 70, BIROENORI &5 HEmE
DL L - THERBEOBRIEE Y 272 Lo T0n
rEILND.

BURSREBEREEROCEBREE TR, FQ
E5 B3R5 cm, AL 2 om QBB T 28 Fr 97 F
(96.4%) 2BV TBEEBR BT HEEROXR

FHEELL. RATHMNBOFEHLIFHEE LS
1lmm B TH Y, Z O FEEBEEEER~D
BEHHAIEZH LN, BELY»SOBIROEE
DR BE IS AEREOHOFAIKE L CTEE
WREROEBZ &7 TABRESBEVEEILND.
RIREOBEIRANEFNI TR ERTITH) ZEAEF L L,
LR BT FHEERICERNT 256100, FEMEA D
BEAEBLTHALZ W EOFREFLETHS.
FHIZRAET AR EE & U CIBRIMAC X 5 FRiE,
PRATICBEAR L 7o RE, W IRIEIC L 2 b O d BT
LMD, FrV/SURIRT 2 EBEMRE LR
TGS a0 e O R ED BT 1 B T 2 B MR R AR RS
BATFREIZ LA DIZET NS, SHEOEETILE
B EIREFEMIRII BT APL - EPB [ & # 8 Hf%
B DI T 107Tmm Th o 7. BT
B L TR T I mEEsm s FEL, FEL:
FCFHR T O LA BERE L EZ B,
¥ &z

1. BEUEEHRGEE 8 Fr B CFHEHRES
R B L OB BIROMH FIE-IZ OV TR
ERAR

2. BEBERERL & R B IR (X RIS 5 AL 5
cm, JEM 2cm OFBETRIZEDH/-2H DL 18 1 28
FHETF (964%) THY, XXTLMEITTHE
£ D ER 10.6mm DT TH - 7

3. BBERSREEMEII BV CmREE] 38—
PR b EEFMRES S OBEEIZFEY 10.lmm T
Hots.

4. BHEHER~NOFESFIA, FrasvEice
5 BERILIBAMT IS L Cid B MR ARG O W R
WEETHLEND L.
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New Classification of Soft Tissue Attachment to Bone
from a Biomechanical Point of View

Kazuo Ikeda - Yutaka Morishita «- Katsuro Tomita
& EYS Chao

Classification of a soft tissue attachment to bone is traditionally oversimplified as either direct or
indirect. The direct insertion includes four zones; bone, calcified fibrocartilage, uncalcified fibro-
cartilage, and tendon. Indirect insertion has the Sharpey’s fiber which connects the bone to the ten-
don. The morphology of a soft tissue attachment varies among different anatomical sites, because of
changes in loading conditions. In this study, we focused on the direct insertion because it carries a
heavier load than the indirect insertion site. The attachment sites have been classified based on the
insertion angle and by the thickness of the fibrocartilage layers at the insertion site. Various sites of
normal soft tissue attachment of canine and human cadavers were investigated, The specimens were
prepared using a common undecalcified technique and stained by toluidine blue, They were observed
under polarized light microscope. The direct insertion was divided into three types; 1) tensile load
carrying type (perpendicular insertion with thick fibrocartilage), 1) compression load carrying type
(oblique insertion with thick fibrocartilage), and 1) lower load carrying type (perpendicular insertion
with very thin fibrocartilage). Insertion of the extensor carpi radialis tendon, flexor digitorum
profundus tendon, and a part of deltoid muscle were classified as Type I. Insertion of the triceps
brachi tendon and the supra spinatus tendon were classified as Type II. A part of the deltoid muscle,
ligaments of the dorsal radio-lunate, and the dorsal scapho-lunate were classified as Type . The ad-
vantage of this new classification system is that the attachment sites are defined based on histo-
morphological findings and are given significance from a biomechanical point of view. Hence, this
classification system will provide insight to surgeons or researchers considering sacrifice or reconstruc-
tion of soft tissue attachments during surgery.

lage; C-FC) - FRIKIL#EHEH BB (uncalcified

& UL ®

INEFT, B - BAERHOMBMBIT direct insertion
&, indirect insertion ® "I SN T & 729,
R, B - OIKILEMERER (calcified fibrocarti-

fibrocartilage; UC-FC) - BOUBEHE L, Th
MW NFBOVETH L. BEITEHEKETEN
l, Y- E—BHEFHFLEEREALTWA, &
nid, BROMNELCLHRANEHERFO—HIZRASh

Key words . attachment, fibrocartilage, ligament, tendon

Address for reprints . Kazuo Ikeda, M.D.,, Department of Orthopaedic Surgery, School of Medicine Kanazawa Uni-
versity, 13-1 Takaramachi, Kanazawa 920, Japan.
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Table 1 Classification of the soft tissue attachment from biomechanical point

of view.
Histomorphological findings Biomechanical findings
Tyee C-FC UC-FC Angle load movemert
a thick thick perpendicular strong tensile large
. b thick thin perpendicular strong tensile small
il thick thick oblique strong compression large
a thin thin perpendicular weak tensile large
= b thin very thin  perpendicular weak tensile small

C-FC: calcified fibrocartilage layer

UC-FC: uncalcified fibrocartilage layer

Angle: angle of tendon/ligament insertion to plateau of attachment site
thick: over 200 #m thin: under 100 «m
perpendiclar: from 60 to 90 degrees oblique: from ( to 59 degrees

BY. Fhadte REEONERLEET 2 L T,

ZOZODOGHEIZT TR AOHFHEERLEN T
EWZRD W, IR AR, 1A O vHLRE
(BtH) 25, Tk (B) Ebab o, ¥
BOBREDIEY. ZOBRRYE#ET22010, &E
EIHE U CHRERBRBENTEL, RLIcES2E ks
FTVBEEZLNTVAY, ZOREKERE 2 BE
THILET, FWEHTANZHENTHI L b THE
EEDNA, FAalk, WA - BASERAAOFEMEE
BB EEL RIZT LD EZ 2, BEEMES
ORI R R AT

Vil =

ZED A X ZHROFHERA L D EREFRIL /.

4 2P ZAHRGESR, EHEILS, PR
B, B TR MGREGES, BERER, TXL
ABEERE, € MRS S ZEAGRERS, FE=
BERpEILER, A TFAREEGEL, REFBEEHES
B, ARERAGREGS, ZEAR - AREHEEE, F
RS A S BRI, WEE - ZAEMEE, F
WA - AEE MW, BERUEEEGREE R

bR =L L L 22, Rue) YEER, Bk
BUBRIE T, A FU X327 L— bio@ LIER
IREERZ VR L7, BARY S A TEY KV —THo72
®, H0pum T THEBLL. PUVA T TI—T
BEEITo 2%, REEMBECTEHEY T/, *8
BEgY 7 b r7— (Biogquant V) #HWT, #&
HHREBOENAREL FOESZEHI LR L7z, #
MBCEBOE XL, #200pxm 556 800 4m OF4a %,

BT 2L, 100pm LT Oa% “EWT EEBRL
7o F7o, BHREBOEABE, 60°LLE “FE
B LL, 59° LITR&ELETH L. s 0HE
i, BHREZLUFOERAEIZL2BVIKEL, #
MBS RN TE Do, LT
TRTCOFRE, “EECH-o 72" L) Rl A
Thhb.

& R

Direct insertion i&, =&z & N7 (Table 1).
I EWEHEREREINEITERICES L Twa, &
oOHT, EVGERIKILEERE (UC-FC) oL
L84 7%Takl, BAUC-FCO¥ A 7% Tb &
L7z, D& BEVEEREEPHOIZET L TWw5,
M B SESRE BT EEICEFILTwa, o
DOFT, ENUC-FCOBOLNLY A 7% 1Ma kL,
FEHIZHENUC-FCOF A 7TEMb & L7z, Tand
FiF, 1 XO=AGEEHO—E, HEsELRRo—
# (Fig.1, 2-A), 7% LV ARMELTHY, v+ T
B=ARERO—R, LR850, EHER
fafmaeasst, RAFRESGEGE, FREAGREGY
O—EF, EIER UEAREHRE LT, Fb e ER
Thot. IbOREL, 1 XOBERNTERTSH -
7o, TofFRIE, 4 XOBEHEIERO— (Fig. |,
2-B), tR=EHELRO-ELTH o7z, ManftE
24 2O BRGSO —, b N TRZAHREER
D—E, EEAK - FIREEEE, YEEE - AR
HMEFTho7:. IbORFEE, v MOFHEFEHE
MERIGE, TAEH  AHEEBEF THho 7.

— 1714 —



ERZBT DR - B A E I OMBE R0 829

% £

Ji - B EE, AR S oML (B - )
P HIECER (B) ILED LS T, FOEFRS I
BEEEDOTHIEL E72 LRV, AKIEEORT
IR E B A e &, Rl e A EbE
TWE, BHEZFELT0b EEZ NS, e niR
BRI B O BEBIC A 51 - RS ORI -
TWwh, L7dso T, 4 3EH#I L direct inser-

aY" %% BCHE S : tion & indirect insertion o) ¥ ST T B
Fig.1 Supraspinatus insertion of the greater HETE, TALNEMOBELEL EhtnwEEi
tuberosity of canine humerus. Arrow . i - . S
shows the vector of the load. Tensile load 7. Bemamlriﬁj &, )}:Eﬁ(?b ?%Hﬂl L7z, LKi—shks,
applies on area A and compression load LWign, PR=EG ORI EROBREN S, W
applies on area B, OMHBEFIZIE, BV C-FCHH Y, Bangw

BB UC-FC AT 5 2 & £t n L,
Z2¢, 4 b C-FC & UC-FC OE = 2EH L7
Zh LD, C-FC & UC-FCOEAAEIZLER
L7,

T a Bt 7 direct insertion OHE{ETH 5.
TaDHEETLAEEBIE7 5 L ABRNEHRL, =A5
HIAERO —E 7% EDRGIRIIOIEHT A TH 5.
ORI IGRL, BIE LS wTo, Ew C-FC
& UC-FCHBHHMN L. IbElE, UC-FC AL
PEEAEHEET, X0l nHERICED O
A, A XOEEBRMNETIZHENLZ Ib THL, BE
a5 ERix, MREIETEE) (R 140°) oMz, b3
A L LABE R Tnig, BEESET
LI, WEROBEIL 2L o>THEDTHA.
L7:%55 T Benjamin 5 03gf L7 & 5 12Y, B &4
DT ISR EHE TH B UC-FC DFEEEKRD L 7%
W Ehs, UC-FCBABWIEFEZ NS, 1
BEEAE A BARD (4 XOZEHELRRE) 8
L, B & - TEFEEBHIPMERT A 8T
HbH. DFD, HEMAITEN & KR OB ETI
HEAZEZADIHIRY, ExfLOT5EEAN

which carries tensile load. Thick fibro- ER$5. 20L& REATE, SHREREEDIC
cartilage layer inserts perpendicularly EALTWA, DREGHEIMCHEESS, [Hrb4

to bone.
~F2 15 AP 5 1 A P
-B Type Il is seen at area B at area B of 1R, BALL T 230, HEOPREN: TR
Fig.1 which carries compression load. T, BAIGEAABERHDI I > TnE, THlELS,
Thick fibrocartilage layer inserts obli- S, 4 X EsEEESTLHL A TH S (Fig.

quely to bone.

D, MaZliZ T EBLVIZTRD L) 2RER I

1: tendon,

9: uncalcified fibrocartilage laver, WL CEHWYAPERT AEMICHFET A, 2F 0, F
3! calcified fibrocartilage layer, B EE L EARBRTH L, A OEIE
4 bone BIEHOTERb M2 Ths, SO rht, HET
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Anatomical Background of the High Back Pain
with the Thoracic Outlet Syndrome
— Research on Routes of the Dorsal Scapular Nerve
and Artery in Cadavers —

Akira Izumi - Norio Numata - Masataka Abe
Mayuko Izumiyama & Masaharu Horiguchi

While chief signs of the thoracic outlet syndrome (TOS) are pain, sensory disturbance and weak-
ness of the upper extremity, TOS often accompanies high back pain. We considered that the high
back pain might be related to the nerve and artery supplying the rhomboideus major and minor mus-
cles, Then we examined routes of the dorsal scapular nerve and artery on 29 sides and 91 sides of the
dissecting room cadavers respectively.

In all cases the main origin of the dorsal scapular nerve was the fifth cervical nerve. And in 86.2%
the nerve penetrated the scalenus medius muscle. From the results, it was suggested that organic
change such as the narrowing of the space between the scalenus medius and anterior muscles by the
adhesion of the two muscles or the hypertrophy of the scalenus medius muscle, simple traction of the
plexus brachialis and functional change such as the hypertony of the scalenus medius muscle might
cause draw and/or ligate the dorsal scapular nerve and damage the nerve to cause the high back pain.

On the other hand, the type B and type C dorsal scapular arteries (Outi et al, 1963) which arose
from the subclavian or the axillary artery without forming a common trunk with the thyrocervical
trunk, penetrated the brachial plexus andran dorsalward, were observed in 39.6%. In such cases the
possibility that the dorsal scapular artery was pressed and damaged at the point through the brachial
plexus or the costocervical space and the high back pain arose was considered.

= VA ) B

s O fE B (thoracic outlet syndrome; LL
T TOS) i3, FicmREI rE4oREIZLY, &
- R REREONTI ST, e RiEREET

LIEBEHTHL. TOSIE, B -F - L2 oK
EMEREE - BhrEERET A H, BR - LE
HE (HABFEMOMA) 2 2B (F
BT, HEEARIZBITS TOS B 149 fH 62 61).
BR - EEREORRE LT, £8 - HEOHOBEE -

Key words ! entrapment neuropathy, thoracic outlet syndrome, dorsal scapular nerve and artery, high back pain
Address for reprints . Akira Izumi, M.D,, Department of Orthopaedic Surgery, Iwate Medical University Hospital,

19-1 Uchimaru, Morioka, Iwate 020, Japan.
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ik, AREPERICEET A K - NERBICAHT S
R - MENESTAOTERVIEELS, 22T,
IS OIS B R LB R EIROETT
AEELL.

Xt ®

BREMEIDWTIE, PR T EERLEEE CHE
RALZAFEISEI H2HAEL, BREHRIOWT
12, Rk T AR S TN L 2B 16 14K 28 1)
M3 ED L TFH2EOFEEE LR -+ (HE
BlldoTHzyranizd®) 40463 D& 56
FILMERAEL .

& ®
- B REARE
K- NERH % XY ARPEMEO LRI, &6

M. scalenus medius

N. dorsalis scapulae

Fig.1 Root of dorsal scapular nerve

A. dorsalis scapulae

A. cervicalis superficialis,

éncus thyrocervicalis

A, subclavia

type A (60.4%)

A, dorsalis scapulae

// K A. cervicalis superficialls

type B (20.9%)

I - i

TCE A HEIEL, 4B (13.8%) TIXEHE G = A5
AEEL, BOOBE (86.2%) TREMAEEE
WCHI L7, /-84 (276%) Tix, 20#HICE
H2%R % H\ 7z (Fig. 1),

B EEEIR
KNLOMEY ZfE, BESRE RS (GHH
BIR) %8 L RRESRS S AT 2 b 0% A B,
HFE A THCE T I E R THIIR E 72 S EhR &
DT AL 0% BE, HE&FHRT 5 AT HRE
BRI B TEIRS 72 S EIR L D ST 2
HoE CEE L.
LEOFETIE, AR5 (604%), BEAIY
B (20.9%), CEAITHE (187%) K FNFNED
i, EEEETEREAMESR LD ST S B
B CHROAENL 6 M (39.6%) THo/2. ZTnH B
HY CHOBAIR, BREHRIGMEEOHE
BET LM TH o7 (Fig. 2).

& =

BREEWROERILHFATCE P LRI THD,
86.2% CHMMBEE X, B ARG SHL Y BE
LERHIZHA LT (Fig. 1), o TEES I,
PAG=AROES - BER COBREHELe, B
BEOEF LFFAGOMAL EOBRGTE, 52
IR T O B BRI 7 L ORI L ATE
WREABEL, BF - EEBELEITOTEAVA
EExi FRSY 3, BWAREERICL 5T TOS
FAOOBIIGEL, BEIFTROSLRIIZERY R
G - BE LW OB AL BB EHE LT
WA, IOHEE, BRI Lo THEREED L OM
BTHLEPEMRIEEL S LTRSS L4
PEELDEZ AT S, —F, wL6Y 1, TOS

A. dorsalis scapulae

type C (18.7%)
Fig.2 The classification of dorsal scapular artery (Outi, et al..! 1963)
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39.6% ICHE SN/ BHEEHRICE LTk, Fheirirg
HDVITHIMEES BET AWMU THEELZIT LT
WashrLEZ, LiL, HE, TOS @ 8% ixk
HEEOBELEZZ N, MEIFESTEL01X2%
BE (Roos) L3¥3NTHY, ERWHROEMIZ L
BRH - IEIEOHIL, —ooWiEtE LTEE
THIZEEDS.

S & &

TOS I EH - EEMBORREE LT, A%
ZAEOESE - BIEL SORENELLR, BagED
EF [ RHRAMORAL EOMMNESE, Fdhst
A OHERITE R EORBREIZ L 5B FEHE
DEEITRE S NIz,

F72, RNOBR CEAZAF L7230.6% 2B LT
2, EREEIRSEME S - sEEr E8T 5
B CREL ST ATRELRBEI N

g £ X ®

1) BESERE FE)OH L DU - 5. EHE, 16

2764-2765, 1994,

2) FEEX M BBHOERBORE—FMEEEEY
vt —. HEE4EE, 68 357-366, 1994,

3) HiEE I EEZHALLARBYOERRORE
k. % - KL, 330 701-706, 1990.

4) KA BA b EMBRRUBERLBRICOVWT. B
Hgk, 38(1) : f+1-2, 1963.

5) Roos, D. B.! The Place for scalenectomy and first-
rib resection in thoracic outlet syndrome. Surgery,
92.6 1 1077-1085, 1982.

6) THXE it WBBOEEHECHTIRET oy ¥
ik, R_A vy )=y, 1213944, 1991,

) EHE # b WRHIEEREOFNRE. B K4,
38 : 316-318, 1989.

8) BBEE b MBLUIEEECHY 28 | BEURE
DEAE. PEREERKEE, 35 843-844, 1992

= BRERNARRE FE BE

BIEEZOR LR, —RHRONICERFBOER
MWETLILNHDL, ZREELHEYURICLD
Plexus A T# L7272 L FOBEEEME - EF LW
BROEFSNDEEZ TRV,

(=TS ETERERSNE MR K

E—MEURED, FRABE LI ZHEEED
MEEMEERONTT. X, W block GE b 1TH
NETH, THICLDEEICL T, FERITH LT
BBiEDHLEE>TWET.

—1719—



E%‘ gb

(J. Jpn. Soc. Surg. Hand),

518% %45 834-836, 1996

FAREFEGRE 10§ 2 REMH AT O

HREER SRR
B H B BB B ¥ =
mooEE L AER BB
oOTOR O

Palmaris Longus Tendon Transfer for Carpal Tunnel Syndrome

Yoshihiro Tomita - Kouzou Fujisawa - Kou Katou
Tadahiko Kushimoto & Yasumithu Higuchi

In the last § years we have diagnosed, and surgically treated 109 hands with carpal tunnel syn-

drome.

Of these 10 hands had a marked impairment of thumb opposition. On 10 hands we have practiced

opponenplasty by palmaris longus tendon transfer.

The patients were all female, and 41 to 67 vyears

old with on average age of 55.8. The follow up period varied from 6 months to 48 months, with an

average of 15.0 months.

The results of this method were evaluated by examining the angle of radial abduction, palmar ab-

duction, nail angle, pinch strength, opposing thumb to finger, buttoning ability.

The angle of radial abduction and palmar abduction were obtained average of 56.5° and 47.5°, and

another functions were obtained good results,

We think early tendon transfer for marked impairment of thumb opposition due to carpal tunnel

syndrome is a temporary internal splint,
pooley is a good and simmple method.

@ L o Il

RHEOX T HEEEES + &0 L - BEEOFIREERE
TIHEERIEOWEO L TIEREEHEIE S W
ZEDB . HAOHHR IR OWEIC I
TREGOBITHZEML TV D, REIIIHEAE T —
V- ORBOFERLBIEEA~OBITROBE L
ED W oPOEENRD S, Hitgk Tl Camitz
B LTy — BB, BTED 25
FIRETARIBELHEEAVTWE, BB
108% s L ICETFOERZMATHRET 5.

So we think the palmaris longus tendon transfer without

Xt g

B 6 4 M TRE R BN & 17 o 7oL 109 60C
HY, 2O LHEL L EENAEREEE S ) BE
AWEHFICRERE &2 LE L WHERG 0EiEE 3
D7 10 FCREFGEBT T o7z, 20 10 flizes
AT, FRERIL 4 RS 67 % TR 55.8
BTHY, BOPIELBITHo . WAHOEREHE
FHRETII 6 I CEB BN EGHOEEGHEH BN
(cmap) PRIHAEETH Y, THTHMEREEREEE
HE (scv) PRIMAREET, I L5 BIMA & LM

TEETHo7z. BEFSTH I TOHMEI 6487 A
FH1.07ATHY, BRI MR T-307 A

Key words :
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carpal tunnel, median nerve, tendon transfer, palmaris longus, opponoplasty
Yoshihiroc Tomita, M.D,, Department of Orthopaedic Surgery, Suzuka Kaisei General Hospi-

tal 5-23-18 Zike, Suzuka city, Mie 510-02, Japan,
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Table 1 Scoring of Clinical Evaluation (Miura et al)

835

Score 2 1 0
Radial abduction more than 40° 30~40° less than 30°
Palmar abduction more than 40° 30~40° less than 30°
Nail angle more than 120° 100~120° less than 100°
Pinch strength more than 4 kg 2~4kg less than 2kg
Opposing thumb to finger to V th finger | to IV th finger impossible
Buttoning ability smooth possible impossible
‘-/'/
h—
=
\
. ) Transfered palmaris
Fig.1 Kapandji's test longus tendon
Table 2 Functional recovery after the surgery . R 1 \
Fig.2 Radial side shift of palmaris longus tendon
pre-ope post-ope
Pinch strength (kg) 1.35 (0-3.4) 3.63 (2-6) . e R
Radial abduction (*) %0 Py REIEKBOET £ 8 L T MP MEioF |l 72
adial abduction X R e N
oal uction () 310 T L, MP MR RETA~EET 5. HFREY
almar abduction . . ) . n {
- WA U LSRR B L LB R SRR RS
Miura's score (&) 105 P e
— BEHEZITH . RiZI - DFFEM 2 BIEN I TH
Kapandji's test (&) 8.9 e e L o . R e e s
- WEEL BB N TCIEMF 7 AEEYIT).
SCV (m/s) 9.76 19.9
CMAP (mv) 0.08 3.31 B AE BE B
Y F R A - ERAMRAICIA SIS OHER
39 18.9% AT 72, # (Table 1)¥, #/% Y—nfFfli%kEE (Fig.1) %
. . Tl O M % 1T o 72 (Table 2).
F W OF X

EIIHERME < bR FERBEL O REHRE
CRELLARMERCOIBE L REMHREL -1 0 2Rz TE

T —hFBLTVWEWI LI EBTEHOTH
HEMBMTOEM~OREE (Fig.2) 2AETL .
BREHFENRET SbETITo 7.
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AR 2 2 T— 307 AW 18.97 A T1T»
7z (Table 2).

Yo F R 1.35 (0—3.4) kg X H#7#4 3.63 (2—
6) kg oL LB E & A4 EIZMTE0 20
BELINELDMHEL6SEL 4TS5 EIEE LA,

WHEOHISy I —F A ML BI ATERHOFEMTI
1050 B TH -7,

BEXREMEMRA Tl CMAP 124787 0.08mv X 1
itk 3.3lmv & 7% b sev TIE 9.76m/s £ b 19.9m/s
Lotz FENLFS60.6mm (51-95mm) Th-o
7z,

WHOREHROBABAAIL 052 205 07T (FH
0.69) T hH, ZHOFMEAE L ABBRIZED bR
oz,

% =

BHEER B O B B O TEREEED B VT
REEER TIRFREOFRIET TIIMRED [IF 12k
Bt Z i3 (HREIh TS, B ) EHE
O THEE R 552D IIBBTILETHL LD
NTwa, BLABZOBIZIRESROBITEHVT
Wwh, FORFE LTI
1, REMRIIEBENESROHFS
2, CTS CHREHIHERL L FA—OMEF CLE
WTED
3, T —HhRE
4, BBATIC L D HBEOBERNEBRSD v
DLEPRERI VDR TWS, ILFEREOREC
IOREHPEEL THRBITL-RERIEEIILS

Bol
H

gh -

HZWIZELRATEVDNTWS., kA DEFTIE S —
U RO TIRITIEOMSE b Biifb L2, BT ER
Brand 2 ETIEMP MEIORED - oBITHE
FLTRETLIN RO F TETE~EEL T RHE
ORI FTESRET L Do, = —Dhwn
ZEIC L A RATREOBA~ ORISR EET A2
EDL R REFORITTIE T — 1) — 3R EL Bbhiz,
ZOL) B LMoo FERNOADEE) T
FM T2 2 5D THHBOREEREDL & TI2 v,
SRIOMETH FHEMOARBEDOEELEREL L
b nidroi.

i B

1. BHE IRRREEOBRVCFREEMREE 10 4ic
o U REFBOBITHN E FREOHE L T 72,

2. BITROBE~OEETHENTIECLDS
EMOEWEETE, WBEOEEMREORE LD
{TE.

3. WitkOBIERTIREORIBIIRITTH Y, BT
BOETRMBEOBREBEZNAFTRICLI YV EESH
oz,

X [y

1) Camitz, H. Surgical treatment of paralysis of
opponens muscle of thumbs, Acta Chir Scand, 65 :
77-81, 1929.

2) ZEEE b RMAEREICNT 5 R AEBTH.
HFE&EE, 111 490-493, 1994,

3) &BE] M BER I BEAOKE. OF4E T189-
792, 1994.

4) deff 1B b FREEREROBET TREFERIC
BUAREHORH. BF&E, 143-147, 1984
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Nerve Graft Using the Medial Antebrachial Cutaneous Nerve

Masahiro Ohmori * Seiichirou Yakushiji - Takenori Sakada
& Setsuo Ninomiya

The medial antebrachial cutaneous nerve was used as a graft in injuries to seven digital nerves,
one common digital nerve and one median nerve, The patients were eight men and one woman who
were 20 to 63 years old (mean, 38 years). Length of graft was 2-3 cm (average, 2.8cm). The follow-up
ranged from 6 months to § years (average, 4 years).

The postoperative two-point discrimination was 5.7mm on average. Six of the nine nerve grafts
resulted in diminished light touch of Semmes-Weinstein monofilament sensory test, and three in dimin-
ished protective sensation.

We examined a cross sectional area of the digital nerve and the medial antebrachial cutaneous
nerve in six fresh cadavers using histomorphometric analysis the area ranged from 0.84-2.02mm? (aver-
age, 1.32mm?) and 0.73-1.85mm?* (average, 1.32mm?), respectively. The fascicular cross sectional area of
these nerves ranged from 0.12-0.89mm? (average, 0.35mm?) and 0.28-0.54mm? (average, 0.86mm?), re-
spectively, By Student’s t-test, there were no statistically significant differences in measured parame-
ters between the medial antebrachial cutaneous and digital nerves (p>0.05). We thus found the
medial antebrachial cutaneous nerve to be an excellent donor graft for repair of the digital nerves.

S| b

Tere iR EG FRABAR I BE Tl 4 52
AHERBICK L, b donor & L T HT G 7@
R AR 21T, BT R REES
BonoTHET S, 3512, ARAIBIT AR
AR #RE & SRR O R 4 M8 LD B A
DUVLTHET L7z,

fiE 3

1990 #4065 1995 F£ £ TOEEHD 9 FlIZD WV THE
TRz SFIOWFIZBEES A, RE1HTH Y,
FRIEFEINL 2063 &% (P39 3Bm) ThH-o7o. ZiF
ERALIKE A G T B, ARHE AL - LR T

WS

&1BT, TEETHT COHEI2 A5 57 A
(CF5 267 H) Thorz, MHROREHERIL 23 cm,
FH2.8cm TH Y, WAEEBEHEILE 7A~6F
(F¥44) THo7 (Table 1).

& ®

WHEOZSERIE (2PD) i static TiF 5—9mm
(F# 5.7mm), moving Tit 4—7mm (F5.2mm)
Td-72. Semmes-Weinstein 1% 7 2 b Tl 6 4l
1% diminished light touch ¢, 3 i diminished
protective sensation T&H ), FHRMEIH LA
TWie2s, TOWN 2 FHLHRIEMRES, EhfMag
DEETH O MOEF L H MEERENSE > Tz
(Table 2). LooL, £fl&d AEEEEEIITESR

Key words . digital nerve, nerve graft, medial antebrachial cutaneous nerve
Address for reprints . Masahiro Ohmori, M.D,, Department of Orthopaedic Surgery, Saitama Medical School, 38
Morohongo, Moroyama, Irumagun, Saitama 350-04, Japan.

—183—












HF435E (], Jpn. Soc. Surg. Hand), #13% %45 841-844, 1996

Reliabilty of Elbow Flexion Test in the Diagnosis
of Cubital Tunnel Syndrome
— Prospective Study in Normal Individuals —

Takahide Ikeda - Toshiro Futami - Nobuhito Kitazume
Akimasa Kobayashi & Yukio Tsukamoto
Department of Orthopaedics, Kitasato University East Hospital

Introduction

In general, elbow flexion test (EF test) is believed to be one of alternative assessments in the di-
agnosis of cubital tunnel syndrome (Cu.T.S). However, some controversies exist in actual maneuver
of the EF test. Some authors have described that a positive rate of the EF test is significantly change-
able depending upon the shoulder as well as the wrist positions and on the flexion time as well,

In order to clarify these controversial points, we performed the EF test while changing the posi-
tions as well as the flexion time in normal individuals.

Purpose of our investigation is to confirm the practical reliability of the EF test in the diagnosis
of Cu.T.S.

Materials and Methods

One hundred elbows were selected for the test materials from 50 normal individuals without any
therapeutic history in the elbow nor any neurological problems. They were composed of 21 males and
29 females, with their ages ranging from 20 to 67 (34.4 vears old in average). Table | shows the back-
ground of the individuals, such as occupation, sporting history, and dominant hand, as well as function
of the elbow joint.

The present EF test was performed on 6 positions with a maximum test time of 5 minutes. The
original position was defined as the supinated forearm and fully flexed elbow joint. The 3 test posi-
tions consisted of dorsiflexion, neutral, and volar flexion of the wrist, at zero degree of adduction and
abduction in the shoulder joint. The remaining 3 test positions are the same of the wrist joint at 90
degrees of abductions in the shoulder joint. One minute recess was applied between tests on each po-
sition. The numbness or tingling at the ulnar side of the ring finger and/or little finger after the po-
sition infliction was defined as the positive status, The time until the positive appearance was

measured for the study on the correlation with risk factors.
Results

Thirty-three (11 males, 22 females; 29.1 years old in average), consisting of 1§ pairs except for |
elbow, proved positive, Negative 67 elbows were composed of 31 male and 36 female ones with an av-

erage age of 37.0. The time until positive appearance was distributed between 20 to 290 seconds with

Key words . elbow flexion test, cubital tunnel syndrome
Address for reprints ! Takahide lkeda, M.D.,, Department of Orthopaedics, Kitasato University East Hospital, 2-1-
1, Azamizodai, Sagamihara, Kanagawa 228, Japan.

—187—



842 Takahide lkeda, et al.

Positive
rate  ,g
(elbows)

O: Shoulder abduction 0°
90: Shoulder abduction 90

D: Dorsiflexion of wrist
N: Neutral position of wrist

P: Volar flexion of wrist
0D O-N O-P 90-D 90-N 90-P
Positions

Fig.1 Positive rate with various positions.

Time

(sec.) 200
180 {
160 O: Shoulder abduction 0
140 } 90: Shoulder abduction 90
120 D: Dorsiflexion of wrist
100 N: Neutral position of wrist

P: Volar flexion of wrist

0-D 0-N 0-P 90-D 90-N 90-P
Positions
Fig.2 Relation between positive rate and time,

an average of 125 seconds. Since most of the individuals were limited within medical occupations, the
significant difference in occupations was not observed between positive and negative cases.

No significant difference in sporting history was detected either, where sporting was defined as the
continuous exercise more than 2 years with a pace of at least 2 days a week.

Among positive 33 elbows, 17 were in dominant side. The elbow extension of the positive case
was 4 degrees larger than that of the negative, in the viewpoint of joint motion and of carrying angle
comparison.

Seventeen elbows out of positive 33 ones showed the positive in Tinel's sign, where 3 elbows had
ulnar nerve dislocation or subluxation from the sulcus ulnaris. No clinical problem that might cause
the instability of the elbows was observed.

The positive rate depended upon the test positions, The position with dorsiflexion of the wrist at
90 degrees of shoulder abduction had the most highest positive rate found in 25 elbows. The second
highest was found with the position of the volar flexed wrist at the same shoulder position, found in
22 elbows (Fig. 1).

The average time until the positive appearance varied with the test positions. The volar flexion
of the wrist at 90 degrees of the shoulder abduction showed the shortest with an average of 10] sec-
onds. The neutral position of the wrist at the same shoulder position was the second shortest with an
average of 105 seconds (Fig.2).

Discussion

The sulcus ulnaris can be thought to be a kind of arcade composed of bones and some soft tissues.

The ulnar nerve runs through this arcade. The following two soft tissues are supposed to give some

— 188 —



Reliabilty of Elbow Flexion Test in the Diagnosis of Cubital Tunnel Syndrome 843

Positive rate Time
(elbows) (sec.)
24
2 160 )
20 150
18 140
16 130
14 120 :
12 110
10 100 -
0’ 90° 0’ 90°
Shoulder abduction Shoulder abduction

Fig.3 Relation between shoulder position and positive rate
as well as time.

effects on the ulnar nerve through the flexion of the elbow joint; the medial collateral ligament located
in the basal portion of the sulcus and the fibrous aponeurotic band (arcuate ligament) situated be-
tween two heads of the flexor carpi ulnaris muscle.

D~ nave described that the maximum flexion of the elbow causes excessive ten-

Several authors
sion on the arcuate ligament as well as the medial collateral ligament, resulting in the volume decrease
and the internal pressure increase at the sulcus, and that the contraction of the flexor carpi ulnaris
muscle and the shoulder abduction enhance this phenomenon. It is also supposed that the ulnar nerve
itself may be considerably streched by flexing the elbow and abducting the shoulder.

The present EF test paid particular attention to the positions of the shoulder and wrist joints to-
gether with the flexion time, since it was reported that positive change after 3-5 minutes of flexion,
not 1 minute conventionally, would indicate the Cu. T.S., the test was kept up to 5 minutes as maxi-
mum,

2)'g results in 4 positions that the shoulder abduction

We have had a similar tendency with Rayan
gave higher positive rate; the positive rate at 90 degrees shoulder abduction was higher that in zero
position, and the duration time until positive appearance at 90 degrees shoulder abduction was shorter
than at zero degree when the other conditions on the test position were the same (Fig. 3). Among the
position at 90 degrees in shoulder abduction, the dorsiflexion and neutral positions of the wrist showed
higher positive rates, whereas the volar flexion and neutral position of the wrist had shorter flexion
times. These results accord substantially with the previous reports by several authors.

Based upon the present survey, Tinel's sign, appearing in half of the positive cases, can be a risk
factor for normal individuals, which accords with the report by Rayan et al?, On the other hand, dis-
location of the ulnar nerve has not always the correlation of the positive cases, contrary to some
authors’ opinions,

We speculate that the nerve dislocation will lessen the tension or stretching of the nerves by the
elbow flexion, which may result in decrease in internal pressure at the sulcus.

Further comparison study with Cu. T.S. cases is required to determine the most desirable positions

and flexion time for the diagnosis of this particular condition.
Conclusion

1. Elbow flexion test with 6 positions was performed on 100 elbows in 50 normal individuals.

2. Thirty-three elbows proved positive (33%). Seventeen out of 33 showed the positive Tinel's
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sign, which implied the correlation with the present test manuever.

3. The positions of the shoulder and the wrist joints at the elbow flexion gave some effects on the
positive rate and the flexion time until the positive appearance.
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Reconstruction of Rheumatoid Hand

Takaya Mizuseki

Surgeries of the rheumatoid are classified into joint synovectomy, tendon synovectomy, correction
of finger wrist deformity secondary to joint destruction and/or attenuation of the ligament. In order
to obtain best results, not only accurate surgical technique but also prehension of the rheumatoid ac-
tivity, thorough evaluation of the hand, and demand of the patients in the ADL are necessary. Correc-
tive surgery should not be planned with comparison to the normal hands as the affected hand has
already accepted gradually progressed deformity in patients daily life. On the other hand, synovitis re-
sistant to medical treatment even without radiological destruction is a candidate for synovectomy.
Followings are the cardinal points in rheumatoid hand surgery.

Although synovectomy decreases pain, slower the joint destruction, it cannot withhold the destruc-
tion unless medically well controlled. Synovectomy is widely accepted in the wrist joint, less com-
monly in the PIP and MP joints.

In the wrist joint, excision of the ulnar head to make synovectomy easier is questioned by some
because of possible carpal ulnar translation and unstable ulna end. However, in my opinion, these
sequelae are preventable if soft tissue repair, including dorsal ligaments and TFCC is done properly
and minimum amount of ulna end is excised. After synovectomy, partial carpal fusion is indicated
when the cartilage destruction is limited to certain area. However, there is a tendency that spontane-
ous fusion will progress to the surrounding joints in the long course, Pan-wrist fusion is indicated
when there is severe deformity and instability, like in mutilans type.

In the MP joint, when the joint destruction is minimal, synovectomy is indicated. After gross dis-
location and destruction, resection arthroplasty is indicated when the patient does not want implant
arthroplasty but the ROM gains are not predictable.

There are mainly two types of finger deformity; one swan-neck deformity, hyperextension of the
PIP joint, and flexion of the DIP joint, and the other boutonniere deformity, vice versa. The former
can occur from either hyperextension of the PIP joint of MP volar subluxation, The latter can occur
mainly from PIP synovitis attenuating dorsal extensor mechanism. To treat this, pathology and condi-
tion of each joint should be well understood.

To treat extensor rupture in the dorsal wrist, either tendon graft or tendon transfer is chosen. In
my preference, tendon transfer from EIP to EDC produces better results. Whichever one should
choose, one should bear in mind not to create extension contracture of the MP joint due to the negli-
gence.

The thumb is the key digit in rheumatoid patients too. If the 1st CM joint is destroyed, resec-
tionsinterposition arthroplasty is preferred to fusion. If the IP joint is unstable, fusion is indicated,
provided other two thumb joints durable.

Key words . rheumatoid arthritis, synovectomy, tenosynovectomy, reconstruction
Address for reprints . Takaya Mizuseki, M.D,, Hiroshima Prefectural Rehabilitation Center, 295-3 Taguchi, Saijyo,
Higashi-Hiroshima 739, Japan.

—191—






Y FEORIERE 847

1. FEEEIC

. TBIEIRRAT
Lﬁi@(“ﬁﬂ%@][%ﬁrﬂﬁ P Cb FORRENED SR
TWV57S, BFEGR, BHWIEOBEYREZEDL LD
DRADFREN I bu— LI wRY, s
AR AR Lﬁ?ékfxé«éiﬁé(ﬁg
D). I RHAEER B L e VR BETEIR 25,
BT 5 L MBHEOMETHEND L5 Bl Ma.
FAHTIS-FEETE L BB - 2ER, HEHVIL
BWSFEROFYITHEAT L. RABHOKHILIGEE
LHOTEARUE OIS, ML 4 6%
BIXE A S E, FRICEAANFIEE L T 2o,
R EER oML e RET S, B
OELETTFCC %t L, REEAFENT 2. R
BA% 1.hcm (X EYIRRY UL, s B R BEE, E”‘i
‘I'k%‘éijﬁl‘ HOWBEIEIBRA RS 7 5. FHAET B
TR 4 SRS L, fev CRAR M B iﬂwJ
L, VBRI & 17 9 . #iffE, W
TFCC % —RMIZHE T E LG5 FRY EWIH'A
AR BDELEERT 5.
FTORETIEBEBEYRE L L THESIED
T%beH* mhm@GMWZ%W%mwT%f
LA L, 4 ZAucxt L, R Kbt TR
RENEERI L7220, SIBRME O IBERE R Lo h ¢
HIENHHDT, REFEEEFTLEOHED 55
AbNAL Lo, LaL, R’!‘L”g’&umﬁ—[,f 3
ifil%@«m%ﬂlmﬁﬂtw%ﬁ % hEE
W BRTEREEI BV ELEFHIIBLENDD.
B. FREHSSEEN
FHH OB A % & LR L 2455 FRE RS,
ERATHL LD £ BT THE (”"*th)) [T T%,
—EBOFRE LB EFEET MR THD. L
ORI GRS - ARG MEEM, My IR
REBBEEMESH L. LarL, BoEEWE TS
7z TE@”’%E@%F%@ﬁLNL} R F TR A ASHE
. EFMEEERE 2 L 5EE .
C. ﬁ%’zﬁaﬁﬁliﬁﬁ
FHEEORETFREM 2 EET M TH 5. WM
IZ Mutilans & RA 124 5 415 FE IR EIH, 4\&‘71;1»"
FREVRILS NEENE L L, FHE»E
RIBHIZH> TV AFIZH 5.
firstid, FREIERD TR ER L L9512
AL, BB RABRMGUEM A AL, "n'l]séwlf;};

BT BFM

179, FHREEPEMLRANZEE L TV 28 TliEg
kL % \/‘tér_{ 7J>’J"i£l,b‘ Z DR, UkkE
VLT EDLLEBEED , BRIV L DT
DB NREE ﬁ”&bé Fﬂ’ﬂ?ﬁﬂti Steinman Pin,
Kirshner i, Staple %z &% MAaEHETH S
WTFDE L HED LAY, BEMIL—ME iJTTEIﬂEPFﬂEj
i, SO 20° SRR S A T F B D)

2, MP BRI 9 % F4iT

A. BIETIRRT

%‘2 3 MP BAETEFRARTLZ R T RA M 2 0 3

ST 5. MP BIFIEE &I MR B o5 IR R
HoOWSITWEET 5. MR, FRMEREIIRHT
g s, MHBIERMUA~NREAE X727, REEHOT
LD IR D WIS L, WEMIRHEII RS L v i g8,
&]ﬁﬁ[ﬁfﬁﬁﬁﬁéh’@ﬁﬁiﬁiﬂ%%Lfmi.clﬂfb@, e
A 7208, BEIIZHEELSTH LR EBC M
ARSI BE S T B IEENE L, B0k
g & A b T EIRATCLE T B BIL L A

WY & LT MP BIETICHET B &, K4
@ MP IR 2 EY 05 5705, HRFOFHN
WEOIFEIZ D v MP BEIOTEERBIZIER L,
AR R A2 2 OWETH 5. 155K
WA & LD U BAAIZEA FEI0 L, MIBI8 2 IRAF L
A ORBEYIREITS . MP 2B L, Tk
o=z, FMEES TOUKRT 5. NEROFEA
(AT BB TIERAMATEH O = &85 5. 12
5B, IRTIREI MO R 2 BEHT5 59
VREICRERT S, Wik, 1, 2HEX D EBERE B
It A, R E, R outrigger splint (375 4 ~
6AMEHT .

B. IRRIENHZ AT

MP MioniE, BEAET L6IT, BEIER
b, HEE LoMBE % FF %2, Silicone Implant &
LI RBNSEIESH S, HEY sX s s
7z Zancolli BENEHINTH 5.

#AE MP BAETEIE OB AT & R C Lv, (R
% PIPBETL D 2em A& 0 TUIEET 2. BEMHEE
LUIHET B, MP BB 217> 7o 1%, AER
WLHUEL, PFEEFEHEHY JEETURT 5. NER
DA S B TIEPBEIFR M ONTEFIHEE L, s
SR O YRR = 403 5. W L7 MP BIEL 20
#fi’:ﬂ) JEMAC 5 mm BEOERSCEL LS ”@

e % FE B BER I A8 A L Kirshner wire TIRE

—193—












U RS EOBEFE 851

MR R EABF L, MP o8B RES AR
b, —F, IPESIEHENICHEMNT 5. MP
BHER RATWRNAE I BUSES, BRI AME - hTw 5
BRI GBI & MR MR ORI BIG &
h. BEEAEEIN TV TIIE IP B
REEWEPHBELE R TV ABENFEZDOT, CMB
B 2T L IP IESREH 2175 . KEOS
HOWREILE .

B. BHER 72w VERIIHT 2FW

Bie CM IZHIRAEPTR T 5 &, #38 CM B
AEEELY, BREREMY &5, BiEEMEL &
FELTH CMBEEPERMAL TWAEEIEE 1 F
FEIIERE, SENEEBIENTET, BRSNS
BDIE MP BfiO@MmET, £ 1FFFoNED
ELTEL.

L7225 T, VRS BIEEE CM BE D& IE -
MiFohs, BEHIHEESATYEIEPEVDT
INEBIET HIIIEEMDPTRM L2k v, L
0B EH»FIRE NG iz, o RULETE 2
LTW2DTHEDFURLTLD X (v, —F
HEICMESIZWL 5208 X 255 O THRA A
L. BERWICIEAERE YKL, Silicone Im-
plant IZ@B®RT 2 HEE, REBREHEAT L HEN
5. BEOFMITHEE, A, Silicone 12X A8
%, BEEOMMHAPLETH S,

 H i

RA FORBEEEIIOWTHELHAL, THA S
DERERLZ. X, BRETOFMEROZEL,

BB 2600 & S HES T RA B % — 4
LTHLTWR-0ThE. TELETFHRECE
BV, HEMARCT 00, BELY oA
Ro5MN5 LS I2 RA DEBME IS W FH#RE A
BREND.

X 73

1) Freiberg, R, et al: The scallop sign and spontane-
ous rupture of finger extensor tendons in rheuma-
toid arthritis. Clin. Orthop., 83 @ 128-130, 1972.

2) Jackson, L, et al: Ulnar head resection in rheuma-
toid arthritis. Hand, 6 : 172-180, 1974.

3) Littler, J.. The finger extensor mechanism. Surg.
Clin. North Am., 47 : 415-432, 1967.

4) Nalebuff, E., et al: Rheumatoid arthritis in the
hand and wrist. In D. Green (Ed.), Operative Hand
Surgery, 2nd ed., Churchill Livingstone, New York,
1655-1766, 1988.

5) Rayan, G. et al: Functional assesment of bilateral
wrist arthrodesis. J. Hand Surg., 12 : 1020-1024, 1987.

6) Swanson, A.. The complex hand, Treatment con-
siderations and priorities of finger deformities. In F.
Hagena (Ed.), Rheumatoid Arthritis Surgery of the
Complex Hand and Foot. Karger, Basel, 6-27, 1987.

7) Taleisnik, J.. Combined radiocarpal arthrodesis and
midcarpal (Iunocapitate) arthroplasty for treatment
of rheumatoid arthritis of the wrist. J. Hand Surg.,
12A 1 1-8, 1987.

.8) Thompson, J., et al.. The spiral oblique retinacular
ligament (SORL). J. Hand Surg., 3 : 482-487, 1978.
9) BUEREDL DEMEEY YTFIcBIT AN ClqEOE

Bhlimil. EEREZE, 4(8) @ T27-T32, 1986.
10) #EET b Zancolli ZE#. OS NOW, 12: 154-162,
1993.

—197—



BF&:E (J. Jpn. Soc. Surg. Hand), #13% %45 852-858, 1996

| BETEEE |

FHaOF BHHES

TEHRREERS A

i %

E X

Bone and Joint Injuries of the Hand

Masafumi Ishizuki

The author described diagnosis, parhomechanismus and management of bone and joint injuries of

the hand. The auther stressed it was necessary to understand the functional anatomy and partho-

mechanics of the fingers for treatment of these injuries,

& U o

FREAR—Y, FEHKE, TEHR, BEEES
ETRLIMEEZITRTVEMATHS. BLALDR
B, A, W, EERECTRRT LY, ERHAL
Rk si/zy, Wmrn L ImBans &, &
FTERALENORERRE 2%,

FiEOEFR, CMME & ) ZAOBEEFIZo v
T, TNENOFHHB 2HE, SHEBEREIIDOW
THEHT 5.

FHEOEF

FHOFBINICEIIEBEHREDNT > 2L o Tk
FEDT, BROTMIZL > T—ENERE BT
i, L<HshTws, B, FEEEBREEN
TREMS, EEEHEHOFRCREANDOEEAS
BID. LichoT, BREHEOEBIZTVIEIFE Y
THDIE, TOEREABETAHICLTHDRIERT
Hb. LPEMCEITEYSTAEAICE, MBS
BRI EL X)L, %L 7-E2EEN Y
BTHhb.

EZDBYTLE)THLHN, FHRENOBW CTE
B lid, FH22AMXBEGELEHBLIZILTH
5. MP BHIENACIERE L MEESE S L VR,
TR OEIE T 72 & T 575, L D IEMIZS

&9 ETH MBS HYBITE LTARTHA.

AEEMEE LTI, #5888 (K-wire) 2w 3
Z EDEWDS, #HET R £ T miniscrew 2SH WV 5
NaL, FFEEEHLE Tl plate 25 2 r b H 2.
3/, BELLBOER T, EHE,»OHEERT VI
FE5v 3y DY (sapphire pin) %#THkir
LB 50 ABER A TH B,

TIREROSHE !

BB OESHEL LTREDT 2 TEES
TwoiE, REAETORETHL, $HEHZETE
HEiEs R I NG DL, REEEEHL ETOERE
BB A 1S BT T, HEECRIES 2 50X mE
T, OV -> T LT EM S ¢ 0 overlapping 37
WL RHLPOHLERETH L (Fig. 1), T/, BFE
Er &b TNOEOTETHRIEE BT 5 FEN D
BH, B aEREEERES T,

BF DSEIEI TEAEIIRIC L ) MRS
DHENHVIEEFETL. BIFLVHLEEALTD D
DT, BrEHBEMSCTRONEEIRET S L3,
—iziEH TN BI by, bhbhiizok
3 72 B3R ELZ%f L T sapphire pin # AW CIEET 5
DTopen 2 Th5I&ehl, FhTnk)
BREOMHEOEGHE % 2 B L., 1 FIEESEH
HEHT, &9 IPIEFEHEHELETH T 7.
Sappire pin % Fl\V 5RO BRI ESTH 575,

Key words : dip, pip, mp, cm, dislocation, collateral ligament, volar plate
Address for reprints : Masafumi Ishizuki, M.D,, Department of Orthopaedic Surgery, Tsuchiura Kyodo Hospital,
11-7, Manabeshinmachi, Tsuchiura-shi, Ibaraki 300, Japan.

— 108 —






854 1

B OE 1| B

TERAET ORI, ERBETE, T o M B R,
accessory ligament, Efll#KL H 72, DIP, PIP,
MP i & ERIIBFCHETZ L > Twh, 1272
DIP, PIP PAFfiAHEEBEEI T VWIIETDH 5 DIz
MP Bif0IE, JEHUCEE L T polycentric W) & 295,
F 72, HEFEEITO condyle O AREWN T H 5
& BAER DT ANEATE <, MP B TEMRA L ) R
Mz CRIRIB A AR 5.

—7, PIP W& X Em e (10~20 %) T
WHAEIRT A, L0, %M b 2 oM
WASERT AUE CTEET 5 O0HHEDOE X WE
BN ZENTED,

A) DIP M&#E%

1. Mallet finger

DIP MIfi$EH & L Cid, 22 & 48 T2 & % mallet
finger " LEEDOBZ VLD TH A H . DIP HHiA®
IRifie e, MBS 29 2% % 0% mallet fin-
ger & LATWAAS, JREEE LTI, MIHHORR,
J FRED-MHEBOMISY, MEicloTiE

FUNC BRI R & T i & o 2o KT O B o
300947 IHns.

W%Mmmﬂiﬂ%~ %w5$®fu FLiz

L 8% Stack splint 7 & B AR A B 5E TN
e 61179 ZEDLu, 717_, 75 ﬂj\' VIR A T T <
HHT 5 &, HBEIx 2K 22 EDHLOTEET S0
EXH 5.

KELZBHRZETLHLOR, KHiED
Twéﬁﬁ LT, BRETHCT
DH LY,

2. DIP B fiE

DIP BRI OB R EIFER LIl L > TS %)7?, 7
R L N=T = AP D ICBEER T A

iﬁ'ﬂ]ﬂl—jt FEIBETASH 0, HEMEBEN ilthﬁ’]ﬁ%’;

BIFARECH B A%, MBI A>T 5 &fr
£ 0T, W@’@ﬂm&&@k%%k mak, W
sk mallet finger & 7z TWHBLETY i?f”']%“(’(’fﬁ
T ASERENE LS ATE L, M?ﬁlﬁ”il T & o CTEm %
BEPVEE LR LI END L.

B) PIP MIEiEE

1. MRS REE

EERIGPIFHRE R EDAR— Mg T, LIELIE
BRI 28T 5, EAHEM TS LI L)%

AEMIIHEL
BERET A

&

{, Kiefharber O ERAFERZ /2 ERTY,
PRI R AR, A ML RAFELT
W R MBI & B o8 H ALY, 2T BIRRE

'%’:1'“1 IB XU, BERIIEERRANR AT 3 5Tl
+ 29

BRI & REEED@RN L O TIE, A ML ATH
Wi BWAGT 72T <, HHETE EERATEE NS & 3 U
DEFTHIHE D LT 200 X G TEEINS.
$£iwm“< 2V EB TR EERHHEE L 07—
Eor syl THad, APLATIELU LD
4\&;};] )‘n{’&) LENBHDTIE, WMIEMoOKEES,
pull out ik W CIBE S 2 LENH 5. PIP B
AR B ~|‘)ej LTERZEHET L TCW50T, M
DEEEME Y BEK LT, TEEEBEs BT
DiH - Tk b i

2. PIP i BB

PIP ]}]ﬁul MBEIEHESN L0 bk, MW
Feiz mmamwmﬁ;xéﬁma#&w,;ﬂa
i%@fwﬂr‘;‘:&%ﬁ’ﬁt:?&ﬁ*‘i)éci‘75= DT, GRLELRD
@TITR/ RRFILTE RS A0

A 1»,,

JI‘_'W_k L% TRELWBEL, TEIZIEN%E
BTHD. L ﬁﬂéﬁ%ittiﬂlf“ﬁ £h, ¥C
BB AT L 2L, TFH?;%HKTMWU
F IR TORBER & s, IR o Hrsd
fffaritddhsb

BEEBREHEEIEIRELTEY, BRELLVLNED
BBATAZ LIE R, LdS> C—iRIAMEIEE
TUEFAORIS T 20 s, EHRMAERORES ALt
BIAGARE {, BERICERH90 EEM I mEE L Tw

LEEMHY, TOF FRET D & FE AL Bk

DFRE % BOT, HHEEHClEEE L 22ER O%E,
BN C B R Ot T T 5!,

2) WhIEHEE
1"9‘0)-J?<iiiilljﬂﬂ IHomb HMEEETIE, PEEE
BIZBITHIEBIZ L - TR 5720, BINEROBEEZ

&)éi G }\é‘i (, FEETE PR FE
@éﬂf,%%Héﬁi_tﬁgw.m&%¢M®ﬂ
WEAVN S WETIE, R AT §eC PIP B&E i
CTRENEZERELT S, T &) AR Jﬁl,f(i &
et & Hv 7> extension block HEASEILD & % et
DOFEILEI T 7 & % v 72 extension block ‘(35733 b
LD ERPRG THEETH 5.

FHEASRIRE C, BERELTLEILTY

—200—












858 a

AR D E M ABE AR L2, BFEERAEC
195, XBEHMECTIRIBORMETEIZL N
SNBHY, ENETFERERLEL o> TRALWVE
EDEGDT, BEIEADD L HEIES LT
ETEraAVCTIRALEN S L. LITLIE, TR
HOWE TRARTEI T CRAS Y.

D) CM BIfER

Bi5 CM BEEH ORHEEI TH 5 Benett FiT1L, &
BHETHER RIS OZE T X ), BHELTH
FRE LT pinning AUETHH 2 LI & <M

LENTnE, TITEI~V CMBEEDREETTC
DN THEILENS.

F— PN FHRETE Y R0 LRz, FH
FTE R 6L T R ISR RIS 5 &
FRE DI CERM A RABTTE 5.
B — M ARFFITREE S5 &N ERE L FHE
BN ESNHHERSB 5. EVN - VHEE
WBHEA D2 LB REINPEESNEEBRS
25, BN~V CM BEEHOKRASHRE 30 EENALT
OB T, BMIILENES TH 50, TRIOB
FHEITEEM X FRECIRRE L L2, mr
BHRESARE Z 0% (Fig. b).

% & &

FHEFOFH & HH-EFRECONT, TORE—
BT —ERIEL CAMS L. MRkl Rk S IR
Bz o7z b O Tid, BEiECHERE OEER &

hits

3
THEMVFREZA» S, MBROLELRZNOE
B THRALTE &0,

1) TIshizuki, M., et al! Clinical application of sapphire
pins as an internal fixatio device for upper extrem-

ity. J. Hand Surg., 16 922-928, 1991.

2) AR & il EREZ o7 malle finger (I T3
closed reduction . HF&E, 5 444-447, 1988.

3) Kiefhaber, T. R.,, et al. Lateral stability of the
proximal interphalangeal joint. J. Hand Surg., 11:
661-669, 1986.

4) FHZRIEIC b PIP BEIE AN FHE T OMF L dx L
WownT. HFEREEE, 40 415-418, 1987,

5) AREFER M FPIP BEBLFIHOEE. BRAE,
32 1488-1490, 1981.

6) AEEX il ZEBESF N T2 HBEMNOEZER. A

£5E, 90 188-191, 1992.

7) Abrahamsson, S. Q.. Diagnosis of displaced ulnar
collateral ligament of the metacarpophalangeal joint
of the thumb. J. Hand Surg., 15 : 457460, 1990.

8) Ishizuki, M., et al.. Injury to collateral ligament of
the metacarpophalangeal joint of a finger. J. Hand
Surg., 13 © 444-448, 1988.

9) Tsuge, K., et al! Dorsal dislocation of the meta-
carpophalanggeal joint of the index finger. Hi-
roshima J, Med, Sci,, 22 : 65-81, 1973.

10} /MR & flB 0 B4R MP BIES locking o> 1 . EREEAL,
3. 65-67, 1968.

11) Ishizuki, M., et al. Hyperextesion injuries of the
MP joint of the thumb. J. Hand Surg., 19 : 361-367,
1994.

—204—



AE455 (1. Jpn. Soc, Surg. Hand), #13% %45 859-865, 1996

Complications Following the Fracture of the Distal Radius
— With Emphasis on Tendinous and Neural Troubles —

Souichirou Takigawa
Department of Orthopaedic Surgery, Toyosu Hospital, Showa University School of Medicine

Katsunori Inagaki - Kazuo Fukushima - Hirotsune Hirahara
& Etsuo Fujimaki

Department of Orthopaedic Surgery, Showa University School of Medicine

Introduction

Soft tissue complications following the fracture of the distal end of the radius are small in number
compared to bony malunion and joint troubles, but we think one should pay more attention to them.
Many reports deal with bone and joint troubles (ROM limitations, carpal instability, wrist pain, etc.).
However, only a few reports deal with soft tissue complications. Most of them are just case reports
and collective or integral reports are very rare. In this paper, these complications are discussed with
brief review of the literature. Subcutaneous tendon rupture, tenosynovitis, neuropathy of the median
and ulnar nerves, reflex sympathetic dystrophy and other associated fractures of the hand are dis-

cussed.
Patients and Methods

From January 1988 to June 1995, 252 patients with fracture of the distal radius visited the hand
clinic of our Department of Orthopaedic Surgery Toyosu Hospital, Showa University School of Medi-
cine, They all visited our hand clinic for treatment, Many were referred to us for evaluation and
treatment from other hospitals or clinics because of complications. These patients were reviewed ret-

rospectively.
Results

Of the 252 patients with distal radial fracture studied, there were 49 objective complications in 45
(17.9%) patients. Of these 45, 42 had Colles type fracture and three had Smith type. Fourteen were
male and 32 were female. Their age ranged from 17 to 75 years, with an average of 55.8 years.

Categories of complications and number of cases

We categorized the 49 complications in 252 patients into six types:
(1) subcutaneous tendon rupture (16 patients),
(2) posttraumatic tenosynovitis of the first extensor compartment (3 patients),
(3) compression neuropathy of the median nerve (Carpal tunnel syndrome: 14 patients),
(4) compression neuropathy of the ulnar nerve (Guyon’s canal syndrome. 2 patients),

Key words . complications, fractures of the distal radius, subcutaneous tendon ruptures, compression neuropathies
Address for reprints . Souichirou Takigawa, M.D., Department of Orthopaedic Surgery, Toyosu Hospital, Showa
University School of Medicine 4-1-18 Toyosu, Koto-ku, Tokyo 135, Japan.
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(5) reflex sympathetic dystrophy with serious symptoms (5 patients), and
(6) associated fracture of the wrist and the hand (9 patients).

(1) Subcutaneous tendon rupture

This complication occurred in 16 patients (16/252, 6.3%). Eight were male and eight were female,
Eight occurred in the right hand and eight in the left. Fifteen patients had Colles type fracture and
one had Smith type. Subcutaneous tendon rupture due to distal radial fracture seemed to occur with
minimal displacement of the fragment. In our 16 patients, ten patients had either no or minimal dis-
placement. Ruptured tendons were as follows: Extensor Pollicis Longus (EPL) in 12 cases, Extensor
Digitorum Communis (EDC) with Extensor Digitorum Indicis Proprius (EIP) in two cases, and Flexor
Pollicis Longus (FPL) in two cases. One FPL rupture was complete and another partial.

The periods between the fracture and tendon rupture were as follows: 1) simultaneous in three
cases, 2) from one month to four months in 10 cases, 3) from five months to 10 months in two cases,
and 4) after 6 years in one case.

Treatments were as follows: 1) 11 cases of EPL rupture received EIP tendon transfer, 2) one case
of EPL rupture and one case of partial FPL rupture received tendon suture, and 3) two cases of EDC
and EIP ruptures and a case of complete FPL rupture received tendon graft (Table 1).

(2) Posttraumatic tenosynovitis of the first extensor compartment

This consequent complication occurred in three cases of the radial end fracture (3/252, 1.2%). The
periods between the fracture and the onset of the complication were four months in a case, and six
months in two cases, In two cases, the displacement of the distal fragment toward radial side (6 mm),
and radial shortening (5 mm) were severe (Fig.1). These two cases were operated, Operative findings
showed that the fibrous septum between the abductor pollicis longus (APL) tendon and the extensor
pollicis brevis (EPB) tendon was absent in one case, and very thin like a membrane in another. These
findings are unusual in typical De Quervain's disease, where usually (80-90%) a firm fibrous septum

is found.

Table 1 Subcutaneous tendon ruptures complicated with the fracture of the end of the

radius.
Displacement of the Fracture Ruptured Tendon

GEVELE  +reeerrsrerresrienrerninneensanennes 9 cases EPL  cerereertronrantnomnneerniinrerninn. 12 cases

moderate 4 cases EDC+EIP 2 cases

MINIMUM OF NOME  +wreeereerrnareees 10 cases FPL  crreevrertanarennannereniiinrnnnninnn 9 cases
(complete -+ 1)
(partial - 1)

Periods from the Fracture Treatment

just at the fracture «eeeoeerereeens 3 cases Tendon Transfer (EIP) «--vevereee 11 cases

between 1 and 4 months - 10 cases (all EPL only rup.)

between 4 and 10 months -+ 2 cases Tendon Suture ««eseeeeeeeereeneen 2 cases

after § years oo, 1 case (EPL and FPL partial rup.)
Tendon Graft ........................ 3 cases
(EDC+EIP -+ 2, FPL-complete -+ 1)

N=16 cases (16/252, 6.3%), Male: 8, Female: 8, Right: 8, Left: §,
Colles type: 15, Smith type: 1
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after 3 days and 5 days. Ten cases of subacute or late onset type were operated within three months
after the fracture (Table 2).

(4) Compression neuropathy of the ulnar nerve
There were two cases. One was a 68 year old male, who had the ulnar nerve complication one
month after the wrist fracture. The findings were weakness of the intrinsic muscles, Tinel's sign at
the wrist, tingling and hypaesthesia of the little finger and additional subcutaneous rupture of the EPL
tendon. By X-ray, ulnar variance was plus bhmm, dorsal tilt 20 degrees, and radial tilt 20 degrees.
This case received neurolysis and tendon transfer after two months. Another case was a 63 year old

female. Her symptoms were not so severe, and she received medical treatment with good results.

(5) Reflex sympathetic dystrophy (RSD)

All the cases diagnosed as “RSD” in this report had more than one year of treatment. They had
severe pain, swelling, edema, tingling and consequent contracture of the wrist and fingers. Their
symptoms did not heal with medical treatment, rehabilitation, stellate ganglion block or others.

All patients were female, and average age was 56.8 years. The average terminal ROM was 76 de-
grees (flexion: 36, extension: 40 degrees) at the wrist, 32 degrees at the MP joint, and 31 degrees at
the PIP joint.

(6) Complicated fractures and dislocations
Eight complicated fractures and one dislocation of the hand were observed in nine patients with
distal radial fracture. Of these patients, five were female and four were male. Six fractures and one
dislocation occurred in the right hand, and two fractures in the left. Five scaphoids, one capitate, one
metacarpus, and one phalanx were broken. One piso-triquetral joint was dislocated.
Four patients had the above complications combined. These were EPL rupture with tenosynovitis,
EPL rupture with ulnar nerve compression, partial FPL rupture with median nerve compression, and

RSD with ulnar nerve compression.
Discussion

In our experience of 252 fractures of the distal radius, there were 49 complications (19.4%) other
than bony malunion and usual joint troubles, in 45 patients (17.9%). We think that the rate of com-
plication in our series was very high. This is probably because our institution is a specialized “hand
clinic” of a “university” hospital.

In cases of subcutaneous tendon rupture, the EPL tendon usually ruptured, and rupture of EDC or
EIP tendon was very rare. The periods between the fracture and the tendon rupture were within the
range of one month to four months in 10 cases (63%) out of 16 cases. These results were compatible
with previous reports by other authors.

In many cases, the displacement of the fracture was minimum or none, If so, why do tendons rup-
ture in such a fracture? At the time of the fracture of the distal radius, the wrist is hyperextended,
and the tendon is compressed and damaged by the distal margin of the radius and the carpal bone.
After several months of circulatory disturbance, the damaged tendon is lead to complete rupture. On
the other hand, the tendon is crushed severely by the bone in acute tendon rupture simultaneous with
the fracture.

We think that an important factor in causing subcutaneous FPL rupture is that the subcutaneous
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flexor tendon rupture of “flexion against force type” occur simultaneously with the distal radial frac-
ture,

We suppose that the most important factors in causing the posttraumatic tenosynovitis of the first
extensor compartment are severe displacement of the distal fragment toward the radial side and short-
ening of the radius. These factors deform the gliding floor of the APL and EPB tendons.

Acute, subacute, and late compression neuropathies of the median nerve are also popular complica-
tions of the distal radial fracture (5.6% in our series). We observed a tendency that the neuropathy
occurred in an earlier course of the fracture if the displacement of the fracture was more severe., We
consider the cause of this compression neuropathy comprises the deformity of the carpal tunnel,
haemorrhage and adhesion around the median nerve, and circulatory disturbance of the nerve., The
pathophysiology of this disease seems somewhat different from that of idiopathic carpal tunnel syn-
drome. We think it is better to operate as early as possible.

We think that direct contusion of the ulnar side of the carpal region at the time of fracture to be
an important factor causing posttraumatic Guyon's canal syndrome as a complication of the distal ra-
dial fracture,

RSD occurred in females in the fifties. We do think that the cause of this complication comprises
psychosomatic factors. However, severe and continuous swelling of the wrist and fingers is a more im-
portant factor. Too tight casting and too strong traction force by the external fixator may often lead
to the vicious cycle of RSD.

Summary

1. We studied the complications of the distal radial fracture, with special interest on the soft tis-
sues such as tendon and nerve., The rate of complication seemed very high.

2. The most important factor causing the subcutaneous tendon rupture seemed to be the initial
damage to the tendon by the margin of the distal radius.

3. The compression neuropathy of the median nerve after distal radial fracture had the tendency
to be consequent on incomplete reduction and malunion of the fracture. Therefore, initial anatomical
reduction of the fracture is very important.

4. In treating distal radial fracture, one should always pay sufficient attention, not only to the X-
ray film, but also to soft tissue complications.
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Introduction

We reported two cases of atheletes suffering from posttraumatic recurrent dislocation of the exten-
sor carpi ulnaris (ECU) tendon and focused the discussion on the surgical techniques for the recon-
struction of the sixth dorsal compartment. The successful results were achieved in these two patients
by our surgical technique using the palmaris longus (PL) tendon graft,

Case Report

Case |

A 38-year-old female sustained hypersupination injury of the forearm when she fell while playing
volleyball. Thereafter she presented painful snapping over the dorsoulnar aspect of her left wrist upon
forearm supination, On evaluation, dislocation toward the ulnar direction of the ECU tendon could be
observed during active forearm supination with elbow flexion. When the elbow was extended, this dis-
location was not observed. The finding could also be produced by passive forearm supination with
elbow flexion. We tried to treat her conservatively with splint fixation and anti-inflammatory oint-
ment for 3 months, but the condition did not improve.

In May, 1992, an operation was performed through a dorsoulnar longitudinal incision. The super-
ficial extensor retinaculum was normal, but a longitudinal tear of the fibro-osseous tunnel was noted.
Reconstruction was performed with a tendinous restraint using the palmaris longus (PL) tendon of her
left forearm (Fig.1). We first drilled a hole through each wall of the sulcus of the ECU tendon with
Kirschner wire (2.0 mm in diameter) and enlarged these holes with air-drill (3.2 mm in diameter secon-
darily and 4.5 mm in diameter finally) carefully to prevent bony destruction of each wall. We grafted
free unsplitted PL tendon approximately 7cm in length., The PL tendon was smoothly introduced
through these holes with sterilized glycerin, After the wrist was immobilized for 3 weeks in a splint
with neutral forearm rotation and at 30° wrist dorsiflexion, active joint motion exercise was begun.
Three months postoperatively, she was allowed to play volleyball again, and has experienced no limi-
tation in activities of daily living or athletics, She reports no pain, dislocation or anxiety 3 years after
the operation.

Key words . recurrent dislocation, extensor carpi ulnaris, reconstruction, surgical technique
Address for reprints ! Akinori Sakai, M.D., Department of Orthopaedic Surgery, University of Occupational and
Environmental Health, 1-1 Iseigaoka, Yahatanishi-ku, Kitakyushu 807, Japan.
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procedure in reconstruction with tendinous restraint is recommended.
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Primary Reconstruction of Hand Injury Using
Bone Graft in Primary Treatment

Eiju Uchinuma - Naoto Yamada - Tomoyuki Matsukura
Kenji Ui & Nobuyuki Shioya

We performed one stage bone grafting at emergency in 8 patients (12 fingers) of comminuted frac-
tures and/or defects of the phalanx.

All patients were male and an average age was 4] years old. There were one case in the thumb,
4 cases in the index, 4 cases in the middle and § cases in the ring finger. The injured sites were lo-
cated in the middle phalanx in § cases and the proximal phalanx in 6 cases. The interval between in-
jury and operation was 4 hours 30 minutes in average. In all cases, donor site for bone graft was the
iliac bone, Average periods of internal bone immobilization was 52.4 days. Average follow up periods
were 236 days with a range of 171 to 356 days. Postoperative bone union was obtained in all cases.
No cases were occurred postoperative infection.

In severe hand injuries comminuted fracture and/or defect of the phalanx frequently cause delayed
bone union and/or shortening of the finger length, In these cases, one stage bone grafting in primary

treatment may prevent miserable results,

i U & i
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AHET S,

R H S UHE

BRI HERSHEL Y ¥ —2FZ L Fiodt
BT, XBBETEHTONHRENPLERIELED,
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Table 1 Cases of primary bone graft

Case Age Sex I‘nterval Betwee'n injured site Reconstruction Arthrodesis Per.iods. of Internal Fovllow up
Injury and Operation of tendon Fixation (Day) Period (Day)

1 4 M 5:40 rt.index finger/pp EDC 55 358
rt, middle finger/pp EDC 55 356
2 56 M 4:20 rt.index finger/pp EDC 59 341
rt. middle finger/pp EDC 59 341
3 8 M 3:55 It. ring finger/mp DIP] 43 258
4 2 M 3:40 It.index finger/mp 40 254
It. middle finger/pp EDC 51 254
5 28 M 6:00 rt. middle finger/mp 41 250
6 41 M 3:50 rt. index finger/mp PIPJ 59 200
rt.ring finger/mp PIP] 66 200
7 64 M 3:40 It. thumb/pp IP] 49 181
8 51 M 4:45 It. middle ring/mp DIP], PIPJ 52 171
Mean 41.8 4:30 524 263.5

pp: proximal phalanx, mp: middle phalanx

ik, XHEIZLEBHEEORE, X HEBE,
BREDRES L URONBICBEL .
BEOFHERITINRT, TXTEETHo /.
TR | fl% bk s ERECRERL: Ce AT 0O%
BRETH o7, ZERIIEIR L6, =46, i
48, WiBIFITHo/z. RELSVITHEE 6 6,
EEF BT, TNCHBEEERTH 72, REPS
FHRBFAE TOPHERIZ 4N FTHo 7. B
EEfiH T 524 B CRABEHRZITIE2S
356 H, T 263 HTaho7z (Table 1).
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WEE DRI BIFTH - 72 (Fig. 3c).
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Clinical Assessment of Tenolysis After Repair of the Flexor Tendon

Kiyoshi Nakamura - Kanetoshi Ohara - Eiichi Ohta
& Bunsho Nanjoh

Flexor tenolysis was done in 13 cases (14 digits) of 68 flexor tendon injuries due to severe tendon
adhesion with functional loss. Surgery was performed on 71 to 954 days (average of 377 days) after
tenorrhaphy in patients with mean age of 3§ years. Seven cases out of them were classified as clean
cut injury (Group A) while the remaining six were crush injury (Group B).

The skin incision of the prior tenorrhaphy was used for tenolysis and the adhered portion was
widely dissected. The flexor digitorum profundus and the flexor digitorum sublimis tendons were iso-
lated together and freed from the gliding floor and the tendon sheath. In six out of the cases with
both flexor profundus and sublimis tendon injury, five sublimis tendons were removed due to the high
risk of readhesion. The traction test was performed after preparation for tenolysis. The pulley and
synovial sheath were repositioned, and defects of the flexor sheath resulting from exploration of the
flexor tendon were covered with a free subcutaneous fat and fascia graft from the forearm. Postopera-
tive exercises were started on the day of surgery, and Tranilast was administered as compensating
treatment to soften the scar and the joint capsule,

The total active motion (TAM), the %TAM, and the functional rate of the flexor digitorum
profundus tendon improved significantly, but there were no significant differences between Groups A
and B (ANOVA). The Buck-Gramcko estimation scores of 12 of the 14 treated fingers improved by
more than one rank, The results of tenolysis were not related to either the time from tenorrhaphy or
the cause of injury. There was a significant relationship between the preoperative passive range of
motion (preROM) and the postoperative TAM (postTAM). The recovery rate (postTAM/preROM)
reached 91.5%.
range of the joints.

We emphasize the importance of preoperative physical therapy to obtain passive

U ®

HREERBORARBNES 212, TR EE

EHREENOREL, BOBREOFEIZME,
BEIE 2 W EET A ER SRS, FHTFRO
E Kleinert B IZ L 2B OBEEICD Ihb
5%, BEIESOEERIT T % ORERNEN > &
B ENLERNERRERTS, bbb LE

TAHRFIZODVTRE ZEMATZOTETOERZ ML
THET 5.

ERflH L UHE (Table 1)
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Table 1 Cases
TAM % TAM functional rate ¢ deficit Buck-~
f o i i ext. defici
case| sex | age |cause| digit tendon | zone |period ollow mpr(i[vmg of the FDP Gramcko
up rate
pre |passive| post | pre | post pre | post | pre | post| pre | post
1| F |40 | A |Itthumb| FPL TOD | 71 318 | 80 | 130 | 130 | 55.2 | 89.7 34.5 5 0 G| G
2 | M |45 | A |rtindex| FDP I | 567 | 137 | 155 | 260 | 250 | 524 [ 84.5 32.1 58 | 651 | 5 ] 5 E
3 | F |8 B |rtindex| FDP O | 532 | 858 | 145 | 250 | 197 | 58.0| 78.8 20.8 133 1293 | 45 | 6 S E
4 | M |58 | A | Itlong |FDP,FDS| T | 238 | 214 | 95 | 272 | 198 | 34.9 | 72.8 379 0 385120 16 | P G
5 | F |44 | A | rtlong FDP I | 148 | 87 | 178 | 250 | 234 | 71.2 | 93.8 22.4 257 | 793 | 20 | 8 G| G
6 | M |3l ]| B |rtindex| FDP I 74 | 602 | 95 | 260 | 210 | 352|778 42.5 0 471130 | 50 | P G
7T | M |45 | B |Iltindex |FDP,FDS| I | 954 | 527 | 165 | 235 | 250 | 64.7 | 98.0 33.3 80 | 106.7| 35 | 10 S E
Itlong |FDP,FDS| O | 954 | 527 | 105 | 240 | 230 | 42.0 | 92.0 50.0 0 958 | § 5 P G
8 | M| 34| A | Itlong |FDP,FDS| T | 259 | 145 | 208 | 264 | 278 | 74.3 | 99.3 25.0 289 | 918 | 10 | O G | E
9 | M |5 | B |Itindex| FDP I | 128 | 183 | 129 | 191 | 164 | 52.7 | 66.9 14.3 76 | 515 | 36 | 48 | P ]
10| F | 26| A |rtindex FDS 0 | 571 | 419 | 240 | 285 | 275 | 78.7| 90.2 115 944 | 944 | 60 | 25 | G | E
11| M| 27| A | Itring FDP o | 203 | 362 | 124 | 165 | 156 | 47.0 59.1 121 189 ) 351 | 56 | 48 | P S
12| F | 22| B | Itring ([FDP,FDS| I | 202 | 257 | 130 | 245 | 205 | 44.1| 69.5 254 0 50 | 20 | 64 | P G
13| F | 43| B |rtindex [FDP,FDS| Il | 369 | 273 | 90 | 160 | 145 | 36.0 | 58.0 22.0 0 0 15 [ 15| P S
A sharp
B: crush
Table 2 The total active motion (TAM), the %TAM, and the functional rate of the flexor
digitorum profundus tendon improved significantly. There were no significant dif-
ferences between sharp injury and crush injury.
A B A+B
pre-op post-op pre-op post-op pre-op post-op
TAM 154.3+22.2 217.3+21.9 122.7+10.4 200.1£36.2 138.5+12.6 208.7+12.6
p<.0010 p<.0009 p<.0001
%TAM 59.1%6.1 84.2+5.2 415+4.3 17.3x£5.3 53.3+3.9 80.7+3.7
p<.0007 p<.0008 p<.0001
Functional rate 29.0£13.9 67.5+10.9 144+11.1 54.0+£138 21.1+8.6 60.3£8.8
of the FDP p<.0155 p<.0129 p<.0002
HY, ZoHB 136014 (19.1%) 23 L THEER @ Buck-Gramcko ¥#i2 & BEHf S 52 L 7.

MR L QOIOBRBHEFZOENLED).

BYHTH, KEEBIT, FHFHERILIBETH-
7. EREBEM LV BEREN I COBRITY
31TB (RETIH, ®REW4H) Thotz. ZHK
HIE T BRI 22 BI L 2 0T BldiETH -

7o, BIEE AR, BELBELLUTORHE2T-
72, Zone TRHBHM 11 H%2 50, REEHEREES6

o, RIEEHREEE 1 58, WHEE R EBIRES
BEG 1HEThHo 7. MRBIBEIIZEHERIIBNT
ET2RESERLL. ChH0ERIZOEEARFD
NRFET OB E 2T % TAM, %TAM,

RIS REEE, WEE, BRAEAKE, S5.10H
A LB RT B ¥ A itk BB T B oElE (=)
EBBHMOMBII o M EMA 2. & 5 ICHTRIE

i
PR A | (B T L 2B SR & R L T
To7-. BEARHOETEAVTERL, #eMtd
DB L L CEEEL . RiEEmE, RisEnR
ROEEL, EAIIENE CHEBIIEEL, I
BEOFRIE O % FERE L7218, S IRBRETo7. iE
15, RIEWEGRIEFG 60 L i lsRmRM %S
PEER-OFBEGELTR L7, B8IITEL R
DIRFEL, BELIREIRADSEL L7 13 #5ionh Uil &
D EHERERITEBE T T . BESEOARS, IE
BO:-OBEOEHYELIEMILZro7/z. ¥HLDY
HEMEER £ G L, Mk s L Cal, MEox
AR D72 Tranilast % 3 77 F BARES L7,

+
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EOHEE L THIRRAE 2072705, REIBEEIC
LB 8 FRICR 6.

i ®

HATONES4C & 2 15 EHREEREmE L Ay
T A& % #Hifl Lf:. TAM 477 138.5£12.6 (SE), #7
% 208.7+12.6 (SE), %TAM #i#7 53.3+£3.9 (SE),
#itk 80.7+3.7 (SE), FDP #AEREHTRT 21.1+8.6 (SE),
#if% 60.3+8.8 (SE) &ML 7z, Thonlimiie
THEEHEICEE (p<0.0001, p<0.0001, p<0.0002)
THY, A, BEILBWTLFNFREZIZNEL T
Wiz (Table 2). L2L, MM OKE T, TAM,
%TAM, FDP 8% & Lat E (ANOVA) HEE
BN ol WEEIE2T4L31(SE) %, #
BHEILLE2T (SE) % Th ) KEIEE F 613 TE
fE 345% CH-o7: (Table 3). BEEFEADOME R

fn i)

FTEAFIIRLGNT, - 10U TORBERES L
Ao pdhoiz, HEBETIIHEIRE ROM L ) #iitk
TAMABKREL 0 100% 2 2 2 HERA 4 H1 R, &
7o ATER RN BEIL 33.083 (SE) B (A B
39.4+16.0 (SE), B# :26.6+5.2 (SE)), 4iri% 215+
58 (A® 1 147+65(SE), BE: 28.3i9.4 (SE))
EHBEARARBEIIBVWCH 0 EOLES &AL HE
EEETE (p=0.2297), A, Bﬁ%t:%%ziﬁ%m
Zpdr o 72, Buck-Gramcko B2 & A S ¢id 12 35

Table 3 The improving rate=(post TAM-pre TAM)/

opposite TAM X 100
The recovery rate=post TAM/pre ROM X 100
A B A+B
Improving rate  25.1+4.0 29.8+4.8 21.4+3.1
Recovery rate  94.1+3.8 88.9£3.7 91.5+2.7

C

d

Fig.1 a: The case 2. Preoperative photograph shows insufficient active DIP flexion. The TAM is 155 de-
gree, the % TAM is 52.4%, the passive ROM is 260 degree and functional rate of the EDP is 58.
b: The FDS tendon is freed from the FDP tendon and the gliding floor. The FDP tendon is ad-

hered to the gliding floor.

¢ Active flexion on 137 postoperative day. The TAM is 250 degree, the % TAM is 84.5%, the func-
tional rate of the FDP is 65.1, improving rate is 32.1 and recovery rate reached 96.2%.

d: Postoperative active extension,
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Fig.3 The Buck-Gramcko estimation scores of

12 of the 14 treated fingers improved by
more than one rank,
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post TAM=15.045+0.845" passive ROM ; R*2=0.728
(R=0.853. n=14. P<0.0001)

Fig.4 There was a significant relationship be-
tween the preoperative passive range of
motion (pre ROM) and the postoperative
TAM (post TAM).
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Programmed Cell Death in the Limb Bud
— The Role of Apoptosis in the Normal
and Abnormality-Induced Mice —

Shinkou Rin

Programmed cell death plays an important role in morphogenesis. The conventional method to de-
tect the area where programmed cell death is taken place in the limb bud has been vital staining by
Nile blue. Currently, however, Gavrieli et al. (1992) developed a novel cytochemical method of iz siiu

visualization of the programmed cell death by means of terminal deoxynucleotidyl transferase (TdT)

to 3-OH ends of fragmented DNA and named it TdT-mediated dUTP-biotin nick end labeling
(TUNEL). The present study was carried out to investigate how the programmed cell death occurs in
the developing limb bud of the normal and abnormality-induced mice, using the TUNEL method.

Method: 5-fluorouracil (5-FU) was intraperitoneally administered to JCL/ICR mice on the day 10
of gestation. The fetuses were observed by means of vital staining with Nile-blue and TUNEL method
on the day 10.5, 11.0, 11.5, 12.0, 12.5, 13.0, 13.5, 14.0, 14.5 of gestation, and the results were compared with
those in the normal fetuses.

Results: In the normal fetuses programmed cell death occurred in the proximal portion of the cen-
tral venous sinus (so-called opague patch) on the day 11.0 and 11.5, in the apical ectodermal ridge
(AER) on the day 10.5-13.0, in the foyer primaire preaxial (fpp) on the day 11.5, in the foyer marginal
I (fmI) and the foyer marginal V (fmV) on the day 12.0-13.5, in the presumptive phalangeal joints on
the day 13.0-14.0, and in the interdigital zones on the day 13.5-14.5. Polydactyly-induced fetuses
showed absence of the death in the fpp, diminishing of the area of the death in the fml and delayed
appearance of the death in the AER in the early part of gestation, and on the day 11.0-12.5 the AER
became thicker or papillomatous. Oligodactyly-induced fetuses showed diffuse death area in the
postaxial mesoderm.

Conclusion: It is well known that digital malformation including preaxial polydactyly can be in-
duced in high frequency with 5-FU administration. This study demonstrated for the first time the pro-
grammed cell death in the limb bud of the 5-FU treated, abnormality-induced mice with the use of
TUNEL method.

L OFEND D, HEOBEAK, FHL™ 3 tEd

LB e D AWITHE F EEEN L R EN A SR 5T E
LR BEROER BT 5 70 DERITIZEI SRR O A M 2 B L, BRI IR

Key words . programmed cell death, limb bud, abnormality-induced mouse, TUNEL method, apoptosis
Address for reprints | Shinkou Rin, M.D., Department of Orthopaedic Surgery, Juntendo University School of
Medicine, 2-1-1 Hongo, Bunkyo-ku, Tokyo 113, Japan.
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