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Flexor Tendon Repair in Japan

Makoto Takayanagi, et al.
Department of Orthopedic Surgery, School of Medicine Yamagata University

This papar contains information gleaned from 861 questionnaires that we completed and retur-
ned to us by member of Japanese Society for Surgery of the Hand in 1990. The questionnaires were
distributed in september in 1990 in an attempt to determine the opinions and preference of surgeons

engaged in flexor tendon repair in Japan.

The doctors were asked to answer philosophical and technical questions regarding their
approach to flexor tendon repair and post-operative management.

And the conclusions were as follows.

1. 56% of Japanese doctors do immobilization method after tendon suture, 449 of that do the

early mobilization method after tenorraphy.

2. In Japan, the early mobilization method has been more popular in last years.
3. Re-rupture of primary tendon repair occured in about 49 of all cases.
4. The early mobilization method tends to be chosen at a replete hand care unit.
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Table1  Comparison of Flexor Tendon Repair in japan with America

Suture Material : Nylon
Synthetic braded
Suture Size 4-0
3-0
Peripheral Suture: Yes
Suture Technique : tsuge
Kessler
Bunnell
Mod.-Kess
Mod.-Kess.-Tajima
Mod.-Bunnell
Repair of Both Tendon
Repair of Pulley
Management after Tenorraphy
Early Excercise (Kleinert)
Duran Method
Immobilization

Our Result Strickland
9% % 38 %
4 % 45 %
68 % 83 %
8.8% 9.3%
1% 96.9%
61.5%

8.2% 38.3%
10.3%
15.3%
32.7%
22.1%
56 % 8 %
69 % 67.3%
43 % 59.2%
8 % 22.2%
56.1% 14.5%
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Primary Repair of Flexor Tendon Injury
within Digital Sheath

Ken-ichiro Uchinishi, et al.
Department of Orthopaedic Surgery, Keio University School of Medicine

There are two important factors for the primary repair of lacerated flexor tendons within digital
sheath. One of these is to reduce the adhesion among sutured tendons and its surrounding tissue.
The other is to decrease the bulging of suture sites on lacerated flexor tendons.

In a recent 5 years period, 59 digits (54 patients) with flexor tendon lacerations in no man’s land
(Zone 1I) were treated by primary repair. Ages ranged from 1 to 69 years (average, 25. 7 years), 32
were male and 22 were female. Range of follow-up after the procedure was from 4 months to 3 years
(average, 8 months).

In this series the results of the evaluated 51 digits based on White’s criteria: 22 cases were
excellent, 19 good, 2 fair and 8 poor. These results were slightly worse than the results of our last
investigation in 1975. At that time our primary repairs of lacerated flexor tendons in this zone were
performed on the strict indication of Verdan, but in this series our operation were performed on the
more broad indication including delayed cases or crushed cases. [ think it gives a reason for the
discrepancy between the two. We also evaluated these according to the criteria by the Functional
Result Evaluation Committee for the Japanese Society for Surgery of the Hand: ten cases were
excellent, 32 good, 2 fair, 7 poor. This criteria is so strict that the injured finger must move actively
the same ROM as the opposite side in excellent case. So, the results of most cases fall into good
group.

In order to reduce the adhesion around the tendons and to decrease the bulging of suture sites
on flexor tendons, atraumatic operative technique is essential. During the operative procedure we
must not add another trauma. The bulging of sutured sites is influenced by both the condition of
injured tendons and the method of tenorrhaphy. It is possible to avoid it in cases of clean, sharp and
fresh lacerations as we can suture the ends of lacerated tendons with a good coaptation. But in
crushed and/or delayed cases the bulging of sutured sites may be inevitable.

Early exercise after this operative procedure is a widely accepted method to avoid the adhesion
among sutured tendons and its surrounding tissue. Neverthless, the conventional method of immobi-
lization may be necessary for little children or cases of poor motivation.

HREGORFCBEL CREE 250, BSH EBULROBELYT AL THS, HEHEEY H

HT Ik, REBSHPSIEEL TREA VR ®8XFR K CTRIBAEGRBGOER KL

Key words : primary suture, carly exercise, TRP, flexor tendon injury, adhesion of tendon,
Address for reprints: Ken-ichiro Uchinishi, M. D., Department of Orthopaedic Surgery, Keio University, 35
Shinano-machi, Shinjuku-ku, Tokyo 160, Japan.
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Hot:, SEFEEPEE L L2251 OB % 1978

Table 1 Results

Excellent Good Fair Poor
1991 | 22(43%) 19(37%) 2(4%) 8(16%) 51F
1978 ' 17(68%) 4(16%) 000%) 4(16%) 25F

FEP QFAE LT 5791, White DE¥E TR L
fo. Z DFERE, B 22(43%), B 19(37%), A1 2(4%),
TH 8 (16%) T, BLLEMN 0% TH -l Z DR
11975 I EEDBHER L F R LT, Sk
CEEMETLTWA, Zh3SE—RESDHEE
Verdan D # e Uiz wclean cutiBH 0 b @
T, 2% 24 BRALURKE2 EREL < L TWwiehs, ik
ST T crush ® delay O {T->T w37 B
bhn, ERHFERBEFONREEIREL 2aEY
ERBETINEAB L, #10 20%) E 32 (62%),

A2 (4%), AR 7 (14%) THY, @A 100% % &
ETAIDHEER, EHLDTEVLVLLDT, Brid
BORLKKERBELISTHARES BB EEDbA

Table2 Results (51 F)

%, —REEFlTR: b BEEL OFEFEMT
BENEMI 22 BTNBDH 5, FIBERCEE
R X TRAEERIT o272 DR L TH I8,
TR ORFEMEFNT X TEEETH > 722 & I3EE
TREZEEVZB,

Z ES

BEAEEMEB ST A e L, BREE
DOIRE %7 5 RS T i i, atraumatic 23
WMFEY BRI TH S, FHBRECLILT, 851K
trauma Z M Z TR &% w, L KBOEE,
epitenon PHEER M FRETHERET I L, £ Tl
EVET LAEEMLE V. 2 13 non-touch technic
EPELF, tendon callus 2#UFF L 72 0, guide nylon %
FAL, BrEEROKRFCHNLZSEIICLTHS,
BIHOBER T, ZHEZODO S O milking TL s,
2ALTZEARTRETHD, FEAEADENTIR%
KE LT, BEO Lo, BEOSICREELH
TREDBERBAT LI RIBETH 3.

TR E R, WEOHEE L 25 &b o,
bipolar coagulator #FIZH w4 bmlL, & &2
BIEMK R BFCERT A2 b H 5, AR EL
BWEI, A TERKCEBEEREDI LB B,

BEESWOME L, ZEORE L REFERLICL S,
Wim e THEW EE &2 2 EMNTE 2 clean cut O b
DI Lvds, crush @b O T H BEED bulging i
BT 2w, ek & e Bunnell s 3IAR 174854
Va3, bulging % gap 2D 9 s, BTk Kessler
ki3, circulation O GAREEDOTFH» S L WHETH
305, A crush 2TV 3 & &4k, WG % EREH
Al , HENEERE % BINT 2 L8855,

WY BEEO O, MEED A% S TR
WHIR R T 2B5HE8LETH S, BEILED
}%, Bunnell ¥, double right angle & & &£Hi8s &7

Excellent Good Fair Poor £ o - P 4 TN
DL EB o, MiE%IE B 11 & H558L
White | 2203%) 19(37%) 201%) 8(16%) BB S < 0o 7e. AR Bunell EAL
JSSH | 10(20%)  32(629%) 2(4%)  7(14%) 2 2EOT S LEHES I NERRLTL .
Urbaniak? i3, B ICEITIC R % 10 5 REEE, £
Table 3 Results
‘ Excellent Good Fair Poor
Immohil. White 12(32%) 16(42%) 2(5%) 8(21%) 38 F
JSSH 6(16%)  23(61%) 2(5%)  7(18%)
Exercise White 10(77%) 3(23%)  0(0%) 0( 0%) 13F
| JSSH 4(31%)  9(69%)  0(0%)  0( 0%)
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EF D2 h B Bunnell g3 & BRI M 7 interlace
R L TRESEHOYERITERB L 2. £ ORIR
interlace g3 —&3E <, BEIED T OEFREILS /oD
DA - 7c e wnd, EXEBEERZDE
5H2 5 10 Hiz A 5 REGER D softning & & 5 ik
DoAY THZ, ZOFRIC BT 3 HRFECEHA%
EREBNARYITH %, Michon BIF{ERMENICEEL,
EMG T Flexor profundus @5 &, weak re-
spons ¥ A7z &\ 55, FHREERIRGEICEEL T, re-
spons D E -7 { Uk TRPIBIERZL T LW
L e vz 5,

BEOLDWCHRL R, BRICL D
synovial nutrition & pumping effect * &% 2 S» 56
2 FEAET 5.

FHEHED L, HEORLEDFEHICIE Hyarulon BBYVE
WMTHD I EERELTERY, KAl LTRE2R
h7zh Ik coating LT3, EKERIC X % & coat-
ing U7z Hyarulon BEDIFE SR, EIE3ATH Y
Zhi LS BREREER S OMBREY 4 HE» 5
ELTw3, SEOIRE TR, ke 3EBOREE %
L7zb @41 i, REEER % L b 13BITH 5
PekFHE IMBRICEI 2, WEkOGE & ERE TV
T EH0, 3GBEOFFAOEBEEREMNE LT
&, BEBEOEECREROLD, BRDOH D, 37
RO L OMH Y, 1Z1F 3 EMOEE T, clean cut 3f
BB THEREBIRGE OV v b O REROME K 2
ZED%y, ZOERO S O F TiE, auto-tenolysing
effectic & ) BRMEET 5 L Bbh 3.

L U353 OB EER O R W R IREEh 5 RE 2 £
UkwIk%xiL, Gelberman? O £ B & £,
Kleinert® OEEFREE, Duran® ORGRIIERET 22 &0 6
HTH, MEE—BfF>T, INEMEET2L0 b,
BHEIRGE R EIC k> THERES BV AP ELD
better £z X 3,

BRED L 2 AEBFRECEL TOMGROREE, B
FyeEl) 7o 77 AR LD —BLTE ST, &
HB— AR E RO TOW E VL ER ST 3,

ZBHNBRHEERIMIOE SN T VEETI,
XD SIT> TV AEF FAW L AEEENELTEE L
HETH 5.

E bH Y

—REEE DR DR DT » i atraumatic 2 F
RO b ki, BEE bulging ® gap 24 UR VA
T DIAT & il 2 b FHER I O AR S B A EIR
L, B3N BBMEBHFET 5w, fHE24EL
BUhrHLOEBEEIE DL, BUIRBRERT
ZEBRYITH B.
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Problems Involved in Flexor Tendon Reconstruction in Zone II

Ryogo Nakamura, et al.

Department of Orthopaedic Surgery, Branch Hospital
of Nagoya University School of Medicine

For these 20 years, flexor tendon reconstruction in Zone Il was performed in 313 patients with
more than one month duration after the injury. Two staged tendon graft with silicone rod was
indicated for 162 patients with a extensively scarred gliding floor. Eighty-three patients received
conventional free tendon graft. Secondary repair was accomplished in 47 patients and sublimus
transfer in 21 patients. Although most common cause of poor results was believed to be adhesion of
reconstructed tendon to the gliding floor, several cause other than adhesion also yielded poor results.
Rupture of reconstructed tendon was experienced in 13 patients after the reconstruction and in 8 after
the tenolysis. Repture after the reconstruction could be classified in two groups: early rupture and
late rupture. Early rupture was common in infants and was found within four weeks after the
surgery. Late rupture developed more than 4 weeks after the reconstruction with the noise of the
rupture during the use of the finger. The latest patients experienced the rupture 72 days after the
surgery. Histological examination revealed degeneration of the reconstructed tendon.

Progressive flexion contracture was another cause of poor results.

This phenomenon was

observed in 12 patients and caused by dick scar formation in the gliding floor at the PIP joint. Eight
patients were adults, and therefore, this contracture could develop irrespective of the growth. Reflex

sympathetic dystrophy which developed in 16 patients was the third cause of poor results. These

three cause of poor results were concerned to about one-third patients with poor results. To improve
postoperative results of flexor tendon reconstruction, possible procedures to improve joint
contracture, scarred tendon bed and soft tissue should be performed prior to reconstruction and these

preoperative or intraoperative procedures prevent not only adhesion but also late rupture and

progressive flexor contracture.

& L & I

Zone 11« 817 3 [EARHBEIRIEELHT R IC K~
FAEfds, MEBEEL CRBEX T 2BEHEDOD D
BT, 2D LIBEEE WP RRET 5 0 B
WARESRERRS 25, EH32hE THRENICE
SHEERRLOODEEEHREEGEOBEE CE D HA

TEH, IhE TOBRET REIO Lo i3+
FRITE Lo LERTHRESET LA LDk
Vv, ZZTCIS LIMEEAR DL TRETRE T 5.

fE 1

1770 F £ D 1991 £ D 20 SO Z % 1 » BLL
TR 7z zone 11 OBRIEEEHRIES % 313 GlHnE

Key words: injury, flexor, tendon, tendon graft, tenolysis
Address for reprints: Ryogo Nakamura, M. D., Department of Orthopaedic Surgery, Branch Hospital of Nagoya
University School of Medicine, 1-1-20 Daikominami, Higashi-ku, Nagoya 461, Japan.
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U7z, ST A B OEFIFIE combined
tenoplasty? 38 #l % % < & silicone rod {EFH @ two
staged tenoplasty 162 #, FBERERHEM 83 #l, —Ik
G2 fa G 47 B, RIEEHBEBATH 21 FITH S, R
FEOFIRIEM W, 1. W2 REM, 2. WA,
3. EISRASERE T, 4. two staged tenoplasty & L
fo. B DA RE TR R CiTv, RETmICE
LRk bssle {URZ #ES ATRE R Bl IdtR 2 AWM 21T >
7o, R BESMTATIREG] TR OYEE R 25 Lty R /e
FIRRRETH EFHFPWEOMEI L D FERERET
& 7o BT BB RS AT & G U Je, ANRDNERR
fEORBRIAS TR 2 BETHET, WERIMEBSHIC
TREEN SEEEBRBITR 21T o 72, A, MR
B ELTIHRREENTEETREAERS 1.5cm U ki
LIHWIEEN TV B3 two staged tenoplasty
EEIG LT, B AIK two staged tenoplasty Hld 5
560 B (37%) WEEIE, TV AZEDOHEREE b
> #ER CRHES R 20, 5861 (36%) ixv CizflR T
BFEMEZY, BAOSTRTHSLAITH-7/:, 20
134 two staged tenoplasty i I FEIRTHELSH D Z-
TR, FERNERL EDUNE % 28 FI(17%) W EL T,

e tEPIETIENS LY 6 » ALAEEE L T O RR 2B
CIBHBERT A T T 0. RHIBERT R B L 7
{51 two staged tenoplasty T 47 @] (29%), WHER
BT 32 B (39%), Wz @AENTT 178 (36%),
EAEE AT C 2 5l (10%) Th-7:. £ TI6
1 (319) WRKIMER 2Bl T b,

NG DEFIORMARGIZRETL, ZhF THL
TROER E L THE 2 T2 ZHEOBGIE M
BOFELI OEHHE BRET L 72,

two stage

Reflex symphathetic dystrophy

IBHERH D BRFMRICAEDEHH 16 H 3B
dohf, WINLEREORRZ P, BfiEDH v
a0 BiifEEE L 72, PIPBEIEO MRS 25
HOON, RN EORERRD 5N 50 % o7,
Minor causalgy 0 & 5 i fifrE oS EL L T 24
D 5 ¢ traumatic (postoperative) dystrophy
OFFRAETRL T, ZEHRAEE UFWRICE L TR T
Exho Bl RERRTH -/, MHTALE
DOEHIBEDL SN BPITIE6 » BULOBEEF L &
EIT O BIEREER OB Z LRI TH 5.

ol
&=

7 B #

1361 (4.1%) wBEHRAZHER L 12, wihbiligkst
EEEZToBITORETH /2. ZOEh, FHEMN
A B EEE O 7o 1T o LRI EERE D 8 Bl TR
ARED ST I L EEb N 313 Fih 27 #1(6.7%)
W TBHREE SR L o, F AT I BRI 25 96 B
8 (8.3%) L& o fhMiE 3.6~6.3%DFELET
FHBW L 2ERY R o7, FHBOFKERFRITHNE
EHBEFR O 4BLA O FHEF® 7 H (early
rupture), 4 LR O EIERREE, HIFPREOEH
FUCHEHE L 7Pl 6 Bl TH - 7 (late rupture), iH
BHEEEROFHENZLE 4 BUAORKETH- T2,

Early rupture T35&&%OHASRITILERO R ¥
YOBRED L WEFHBRECHE L OFREANED &
h, BEMPBEMOTIERNEMZ 2 1085 Mb -7 2
EREREEZ 5D, Late rupture TREZIZROZS
HEZEORRD 6 N, REFF R T 2 £ 26N,
BICEM I ZMA T B0, BEE L &b HTaE
Y, mEMERII BEOREL CER U, B
MEOBMBEIME 4 BUANORE CRENC G
early rupture TbH - 7243, ¥l & L T it late rupture
EERBOEEESE AR D T, BREE, BOMERT
BERHE U 2B CRELTBY, KERL D D58
I & DS AN T IRR L U 7B SS, SRAEER
IR T200EEZ 6ND,

BRI O & R & early rupture I i3ESH]
WS H 1, early rupture @ 7 Bt 6 ik 5 FLLT
D/NBTH Y late rupture @ 6 Fid 4 F1H3 16 ZF AL
THotz., Tihbb early rupture FHLBICEFREL
23>, Late rupture i34MEERFHFH &  THHE
O RIFeflicFEE LTz,

Early rupture ®FFHIC I3 E XD S, NROA
[EE O, RN OO REEDERAB DT oN 5,
MNEONEEZIRTPT L, DFREIDRET S C
EBTFRFCKRYITH Y, EhBEEZHSEHBL, 7—
Tl DB AR LABEES TR T TY
BEMESHFENE L OB EPRUTH B,

2 $EE T core suture DA OFEE 1 gap 2B
LRF IREPHIMAEZEZ LT WL, 2 & Kessler
HERT ORER B ARE T 2RERSAEIC L 0 HGE
BABTLgapBRELZDRT L, BRI IK
1200g DARMTETETRTMm O gap TH S DI

< &~ Kessler #: T3 12 mm D gap 338 S 7z,
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Peripheral suture {38 &EROBOBIBEHE 2 5 IR
s 0 TR BRI O, gap BECTHIRNH D,
DFITINREEEZLB™Y, g+ PRE LT 272
12 i3 running  suture & & LoD L 7z peripheral
suture # ¢ 20 B H 5, b5 5 A peripheral suture
REDBOBERNEZ 20T, TOBIDVWSZD
atraumatic 2 HR{EW BRI 3 X X T, peripheral suture
PRECEREZOZVIIEML T IR 6%
u,

Late rupture O FFHIC B W T RMTERFEH L D WH)
WO RBWEFIOIFHEERZ 7Y v b {#E A EDUES) 27
%BALUBRET LI E LRI ED S,

Progressive flexion contracture

EHBFAE, FROBBFIEHE A ITHESET S
535 C PIP BAECIFFE L7z, £ 1241 (3.6%)
TEMFH B T it two staged tenoplasty T 9
(5.6%), WHEREBENT1H (1.2%), W2 8RET
T26 (4.2%) FEL /. Zone Il TORMEAEERAMIIX
PIP BREFER DB 8 Fl & %5 % L &, 3 #illid proximal

(Table 1), WIEBFEMRFESIZ1F DS 5F OFH
480, 19 F» 5 43 FOFIH 8 BITHE & WBIEZ <
H4ETHEEEEZ SN D, WRAEFMORAT
i PIP B8 &5 35 8 o gliding floor 12 & W IR 3 28 B
h, PIP B§ili% e fiE s Qi

EER & LT 1) PIP BSOS MEEBRRZEL, 2)
MBS OTE W & % pseudosheath D & £ D
BEZ NS, Lih - CTHIEFMEFC PIP BHsH
ORREAGERRDYIR L, LEWLUE# 28T,
B LEEROREERET 5 L TFHIcL 5, £/
A, A, pulley DRIBO D B8 N BET HLE %
15 e bFHLRUITHS

R PIP BISR A O IEE U 7 BHE O YIBR & REF
BRI & AEOEERTH . BOERD TR 26
i3 DIP [Ei R Bt % & & o o, BAER OIE % T Es
BEEBEELHo 7,

KA EREES

10~17 ELBBE L 72 3 FITKREB OB HHEE
BASHIC & 2RHIE OEFEERD 2. wWIh b silicone

finger crease T 1 ¥l it palm T ORE T H-7r rod 5 4 TIBBBAERE, FREE O Kirschner
Table1 Patients with progressive flexion contracture
Case ‘ Age & Site of Cause of | Surgical FoI]owfup| PIP extension Treatment
No sex injury injury method (year) early post- | late post-
| operative operative
1 1m PIP | razor two staged 12 25 —50 tenolysis
2 41 m PIP | nail two staged -7 —62 tenolysis with
Y-V advancement
28 f PIP | blunt | two staged 13 —44 ~60
4 36f prox. finger mixer end to end 3 —80 tenolysis with
crease Z-plasty and pulley
reconstruction
5 23m proximal electric | two staged 11 —47 =70 tenolysis with
phalanx shock cross finger flap
6 2f PIP glass end to end 7 —18 —58 tenolysis
7 5m PIP glass free tendon 13 —175 tenolysis
graft
8 22 m prox. finger | electric | two staged 2 - 93 tenolysis with
crease saw pedicle skin
graft
9 | 43 m palm traffic two staged 2 —82 tenolysis
accident
10 21 PIP razor two staged 8 =15 —57 tenolysis with
Z-plasty
11 ‘ 19 m PIP crush two staged ' 7 —28 —97 vascularized
tendon graft
12 39f PIP electric | two staged 4 —45 —92 tenolysis with
saw | cross finger flap




856 =l S

MR CRAIE 2 LU 28, B EMEmeEC
Rl EBbi s, B DEMLT, fIHCELT
5EMEENEG,

z =

HEREE OB, FRISARMT, MWiRseE, &
i, WEER, Bz SiE0RBUA OBERERY RIFL
Rz EFRBRRIBEFTE 2w, RISV T
WOMEEF ORENC N2, FEEITHE, BIHIITHRE, reflex
symphathetic dystrophy % EBEFM I3 - TR
LTE»RIEVITRLEENE L, 2512120
FRIEERTERL TITC 2 EMMFHERIC DA 5,

Z 22k D H 7z reflex symphathetic dystrophy,
BERA, &THESE6E, REFORREEDWT
NHRFICIMEE N L BN AEFISEN B %
EoRBERELTED BT, BROCREE T E
AHHFOLBERAEOTFHIC R L DRIV ®R L, &S
O wBEEEORBEFEANEENS, FETHE
JB R IR HE (B R R W R T AR OGS O E M
ERETLHRTH B,

2 ORIESZ £ DREBMERITLS% LDz
ERCLTET MBERBFMROBNL S THITEK
THY, THENTNOFHEBOIERETHS. F
SIS DEEREE Lo EAB RS THORT

SI3BIF D (16%) &2 BT E LB, & 7:4]
EFEMT 150" LD TAM 2318 s ix » - 72 138 41
D 47 B (35%) % L O BHIOK 1 B5 LI
HTELY, 2SREHTRAOTICERE - Bbh
BHIO 2 R & 58, KEORIERRETY H
5 gap RSB E- 7B B BEL TV B I &
VEZ SN, SEREMZEP gap BRI LWwW->Z 50
BREIPLEEELS,

X X
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Early Controlled Mobilization Following Primary Flexor
Tendon Repair in No Man’s Land

Takae Yoshizu
Niigata Hand Surgery Foundation

A retrospective study was done in 37 patients with 42 both flexor tendon lacerations in Zone 11
followed immediate repair and early controlled mobilization after original Kleinert method.
Preoperative condition was graded into two groups. One was favorable group with clean wound and
rupture of only unilateral N-V bundle and the other was unfavorable group with associated injuries
except fracture, extensor tendon laceration and loss of skin. Both tendons were repaired by modified
Kessler's method with additional sutures. The results were evaluated by Boyes and White formula.
In the favorable group, the results were excellent in 54%, good in 159, fair in 1594 and poor in 20%
with two ruptures. In the unfavorable group, the results were excellent in 219, good in 34%, fair in
7% and poor in 38% with two ruptures. When we analysed the relation between the result and each
of preoperative conditions that were timing of repair, defect of sheath, removal of FDS and age of
patient, no preoperative condition influenced the result except age of patients.

Since 1986, modified Slattery and Mc Grouther method was used, to increase the excursion of
both flexor tendons, in 15 fingers of 15 patients that belonged to the favorable group except one
patient. The results were excellent in 799, good in 14% and fair in 7%. There was no rupture and
no poor result. This modification of rubber band system included a palmar bar at the level of distal
palmar crease as a pulley was fixed on the posterior plaster splint by Velcro. A nylon or silk was
attached to the nail of affected finger.

Moreover, another slightly short nylon was set to the adjacent healthy finger as above and tied
with the same rubber band. This technique was developed to reduce the tension of repaired flexor
tendon and avoid consequential rerupture during active extension of affected finger. Palmar pulley
increased the passive range of flexon of IP joints by pulling the finger tip toward the distal palmar
crease. But, on the contrary, patient needed more extension force against resistance during active
extension of IP joints.

The good result in early mobilization of primary flexor tendon repair depends on skilled suture
technique, after-treatment by well trained surgeon and hand therapist, selection of understanding
patient, use of negative biofeedback technique to the flexor muscles during passive finger flexion and
active finger extension, reduction of extension force of affected finger by assistance of adjacent
healthy finger and flexible postoperative program in responce to the real finger motion at 3rd or 4th
week.

Key words : flexor tendon, no man’s land, primary tendon repair, early mobilization
Address for reprints: Takae Yoshizu, M. D, Niigata Hand Surgery Foundation, 1-18 Shinko-cho, Nijigata 950,
Japan.
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Zone 11 BB RIS § 5 G5 3 I — IRE1E,
atraumatic Z#{E% EFMFERTLORA» 5, B
HEOERBELEBR T 2HAABITL TR LEZL S,
bbb 1976 F L D BEHE, hEIEHR %P0 & L
R L T &z oY, IR s ORE
HAEHLCRE RN 5.

II. EFOBE

EHREEEE & LT o Kleinert [H k" 2871487 &
AT, MEBRBEECREL 7T 2HEIHRTH
%, METREE RO A5 v i 110 N-V bundle #F
2| % h.is & L 7z Favorable Group (FG) , ‘E#r, #
ARG, RS B B R R T2 2 Ot OB RE) &
Unfavorable Group (UG) ¥ U THiE L 7-. fii&sHE
X Boyes & White e 2 L, BZIAMIIEY 24
52 ATHH. BEHRBMBIES £ 72 modified
Kessler &t b o5 T 5,

. #EEO—RNR S —0

B Kleinert [ ¥, iR E B I BHA L
3 G REHRT CHB SR, MRt EiT). 4
EE &Y Az EEHRT coEES®EML,
5~6 B THEEIR LR T 5, 7HEE XD fhEEE %
BINT 5 & AR B FEE S RRGEA UE g oo
Mg, ERCEHSERE, Biits v s LTEn
B o 1 EMED, FOHGREL LAY
P2 —VOFERETS.

V. Kleinert i% & BElEED LS

1E & A EDER Kleinert Rk A EHE & N EE %
BUGO—EOAWHITEINTWEHUGTDA
i 3 &, Bi# i Excellent, Good T 55%, %% i3
20% & BA & i Kleinert 3N T 5,

V. RBRCHEERIETTRERF DR

Z I CHERBRBRER O R A LI ORF
MEIEEE TR 2N H 5 O 2R T
5,

1. fiEEiREE

W Group Mz EEEZREH S, Ll Exce
llent, Good # # % & FG T 12 54%, 15%, UG i
21%, 34% &85 » 1 FG o Excellent 5% 2 & 2

SATRTREORE IR E L L Hiah 5,
AR

1 » ALAORIBEITIE, BHshrhEZRED L
v, IhoE D BRIBERRE T 1 » AR THNRIL,
IRy  —REE G DSFIRE R B C AT R B o &
T—RBREEE—FBRELTAL20A RV ERDN
5,

3. E4
SEEGESITTV 40 F R ERIKT B &, FG 2EI
DBl EEER L VA, UG TREES hcEN
WHHNE, S5 Excellent 3% 2 D SESD
MRS E LD,

4, BERAOERE

PHSBI 23 b7 BB C E R W e DTEEN T IR Z W
2, MEEICEELDNL Y TH L, ERNICIZBBO
BRMER SN T2, RN R FEER R L
TO5WD, ZOREWERT ILEDRLI ERRL
TW»BEOhb LN,

5. RIS R OE
MREVFEIMERE 21T 5 & £ & 21480 /N
1t, FDP O®WFEM & % %~ % chiasma Di&7F, long
vinculum %9 L T ® FDP A D147 DFER, L 0IE
TR 2 & OF| S & RIS B0 4 23% { oLt

-

3

{é{

Table 1 Relationship between the result and the
postoperative treatment in unfavorahle
group. (39 fingers)

(Early mobilization vs Immobilization)

| E | G F [P
Kleinert mothod 6 10 2 11
(29 fingers) (21%) | (34%) | ( 7%) | (38%)
55%
Immobilization 1 1 1 7
(10) (10%) | (10%) | (10%) | (70%)
20%

Table 2 Relationship between the result and the
preoperative condition. (Favorable
Group vs Unfavorable Group)
There is no statistical difference
between two groups. However, this
table shows that there are many patients
with excellent results in favorable
group.

E G F P
Favorable G. (

7 2 1 3
(13 fingers) (54%) | (15%) | ( 8%) 23%)
Unfavorable G.
(29)

6 10 2 11
21%) | (34%) | (7%) | (38%)

— 12 —
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Table 3 Relationship between the result and the time of repair. If the lacerated tendon is kept
in good proper condition and seems possible to be repaired directly within one month
after injury, end to end suture of flexor tendons can be accepted and restore moderate
function.
Favorable G. Unfavorable G.
E G F p E G F P
<24 hours 2 1 0 2 2 6 1 5
(20 fingers) (50%) (17%) (0 (33%) (14%) | (42%) (7%) (37%)
67% 56%
2~7 days 1 0 1 1 2 1 0 3
© (3% | O | (3% | (33%) || 33%) | (17%) © | (50%)
33% | | 50%
8~21 2 1 o [ o0 3 0 2
(9) (66%) | (34%) (0) (0) (17%) | (50%) (0} (33%)
100% | %
>21 0 0 0 1 0 1 1
(4 100/) O ()] 0 (33%) (0) (33%) (33%)
100% | 33%
Table 4 Relationship between the result and the age of patient.
(=40yr vs 41yr=)
There is statistical difference between the result of patients older than 41 years and
those of younger than 40 years in unfavorable group.
=40 yr 41 yr=
E G | F | P E G F | P
Favorable 6 1o 2 1 1 1 1
G. (67%) | (11%) (0) (22%) (25%) | (25%) (25%) (25%)
78% 50%
Unfavorable 5 2 ‘ 3 0 5 0 8
G. (38%) | (30%) | (13%) (18%) ] (38%) (0 (62%)
T 68% ‘ \ 38‘%
Table 5 Relationship between the result and the management of flexor sheath. (Closed vs

Open)
This results show that there is no statistical difference between both group, although

patients with closed sheath seems fair.

Closed Open
E [ G F P E G F P
Favorable 0 0 1 5 2 1 2
G. (67‘7) L (0) (33%) (50%) (20%) (10%) (20%)
67% 70% |
Unfavorable 1 0 3 5 R 8
G. (14%) (43%) W (43%) (23%) (32%) (9%) (36%)
57_% I 55% |
Table 6 Relationship between the result and the management of superficialis tendon. (Repair
vs Remove)
Repair I Remove
E G | F G F [
Favorable 7 2 1 2 0 0
G. (54%) | (15%) ( 8%) 23/) _©@ | (100%) 0 (0)
69% r H 100%
Unfavorable 6 | 10 t 2 1 0 2 0 0
G. (21%) | (34%) ( 7%) (38%) _ {0 | (100%) (0) (0
55% 100‘7
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IREANY, bhibhd 1986 F£ L 0 & BB %0
X T FONEWFRATAR %, iR — KAEE 15 51
15 #8127 o fo. WAIFHEFHER I roller bar %417,

Fig. 1

This patient had immediate flexor tendons
repair of little finger. A palmar bar on the
distal palmar crease was used to hold the
finger in full flexion, which increased the
registance of the rubber band. Slightly
shorter nylon was placed on adjacent ring
finger to assist the initial pulling of the
same rubber band as the nylon of little
finger was tied. It helped to avoid the
increased tension of repaired tendon dur-
ing active extension of affected little fin-
ger and consequential rupture.

=4

@

g\ ix rubber band &+ 14 g v kBB WITHELRE
Auwd, MiBORED?BIEE, H—Erriwky
1P [ & th@hfaih & ¥ 2 7o o 13 EG | Sy 3
b, ThizfssuHiERI*LEr¥52 &
L h, b bR IR LB ORI
R A B S 2R R RS ® S, Z DL
B & UBEAOHEIORR® EHNy & U TIEH 2y
i h 7y 72HIL, TOBESRIILUBELID L
FAOVHOESEFLTLE L, BIEERRCH
R s €3 J L LD F2, BERN & 0 AR

One finger
Flexor TN N
Lumbr ical NWWM
Extensor
Two fingers
Flexor IRV e WS
Lumbr ical "“V«
Extensor J

Fig. 2 Electromyography

When the rubber band system was used to
the only affected finger, some patients
showed action potentials of flexor muscles
during active extension. When the adja-
cent healthy finger assisted the extension
of the affected finger by our method,
action potentials of flexor muscles cle-
creased or disappeared completely.
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Table 7
Method vs Our Method)

Relationship between the result and the early mobilization.

(Original Kleinert

There is no statistical difference between both methods. However, our method had
no rapture and showed excellent result in 79%.

Original Kleinert Method Our Method
E G F P E G F P
Total 13 12 3 14 11 2 2 0
(31%) | (29%) (7%) (33%) (73%) | (13%) (13%) (0)
60% 86%
Favorable 7 2 1 3 11 7 2 1 0
G. (54%) (15%) (8%) (23%) (79%) (14%) ( 7%) (0)
69% 93%
Unfavorabble 6 10 2 11 0 0 1 ]
G. (21%) (34%) (7%) (38%) (0} (0} (100%) (0)
55%
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Immobilization of Three Weeks after Primary Flexor Tendon Repair
in No Man’s Land

Hiroyuki Yonemitsu, et al.
Department of Orthopedic Surgery Unit, Kumamoto Kinoh Hospital.

We treated 46 cases of flexor tendon injury alone (Group 1), 78 cases of flexor tendon injury with

associated nerve lesion (Group II}, 94 cases of flexor tendon injury with multiple damage. (Group I11)

and 60 cases of replantation (Group IV).

Primary repair-repair within the first 24 hours was 23.9% in Group 1, 64.1% in Group II, and
83.0% in Group III in adult. The proportion of good and excellent results was 18.1% in zone Il of
Group 1, 30.49 in Zone II of Group Il 6.5% in Zone I1 of Group III and 6.7% in Zone I of Group IV.
In all cases of Zone II in Group I~III, we underwent tenolysis for 34 cases. Rerupture of the tendon

suture was two cases in all Group [~Group III.

& U &

FHERFPHEOBERICOVTELL OHEESNDY,
AT T, Kleinert” i & 2 BEAMEIBALG &% (early
active extensive movement) D93 & {79 55
LT3 X 2wBbhd, FREORKRETH ZDH
BEERAVSEZERFEAE LTSN, HEORECE
FHEOERI & - Tid, BMAEOURRMEOSVHESE
BT, VBEEERERVTWS,

1981 4E5 X D 19904 6 B & T 10 4l W JH &S
ARG CFEME S, NEY Q0 FETF) T 4 HMEE
i, AT 3 EEEE % HifT L Hand-Therapist &2
lfE >, SEFEEL 272, KA 27848, /NE 2845
WoWwT, RELLOTRE T 5.

fiE il & A B E

EFNIETRESG 2 S W, 3EMBEEEIETs A
FeEE AN 278 fR k. A EREEE R Shi/hRE 10 F L
T) 283850 e L, BEHRE % Group I (Ei5

IO A) | 46 38, Group I (MHREAG = AHL 2L
@) : 7845, Group Il (B, &7, MERER
HrEH Lo D) 19415, Group IV (FEEE) | 60 15

IMMOBILIZATION

Adult

Fig.1 Immobilization for three weeks tension
reducing position

Elbow in 90" of {lexion

Wrist in 20°-30° of flexion

MPj in 60°-70° of flexion

PIPj, DIPj in very slight flexion

Key words : flexor tendon injury, immobilization, early active extensive movement

Address for reprints:
Hospital, Kumamoto 860, Japan.

Hiroyuki Yonemitsu, M. D., Department of Orthopedic Surgery Unit, Kumamoto Kinoh
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Tablel Cases of Flexor Tendon Injuries (1981
MAY-1990 JUN.)
class definition No. of cases
Group I Flexor tendon injuries 46
Group II  Flexor tendon injuries with 78
associated nerve lesion
GroupM Flexor tendon injuries with 94
multiple damage
Group V.  Replantation 60
total 278

® 4 > Group 4337 (Tablel),

ZEC LD FME coRiEE, Tublana® 045
L 7255\, Primary repair (Z245% 24 BRERILLAY),
Secondary repair (%{E% 5 HMHLAA), Late repair

(45 5BRELAE) @ 3 2124317 72, Primary repair
L L Tix Golden hour NOOEE 2 FEE & L, Zhsdd
EVERITH, BREESEEAEET, BI—RIICE
FAREThNE, BIFAEE & bz, HRED —RIK
BAE L7, FoEORRETEERSSE <, RiRRA
Ve L, £ O% 24 B LA BES U ER D pri-
mary repair & L7z, FMOBW, VIEHREFEEI L
TEEL, & 20, MREGLEEL, Bifk
TEZNED LoD LEREEE L TWS, BEH
FE LT, BEATIZ Monofilament nylon 4.0, /NG
THS.0%AWE, ZOML—794 a Tz Hun
528055, MEKE LTI, Kessler ik, TR
intratendinous tendon suture 3% B\ 7z, g eEE
LT, MNROBE 4 BEMEEEE BV, ZORE
A, Tensmn reducmg position & LT, &< iF
BEETDEIE 2 45 LA E & Uie. 4 BRI, ¥ 7R
REEL, A7V Y MEET, BEEHSE EECIEE
Uz, BAD 3MEEEE T, Fig 1Dk 351 Ten-
sion reducing position & T ¥ 72 EE (FEHEI
20~30° £ /E, MP B8&i 60~70° JEh{iz, PIP, DIP Bg
B WA 2 3BML TS, ¥7ARERE, H
XY Y hNEET, BEOAERIRA LY > % 238
AL Twa

¥ ES

MIBEEEIZER XS0 Zone ZHERL, AXF D
BESHEEC L 2EEHBBETFME % A v .
Group [ (803847 @ Primary repair 11 $8, Secon-
dary repair 13 8, Laterepair 223§<# 1V, Primary
repair {3, 46 I8 11 18°C, 23.9% Ch - 7. /NBWw B

V> Primary repair i 11 &5 5 LT 45.5%ThH-
7z, Group I OFHiiiE, Table2 ®& 51z, Zone I 11
Good BA_E 50%, Zone I Good LIt 28.5%, Zone II
Good A1 18.1% (Fair £ TAN % & 54.5%), Zone
11 Good £A I 40%, /N T i Zone TI Good i £
100%, Zone TII Good Ll E 100%, Zone I Good L4
£ 70%, Zone II Good LAk 75%Td - 7z, Group II

(R IEG S S HHES) €&, Primary repair 50 5,
secondary repair 15 %5, Late repair 13$8TH Y,
primary repair 1 78 {8 50 5T 64.1%TH > 7z, /s
B2 B W T ik primary suture X 128 91 4 £ ©
33.3%TH - 7=, Group Il DFFffz, Table3 DL >
12 Zone T1 Good LA E 25%, Zone TII Good L E
16.7%, Zone TIII Good Ll E 100%, Zone I Good L4
L 40%, Zone II Good LA F 30.4% (Fair# &8 T
67.4%) Zone III Good LA E 28.6%, Zone IV Good
LI 100%, /NETIX Zone | Good LIk 100%, Zone
11 Good LAk 75%, Zone 111 Good LA E 67%, Zone IV
100% TH - 7z,

Group III (BZRG#E, B, MEWMRRGLEHL
72 M) BV T Primary  repair 78 $§ secondary
repair 11 #§, Late repair 5#7% ¥, Primary repair
X 94 FF 78T 83.0% Th -7z, Zd Group Il @
S, Tabled4 @ & 5z Zone I Good BAE 11.1%,
Zone II Good kLl 6.5% (Fair #&& 7T 19.4%),
Zone 111 Good B4 = 83.3%, Zone 1V Good BA_E 50%,
Zone V Good LA 56.4% Ch -7z, Group IV (Ff
%) O FFfHix Table5 @ & 5 i Zone 1 Good LA |
20%, Zone 1l Good LAt 6.7%, Zone Il Good LA F
0% T&H - 7>, Group I~IIl Dbd Zone Il DEEF 73
e 34 FEWC KB 2 T L T B, TR 3EME
EFERF 278 R CHEMFE L 2IOATH - 1.

% =

JNRR(10 FEAF) ¢t Group I, Group 1l T3 Zone
11 T Good LAEM 5% & RIFRFERT, ZARERD
WEL—HLTWwS, AT Group 1 Primary
repair 1 46 FEH 11 18 &£ D7 vds Excellent 13 189
%% < Zone I1 T3 Good LA E#318.2%C Fair & ¢
2T 54.5% L s oz, Group HTieBW»TH
Zone Il @ Good LA EIZ30.4%TH - /-, Group IIl T
13 Good LA £ 6.5% T Al i 12 B » o7z, TAMESW,
Strickeland (d & % B A RIS H O & F & O B 1
Good LA E 6%, Fair £ THIZ 41% & D& % L Tis
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Table 2 Group I (flexor tendon injury alone)
ZONE ZONE ZONE ZONE ZONE ZONLE ZONE ZONE votal
T1 To  Tm 1 1 il v vy
Excellent 0 0 0 0 0 0 ol 0 0
Good 0 2 0 2 2 2 0 0 8
Fair 0 1 0 3 4 0 1 0 9
Poor 0 1 0 2 5 3 1 0 12
Table3  Group 11 (Flexor tendon injury with associated nerve injury)
ZONE ZONE ZONE ZONE ZONE 7ZONE 7ZONE ZONE total
T Tn Tm 1 il 1t v y o
Excellent 0 0 0 1 3 1 0 5 10
Good 1 ] 1 5 11 1 5 0 25
Fair 1 1 0 5 17 1 0 0 25
Poor 2 4 0 4 15 4 0 0 29
Table 4 Group Il {flexor tendon injury with multiple damage)
ZONE ZONE ZONE ZONE ZONE ZONE ZONE ZONE total
T T T 1 1 il v y o
Excellent 0 0 0 0 0 4 0 6 10
Good 0 0 0 1 2 1 2 31 37
Fair 0 1 0 3 4 0 0 11 19
Poor 2 2 0 5 5 1 2 7 39
Table5  Group IV (Replantation)
ZONE ZONE ZONE ZONE ZONE ZONE ZONE ZONE total
T1 T T 1 1 11 il v v
Excellent 0 0 0 1 0 0 0 0 1
Good 0 0 0 1 2 0 0 0 3
Fair 0 2 1 3 5 0 6 8
Poor 2 2 2 5} 23 13 9 66

HOEEFIEF-ET B, Lrl, HEFOARBIERT
DRSO Kleinert” & B ik 0 RHLLT B ED0 @
Good Bl L 73%DRE L IR T 5 LEES M ENH
b, RO THRICEND S S F AN K
TP SEMTH B L Bbh b, X, BRIEECBEL T
12 Zone 11 @ 73 $6m 34 AT LAED/ STV
3. FERCBHTRBRESLE L FREELONS,
X, HEHREZ 218 # 2 fiT, EMEERCBT R
LBEbh,

E & &

1. BAKBWT, B AO (Group ) BIHIE
55 46 1§ (Group II) R HE&HHE 78 #8, GroupIIl

(ReRTHEBE, BT, MBI 948, Group IV (T
%) 60 5, /NEY (10 FLAIF) 28 #8122 T 3 80
[EEwE, NRTH 4 EMEEE T U 7.

2. Primary repair { Group I T 23.9%, Group Il
T64.1%, Group lII T 83.0%ThH - 7.

3. /ANRY (10 FLUT) i3, Groupl, Groupll o
Zone II ¢l Good DAL 75% & REFCH - 7z,

4, BATHFRMIE Group I @ Zone II ¢ Good LL
F18.1%, Group II @ Zone II ¢ Good LAk 30.4%,
Group I @ Zone 1l T Good LA E 6.5% & % - 7,

5. B Zone 11, 733D 5 5 4 IBIEITL
7z,

6. JBMEEL 218 5T 2 FRICHA £ U/,

X B

1) Duran, R. ], et al.: Controlled passive motion
following flexor tendon repair in zones 2 and 3. In
American Academy of Orthopaedic Surgeons:
Synposium on Tendon Surgery in the Hand. St
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Clinical Study on Carpal Tunnel Syndrome

Masahiro Nagaoka, et al.
Department of Orthopaedic Surgery, Nihon University School of Medicine

We experienced 377 cases, 537 hands of carpal tunnel syndrome whose clinical images were
investigated as follows:

The ratio of numbers of female to male was 10: 1, that is, that of female was overwhelmingly
high. The affected side was 145 in the right hand and that of the left hand was about a half.

Eighty % of the causes were idiopathic and their examination revealed that overuse in the
handwork and others induced the onset of the disease.

As parameters for the judgment of the severity of this disease, thenar muscle atrophy, degree of
sensory disturbance, period from the onset to the Ist examination and electrophysiological findings
were listed.

In spite of severe thenar muscle atrophy, cases with only a slight sensory disturbance were
examined, where many cases having abnormalities of thenar muscle branch were observed.

We designate the following patient as subclinical carpal tunnel syndrome, that is, patients who
received examination with a chief complaint of symptom at 1 side hand while the other side hand did
not show any subjective/objective symptom but had some of the electrophysiological abnormality of
nerve conduction. The investigation of the prognosis of this syndrome revealed that about 40% of
the cases became symptomatic during the progress.

FREERBEOZE L 7 ORELERE BT 2 72
DI, BRBEELIIEET I LNEETH S,
* T, BEHE D LICEEOHRBRIZDOVLT LD
D OMBEEEFLIBRND,

fE il

STERIGEE 27 ERICEER L /- 377 B, 537 F T, B
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Key words : carpal tunnel syndrome, entrapment neuropathy
Address for reprints: Masahiro Nagaoka, M. D., Department of Orthopaedic Surgery, Surugadai Nihon Univer-
sity Hospital, 1-8-13 Kandasurugadai, Chiyoda-ku, Tokyo 101, Japan.
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The Role of Electrophysiological Study in Carpal Tunnel Syndrome

Shintaro Tachibana, et al.
Department of Orthopedic Surgery, Toranomon Hospital

The role of electrophysiological study in carpal tunnel syndrome (CTS) is reviewed concerning :
1) the diagnosis of CTS,

2) the correlation to clinical evaluations

3) the decision-making for treatment

We examined the cases of 327 patients reported to have symptomatic CTS, as diagnosed by the
peripheral nerve injury clinic of Tokyo University Hospital and Toranomon Hospital since 1985.

A total of 575 hands, 481 symptomatic and 94 asymptomatic respectively, were recorded.

Clinical evaluations were made considering the muscle strength (MMT) of abductor pollicis
brevis (APB) and static two-point discrimination (2PD).

The electrophysiological evaluations included: nerve conduction velocity (NCV); strength
duration curve of APB (SD curve); and needle electromyography.

In our study, 86.1% of the 481 symptomatic hands had prolonged (> 4.2 msec) median motor
nerve terminal latencies (TL) or absent responses. Also, 93.3% of these hands had slowing of the
orthodromic sensory nerve conduction velocity between the middle finger and wrist (SCV). Abnor-
malities were revealed in 95.2% of the symptomatic hands examined, but 4.8% of the symptomatic
hands were determined to be false negative. Of the 575 hands examined, 55 (9.694) asymptomatic
hands were false positive.

[t was concluded that an NCV study is essential and useful in the diagnosis of CTS. However,
there were no correlations between parameters, such as TL, amplitude of motor response, SD curve
of APB, SCV, amplitude of sensory nerve action potential or clinical grading such as muscle strength
or static 2PD.

It seemed that the electrical and clintal evaluations pertained to only part of the neve functions;
therefore, a multidirectional evaluation is needed.

It is proposed that opponens plasty should be performed simultaneously in cases which show
severe muscle atrophy. In our study series, 909% of 30 MMT [1] hands, meaning positive M response
or voluntary motor unit action potential (MUAP), recovered to better than grade [4]. On the other
hand, only 55.99% of the 3¢ MMT [0] hands recovered to better than grade [3]. It was concluded that
opponens plasty in CTS should be limited to cases in which there is an absence of M response and

Key words: carpal tunnel syndrome, nerve conduction velocity, opponens plasty
Address for reprints: Shintaro Tachibana, M. D., Department of Orthopedic Surgery, Toranomon Hospital, 2-2
-2, Toranomon, Minato-ku, Tokyo 105, Japan.
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Intraoperative Changes of Distal Sensory Latency

Distal Sensory Latency
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SREAEETHE LD, ZThs o false positive
Bl O KRERS> XERE Y DF S subclinical CTS 244
LyzbptBhbnlk, BRNLEHEEDSTH,
FAELBWI EERLTWTERZE, 77, BEE,
B4 & polyneuropathy Z &4 L 5 % BBER BN
HLEER, BRER ETHEFMED A DRE Tl
false positive & % 2 AJfeH2 H 0, REMEEHEE
& DR inching O AL ETH - 12, —7, #Hll
THEGIOZ MR B R BMECHRENEE TH
D, HERRECAPB OEBEETH 2 I L R HER
TAHLERH Tz, F, BT O E RS
R FMEECOMBRIEBIC I VBT L, SRR
FRECHDH L EHERTLAELHAL TS,

2. EEEBHFEWDLT

IIWRED BT IBREEENRED T A—5 —
3,871, 2 PD CRa M ABKNEEE2H 2BE
RELL TWwT, e LT, BREICEE ChNITL,
INGDNRT A= —b & DAL BEE R TEE
AU, UL, EROZHEEREGRERL THEY
Z ki, false positive BIDEFEHENLS LA TH 3,

BRFHIi E 2 s D87 A —5 —sHEB L % v Bl
ELT, MBBREO R & Ui MMT i NFET %19
B, TihobbERERE OB OmE, WSHED
WO EBHToND, /o, BEEREXRERTH 2
MR DB BRFHI SRS e o OFMH s L Tz n s
bbb, FARRCHBERENC DV v 21T static 2PD
WRZEL LT, Byt n>EEbLbH 5. Lr

LEas, FVEERMETESEEENREZOD
DODBATH Y, SERERLHEIEEDOT LT
—EWERRL TR BT ERnEWVS I eh, BEE
R 36 1) 2 HHREBER 2SR S TR WK DER & &
3. WESBRBERICDOLT
HEFOWB W HIz - T, BRIBREMEED
-3, internal neurolysis #1795 ~N&7p, F F-RHENIL
AT 2 BREMCHFRT REL LI ARDWTE
D 5.

a, internal neurolysis iz DWW T

REFIREB IR O NCV 0 E iz 2w T i,
Hongell?, Eversmann® 383 380 %H W2 & %,
Yates®, Luchetti” {X1°%, BAFIOL LI & bl
LTwb,

bbb OFRTH, FMEGE L5 &5 EMT
13, BREE®RKE, NCV iZdE L uw s nrs.,
W L, FREMEEAREOESN TETFESR
HFTHs I ErELEHE, internal neurolysis it
DHUFARBNC e 5\ EEZ B,

b,  RHEN ISR OB D» T

BRK L, BHERBEEIEL {, Bl Ean T e
HErsnTh, MESERAETH- 2D, HERKR
BT, HENBEREDLZEMNHY, 20> RER
EFMMTI1]EHIZE L, bbb, ZOHED
MMT[1]& MMT[ 0 )$(BiE, M ¥, BERGED
HHEARNE LT3, X7, MMT[1]Ti’, 90%ic
41 toERZEEB SN2 &, BHENIT
MERMHAOBEG 2w EeEZ 5. —H, MMT[ 0]
THHFBCER 2 BEIR 218 T 5%, ZOFHHE
HNF RIS TR, APB AOEEI L ~, 85—,
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BABHAOEBESEE NS L REHLT
A~ DIEF R (TL (Lumbrical)) #EH LT3
WEY LHY MMT[0]OFHESLD FEE LTEA
BEREHEEEZLTHD,

& B

1. CTS o2 WEBRNAED ~OKRRER
(TL) R U 35—F &M DI T A B fn bR &
(SCV)metfloa Ty RS, BRATHY, TL> 4.2
msec, SCV < 45m/sec DEHET 95.2% W BE % 5
B 7z, BED, SERETEEH 1T inching, REHHEE NCV
EORBLE EOHBABLBELEL 3,

2. EERAERERE X, NCV, SD curve it L 2 EiE
B oEBIREs TR T,

3. EERI B BN BRERMTF OEE R
Wik, M, EMG COMBEIEOERLEETH
D, WL ERD BFEIE, 90% W HRAZEED
B TE, BIRNIBBEATHBEOBIGIIR WV EEZ
3,

X 2
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7) HELCE b FREERECBTAE 2HEHO
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Differential Diagnosis of Entrapment Neuropathies
(Carpal Tunnel Syndrome)

Yoshiki Okuda, et al.
Department of Orthopaedic Surgery, Kyoto Prefectural University of Medicine

There still exist controversies that surround preoperative diagnosis of commonn problem, such
as carpal tunnel syndrome (CTS). This paper only briefly summarizes some of the problems

encountered in the management of CTS cases.

Differential diagnosis with other peripheral neur-

opathies, atypical patterns of CTS, median nerve compression in other anatomical regions and CTS
cases superimposed on a metabolic neuropathy are discussed. The concept of multiple crush
syndrome may explain the existence of ambiguously diagnosed cases and the cause of surgical failure
reasonably, but which should not be abused as an evasion.

L ®»

BATE TR R s FIREEREE (CTS) ol
BEOWRREEH B L, B R B et
52 TEHLDOBEFECRH T 5 2 EBEETH
5, ILREREBFIRE CHREZH 21TV,
Lo LEEBIOF I, HENRZHCEST+a7%H
BT Loz, Be»BIEsH25DELT
B R A RHEREET o 12 b b b & TBRICRIG
LBWERISEETI2DOLEETHSL. I530o g
gD 3w pitfall &gz, BEAIERE 2 TBL
TR 5,

I fEORBHEEE & OER

RIEFHEREE * £ OHFE I 5 Miller (1966) 2 12
Tablel DZ & { 4 DOWERFWSFEL /2. ZD»T
dying-back neuropathy it Cavanagh (1964)2 23824
L7-#Ee, AkmEMiagnEans o L CHER

Table 1

1. Disease of motor or sensory neurons or both
9. Proximal demyelination with spinal root damage
Dying-~back neuropathies due to toxins or sys-
° temic illnesses
Lesions affecting supporting tissues, including
" vasculature
Miller (1966)

DR S P EALIC B WD TR OMEEHER - RS
EU2Zens, BUOERIBECHENZ Z LE2E
W5, ZO%, HESURAMICE K S THREE
Whlzb L ERBESMICEINT, Th L YASEHD
FEEABEMEREEEOBR R UREFT R HIATE
388, 20L& REBOERFEIEOIIAT mononeur-
opathy D% ¥ ook & ITERIRIEF RS 2 5.

1l

I CTS BFICAET 3 &

CTS oW sHEIc T 20 L DDEREEE LT, 43

Key words : carpal tunnel syndrome, entrapment neuropathy, multiple crush syndrome
Address for reprints: Yoshiki Okuda, M. D., Department of Orthopaedic Surgery, Kyoto Prefectural Unijversity
of Medicine, 465 Kajii-cho, Kawara-machj Hirokoji Agaru, Kamikyo-Ku, Kyoto 602, Japan.
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L b BRI OEREEHESERIC L o % »w I L2855
%, MR EEEREFSE S B WERE L TUTO3
EWEZLND,

1) CTS @ stage Ofd CTS OB S HIZ
7278, WECREEEY SERBCADTEZLS
L%y, Early stage TREWRIBEXMD v id—
EEOLUNRBRRE/RTHD, HHETEIRDONT
bEBEAED O N, ZHAHEE L ERRANTH
%, 772 Phalen test OB L0 LRIV R E
X LT OMBERED A Lo ER S FEET 5,
Spindler® % i3 early stage 12 8V TEIAEE IR
BT OBIWAEFTRBEO N EMEL T 5,
20§D REFTIRRFHERCRET 5 2 LM%

B Bn oI T E 2 2 E TR SRR T
&iﬁf@ﬁ?f‘% L2H0EEbN3,

2) EFHREAOWEREGIOME EREoH
BEILTLLBLEERZT 2 EERES $, ik
5 1 E CTS OMEEROFEIEN OB RIELE
B2y 2 dis - BIBIIRE 5 2 LRk~ T, E72
WERIC &> TRARRE*BRE T, UEHLH
TETHEIEREERETHIEHH 5. CTS iy
WD Z DL HBEFTH B b5,
Mackinnon® & I F &SRO SN 5 G T FMAT
BCHilhR s & D OB BE L T, HEEFR
HHEPOEEEZT TV IEARRRT 22 L35

39Y.0. Female

i complaint : weakness of opposition & pinch of left hand

;trophysiological study :

left
SCV not evoked
MCV  distal latency 11.4 msec

static 2P.D. (mm)

Fig.1 case 1: Thenar muscle atrophy

Semmes-Weinstein test
Diminished light touch sensation

D, SETMEEOERS & DRATHIZ BT 5 L ERL Tw
% (EHIL, Fig. 1),

3) IEHEEOBE IEHRMHERICIEE ¥ OB
BEET 555, iz CTS OFRER 2B+ 5
ELdH D, mEEtE s UGBTI S & DRI & 535
L CHFARIE 2BV T A6, #lnss 2 RE4E 4
546, REBMHENSEHEROMEEL T 54 (Riche-
Cannieu anastomosis) W34 & BIEREER 2 & Ol
SAMENRECHERICUENES5 22 5,

Il ERHEOFRELUADHLTOEE

EHE D 7 O2ETICB8»T CTS s \UL 7 E
WOSHBL L8 5. FHCBUMENERIFLE AL, B O,
FBEERIZ 38 > TEIBME MBI 234 U 2 B 230 < &
FOLEHBH 5, 7= double crush syndrome OELE
LA L B,

1) EMEHERARAE &L ORI  IEPEIE C6-C74R
DOTIHKLTWwA D, ZOROEERFSI S
i akﬂ"'l‘;’?’r%%b, BHOBTEHRELTEL S, -

CTRER R & D TROMKRXE 22} % 72 pinch
)j';t\n, dr& vy, Hurst® 13 CTS 1000 flic ow» T
FHLCHRE L, MR THRESZED O R, a6
MR 1B b DI 72, ZD X 3 i DHE
g DERICTFEET 5REN D 22D, TOHK
DLTHICEE L TEZWMT 248085 5. BEREHTC

This patient did not complain of sensory defecit.
The motor branch was separated from cental and volar fascicles.
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TEREMEETRAZKT 5. EREEEAIEH
BHUERIZ BT, FHCEESERICB T 2 HgEn
OEEPEBETH S, ERFERHER T E  WCHiHE
FEW B 2 FCVOEESLSSEP T N9, NI,
N 13, DHEFOBEECHIEOILESE TSNS, L
L, false negative DEFILEFEET B EL LN
ZOFEW EERIIRM L b D B D (EH, Fig.
2),

2) MOSPEOERRE - OER S BT 5L
R oE B CTS L EULIERERT I LD
V5%, $:70EROHELBEMRIEE L &3, M
REITH o720, TRETH % - HIETELZETHI R
THs, TOEREL T, FFad i,
SHEBINES TR INEEYDEEDER D S

73 Y. 0. Female

Chlef complaint: numbness of bilateral palms and

radiating pain
Electrophysiological study:
left right

MCV (elbow - wrist) 52.6m/sec 57.7m/sec
4.68m sec 5.16m sec
68.4m/sec 63.2m/sec

( distal latency)
SCV (elhow - wrist )
( wrist - middle fin.) 45.4m/sec 41.6m/sec

Fig.2 case 2: CTS and cervical radiculopathy

BB OMEFENREEDELE T 2 - DRI ORIE
HHEEETH A O L, Mackinnon” ¢ multiple crush
syndrome ORI Z o TEZ LT U b BRIEH L
B RESNT, BEOEENHEGEL TELS
CETERPHEL T 2 aEM R H 5,

3) HiBIZB T HEAT L OER  HEINHAERREC
BT JGURE CEMRR & BRI RO A0S
SERRIRICEES L T 2OTREME D H 5. FER 3 1M
EINHEGRESTH 555, BEERR S CICERAR
i CTS WL Tz, EALCECHIR COESH
& inching ¥ & Mackinnon & O#j% 2 BETA E I
& AEBEESERTH - 7 (Fig. 3),

FI—-SCH

i 1T ' 20 ' 30 ' 40 'MS
Rt. Lt.
N 13 non evoked non evoked
N 20 22. Oms 22. 3ms

Roentogenogram shows Cervical spondylosis deformans of C5, C6, and C 7.

Electrophysiological study revealed abnormal findings in both regions (carpal

tunnel and cervical region).

After bilateral carpal tunnel release, the patient’

s syptoms improved, however numbness still existed.
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49 Y.0. Female

Chief Complaint : numbness & pain of It. forearm and hand

pinch power : left 3.3 kg right 4.4 kg
Tinel's sign at forearm & hand

Semmes-Weinstein test : Diminished light touch sensation

Fig.3 case 3. Forearm compression

Inching(MCV)
mv v
T £ N s+ 1 ) £] —%
pre-compression  post-compression

Amplitude 15.2mv—13.1mv(lower)
Latency 0.20ms—0.52ms(delay)

The distribution of sensory abnormality covered both median nerve and

palmar cutaneous branch.

The pressure provocative study (one minute pres-

sure on tender area) revealed significant delay of latency (0.52m sec) of
median nerve at pronator teres arch.

NV ABEFSHEREHEREOSH

B D 5 o P AR ARAR R R & BRI
BREEEOEREEELZ L bH D, S5 EE
BTN ENLOTHEFTSIETH
5, ThbbITUEELT 2 REEREED D, 4
BRBEEOE SN L THREETRL, BERERCE
5, PR R BN BRAL IS TEAY R B R &
05%, Ll LIELUEERERSFEET 22T
ERRIZ RPN £ D & U T 2 RER %
REET bbb, F-BREMENC L RIVEO
ST b MG REEE (NCV) OBENTED 55
EHE L, ARIBIERA E O L U S Ei e mi
BIEIZ DWW T 20BN H S, 0L D LREE
SUREMBLBE LT, BERE - SRBEEsPLE
LEREBE - 7Va—LdiE- - K- BRE-
Guillain-Barre’ Syndrome - % % f& ¢ Hereditary
Neuropathy % Ep3&iF s h 5,

1) #EBEMMEREOEM HEREBEEKCTS
DFERBEHW I L3 Hurst 5O X DL HS
nTws, FERFEHEFESOLDERNERiEND
HEPLELIERD S5, FERGFEN M"fxl” = 'i#ﬁbk
WO LEHBRE CHO|ERECELCL TR I L LS
<, CTS TMBEHREIRE OB 2SR T8 DiE
FLZEC A LTV Z & T, W & DROERIER %

272616 H5 (ER4, Fig 4). RBEEELE
G HER TSI B RIS EE LN EET 512
bbb, TNTOERSERRE & 2R
ENTLESI L DD,

2) REBEMERBHEEEOEH FEHBHK
CTS ®NEEEREN LEUERET 2 WXL <M
ST 5, —h, REAOKZEIAM® W uremic neur-
opathy » 17T 2BOHEHETH B, 2D LiFCTS
OMERFC bR E5 2, BEROBRIBES N5 15,
LUNBYERET 200% <, HEOFEEELFL,
E, EEECTS WWFI & VFEEL T 3 FRY
& D AR O {7 R LA AT A (T R 0D 2 B e
TEDILAT, REEHANEDSNT, LULBET
T LIEEH H D, uremic neuropathy OFER T 5
MEBEz o5, SOEEPERICT DR, &
FMEREEOMETH L, bhbhOIToHET
i, BT L SBHOTLSETT 2kon
T, CTS OREHLEML TH 0, BT ICBIAGEE
iTo 2B THREIFRERBRM ST T, Zh
1 f2-microglobulin 231 #% O RIEMF IS 3 2 72
BHEEZoNLN, GiEEE T 5 EREZEOREH

FRZEHR & FS O Z»Er Cclit® 220, CTS OER
FEWAERS I LcalElEr H 5
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77 Y.0. Female
Past history —~ DM controled under oral
therapy for 25 years
Chief copmplaint— acroparesthesia of
both hands

Motor conduction velocity

Left Right
elbow - wrist  57.3 m/sec ‘51.9 m/sec
Terminal latency 4.72 msec 4.88 msec

Fig. 4

Rt.

T OERZ

\ et~ Fg

Fi-F2
Lt,
(/—’/“\E:L
ms

Fi1-F2 E2
F2-F3 F1
L/_’/\/"'."_"l Inching(SCV)
Rt Lt

wrist—F1 47.3m/s 45.5m/s
F1--F2 39.1m/s 42.2m/s
VF2--F3 29.4m/s 29.4m/s

3

case 4: CTS superimposed on a diabetic neuropathy

Inching method of digital nerve of middle finger showed significant delay at

more distal segment.

This finding indicated diabetic neuropathy had influ-

ence on clinical manifestation of CTS.

% £

SEEEE L2 CTS oFRZH s T MBS % 5
F {EBIL T b DD, multiple crush syndrome
OWATH S 5. multiple crush & X HFTLLEDOER
M THRBHRESEELZT T 2REEEKL, 20
BE LT L BHENEED S &R ST, R
RRI L 2HEOBEERZLEL. REWEDOETLE
NOBALI BV 5 EHBEIRR B S 2+
TEH 5D, THNEFCREREREBELEEL ICRF
+ATHBUREEN DL, BROEENERT Sk
DOIRFESR T, EREFRWES, 25 LicEES+5
Rcblzoc s, TRHEREMSIDI b—0
WAEUHBIRREERSDLE & 2 5, MO TR %A
kR E PEU T RWEHETAING, £ OBKERD
WET S, T CUEMBPECTHRIE—DFOH
DEAOBRE TR TIZoFRTISAEDH TS
%, ZRIZ £ D multiple crush syndrome 238 H i 2
CTS OFMEMD BEOHBASWHE» 5> 2 &
wizd, Lal, BRI Rhid, CoMaafkii
BTu&s, ZOMTHHCEBEBORERTZ Tni
WEMR, THERIT - FMOBLEROR kA
O&z 5, SECABERFEREBHREREICOWT
EXT L bbbz ORMBIC DL T L A1k

R 2 8-> CL2LAL T, EEEBCEL IR
RECHBELTLE Y. bbb I BIE SERKED
BT A5 ERTERVD, oMb iR
AL I L 3TETH S,

X 7

1) Miller, H.: Polyneuritis .
1966.

2) Cavanagh, J. B.: The significance of the “dying
back” process in experomental and human neur-
ologic disease. Int. Rev. Exp. Pathol., 3: 219-267,
1964.

3) Spindler, H. A, et al.: Nerve conduction studies

Brit. Med. J., 2: 1219,

and sensibility testing in carpal tunnel syndrome. J.
Hand Surg., 7: 260-263, 1982.

4) wWKEZ b FREFERFC B ANEEROFK
B, BFSEE, 6 39-42, 1989,

5) Mackinnon, S. E,, et al.: Surgery of the perpheral
nerve. Ist. ed. Carpal tunnel sydrome., Thieme, New
York, 149-169, 1988.

6) Hurst, L. C, et al.: The relationship of the double
crush to carpal tunnel syndrome (an analysis of 1000
cases of carpal tunnel syndrome). J. Hand Surg., Br.
10: 202-204, 1985.

7) Mackinnon, S. E,, et al.: Surgery of the peripheral
nerve. Ist. ed. Multiple crush syndrome., Thieme,
New York, 347-392, 1988.
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Conservative Therapy of Carpal Tunnel Syndrome

Hiroshi Yamamoto, et al.
Department of Orthopaedic Surgery, Yamagata University School of Medicine

Forty-four hands in 40 patients of the carpal tunnel syndrome were treated by the dorsal wrist
splint from 1988. Patients were considered to have carpal tunnel syndrome if they had two or over
symptoms of these as follows, sensory disturbance in the median nerve distribution, disturbance of
the thenar muscle, Tinel’s like sign at the wrist and positive Phalen’s test. There were 7 hands in
7 males and 37 hands in 33 females with the average age of 49 years, with a range of 23 to 79 years.
4 patients had bilateral involvement. The average period of follow-up was 1 year, with a range of
3 months to 2 years.

The method of the conservative therapy was the dorsal wrist splint in neutral or slightly
dorsiflexed position of the wrist made with thermoplastic (orthoplast) to wear during the day and at
night for 6 weeks. In this splint the volar surface of the hand was almost free and only the small
area of the distal palm was covered by the slender, elastic plastic bar. Therefore the motion of the
thumb was free and the sensation of the palm was not disturbed at work. Oral corticosteroids,
corticosteroid injection into the carpal tunnel and other physical therapy were not used. Only non
-steroidal anti-inflammatory agents were used partially. The patients with mild symptom or who
could not be treated surgically for some reasons were treated with this splint and also this splint was
used as the temporizing therapy before the carpal tunnel release. Successful conservative therapy
was defined as the absence of the sensory disturbance at 6 th week after the conservative therapy and
no recurrence.

Thirty hands were improved successfully (successful rate was 68.6%), 14 hands underwent to
surgical therapy. In 13 hands with the thenar muscle atrophy, 6 hands were improved in the sensory
disturbance.

After analyzing the correlation of the clinical findings and the electrophysiological data, we
found that the high correlation exists between the age, duration of symptoms, M-wave’s amplitude
and positive response to conservative treatment.

We concluded that the dorsal wrist splint is useful for the conservative therapy in the mild case
of the carpal tunnel syndrome. In the case with thenar atrophy the sensory disturbance may be
improved by the dorsal wrist splint.

Key words : carpal tunnel syndrom, entrapment neuropathy, dorsal wrist splint, wrist splint
Address for reprints : Hiroshi Yamamoto, M. D., Zao Miyuki Hospital, Yamagata Hand Surgery Institute, 2-2-11
Benten, Kaminoyama, Yamagata 999-31, Japan.
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FAREREREEORFIGHR ISR, HEKRS, A7
o4 FOEA, BEHEE FHEZSLSCLTL
T B 099N 704 1% 1988 FLEE SRS £ U
BEREER T, BRIBTFENR 77 » b 2 B b RIEH
&, 0PIT>T&R, 6, 207K, EEzE
KOLWTHIEBFMNNMREED TRE LD TRE
75,

R HE

FREEEHOBKER, EFHEEEEOM
T, SRR Lzl iEis, Tinel 1%,
Phalen 7 2 * O&HEE O 2 BB E & L7z,

fEGKE, 408144 FT, ERIE, BTHTFE, L33
B37TF T, EDEBF 0 79, FWH.1FThH-
fo. FERBENE, H25F, £ 19F T, FRIFEEEI 4
BTHote, WHORIRFEMENITFThHo7z, fEE
EEo7b D, R—F v ME 1A, @B >
~F 14, BRE2HTHh- 7, HRICE bR oD

D1BIT, BREFCEHROEFOH 72 b D32 )
Holz,

REFEOMIC T, BRICEEEEZ SN 54,
FHFEESEL OBEIC L DITL2WE, FFHE
TO—RHER & LTz,

ZOHEE, BTEMERE (A7 A M) T
L - S RIBFHESEEA 7)) ~ ~ (Fig. 1-A, B) *
6:8M, HaOKES & REICET 38, BERES
AT U4 FOEARTOT, —EIEAT o1 FEL
BlERAVwLDLE LT,

EROHER, A7) v N EER6EICT, BHEN
ZLUWPEFEL, BEEE LR 2ok, &
SIZFDHBEFRL TR WLbOREY, Thllihr i
Bhe Uiz, RIBEHAME 3 » A05 2T, ¥yl
EThHoTn,

PROEME RFEERODRCHEFRTZ2EELSN
57T ODHEFIODWTHRE Le., ML 7T DOEF
BES, BRI, AR, S5HEE, FREMEG
FLAEBLD 1 om TR COEFHERIEIC & 558
BHESR M OFREE, RIE S L CHRMHREY

Fig.1 Dorsal wrist splint. A, lateral view ; B, voral view; C, holding a pen; D, holding a
kitchen knife.
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HETH -7,
& g

4 FP, 30 F 68 2% 0B TH /2. FIROBE L
BRT & OBIFRIZUAT WL TH -5 7.

FEHTIE 50 FRMTHER 20 F, R 6F, 50
HUETER 10 F, #2118 F T, 50 R HE»E
WHERICH o 7z, BRI TR 2 » ARBIER) 13 F,
|EN3F, 2»ALLAEMIEF, BHIFT, 24
ARBCEOEI Y, HMEEEORE & OBRT
BEENOLUNTEERIF, H3F, FEETH
B8 F, M7 F, BETIER2TF, E¥aFT
bote, BHEROESHEE CE, BEORLHITHE
%23 F, T F, HHETOAOPTIZEL1F,
| 0F, BHEWEICEED6F, BUM7FETHD,
HERH > TOEBIENTH - 2. ERIENE
% M ¥ ORI DL T 6 ms R TIIER 20
F, EHSF, 6 ms UETRESH, BYMIFTH
D, 6 ms KM TENNEMEANCH - /2. M HIRIE
WOWT9ImVEUEETEEMILF, EH2F, 9
mV R TREL 12 F, M 10FTI mV LTI
Buhhig v, MEEEEE 0m sHETIRER 18
¥, EHOF, 30m,/SEKRBTRBEYOF, |YIF,
LHTERTEERO, EHIFTHoT.

B OEE RN L U, £45, RN, 498
BE, EHEE, TRHEN I M K ORKRER, M §#

I8, ARCEEED 7 DORFEHEARFE LK
HEERILIC X 30N TR, £, BREM, E8%E
ShERfs M O HRIE TIRAEBIBEMRES, &2 0.39, 0.39,
0.41 L& <, MORFRAHLTEREOERTL
7o, &7z, FHEEZRDEL 4 DORTFTRbLES,
HRIE/MEN M B OKKRER, M HIRIE, AEELR
B 20T, BB C BB OM Y BT 5 & M &R
BRBEEDOEZ%2 L (Table 1),

Z B

FIREEBRFEORTFIBROEMNECDVTE, 0
SREGF OEFERE PR E, FHEOELICLY,
Kaplan @ 18. 4% 5t H D 84% L R DR &1 &
AR TH BHIPID_ F b DEGI, FOBEED I
O, HEHEEDOENE <, EBROFEHERICY T
PREHBEOESCIEL, ZO0EHRLHLS G
68%, Tkl 63.6% LiTustD,

REFREOTEREROBRE T, TOHINAT
V> O ERERS, MERE FIREAADR
T4 FOEART>TBY, FRZORATSY v M
SHOH AR CREFMBTH V90 fl 7503
BREFRE L U TERBEFREMA 7Y v PO AEFE
L, —HCERRARSEHALL. Z0ERBFHEES
A7V M, FEEWHS A7V VN OERFE, Hv
1EDNN—DAHT, FEOMERERZIHT S, £
ROBBZEERP L L, A7) v MR O

Table 1  The results in the statistic study. TL, M-wave’s terminal latency of abductor
pollicis brevis; SCV, Sensory nerve conduction velocity of the median nerve;
amplitude, Abductor pollicis brevis muscle’s M-wave ; Cured, the absence of
the sensory disturbance at sixth week and no recurrence ; Failed, other than

cured.

Correlation Coefficient of the Seven Factors

age of patient 0.39*

duration of symptoms 0.39*

motor disturbance 0.22

sensory disturbance 0.26

TL 0.15

amplitude 0.41%

SCV 0.26

*p<0.05
Cured Failed

age 4+14 years 54+14 years
TL 5.3+0.8 ms 6.3=1.5 ms
amplitude 9.0+3.3 mV 5.7+£3.7 mV*
SCv 325 m/s 30=5 m/s

*p<0.05
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Double Crush Syndrome of Upper Extremity

Masataka Abe, et al.
Department of Orthopaedic Surgery, Iwate Medical University

During last 10 years 397 cases of patients with entrapment neuropathies were diagnosed. Those
were consisted of 203 cases of thoracic outlet syndrome, 76 cases of cubital tunnel syndrome, 70 cases
of carpal tunnel syndrome, 28 cases of radial tunnel syndrome including tennis elbow, 6 cases of
cervico-thoracic root lesion combinding with other entrapment neuropathies, and 4 cases of ulnar
tunnel syndrome. Twentythree cases out of carpal tunnel syndrome, and 11 cases out of cubital
tunnel syndrome were double crush syndrome. Provocation tests seemed to be an essential measure

for the diagnosis of double crush syndrome.

T L ®»

i d entrapment neuropathy (LT EN tﬂlﬁ) b
{4 double crush syndrome il DS % EF‘ Lo 3
e, FIREEERE, NEEERRESH
vicothoracic root lesion & 743 thoracic outlet syn-
drome # 3 2HH3 72 2w EREFL 2,

MRESTIIHE

{#H_I, cervico-thoracic root lesion % Root &,
thoracic outlet syndrome % TOS & L, LAF Table
2DED T,

Double crush syndrome O Wiz, ik, JRIE, &£
%, SHEERFEFRAR, E{RZE, thermogram, EMG
RETHREMIITLTYwS, ZORTE ICHEERL

B, cer-

TP, 2EBOFERZRTH 5. B2, carpal
tunnel syndrome 2385 & 225 & T, cervicothor-
acic root lesion, TOS"? # DLOFERFER L L T1T
SWENH D,

ERFRARTLIT2EO5LLTwE 0%
Table 1 iw7rd. Spurling test, timed Morley test,
timed Wright test, timed Eden test, Roos test iz &
13 CaTs, CuTS, RaTSEDEZ TIELTITI & 540
HiF T3,

#® 3

1988 F-~1990 &= D 10 EfEli, HEE Sk T LED
EN t2Maniz0i 397 %TH 5, 0P double
crush syndrome {3 44§l 11% 1 A 5172, 5 5, root
lesion B ix TOS &, CaTS & O&EHHIZ 1941, 2

Key words : double crush syndrome, provocation test, thoracic outlet syndrome, carpal tunnel syndrome, cubital

tunnel syndrome
Address for reprints:
-1, Uchimaru, Morioka 020, Japan.

Masataka Abe, M. D., Department of Orthopaedic Surgery, lwate Medical University, 19



I Entrapment Neuropathy —¥& < 2 Double Crush Syndrome % 50y ic—

SBI_E o entrapment neuropathy & O-&6f2% 4 5|
Hotz, CaTS Bz 54 I TH -7 (Table2),

CaTS Eif & double crush Fil & MR, FERF 5
UTAhBE, ind 02550 oxttkes <,
double crush 48 & & B D 21%12 Fh~, i i
51% & @i o e By A NORFIIFM R Z R T,
BEEIRENR L, ZOEHT TOS OFMEITH
Bz, B TOS T 2FMEEL H L %
72 (Table 3), CaTS & & 2 AR X AR
Bz X D #&ER b Phalen test bR EBMEA L2 A2 b D
®, double crush B Cix, TOS #DfhicteR I 2 L &
b BT - 7o,

891

Z 3

Upton 282 & D 18 & 17z double crush syn-
drome 7% 2 {RE WAL O 7 ¥ COBHEER OEE
% axoplasmic flow %157, X DB TOEELD
Lyfnbd L, MENEESZIPITLIE2LTED
oTH5 (Fig. 1),

Upton 5%, CaTS & 7z X ulnar neuropathy @ &
ZHO VR HFIREDFEELRD TnD, bhbhd
EEE T, ROOT %7213 TOS OFELE X 30% & Ak
o, ZOEFNKBERORALLTEETE L,

Upton 5 ORIBIZIE D, BWEEE T LB
Seiler 59, Nemoto 59, Mackinnon &% D EEFE

Tablel Provocation Tests examined routinly

Thervico-thoracic root lesion :
Thoracic outlet syndrome :

Carpal Tunnel Syndrome :
Cubital Tunnel Syndrome:
Radial Tunnel Syndrome :

Spurling Test

Timed Morley Test ( M. Abe, 1988 )
Timed Wright Test ( — )
Timed Eden Test ( —_ )
Roos Test (D. Roos, 1979)

Phalen Test

Elbow Flexion Test

Middle Finger Test

(Tinel's Sign)

Table2 Cases of Entrapment Neuropathy and Double Crush Syndrome
TOS : 203 cases TOS + CaTS : 18 cases Root + TOS +
CuTS: 76 TOS + CuTS : 7 CuTS + RaTS +
CaTS: 70 Root + TOS 6 CaTS 1 case
RaTS: 28 Root + RaTS : 5
Root : 6 Root + CaTS : 1 TOS + CuTS +
UITS: 4 t— — | CaT$S 3 cases

— Total 37 cases —

Total : 387 cases Total 4 cases

TOS : thoracic outlet syndrome, CuTS: cubital tunnel syndrome CaTS: carpal tunnel syn-
drome, RaTS : radial tunnel syndrome or tennis elbow, Root : cervico-thoracic root lesion,

UITS : ulnar tunnel syndrome

Table3  Age and Sex Distribution of Carpal Tunnel Syndrome
Sex Male Female
Age (Decade)\ Lesion Double CS Single Double CS Single
10-19 0 0 0 0
20-29 0 1 1 2
30-39 1 2 9 5
40-49 2 4 1 4
50-59 1 5 8 19
60-69 0 7 0 7
Total 4 19 19 37 cases
(4/19=21%) (19/37=51%)
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[CN] B
Compression across the Brachial Plexus such as at the
Thoracic Outlet (A)
1
Decrease in Axonal Flow
1
susceptible to
more distal Nerve Compression (13)

Fig.1 Double crush syndrome. . Hypothesis
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axoplasmic flow DS, 077 ORIEIAL iz lF32
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RohafldbbsBnthiB% {idawn, KALLT

C(“Iﬁﬂ*
mﬁé‘i

[ - Al

ERAERRREBED F 2B 2005407 iz,

EL S bFiLE L BEbh 254, RUR» 51T

HIZEWLTW5E, LaL,CaTSwizz ok s ik
2, FREBBMOATEATH S, CUTS TR
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double crush syndrome & - -,
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%, double crush syndrome @ Z & 2B %, i
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TH5

entrapment neuropathy 23

X 213

DR
Vi,
%) WHHSIER:

ORERIE OB c BT 585 L

1 1520-521, 1989,

HRIL DA 7 ) =y 7 =
Ao Y=y, 11:31-35, 1990,

3) Carroll, R.E, and Hurst, L.C.: Relationship of
carpal tunnel syndrome and thoracic outlet syn-
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syndrome (an analysis of 1000 cases of carpal tunnel
svndrome). J. Hand Surg., 10B: 202-204, 1985..

5) Mackinnon, S. E. and Dellon A. L., Surgery of the
peripheral nerve. 347-392 (Multiple crush syndrome},
Thieme, 1980.

6) Nemoto, K., et al. An experimental study on the

“double crush” hypothesis. J. Hand Surg., 12A : 552~
559, 1987.
T OHINEES MM OEREORBR D LT
— & AT R £ O i —, hES E A
SEEE, 281 1944-1946, 1985,

8) Upton, A. R. M, and McComas, A. J.: The double
crush and nerve-entrapment syndromes. Lancet, 2 :
359-361, 1973.



HFE4% (). Jpn. Soc. Surg. Hand), 8% 5% 893-894, 1992

YRy U LI

B R Bt (B E HACRERBTER SR

FE BN (FEESIRERFERSED
YYRY R b

R EE (BEEBEERERERTIED

SIAEHTARR (DM YRREILED

BH B (REFILERRFERAR)

WA
Al BT

(LR ERIZSED
(HriBRFRIESED

L EEEOHELVIDRBEARFRLS
HETE DD, FEERFEEARIERZEERL T,
% Db, sub-clinical L W5 b DHBH L LT NITED
DFRF, 3. double crush OFEREIEBRHOEL L
ST L THEEDTHERVLERBWET,

KEOEREEDHFE W DT B EMOKREE &
static 2PD, MERHIFICWIT 2D TIE RV LS
HENEMAELELDHVEILLEB AR DODVTIE
B3H0 30,

EE B#(LEEX  BRMC R, HEE,
MG TE & A EDEE, BHEERVTVLHLY 2
BREMEZHETES LBV ET.

S# EHE GEIHELSR)  MEWCOWIET2PD &
0, Threshold test DTS MR W E BT TH, »
BB TT B,

A BoL»2rBYRERLE TS, FHiC
RIS H 2 LB 7, Mz TE % 2PD 035 #8
WLDTIEFR WD, EREHWERALHD T DT,
2PD L g Ui, BADER T S-W 7 X Mg
ERICIZENT VB EBLET,

R B OTMIC DO TidL S T3,

BR  HEFOBEERAL203BMEC L->TER
DEFTOT, ELLEBT2DEHELLER S ¥,
DU 3BEE Y v CEBENEH OEM %
HMELTwa L2 5T,

ITE APB O# 1 £ BRI O RA—E L 21
LW ZELHDFET. IHEERMEOGEZED
Hfard, FEEOMELZELHIITOTH LY
DREZEBWET,

EE LCTACLCLEEEEHERORERE,
2PD, AN LS5 TIS-W 7 X N 22 THET &

BEWHIETL &5,

FNTRECERBSEREET 202D
% T sub-clinical ZHIZ DV T VLB TL &
PEAR

HE BUE GERER) CAPBFUOBEE WD
BEMER E OERNHOLETEIC B REI LR
WHIETHLHYFRAD, BEEPATHWET EAE
BESLZASPOETENTL 2080l wdk
5> TT.

£ D e TREMCRBEREREFENTEIER
Th B0, BEK, TROHECRATLLER L
BARVEVWIUTREDORBCIREN DD ET
.,

D ORESHROBEPERRET 2 04
MEWIRIER LA E T8, EETRE X SR
DEELERLTE2HLEVIATHHELVERNVE
. FIRETEREDD - ItHEN Y OBERMICE
TRATY 5% action potential DEHE T A T
70T, HROBEEDL > LIFVEZ2EHBE
FHrRERBwET,

MTE D7 L7ebDToTnbDiEEbo L bV—
F Y BREZET, MR T BBRV>hno>TL 5
T, TR D20 6 2 WEERIT, D E DMl R
BEWPHBERLORERNET,

. bl U BESMA R A PR, R
ELLEDERET > T T4, EREHEEY
BE WERER? 6 3 pBuHnE WEREE S /2
DEHHLEWIBILNEAEOTERHT, REOLD
ORERXTRETENEZEZTBY T,

B AR EEEX) [ b7 LD TR intching
BSROTEBEEZLT, V—F VAL TED
$£9, TELLRIEERME NI LE»
TREES LB ZOTIREEZET.

B A GEILK) | FIREERE CIESE
@ intching IEREER R Z W ERBWET, L0330
Bl FRRTITHUE T EEEETLRHT LD
CHEENENT T, BERLERATITI OK
BREEVwET,

1£ 1% : % % 1 double crush % 7z i3 multiple
crush [ DWW T TF 5,

RE  F— ([EIHEARRE) © o LORRTISE



894

HEAE & M EERBELOEHLSZVWER I O TT
B, FUERSEE OFR TIEINMIER B OEREES S o 7
EWH I ET, BEROBEVI LI ADTLE IS T
HEIE & DE R T BEEER O denervatian
tial 2SKEH I & B g 425,

B SEHEE & IR IREE £ 1 ST IRE RO
DOEWNFZ L EBLF T, MEHOEEREE W
THEHOBES 52 L BuE 3, EMKREH
KRS S 7o 2 B R WO TT 8,

PIEE  IERE (BFEEX) | MERNERT B s
BEIBWT A END T ETT,

BE (KIRTHA) - FIEREE RO % double
crush i THB 6N FE L7 o%, BFREN CREH
MIETL T, B & A CHTBEMIRT, FREERE DS
GHEBHEOZ £ T, HEDOI ETTH.

FIEE  AROEE TR DBIEE I B »TT,
EWSDRFERBRTEZETHETOT, C6, TIZIR
SHETOTRETHAI LBLET,

TR EERECODOTC FEERD S, A7) 2 b
B, A7 94 ROEALBEA > b THA 5, FilipE
B DWW TRFRE OB MERME LT D »,
double crush IZ DWW T ¥ 2 b & FMEITH N &,
SEAEMOBIC L FHSRA v P ERLFET,

AN B (EROERERE) Dbl Licb b T5E
ey —2%2HTTHELT, BETROT
T 76X DIEMENB T I T, WIETTHLREU
TR ZeNEETHIE, EDVIRCEZLLGR
WTL & D,

WA : Phalen & # DXBRDOFTHA FRAY > b
WOWTRRTHWETH, bLIELWETAEW
SREHULWEMEEVE Y., rboEz iRk
NEYT, HREBOX 7)) v T ADL CXBR CH
FeohhiE, HHEEOFHMEO & 2HIRT 2
EMTED, e onUER ERBRICh»S
HEFEOSTIENTED EWHEZLTT. 1272, ZH
HEDOABBEHD RS DT, ERBSHEL v
EEWwET, ERORUCAICLEIDETL,
T—NbE2TWHERADT, Kb > ERETTX
EZEEEwET,

BE B (HERRER) (bl Lich Ao
FAFATY Y EDFTHEDOTEN, 1ECS
WTREHELTIRWOTTY, BRH6ECHH
BoTHRETLIOTHELE VI ORL D IIHIcA

poten-

e
HRL S

IS

TV EBZRWDTIE,

SEA b LEEMOA ) v b RFERE L TE
DHITH>THWETY, WEDLEENRA T4 Fizida
NIz REAT 90% A RARAT T, Stage I T2 20% < &
WITHEELETOTC, FOAEBFC LMD ET
NEERLET,

B FAREC DD TRE S T o,

7 : Double crush i DWW T OFRHWETTH
DR LIREMN»SPINE LB vET, TOEHG
FERORBULENRE T A L 22 0ET 52
&, BN N b, HREBTE CORBLEY
LV ETT,

i D F ORI T,

IR © TOS BEERTH 2 FE S W IGALI L 1T
DEILTHET, E5obFMBLETLRS
FR»HITVET,

FiE i JERN.

M. I. Khan (Beverly Hills) ; F 1§ @ & B # 53
FrxdHY, DEDRTNTELEHE 50D REE
Pk EfTbhowI e d 5, BEVRET>Tw
b, ¥ 7z internal neurolysis Ot .

L ERETRBEIRER > T YA,
Internal neurolysis I E A ERoTEB D A,

BIEE - Internal neurolysis 3R> TE D FHA.
Superficial neurotomy 24T - Tix & ¢,

W. E. Burkhalter (University of Maiami) . ¥,
BT RTCOFHEFEREFIC G U REREST-
TWEY., BIFERIIAT oA FEALAT) ¥ b
T, HEREOA LY v BFIRE S O I-HIE
OHEAESTLE D LB D, ILFEECTTRIR
FPHEAMTrORNEEMELESNLZ I LR R D
4., #hm o double crush e DT Tdabiz LI
crush 7% <, neurodesis &b 5 gliding L7 < 7%
BONEAEIZ L Z TwE TS, MERH CUEERE &
OEM AT v MREIIBREREwETL, /-
S-W 7 A M IBHPEREZ ORI ERELE
WET,

WA FORIERZERT-o>TE A,

FE R, vvgi s S0 L ERRE, B
EOHEZFRYNC L T, TR RERE LTV, FHF
BERFEICE I HAALZE LD T, by
CRERICRDELIEOT, IATEDOE T LR

-k
— H

EFXT. THHBHIBEDI TEVE LT,

— 48 —



BF4&5E (J. Jpn. Soc. Surg. Hand), #8% 55 895-898, 1992

DIGITAL ISCHEMIA : DIAGNOSIS AND TREATMENT

E. F. Shaw Wilgis

Chief, Division of Hand Surgery Union Memorial Hospital
Associate Professor of Orthopaedic & Plastic Surgery
The Johns Hopkins School of Medicine

DIGITAL ISCHEMIA : DIAGNOSIS AND TREATMENT

In studying the natural course of vascular conditions of the hand-be they traumatic and occlusive,
vasospastic or compressive-the most frequent complication is ischemia of varying degrees. Ischemia
can be manifested by an increased need for circulation, such as a very cold exposure or by increased
demands of the muscle during extreme exercise. This is very mild ischemia and during the resting
state is not manifested at all. As ischemia progresses to more total ischemia, one can experience pain,
paresthesia and absence of pulses indicating a significant deprivation of the tissues of their blood
supply. Ultimately more profound ischemia can lead to tissue loss with gangrene. Many times in the
natural course of vascular disease, such as gradually occlusive or vasospastic diseases, one sees the
ischemia syndrome progress from very mild to marked ischemia with little tissue loss. However, in
the traumatic, sudden occlusive or embolic categories, the ischemia is frequently total, and if not
diagnosed and treated appropriately, can lead to massive tissue loss.

When one thinks of the macroscopic circulation system, one should envision the heart as the
central pumping system which sends out blood to various sites of the body through a system of
channels called arteries. The pressure throughout the system should essentially be constant, as it is
the single most important ingredient of the fluid mechanics and is responsible for the constant
delivery of the blood to the various sites which have continually changing demands. It is these
changing demands which cause the shunting of blood from one site to another. The whole system is
under a complex control mitigated through the autonomic nervous system which changes the
diameter of the various channels to supply the flow necessary to the various demand sites. The whole
system is under the control of the basic laws of hemodynamics. If the diameter changes and the
pressure remains constant, then the rate of flow is increased through the more narrow site ; if the
peripheral resistance increases, then the rate of flow is significantly less; and if the peripheral
resistance equals the head of pressure, there is no effective flow. A basic understanding of these fluid
dynamics is necessary to treat most of the conditions which arise in the vascular system of the upper
extremity. With these changing flow patterns, dynamic testing in imperative. The patient should be
tested in multiple positions under various conditions. Stress conditions such as cold and exercise
should be employed to study the changes of the pulse during these maneuvers. In the normal state,
there will be marked changes and the most critical part of the evaluation is the quality and time it
takes the pulse to return to its pre-stress state. In other words, the only abnormal finding in some
conditions may be that the pulse does not return to its pre-stress state after stress is induced. This
may mimic an obscure clinical situation and can be duplicated with provocative testing.
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Diagnosis

In patients with suspected disorders, the clinical assessment of the vascular system should be
thorough. Essentially one should take segmental pressure recordings and detect pulses at various
levels by utilizing palpation or noninvasive listening devices. Specific maneuvers, such as Adson’s
test, which examines the peripheral radial pulse in various positions of extension and abduction of the
shoulder can be helpful in pinpointing compressive forces leading to potential thrombosis or compres-
sion of the subclavian artery. The Allen test is a useful clinical test to determine the patency of one
of the arteries in a double arterially supplied system such as the hand or a digit. This test consists
of compressing both the radial and ulnar arteries and then empyting the hand of all blood by flexion
and extension of all digits. The pressure is then removed from the radial artery, and the hand is
allowed to fill. The test is repeated by releasing pressure to the ulnar artery and allowing the hand
to fill. If one of the two arteries is occluded or the palmar arch system is incomplete, the compromis-
ed circulation will become evident. A variant of this test can also be used on the digits by effectively
compressing either digital artery and testing the capillary filling of the particular digit.

There are other noninvasive studies that can be employed further to delineate the vascular
condition. The Doppler ultrasonic flow detector can be used as a diagnostic adjunct. The radial,
ulnar, palmar arch and digital vessels are easily accessible for monitoring with this instrument.
Ultrasound waves are emitted through piezoelectric crystals and transmitted through the skin and
subcutaneous tissue to the superficial blood vessels. The emitted high-frequency sounds strike the
soft tissues in the blood cells moving through the blood vessels. The blood cells, which are in rapid
motion, cause an alteration in the pitch of the sound waves upon impact ; these waves are received
by a recording device on the probe and are amplified and converted to signals. The experienced
listener can readily separate arterial and venous flow signals through normally patent versus stenotic
vessels, and can recognize arterial flow arriving by collateral vessels bypassing a proximal obstruc-
tion.

Plethysmographic recordings can also be employed as a noninvasive technique for evaluating
peripheral blood flow. We are currently using the pulse volume recorder which produces a quantita-
tive, reproducible, segmental plethysmographic recording of the area studied with a minimum of
complexities. This device records volume change within a given segment of a digit. The system
consists of one or two digital cuffs that pick up the pressure changes. These cuff pressure changes
effect an alteration in the cuff volume, which in turn reflects changes in the limb value. The
electronic package then transmits and records the data on hard-copy paper for the clinician to read.
It can be used in conjunction with the Doppler ultrasonic flow detector. A second cuff is added to
record the digital perfusion pressure, measured in millimeters of mercury.

Radionuclide intravenous dynamic flow studies and static perfusion scans of the extremity have
been useful in our experience. Modifications are possible eithr through the equipment, the choice of
nuclide, or the compounds used for tagging, thus improving the quality of the image or increasing the
diagnostic accuracy. An image or image series that provides useful information is obtained.

The contrast angiogram has enjoyed a long history as a useful diagnostic method in the evalua-
tion of the vascular status of an extremity. It involves the intra-arterial injection of contrast medium
and the subsequent visualization of the arterial and venous phases of circulation. This method is
invaluable for the location of specific arterial defects such as thromboses or aneurysms. The femoral
route is the safest puncture site. Significant complications have been reported from the tranaxillary
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route as well as the brachial injection sites. However, the discomfort attending the use of the
angiograms, the requirements for special personnel and equipment, the hazards of administration of
iodides, and the possible complications at the site of arterial puncture limit its application. It cannot
be used routinely, nor can it be used repetitively. One of the disadvantages is that the arteriogram
is mainly an anatomic study and gives no information as to the dynamic state of the circulation.

Recent technology has introduced the digital subtraction technique, utilizing computer analysis
of the flow of contrast media through the vessel. The signal can be enhanced by the computer
analysis and a clear picture obtained. This makes it possible to utilize the venous administration
route for the proximal arterial tree of the shoulder and upper arm and elbow. Small amounts of
contrast material can be introduced intra-arteriorly and enhanced by computer analysis to visualize
the small vessels in the wrist and hand distally. This has significantly changed the risk of contrast
angiography. The procedure now can be done on an outpatient basis for the most part, is relatively
safe and painless, and carries with it a complication rate markedly less than that with the conven-
tional technique.

The MRI scan (magnetic resonance imaging) also can be useful in delineating tumors such as
hemangioma and arterial venous malformation. Duplex scanning combining visual ultrasound signals
and Doppler ultrasound has proven useful in delineating vascular anatomy. This is particularly
helpful in those patients, including children, in whom invasive angiography is contraindicated or
difficult.

To assess the vascular system in those patients with vascular disorders, [ routinely use the pulse
volume recording with differential pressure studies and the radionuclide images before resorting to
angiography. In most cases ] believe that I can adequately assess circulation in both the acute and
chronic state by these noninvasive methods, and [ reserve the invasive methods for anatomic
pinpointing of specific lesions prior to operation.

Vasospastic Disorders

Vasospastic disorders are characterized by cold intolerance with digital pain when exposed to
cold, discoloration of the fingertips, and numbness. Such patients are usually described as having
Raynaud’s phenomenon. According to Allen, Barker and Hines, Raynaud’s phenomenon is this group
of symptoms secondary to a generalized disease such as rheumatoid arthritis, scleroderma, lupus
erythematosus, or even carpal tunnel syndrome. Raynaud’s disease is limited to those patients in
whom the symptomatology is not associated with systemic disease. However, most patients move
from the Raynaud’s disease category to the Raynaud’s phenomenon category when their systemic
disease is identified. For the purposes of this discussion, we refer to these disorders as vasospastic
disorders. Essentially, the peripheral circulation goes into intense vasospasm, which produces a very
low flow or no flow state and relative ischemia of the distal part. The seemingly logical method of
treatment for this would be sympathetic blockade or permanent sympathectomy to combat the series
of symptoms. However, the results of cervical and thoracic sympathectomy in the upper extremity
have not been encouraging on a long-term basis.

As described by pick, in the anatomy of the sympathetic system there are many sympathetic
fibers that reach the brachial plexus over a very circuitous route, not through the sympathetic chain,
and travel down the peripheral nerves to the arteries and arterioles of the hands. These fibers are
widely dispersed in the components of the brachial plexus.

There are several examples. The distal third of the radial artery is innervated by one filament
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from the superficial branch of the radial nerve and by eight additional twigs from the lateral
cutaneous nerve of the forearm. The distal third of the ulnar artery receives three direct branches
from the ulnar nerve and a branch from the medial cutaneous nerve of the forearm. Within the hand,
the superficial palmar arch receives nearly a dozen branches from the common digital nerves arising
from the median and ulnar nerves. The deep palmar arch receives two branches from the deep branch
of the ulnar nerve and one from the median nerve. The digital arteries themselves are said to receive
anywhere from 3 to 12 sympathetic branches.

Flatt has designed a unique operation on the premise that the more distal the sympathectomy, the
more likely it is to be effective and to last. He exposes the common digital artery in the palm and
strips the loose adventitial covering for the distance of 3 to 4 mm.

'Prior to the operation, the diagnostic evaluation consists of a pulse volume recording of the
involved digit or digits, cold stress test by immersion of the invovled digits in cool water at 65°F, and
subsequent pulse volume recordings for 5 minutes. The common digital nerve is then blocked with
2ml of 0.5 percent bupivacaine. After complete anesthesia has been administered, the finger is
inspected, and if the sympathetic blockade will be beneficial, one should notice improvement in the
digit's circulation. This can be proved by repeat cold stress tests and pulse volume recordings ; if
there is no response to the cold and no diminution of the circulation, then one would anticipate a
satisfactory result with digital sympathectomy.

I have performed the flatt procedute, usually over a distance of approximately 1 to 2 cm going
from the distal plamar crease to the proximal segment of the finger, isolating the small branches
leading from the digital nerve to the digital artery. Over 100 such operations have been performed
with excellent results.

Digital sympathectomies have been performed for tip ulceration in patients with scleroderma, for
fupus erythematosus following frostbine, and in primary Raynaud’s disease, all with encouraging
results.

SUMMARY

In summary, ischemic conditions demand accurate diagnosis and precise delineation of occlusive
lesions to insure successful restoration of circulation.
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Mutilating injuries are complex, untidy injuries to the hand and upper extremity with varying
degrees of tissue loss. More frequently than not the etiology is crush or an explosion. Early
management of this should be as with any other complex wound. Our initial concern must be for
wound infection in this untidy wound with diminished vascularity and perhaps in certain cases high
degrees of bacterial contamination. Certainly tetanus prophylaxis in this type of wound is mandatory
especially if the history is unclear regarding previous passive immunizations and boosters. Actual
detail physical examination in this group of patients is not possible and even good x-rays are difficult
to obtain. Good x-rays should await a time of anesthesia and wound exploration in the operating
room. These wounds should be explored with adequate lights and assistance and incision should be
adequate to explore and protect undamaged structures at the time of removal of necrotic skin, fat and
fascia. Debridement should be conservative. Overzealous debridement may rob the remaining hand
of function and tissue. Actually, debridement means incision, release of pressure and gentle lavage
of injured tissue. Debridement may also be an operative procedure in which anything detrimental to
wound healing is removed. Obviously devascularized muscle and foreign body should be removed
because this will only act as a culture medial for organisms that will certainly be present in the
wound. Hopefully, all of the tissue that remains following our debridement operation will have good
vascularity. A fasciotomy is not something thought about as being required in open crush injuries,
but closed compartments may very well need fasciotomy in the relatively undamaged parts of the
hand in the case of crush or explosion. The initial surgery should consist of exploration, debridement
and decompression. At the time if there is significant vascular injury to vessels of appropriate size,
arterial repair may improve the vascularity of the remaining tissues considerably. Perhaps the most
important thing at this point or certainly within the first day or so of injury is the achieving of skeletal
stability. Skeletal stability is especially important if small arterial repair is to be performed. Various
techniques using Kirschner wires such as spacers have been used in the past but our results using
either immediate or delayed primary bone grafting within two or three days of injury have convinced
us that the stability achieved with internal fixation with plates, screws and autogenous bone graft
gives us the best chance of rehabilitating the remaining hand function.® We, however, feel that
regardless of whether the graft is done in the two or three days or at the time of the initial wound
exploration wound closure should not be carried out as a primary procedure. Certainly coverage of
vital structures can be achieved, but wound drainage must be allowed during this initial injury period.
Not performing a primary closure allows us a second opportunity to evaluate adequacy of debride-
ment. It has been shown many times that contaminated wounds improve their resistance to infection
if they are not closed for several days following their initial insult."*? We are discussing mutilating
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injuries of the hand, but equally devastating to the overall usefulness of the limb is the severe roller
crush in which the hand seems to have less injury that the proximal heavy muscle forearm. The
forearm muscular is crushed and the hand dysvascular. Certainly jump grafts from the brachial
artery to vessels at the wrist will revascularize the hand. but it is impossible to revascularize the
capillary network of this severely crushed forearm. In many of these patients, although one is able
to revascularize the hand, the intercalary loss of capillary bed and muscle of the forearm will result
in an amputation.

Within two or three days or five at the most we should begin rehabilitation of the patients hand.
Actually, active and active assisted motion should be begun as soon as possible. Active motion may
be possible with stable fixation of fractures and bone loss injuries the day following the injury. [t
must be remembered that at the time of the accident all structures were functioning normally and if
we can get back to that period of time as fast as possible the patient will have the least problem with
loss of motion in this remaining parts of this hand. The adult hand tolerates immobilization poorly
and the crushed adult hand even worse. This should be kept in our minds also when we think in terms
of skin closure. Whatever type of skin closure we elect from direct suture to graft to flap our aim
is to position the hand so that elevation is possible and finger motion is not restricted. The old
abdominal flap or the groin flap that has been used extensively in the past are examples of hand
positioning which is devastating to hand function. We should think of some other method of closure
rather than positioning the hand in such a way as to develop greater degrees of edema and stiffness.

Reid'” has classified mutilating injuries in the hand into five basic categories based on what is
injured. The dorsal injury, the volar injury, the radial hemi-amputation, the ulnar hemi-amputation
and the transverse amputation. The dorsal hand injury is perhaps the least devastating of any of
these because although the skin, tendon and bone may be damaged, the prehensile palmar surface of
the hand with good sensation remains undamaged. We must make certain that the hand is still
capable of completed digital flexion even though with significant dorsal injury, metacarpal phalan-
geal joint stiffness in extension is common as is adherence of distal extensor tendon. Management
includes wound debridement followed as quickly as possible by some type of tendon reconstruction
and coverage. If the wound can be made surgically clean tendon grafts and skin cover should be able
to be carried out within a few days of injury. The classic teaching of obtaining a closed system with
an unreactive wound leads to stiffness of the hand, prolonged disability and requirements for tendon
transfer rather than grafts. There is some concern on the part of most surgeons regarding the
cosmetic as well as the functional deficit of donor sites for skin closure, tendon grafts, bone grafts and
nerve grafts. Certainly the delto-pectoral flap is an example of this. It does allow the hand to be
elevated, allows the fingers to move and gives good quality skin to the dorsum of the hand, but using
this donor site creates considerable morbidity from the standpoint of cosmesis as far as the patient
is concerned. If we needed full thickness coverage on the dorsum of the hand we would think in terms
of alternative methods. If possible we would like to make the damaged limb the donor site for all
tissues that are needed. This is certainly not possible on all occasions, but the radial artery based
Chinese flap is an example of this. Although there is considerable cosmetic deformity with the skin
being harvested from the forearm we have used the fascial flap and covered the fascia of the forearm
with a split thickness skin graft following its transfer to the dorsum of the hand. This reduces the
donor site morbidity to a linear line and hasically gives a good quality of coverage without robbing
skin from the forearm.'’®
In the case of dorsal burns in which perhaps pedicle tissue as this is not required we must
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remember on the dorsum of the hand that there are two arches, one transverse and one longitudinal.
Obviously there is not excessive skin on the dorsum of the hand. As one closes their hand into a tight
fist there is just enough skin on the dorsum. A specialized area of the dorsal hand injury is the thumb
index web. When we think about thumb-index web space contractures in addition to simple abduction
we must also remember that the thumb must be able to reach the small finger and rotate in its
longitudinal axis at the time it goes into full opposition. In addition to overcoming an adduction
contracture we should overcome the supination rotational portion of this thumb deformity as well. So
in general for dorsal coverage in which flap tissue is used we would recommend using the radial
artery fascia flap. If there has just been partial skin loss then we would think in terms of split
thickness skin coverage or perhaps an occasional full thickness coverage.

The ulnar hemi-amputation does not in any way affect prehension which is true. However,
prehension will be affected if the ulnar motor nerve is involved. Even without ulnar motor nerve
involvement certainly the loss of the ring and small or even just the small ray itself will severely
compromise overall hand function. Grasp will be weak and unstable and only prehension between
thumb, index and long or thumb, index, long and ring will be possible. The hand will be weak for
grasping activities and although function will remain this is not as good a hand as we would like to
see. I think this, again, shows how important the ulnar border is for power grip activities. The small
finger with its stable carpometacarpal and metacarpophalangeal joints with its intrinsic and extrinsic
flexor power, is most important in closing the ulnar border of the hand. There is very little that one
can do with tissue loss, however, except in the case of those patients that need flap coverage. Here,
because stiffness is not such a problem, a groin flap will give adequate cover and protection to the
ulnar border of the hand and still allow the prehension activities to continue. In those patients with
intrinsic muscle paralysis once coverage and rehabilitation is achieved some thought should be given
depending upon the patients requirements to doing tendon transfers to improve the overall pinch
strength between thumb, index and long fingers. Tendon transfers are certainly a possibility, but even
in those patients that have lost a segment of the nerve certainly a nerve graft to the ulnar motor
should be attempted. At this level return of intrinsic function to the adductor and first DI can be
expected.

Radial hemi-amputations may result in loss of portions of the thumb, all of the thumb or maybe
actually involve thumb and index and even in certain cases the long finger. Here there is loss of
prehension even though there may be grasping function the patient as he attempts grasping activities
may actually position the hammer or wrench or pencil using the flexed index finger as a post in place
of the thumb. Here there are many operative procedures to re-establish thumb function if the patient
so desires. Our aim in managing all mutilating injuries of the hand is not to become a surgeon with
an operation looking for a patient to undergo it. We should be looking for a patient that once he has
achieved a healed wound with supple joints and maximal active motion states he needs important
function. The patient should require functional improvement. Then and only then can we think in
terms of, in the case of the radial hemi-amputation, some sort of thumb reconstruction.'®* There are
a myriad of methods of reconstruction of thumbs depending on the level of amputation, but I think
we sould always think in terms of pollicization of a damaged finger if such remains behind.”®!01213
I do not think we should think in terms of immediately thinking about toe transfer or a wrap around
plasty as a method of restoring thumb length, but in think in terms of utilizing parts within the
damaged hand if possible. All of us have approached patients regarding toe transfer and have been
told by the patient that, “my hand has been severely damaged and in someway now you want to
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damage my foot.” We, as hand surgeons, may take the foot lightly, but certainly the patients do not
and do not think of it as simply a donor site for our hand theatrics. Jacque Michon,'! a number of
years ago, presented a paper in which he demonstrated that the function of the hand with a polliciza-
tion was better than a toe transfer unless the number of digits was reduced to three. So that in a
patient with four fingers the improvement in function is going to be a great deal better with
pollicization than it will be by toe transfer. When there is only one or perhaps two fingers remaining,
we are confronted with the requirements of salvaging basic hand function or salvaging the basic hand.
The basic hand, really, consists of two prehensile surfaces covered with good sensate skin, one of
which has mobility with reasonable strength and is pain free. Here at least the patient will have some
type of prehension with grasp. With only a single digit prehension is not possible unless a prosthetic
device is used. Sometimes simply positioning a part at the time of the initial injury can be rewarded
by taking a part that is non-functional by location and placing it in a functional location so that the
patient can regain a useful degree of prehension. This can be done in many cases with or without
microsurgical technique. When there is only a single digit then [ think one must explore the
possibilities of toe transfer and in those cases in which there is only a single digit and one is trying
to restore basic hand function the great toe transfer popularized by Buncke?®'® is certainly the
appropriate selection. However, it must be remembered that when one takes the metatarsal phalan-
geal joint of the toe as well as a portion of the first metatarsal. There ia considerable instability on
the medial side of the foot. Although many studies have been done showing that there is very little
loss of push off there is considerable instability in various activities such as climbing ladders and such.
I think we should think long and hard before we think in terms of great toe transfer for restoration
of other than just the basic hand when only a single digit remains.

Easily the most devastating mutilation of the hand is the palmar injury which usually results from
rollers and results in loss of the glabrous skin of the palm, the flexor tendons, the nerves aud the
vessels to the digits. Usually the dorsum in normal and dorsal circulation is adequate to sustain this
dorsal tissue plus the bones and joints. In this injury certainly useful interphalangeal joint motion is
not likely to occur basically regardless of the method of wound closure or attempts to restore
interphalangeal joint motion most of these hands essentially end up as paddle hands utilizing
metacarpal phalangeal joint flexion and extension. Most types of skin coverage, which will preserve
the fingers at full length, give unstable skin volarly without much in the way of sensibility and no
inprovement in circulation. Our attempts in this group of patients to use Hunter tendon prostheses
to restore function have really not given us useful digital flexion. ldeally the vascularity to the digits
should be capable of being improved by vein grafts at the time of coverage, otherwise, it is my feeling
that very little in the way of a useful digital flexion is going to be achieved. Again, unless we protect
the thumb, index-long finger web space at the time of coverage we are going to end up with a mitten,
which is without function. So whatever function we get is going to be between the remaining digits
and the thumb and so the thumb must be positioned opposite the fingers at the time of injury. It
should be positioned in such a way that it can be maintained by some type of internal splint. A
threaded Steinman pin or spacer bar, should be placed so as to maintain the thumb opposite the
fingers until the wound is healed and the patient is capable of active motion. Long term splintage will
certainly be necessary.

Transverse losses may involve individual fingers or portions of fingers but when one reaches the
metacarpal level in the digits the basic hand ceases to be reconstructible except by toe transfers.
Although all fingers may be gone, if the thumb is present and is fully mobile it can certainly reach
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to the base of the small finger or the fifth metacarpal head and the hand will then be capable of
prehension. So that it s most important to maintain full motion in the portions of the hand that
remain following the injury. With loss of thumb and all fingers and we are left with metacarpals of
varying lengths, but a mobile wrist I think we should think in terms of fitting the patient with a
terminal device driven by wrist motion.* Although our experience with this type of prostheses is
limited, the patient is able to use it immediately and has significant feedback. If the injury is proximal
to the wrist joint so that no wrist motion is possible at this present time we would think in terms of
trying to fit the patient, if he was an active individual, with a voluntary closing prosthesis. The
standard in the United States for years has been a voluntary opening prosthesis with closing achieved
by rubber bands. However, more recently the voluntary closing device has come to the forefront
which gives considerable feedback potential to the patient. It is far superior to the old APRL
voluntary closing device and we have fitted patients with this at the BE level quite satisfactorily.

Mutilating injuries of the hand are complex, diffuse injuries with loss of tissue. They all have
untidy wounds and considerable patient fear. There are a large number of operative procedures
available to the patients that are all elective. Initial wound control and skeletal stabilization are
necessary. There is no place for complete immobilization of the adult hand and if the patient really
cannot control a part it should be positioned in a safe or useful position. The requirement for further
surgery and or prosthesis, be it functional or cosmetic, is an individual patient decision.'® We should
not be doctors looking for patients to have the operation that we, at this particular point in time, think
is most appropriate. Motives must be reassessed constantly and we should think in terms of inproving
the overall patients acceptance of his injury and improve his function as well as his cosmesis.
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