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An Experimental Study on Healing Process
of Flexor Tendon Injury by Tessue Culture

Satoshi Matsuda, et al.
Department of Orthopedic Surgery, Shinshu University School of Medicine

Flexor tendon injury is common in hand injury. It is difficult to obtain excellent result due to
adhesion and elongation. There is still controversy over the healing process of the flexor tendon
after injury. There are two proposed mechanisms ; one is an extrinsic healing and the other is an
intrinsic healing. We investigated the mechanism of the intrinsic healing using chicken’s flexor
profundus tendon by tissue culture. The tendon was partially cut transversely and was not repaired
in Group 1. It was partially cut and repaired with 10-0 suture in Group II. The tendons were
cultured and examined at 3, 6, 9 days, 2, and 4 weeks after the operation with light microscope and
scanning electron microscope.

After 3 days of culture, we found the small round cells grown on the cut surface of the tendon.
The new cells were located dominantly on the periphery of the cut tendon. After 6 days of culture,
the round cells became fusiform in shape, increased in number, and appeared to spread to the center
of cut tendon from it’s periphery. At this stage of tissue culture, we also observed the proliferation
of the endotenon cells in the longitudinal section of the tendon. By 9 days of culture, almost all the
cut surface was covered with the newly grdwn cells. As a rule, we could recognized greater number
of new cells in Group I than Group II.

The cells seen after 3 days culture on the cut tendon surface was thought to derive from the
epitenon cell laver and they play an important roll in the healing process for the first 1 or 2 weeks.
Then these cells from the epitenon met with those from the endotenon. Since the suturing procedure
showed to hinder the healing process of an injured tendon, the number of the sutures in tendon repair
should be as small as possible if they could hold the cut ends of the tendon in an appropriate position.
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Key words: flexor tendon, intrinsic healing, tissue culture
Address for reprints: Satoshi Matsuda, M. D., Department of Orthopedic Surgery, Shinshu University School of
Medicine, Asahi 3-1-1, Matsumoto, 390, Japan.
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Fig.1-a Control of the chicken’s flexor profundus (SEM x300)

Fig.1-b  After 3 days of culture. Small round cells grow on the cut surface of the tendon. (SEM x 300)
Fig.1-c  After 6 days of culture. Spindle shape cells proliferated on the cut surface of the tendon. (SEM % 300)
Fig.1-d After 9 days of culture. Almost all the cut surface of the tendon was covered with fibroblasts. (SEM x

300)
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Fig. 2-a Control of the chicken’s flexor profundus (HE x100)

Fig. 2-b  After 3 days of culture. New cells can not be found on the cut surface of the tendon. (HE x 200)

Fig. 2-¢  After 6 days of culture. There are a few cells on the periphery of the cut tendon. (HE x200)

Fig.2-d After 9 days of culture. New cells proliferated to make “Capping” on the cut tendon surface. (HE x 200)

Fig.3 After 6 days of culture. (HE % 200) Cells of
the enndotenon came together below the
cut tendon surface.
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Fig. 4-a Control of the partial cut of the tendon. (HE x200)

4-b

Fig. 4-b After 2 weeks of culture. there are new cells in the gap of more closely coapted area. (HE X 200)
Fig.4-¢  After 2 weeks of culture. there are new cells in the opened gap of the tendon. (HE x 200)
Fig.4-d After 2 weeks of culture. there are not any cells in the gap of the sutured area. (HE x 200)
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Experimental Study of the Tendon Repair: 1 st Report
(Biomechanical Study to Prevent Gap Formation with Dogs)

Hiroyuki Tsuchida, et al.
Department of Orthopedic Surgery, Yamagata University School of Medicine

Gap formation after tenorraphy causes re-rupture and adhesion. We studied to prevent gap
formation about suture methods and suture materials.

Materials & Methods

We used canine flexor tendons in vivo and in vitro, and measured by tensile testing machine
made by Tohoku Ricoh co. ltd. The tensile data are transferred to the computer (NEC PC-9801), and
we studied the change of on the computer display.

Experiment 1: Immediate tensile strength Kessler, Loop (Tsuge’s method) and Double Loops
method with and without running peripheral suture. Result: Double Loops method has a highest
strength among three suture methods, but the tensile strength from separation to gap 3 mm at the
suture site is lower than only running peripheral suture. Each suture method using Nylon can not
concentrate the strength from separation to gap 3 mm at the suture site. It will be able to get high
tensile strength using more inextensible suture material. And we think to cooperate the strength of
running peripheral suture makes higher tensile strength.

Experment 2: Chronological change of strength Kessler, Loop, Double Loops method with
running suture at 1 week and 3 weeks after surgery. Result: Double loops method with running
suture has highest tensile strength in chronological series, too.

Experiment 3: The tensile strength of suture materials: Nylon, Polyron (teflon coated braided
polyester), Ethibond {(polybutilate coated braided polyester) and Steel. Result: Steel and Ethibond
have high tensile strength over 3000 g, and are inextensible materials. But steel is not sasy to use.
Polyron has lowest tensile strength among four suture materials. But Polyron is lower extensible
than Nylon. We think that Ethibond is most suitable suture material for tenorraphy.

Experiment 4 : The tensile strength using Nylon and using Polyron with Double Loops method.
Result : Double Loops with running suture using Polyron has higher strength than that of using
Nylon. Tensile strength using Polyron is 3955 g at gap 3 mm, and using Nylon is 2806 g (p<{0.01).
Inextensible suture material is more suitable than high tensile strength material for tenorraphy.

Conclusion

It is important for preventing gap formation to add running peripheral suture. The tensile

Key words: flexor tendon repair, biomechanical study, tensile strength, gap formation, suture material
Address for reprints: Hiroyuki Tsuchida, M. D., Department of Orthopedic Surgery, Yamagata University
School of Medicine, 2-2-2 lida-nishi, Yamagata 990-23, Japan.
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strength of Double Loops Method using Nylon is 2,806 g at gap 3 mm, using Polyron (teflon coated
braided polyester) is 3955 g at gap 3 mm. The immediate tensile strength of Double Loops Method
with running peripheral suture using Polyron is over 3.7 kg, that is FDP pinch power. Inextensible

suture materials is suitable for tenorraphy.

HE SEROMER IEE L WIR I OETIC L 2 HIA R
AR E OFEREOFERN £ D, BEREHE%R 1,
HMEHMOMEE &7 820, REECEBRENLET
BB, BT gap B E & 72 Lic { WERSEIZDWw
T, Efee, HEREBIUROMED I AwEBRL
THENEEB TV, RETLI.

xR 1

REHEKRORS

(EEMED AE 8 » S 12kg ODHEDFK KD MP B
HiL A~V OEIREHBAER L, FEOBOKXS
#]3.5mmdbh, ADRBOKE, S5mm kIELT,
DUHIWEBETH D, NENERKE, BLLHBTH
brEZOND, VIBBEIET 40 B THEEREL,
SERRRIC 1, ERMEERUCEAL 2.

(BEOHR) BRACEL TR, TR IIEES L
n5mm, FwBEES X 1.5mm &, kE T AMEE—
FEW LT, BRPEERL L 1o B E R I ERG I 4-0
A0y, FBRESIE6-0 A arEERLL. ik
(&, 2HFEFHROR, HMSEE 20T, 3HiE%kE
1707z,

(RIsEH ) $84 L 7B Load Cell (BikY 2 —i%
AEFHERAE) T, 5l-oRDBBRETY, 20K
BEZA-D IV S—F— %A LTI a2 —F —
LTy Tt sy — LT, BOHOHMS X

U gap OFEAIWD 1, BEMBEAT—NVEDHT, AR
TB IV, HER, gap lmm, 3mm, 5mm O
HTarea——-0F—%|F Ly, BHE
kD777 Lz OROEE Z ORE TORKESEK
maND LI LA, 510D EE I 18.5 mm/min
E—Eiz L (Fig. 1),

($251E) BRETL 7248413 Kessler %, Loop #,
Double Loop #T&H D, Loop %, Double Loop iz
DWW, SV ER—OBTOEETHRET L. 20
JEEIDWVT, FRED A L Running suture (5 £)
WL AHPRE AN AL, ThETh 8RT
SERE L7z, %8, Loop &, Double Loop iz D>
T, ThZhBOBERAICEERM D 25%, 40% %1k
THLEIL .

(&) Double Loop iz running suture %0z 72
oS o & bERVERETR U (Tablel), g7, £

Strength (g)
3000 /reaking point
2000
Gap3mm
1000 b Gapimm
Separation
Time
0 »

Strain rate 1.85¢m/min
Fig.1 Tensile curve of the computer display

Tablel Tensile strength immediately after repair
without running suture
[ | Separation | Gaplmm | Gap3mm : Gapbmm Maximum _]
Kessler 0 7°* 500 | 1081°* | 1666** |
s LU .
Loop 0 | 10t 378 | 994* | 2000
_ Double Loops | 32 [ 330 1553 | 2412 | 2885 |
with running suture
[ Separation ] Gaplmm Gap3mm Gapbmm Maximum
F———— f t —
" Kessler 1354 1950* 210" | 22457 22777 |
__Loop | o6 1619° | 1798* | 1909°* 2300**
| Double Loops | 1679 572 | 2806 3053 | 33712

N=8 in each group
* 1 P<0.05 Compared with Double Loops
** 1 P<0.01 Compared with Double Loops
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FEDAORE 3k bR S gap 3mm ¥ T
BT ES RN T B e N 5 & 1000 g BLE & &/E
THD, RS IREER ST IHET TR,
HEBR RT3 2R DO, S bIEFKERLEB %185
TWwad I EBPRBasn, a3vda—y—FLicE=
Y —ENTRNEOFEEEBET L A B L, HEkE
& %EINZ Tz Kessler g% Loop 5Tl 2 D % TR
LTBY, RYORIBHEYEEsOESERL, &Y
WITHEENRE S 04 2o\ Kessler 5% Loop B0 3 &
—BLTBY, FREOWEERL TV LEEILSA
2 (Fig.2). 2oz e»ed, ERAEDATIBED
B VT, +OREAEFHEL TR 2 MR
R Nnd, i L THEBIRSE 202 7z Double
Loop & 3#iBhAe & O LLERES L TERES DR
BEZ->TEY, 2O0REVVERIME, dhL
o TKRERRNEFEL TR LEZONE, 57
KRS BESIEL LI ICTREEHOTL 21BD
WHBHEELEHSERE, 74 o rBEOF MUY
WHEBIZEZbOEEZ N, TbY, HERS
TH6-0 740 rEfniss, B kory5HEH

Strength (g)

D leL + Run.
3000 ouble Loop un
Loop + Run.
2000
1000
Time
0

Fig.2 Tensile Sterngth Curve of Suture Methods

2 -t

3mm &L, £, SHLTZET, FAOvk
DEUCRTWEEEIERETCE3IEE/NERbDERS
EEzZoNS, LdL, EREDHRO»H 5IEHH 10
mm kK &<, F7z, Kessler #%° Loop & T I3 RHA G
BB ERB2EDLZTH 370, REEOHU
HWERTERBHOERD, IOLI BRI RS E
#2507, %77, Double Loop # TILERT 2 %4
AETH DD, BRECLO/USENE N, #HE
A HBRERL T, EREOEVPELR T eE 2
Sha, Leos> TR EMEE 25882 5 gap
3mm F CREIERSKERFNRELZTICR, X
BEOHMEWCIDHETICC W OEBEIRL, @RS
DELERDZET, ZOEAEFAT LI e LWL
LEZ 6Nz,

E 2

FREFHY 2 5R ) ORRET

EE 12 LY, running suture % A0 % 7z Double
Loop#E#Sb o E bWWIERNAB L Twizs, Ih¥
BRI RET U 72,

(KB EL & FE) KOFEH v~ DESEHR %6
AL, FEHMOBORSBETmMmbdY, AORBLY
BEFROEWZ S, REE A>T =1 0.5ml/kg
RS U, RS RIIFEE 90 ERIO X 7 A
BEE£To7z, FIEAERIERL LEETHS. WRET
L 72484 %513 running suture 5 $FOREIES N2
7z Kessler #, Loop #k, Double Loop #:®D 3 & Th
3, —RICBBREEBEOEINDL - L BIET T2
SN AR 1B BEEORS 8EER »Bin T oK
HTh2 3B ODWTHRN L, 38 b 18, 38

W2V TEREN S RIER L 72,
Table2  Chronological change of tensile strength
Post op. 1w
S Gaplmm Gap3mm Gap5mm Maximum
Kessler 1841 2137 2216* 2467**
Loop ‘ 2017 ‘ 2192 2349* 2450"
Double Loops ‘ 2622 i 3010 [ 3419 4020
Post op. 3w
Gaplmm Gap3mm Gapbmm Maximum |
Kessler 2396 2873* 3235* 3431* |
Loop 2882 3011 3011 3203** |
Double Loops | 3826 l 1564 5024 5169 |

N =5 in each group
*  : P<0.05 Compared with Double Loops
** : P<0.01 Compared with Double Loops
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(BRIBRAEZOBR LERCMER 1E, 38y
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T, k72, 3BT gap lmm TREEZEIIEC, M
e gap BRAHIC B TREREDE VLD b,
B S DRITDEEPRTHL I EATETHHD
rEZON, A2 —F—LREZY—ENIZR
HEDOER ERETL T H B L, REBERERBCH
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DO EREL TBY, HReRERNcETyL+
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T RIZEAP Lo ELETT2EEINS 1LHED
Double Loop ¥ D313, Kessler i, Loop #dD 35#
DOENERZETHY, running suture #2012 72 Dou-
ble Loop & i3#EE® L D ORIHETES) L T 4E
TlrwnekEZIS5hohiz,

S ] 3

SHOFERIZ OV THRE
EB1OBRLY, FAorI Doy, B
EWHEL RN D W TRE L T,
(EERFEL & 78R +4 1>, R o (teflon coat-
ed braided polyester), X ¥—, T F K > K
(polybutilate coated braided polyester) @ 4-0 %
PRAOLBTRELL, 2heh, 2% 2 KEKR T, 10 mm
OEHHTRELR, FREDSHRTOER L, HE
FiEIER 1 ERAKTH S,
(HER)VENOESEAF—N, TFKF, 740
v, RV vQIETH - 7z (Fig. 4). A F—)vix 2000
gETIRAIEDIBTH, bo & bz <<,2000g
ERBZ D ERIHEURT (528, Khodiiie
WHEEBL TV 0w S, ZFRY FRRAF—

Strength (g)

3000 Double Loops
2000

1000 + koop

Kessler

ol
Fig.3 Comparison of the Tensile Curve of Suture
Methods 1 Week after Surgery

DWW L, AT 55 TEOHEEZFE-> Tw
Fo. RV O3 15008 £ TERFA D> I D UL
WS, FOBIE, FAULED LBURTLWHEYE
LTwdEWE5, ¥R 4EOF T LoD
BETH-7 (Fig. b)), BEORERLD, #4or&
DHEPIZVELIEE» AT, BEESICHELT
WhHDIE, £3, AF—N, TFRVYETHD, KV
T BLTEARBRE WM TH oo, /0, AF—
VIEBEP LIS W E W) RERREDNHD, 45D
FThok bEBAECHELTHEDE, TFKVFT
BrHeEZLNT,

x® B 4

F+ 4 9, #Y o> oLloop# it & 5 running
suture %02 7= Double Loop 1D H#

(EERMH & F78k) B, MER&E T2 Loop #D
FEMTHEZ A0y, RSP BAVLER) O YIEDOn
T, Double Loop ¥k running suture 0% THEF L
7z. R MP B v~V OEIERBRE T BT Eh e
n, 8ETOMEHL . RIZEAETIIEER 1 LFEKT

Strength (g)
4000
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2000

1000

0

Steel Ethibond Nylon Polyron
Fig.4 Comparison of Suture Materials’ Strength
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Fig.5 Comparison of the Tensile Strength Curve

of Suture Materials
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»H5,

(FESR) HEBEEs 22 & gap 5 mm £ T, B AMICB
BTy, KO YOES AR, Bk L s
%A gap 3mmE TORKENGF A 17> T 2806
g, VOV TiE3955g & K&EREND - (Fig.6).
Ivta—F—LERkEZI—ENLENEMOEFET
W, 74 0y TERAS L ERADOESHAE T
Hoos, FVoOrTRIFLACTAGETHY, HBHE
BEFREDPENE R > TRKELEIERHE L e
Zent (Fig 7). Liehso>T, ROFEMEL T,
T4 Oy EDRKELEDSTELTH, ATOTHK
B WRTHLER) O DIFIVEFTH L L%
ez,

1 ES

EHRAGEE, BAMSHREL v d S B+auER
HEFOBME L EEESCBEEBLETHY, VL
7o OBEBH & & o i, BEAREREOMMI LD, #
BFLU-HRET 2152 2 & 3B 2 5. Seradge? 138
HRABSOBEFIC B T, BRI 2 DO -4 —%

P <0.01

Strength
rength (g) N=5 in each group

Polyron
Nylon

4173

2000

Separation Gapimm Gap3mm GapSmm Maximum
Force

Fig.6 The Tensile Strength using Nylon and
using Polyron

Strength (g )

Polyron
4000
Nylon
2000 /\/V\l‘
Time
0
0 200 400 600
Fig.7 Tensile Strength Curve using Nylon and

using Polyron
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BB BBETH > Te EBNT %, Lisho T, [BE
DEFEMEE T HHE50E, WAL TORAKERENT
Wi <, BEBEA S gap 3mm $ TR OB LAY
ThsEELOND. $7, JDRELREBEREEL D
25 W LEIeERIT & LT, Urbaniak® a3~z
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Lembert running suture % running locking suture
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B BB S S, BB 7w L TV A RS €
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NERES L0, KA AE ORI (@
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Hand Center of Western New York

C. A. Peimer « N. A. Banasiak

Wrist Position and Extensor Amplitude Following Repair

Yoshitaka Minamikawa, et al.
Department of Orthopaedic Surgery, Kansai Medical University

Following primary repair of severed extensor tendons, various methods are used to limit tendon

adhesions and avoid rupture. Early passive digital motion with wrist extension (a “reverse Kleinert”
protocol) has been advocated. However, there are no data to support an optimum wrist position or
how much finger motion may safely be permitted. In this study we used eight fresh cadaver arms
to measure extensor tendon gliding in Verdan’s Zones 3-8 when active grip and passive extension
were simulated at different wrist positions. We found that if the wrist is extended more than 21.4°,
the extensor tendon glides with little or no tension in Zones 5 and 6 throughout full simulated grip
to full passive extension, permitting “passive motion” exercises to minimize tendon adhesions
without risking rupture. Additionally, we found that up to 6.4 mm of tendon can be debrided safely
if the wrist is splinted at 45° extension and full grip is still permitted postoperatively.

& L » I

EEREE%O, Kleinert #°, Durane ¥ 13ffftg
ORERGIE, FIEEARBENE LT, E<AvSh
Tw5, —%, BHREEROBIETCE, —RF
REH, FRRAETHICHREMEE, H % > id Flexion block
bar {f & Kleinert &8I 2 T 7z, JEE, FB
HixEEMA TEE L RHMERRE L, FEOBHERS
BH#ZHFLARLRESNTWE SEbhbhid,
SEEF % AR OMENRE & BEEHEIIC L 2
R L, FHESMOEREAEORMEEZ LV > M iy
Tz,

M#E LU HE

Mook

ERERRERTYIN U oA L 8 AR AW
fo, BRTIRERL Izth, PIERIEHBEBOETICHES
T, (AR RARER & D PETE T & CHESIR &0
%, paratenon, retinacular ligament (2 /)M&YIBA %0
%, higgmemmmEe 1 om BT 4-0 SO &+
O, X Lo TS5 2o &O—H—E LT
R DFE D D5 RN A%, BOEHOE
FUsBuE gD,

7ok

2 & @ Steinmann pin % FEEHES & 85 R AR
AL, FiERBRECEEL 2, FHSZEEOER

Key words: extensor repair, dynamic splint, wrist position, passive motion, amplitude
Address for reprints: Yoshitaka Minamikawa, M.D., Department of Orthopaedic Surgery, Kansai Medical
University, 1 Fumizonocho, Moriguchi, Osaka 570, Japan.
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(2) fRBUE O X 2 AR OEI 2 EHEIL 72
%, BZOEE L L CIEMNi# R AR CEE L,
FRA AR » S HRLCEHRSI YT, EETR
Zone8 O¥ — 2 ORI LIRS 2 (B O 72 5 &
DI < 3 BEFR) OFHHEITEHAK ERD T,

(3) iz, IERIEIHR O BT ¢ k& i
V, {EEFIEL & R R & B AR EE T RBIE A ey
{REAI» & S ¥, FREMOEAESNC L 5 kR
DI %K 72,

& ES

TG R AT & RO, HHBOS~— 7 O
BhoOHOZE GERINC £ 2&~—2 — OB
W) % Zone Rl imd (Fig.l). hFH LLO~v—7

Longitudinal Movement
of Extensor Tendon Markers

Wnst Extension
Oo

MNME@-B

Verdan
Zane 23 4

Fig.1 The excursion of the middle extensor ten-
don from wrist motion was measured by
recording the markers in the tendon.

R -

(Zone 6) BFHEHOERAE OB S ¥ MP
level C#7 15 mm, RFFPERIECH 10 mm, T
THSmMm OBEHSR SN, —A, HELO~—
7 — (Zone 8) &, FHHE 0 1 TI3H 3 mm OBIH
Renis, FRE 30 MM, 5 ERETIRIZEA
ERBISR Szt

HINEE T TR B Tk, iy
21.4° T Zone8 D= — o 3l BRI, &7z, FIUH
DI & 2 IR B ONTENE, Linear regres-
sion slope & 9 2.7mm/10° TdH -7 (Fig. 2).

% 3

G S EROMRFINMERTTIC I, KSsRsn
WIETORSBOBH S X, FRRICAES I 2R
HOBHEEZZEEREL LA R LI EBLETH
%, Duran 12 K ALIHERNE 3 ~ 5 mm OBEBNEN
H, iR OELHIELENS EEbNTWLEY, SEO
biubhOEE W L, S % 30° AL {dfE & ¢
% b PR tEmER I, TEOMEMERICEL, FIFE

(Zone 6) TREXZTIFT B L (5~15mm) iFil
THIEDHSLII R Tz, 2O &6, FRIHE 30°
TG THWAIRY, reverse Kleinert #:14, {diff sk
BHROBILEE L TES THRNEHETH L 0L
5. o, RSO MEIR (Flexion block bar)
BOLBTEWE» D TR, BERE*EET s, B
BHIEHIBE T R & TR WwWeEEZ 5,

H5 O BB R i T e i o W PR B T o 3

Tendon Excursion with Wrist Motion

2.7mm/10°

Flex Extend

60° 45° 30° 30° 45° 60°
5

10T

15

(mm)
Fig. 2 Longitudinal movement of the tendon
markers as the distance of each marker
from the radius when the finger is flexed.
Proximal five markers showed almost no
motion when wrist was positioned at 30°

and 45" extension.
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AR RSB, L Lk s, FRINIHE
AL X D (HHBOREEFIMORL &, MbfEEIz LD
(R MP B ORI Cle 2 A% 4E L, EEICIE

EAEEEIL vy, LeaSo>T, Evans ©38.2°
MP Egioo/E i (Flexion block bar #{F/R) 5 mm
DWEEEL, EEEHIETE S L) FE R R
Db HEEZRBLTVRWVWEEZ 5, bbhlOXEER
T, FREOFERMIc LD SR b 5mm U ED
BPBESN TS (Fig. 2).

AEEE T, TRBIETE ML CFRAE 2 {REM L 5 1
HERTBE, 2148 TRO:SHHIHEET S, L
2T, FHEE 30" FEL TR 30—-21.4, 45 FEMLT
i, 5214 DREBDH LD Eh, (30—
21.4)°x2.7mm/10°=2.3mm, (45—21.4)°X2.7
mm/10°=6.4 mm THEINEXIZTE O Debrid-
ment BE[EETCH D EEZ 5,

Kz, Browne 52 4%, (IMEEFEIY A F v 727
Vv b kB2 FIHEL, FIROBHEHIRE L v Ak
T, BHADOZSEEREREEPHREL TvwE, %
5%, IBOMMESHIZE £ L T Intrinsic muscle 7 &
B8, HLOMBROKE R, full grip MEEs A
T T HIEOMB I BRER , BENCTER 2=
CaZendnunt, fEkoBRETREIRTY
B EMHOEEERHLTL S,

EHROFFREBABCOHEELERLZTH S
B, TOEVHPREELCORMEET2EEDLOT
BWEREL TREREIT- 2, 2 OERAS, W4,
B TERL 2D b 2 EBRERBRO RIAMEEFEE D
HBWEFS ERNIEEE->T w3

References

1) Boys, ]J. H.: Bunnell’s Surgery of the Hand. 4th
ed., J. B. Lippincott Co, Philadelphia, 13-20, 1964.
2) Browne, E. Z, et al.: Early dynamic splinting for
extensor tendon injury. J. Hand Surg., 14A: 72-76,

1989.

3) Duran, R. J.: Controlled passive motion following
tendon repair in zones 2 and 3. In: AAOS Sympo-
sium on Tendon Surgery in the Hand. The CV
Moshy Co, St Louis, 105-114, 1975.

4) Evance, R. B, et al.: A study of the dynamic
anatomy of extensor tendons and implications for
treatment. J. Hand Surg., 11A: 774-779, 1986.

5) Kleinert, H. E.: Primary repair of zone 2 flexor
tendon lacerations. In: AAOS Symposium on Ten-
don Surgery in the Hand. The CV Mosby Co, St
Louis, 91-104, 1975.

2 M REARTFERAR &6 XA

(@A E O debridement (& 6.4 mm Z TH[FE & D
Z LT, BT 5 mm BL_E o> debridement {3,
FRF A~ EE ToBMEOBEHFIRE S 2§ &
BuE 2850l TL & 5»,

" % BIvEERIA BB
SlElOESE, FHEirERsesI LY, 8
HHEROFEFRC lag £ T AL L E2RLIZLOT
3. “45° AL T, A 6.4 mm debridement L83
EVIHFERD, BLETHELOLOTT, 6.4mm D
debridement iz &V R O MERE 2R Z 3
EIMIZOEELTH, a4 MHKEERA,



Fei6 (J. Jpn. Soc. Surg. Hand), 8% %35  438-443, 1991

FHREMEBGOREICB LIIET 7 Vv VEEOEZE (F2HR)

SRR BT EAE
fF B M E-RB HF B —
SRS AL
NE B\ P i
1E 5

™

Hyaluronic Acid Membrane and Its Effect on Adhesion Formation
of Digital Flexor Tendon Injuries

Kazuo Itoh, et al.
Department of Orthopaedic Surgery, Sapporo Medical College

Hyaluronic acid (FHA) has been reported to be effective on reduction of adhesion after digital
flexor tendon injuries. In our former study, we applied HAmembrane (HAM ; MW : 80X 10%, about
50 mg) on complicated tendon injuries. In this study, we observed the effect of HAM on the union
of sutured tendon and on its surrounding scar tissue.

Materials and methods: White Leghorn chickens aged 3 months were used. At the level of
middle phalanx of the bilateral 3rd toes, flexor digitorum profundus (FDP) was cut and bony floor
was injured with blade. The FDP was sutured by end to end method. Sutured site of the left toe,
the FDP was enveloped with HAM [HAM (+) groups]. The right toe was controlled [HAM (—)
groups]. The toes were immobilized for 3 weeks and chikens were sacrificed at 3, 6, 12, 24 weeks after
operation. Tendon excursion was determined for the ratio of gliding distance of the 3rd toe to that
of the 4th toe. Scar tissue was divided into volar and dorsal one. Glycosaminogycan (GAG) contents
of each scar tissue were analysed by two-dimensional cellulose acetate electrophoresis. All the
histological specimens were stained with H - E.

Results :

1) Gliding excursion: HAM (4) groups was improved compared with HAM (—) groups,
especially at 6 weeks (Fig. 2).

2) Histological findings: HAM did not delayed the union of sutured tendon. No significant
difference was noted between the two groups throughout weeks.

3) GAG analysis: The contents of HA against total GAG increased in HAM (+4) groups,
especially at 6 weeks. To the contrary, DS increased in HAM (—) groups (Fig. 5).

Conclusion :

1) HAM improved gliding excursion without affecting the union of sutured tendon.

2} This improved effect of HAM may be due to the qualitative changes of surrounding scar
tissue.

Key words : hyaluronic acid membrane, flexor tendon injury, adhesion, scar, glycosaminogylcans

Address for reprints: Kazuo [toh, M. D., Department of Orthopaedic Surgery, Sapporo Medical College, Chuo-ku

Minami 1, Nishi 16, Sapporo 060, Japan.
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Sample

frozen tissue powder

[Extraction]

4M GuHCI/50 mM sodium
acetate(pHB.8)4TC, 24hrX 2

Supernate Res.

CsCl density gradient centrifugation
(initial density: 1.35 g/mi)
90,000%xg, 15, 62hr

bottom fraction (d1)

(1.40~1.45 g/ml)

®|Alkaline degradationl
0.5M NaOH 4%, 24hr

®|Pronase digestion |

1 % (w/v)pronase in 50 mM
Tris-HCI(pH7.8) 50T, 48hr

Elecfrophoresis of GAGs (cellulose acetate)

Fig.1
—e— L : HA(+)

150 ~-=0-- R ! HA(=}
8100
Q
o
x
-
Q
a
5
a 50 * p<0.05

Q 3 6 12 24
TIME (Weeks)

Fig.2 Gliding Excursion
D3 is gliding distance of the 3rd toe.
D4 is gliding distance of the 4th toe.
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Fig.4 (H-E, x40)

: HA (+) post ope. 6w

: HA (—) post ope. 6w

: HA (+) post ope. 24w
: HA (=) post ope. 24w

o O w e

6 EETKRE C FHT 20, MM 12 HE CRABE
D (FAEER), v UL GERIRR) %
Uz, BBR—FEDL OV EHEFEL T,

A EARIR OB T, 12 HEAE Tk % E 88
Lo EEE =L,

HA(H)# e HA(D)E e ottig i, itk 688
OEAFR TERRO 2. Thbd HA(S)BTEK
ZERERLIOITHL, HA(+)BFTLEAERD S
fARAF I WAN

Z e

7o B, 1) BEMEA 2) BB, oo
7 7= OWHE, BRICHT 2INGI0ER 3) WEFERR S
BHEEROWTSIWER MBS 2 L ubh T3, HEHR
BEOEH L 7 v Y BEFERT ARAE, 2

OBEXROLZROMREFALE>ELTEEN T
3,

SEbhbi, BOUIMBEAEER 1TV, HA O
BB ERE L, 2 OB HA QR 2CE 372
U s 5HNT, IR TRECERER LD
DERWI, TORR, iTR6, 12, 24 :BTOREH
ik, WITNOBBITB LT HABEREO A
HoTsh, HABEZROBHME CRIFRES B L
BLTWE I ERHERLR. L KM ETRK
ERENHTH D, HA ORBEHEIER I, gt
BHWEETCE I 2 RLTW, LaLl, Z0E
PREEBZORERNZT IR TH - 1,

HA i 1%, angiogenesis HI#I/ER P RE N TEH
D, BB L UCRAMEAOCEEENEREE, BofE
RABETEBESE 2 e0EESRL, Lkl, £

— 19 —



442 O f &£ -fh
1001 1001
HA(+) HA (+)
——AG) | - HA(-)
3 S
: g
O 5041 g
o «©
e g
< <
I I
0 3 6 12 24
TIME (Weeks) TIME (Weeks)
Volar Scar Dorsal Scar
A)HA
1004 -
HAGH 91
----- HA () - HA()
8 Q
o X
< g romeen
9 501 S 501
[ AN = q
+= 4 b Y I
}2 il \\ — 8 ll
~ ’ & = = i
2 S a /
a - bat N
I'
[
o 3 6 12 24 o 3 6 12 24
TIME (Weeks) TIME (Weeks)
Volar Scar Dorsal Scar
B)DS
Fig. 5

DEEE T )V OHBEWERE T, HA ERH L IEE
BELME 3EE TROBE IXERL Tk D AER
WENEDS o T2, ZOBE  TOEBIIXL TR, HA
BROBSENEEEBLIZERVLI L ERL T
re.

SEO HA xR EBR TR, BRETHELCE
BENDERAZTO7 )3y /70 hviconT
SIET, HAFERBSHEERCHEHA SFHE
PEEERL DS EFEMEMETT LI FBEEIE
sz, HA BEXEEEZRCA S »OENELE B &
LTl B3RBT 2R TH-o 7.

— R RS E S 17 13 favorable  scar & unfavor-

able scar 23F7E L, favorable scar #3BE8&38 0 fE
KEEERTY, BROBEBERRE L, L Lun
favorable scar B S N5 EBOEEIMEIZE L < &l
[Rahz, bhibhOoIng TOWEICL B &, favor-
able scar ® HA 8= I3 E <, unfavorable scar ¢
B DS EFENPMCEEERT CREET—%). 5E
DEBRTH, Mtk 6 :BE ORBRESO HA &EFX 4
ANPEERBELVEEELZRLTNS, 2O,
Pip LT 6 BBORATHE, HABELXFERT 5
ZEWEoT IR I NS MEMEASE, LD
favorable scar \FWHRE Z 2 2 Tt e E X 5.
S, FERT 7o —Fh o fiE O E S

— 20 —



FiEEHRABOBE C B LT e 7L o vV BRBEORE (B2H) 443

LTwl ZeixdoT, BIBHKBERET AHEON
EERaY FE— VT AFRY, BIBHILTWLL
bDEEbns,

& B

1) =7 ) OBEHBHROVIMAEEEBR BTV,
b7 n VEETREIE RIS 5 2 Lk AN
IR EBRE LI,

2) b7 EEER, BORSBRCECEER
5z 9@, LabiliEoOIEcECE & OERE
Bz, BOWEMEE, M6 ABTIRE 7 Vo Bk
FERELEOMIC—BREZELRD T, DL
i, e7vo EBERFERT S 8, BRI
BWEEHHPEETIOCENTHLEEZ SN,

3) RBEHOBBCHRINIFREBRD 7L
OVBETVRY VRBOEREEST LI, e7 L
o VBB, ARESOBENELEEREEBIIFLT
WAHEEEM R R L Tz,

X 73

1) FPENE b FHEEHREGOME s LTI
Tro  BREOREE 18R, HFERE 7588-593,
1990.

2) MRE—RR Bt L 2 SEOMBELITE, EOH. BB
BE¥K, 18 843-857, 1973,

3 MEFZ b FRESREBEORE T 5.
HF=35E, 5 184-188, 1988,

B B FEERKFEESAE NEHF—
QHY B2 “B” L-TwaDidbhbhofwy
7o YIS Lz BEVHEHLDTT D,
OBFROKNIPEEFEFRACES T2 LES
B, FFRIBWLDTL Iz,

@ HY B\ L O TT e,

@HY BRIBES s EE ST E T 5,

B %= ILRERKRFRIAR FE Mt
OBOBE, M¥EEESATT VRIZZ 228, BEL
WEORELERTED LEbh 5,

@80 5TT

@®sEMTY.

@tk 3 EB T RBE SR 2 38,

" M FETRAREES R ik

E7vo VEEERT LIGEAKE, 2~3 HEFELC
WwWBEEIN, eTvu CBEDEER, AHSY
BELTWEOTL &I,

| % FIRERREREEAR FiE A4f
E 7o VEBEBEOREE, 95 HETH D (ref 1 58
1§R).

— 2] —



HF45E (1. Jpn. Soc. Surg. Hand), 8% %3S 444-450, 1991

Polyglactin 910 % Fv» 72 BRSPS (-1 BE4 %
RIS (55 3 #H

R R R Rl

£ W E-@m oh K —
TN SR I -
B R 5 A

An Experimental Study on Inhibition of
Tendon Adhesion by Using Polyglactin 910 Mesh

Susumu Misaki, et al.
Department of Orthopaedic Surgery, Hyogo College of Medicine

We have previously studied the tissue compatibility and adhesion-blocking effect of syntheic
absorbable polyglactin 910 mesh for use as an adhesion-blocking membrane. It was found that,
although the adhesion-blocking effect was sufficient, tendon repair seemed to be somehow delayed.
In the present experiment, we aim to make the effect of this mesh on the process of tendon repair
more in detail.

In this experiment, the third digits of both feet of 32 chickens were used. After transverse cutting
the flexor tendon of the third digit, it was sutured by the Looped-Nylon method using 7-0 monofila-
ment nylon. All the vinculum longus were resected. The chickens were divided into the following
four groups:

Group A (synovial sheath preservation group): After suturing the tendon, the synovial sheath
was repaired.

Group B (synovial sheath resection group): After suturing the tendon and resecting the synovial
sheath, the skin was closed with no subcutaneous suture.

Group C (silicone membrane group) : After resecting the synovial sheath, the suture site of the
tendon was wrapped with a silicine membrane.

Group D (mesh group): After resecting the synovial sheath, the suture site of the tendon was
wrapped with polyglactin 910 mesh.

In all groups, the chickens were immobilized for 4 weeks postoperatively with cast in the
tension-reducing position.

At 3, 4, 6 and 8 weeks after the operation, chickens were sacrificed and the tissues of suture site
of the tendon was obtained and fixed in 109% formalin for light microscope.

In group A, development of collagen fibers was noted at 4 weeks, and nearly normal tendon
tissue was seen at the suture site after 6 weeks. In group B, the vigorous invasion of granulation
tissue was already observed after 3 weeks, and even at 8 weeks the arrangement of fibrous cells
remained irregular and severe adhesion to the surrounding tissue was noted. In group C, although
there was almost no adhesion, tendon repair was poor throughout the whole experiment. At 4 weeks,
bridging of the suture site was not found out, and at 8 weeks the suture site was separated in almost

Key words: adhesion-blocking membrane, flexor tendon, tendon adhesion, tendon repair
Address for reprints :  Susumu Misaki, M. D., Department of Orthopaedic Surgery, Hyogo College of Medicine, 1-
1, Mukogawa-cho, Nishinomiya, Hyogo, 663 Japan.
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all cases. In group D, there was a delay of about 1 or 2 weeks as compared with group A throughout

the experiment, but restoration of almost normal tendon tissue was completed in 8 weeks.

By covering the tendon suture site with polyglactin 910 mesh, there was a delay of 1 or 2 weeks

in repairing course of the tendon as compared with that of the group A repairing the synovial sheath.
However, the state of repair was obviously better than that silicone membrane.
In conclution, when polyglactin 910 mesh is used as an adhesion-blocking membrane in suturing

the tendon, it does not seem to have any adverse effects on the tendon repair itself.

x L ®» 2

bhbhid, EBLEHEFONRFEEB LU, £5
E HAERARESEREM LSBT, BER
(B = U TR RN 0 polyglactin 910 mesh (L
T PG mesh) %A L, % OMHEBSMS X VSR
IR DO THE L. ZORE, Wil vo
RETHTSIREBLHZ2 D00, BOEEHIHEIET %
bR s, SEE, 0 PG mesh ORI & -
TROREBEEI EORERMNH L H O RET
B OEEEEIT o Tz,

M s L UERBRFE

EECIIHE=T MY (K 2.2~2.5 kg) 32 PRI
5 3 MEE A U 72, BRER 1 sodium pentobarbital DOfg
BeNigs (20 mg/kg), BLUERy Y = vEE (30
mg/kg) I TITFo7.,

FEk L 3 B AR CEREAR ¥ X A TYIEEE,
FHETIC 7-0 V— 78 ERVBARSES L, BIgs:
LT 804 a4 gtoisfiftaemziz. cho %k,
EEE St OBIERNC AT IR T 4 B2 5 T 7z,

AR (B¥NRTEED | RARAER, RBsBELZL
D,

B B¢ (RESUIBREE) | BU¥S R YRR L, T AR
L7zb oD,

CHRE (v ) o v EWAIED © RmEYIRL, RaiE
BEZ) o fETHB LD,

D # (mesh #ES) | B2 L, BETREMEE
P G mesh THEAI L7 b0,

#{EtR 3, tension reducing position T 4 @R+ 7
ABEL, BERE®RE Yy — YR AECERH S # 7.,
BEEL, TOTNRESES, 4, 6, SSEOKATE
BL, BRFMCREMORESIRE T LR L /2,

¥ S

BfER 338 1 A BT IR, BHIME 48D B

& D WARSMLRARESF IS EE, BEMNCIZITE

CEICEHI LT wi (Fig la). BEETIIERD» S, T8

A2 BT OB ORA 2R 72 (Fig. 1b), CHT
13 epitenon cell DIEHEIZ E b D ThHTH T, Wik~
DfEDOAD AARIFEAER S o7 (Fig
1c). D# X epitenon cell D#IEIZH B H DD, %
PEHRIREAOHIBOA D AH b T H»TH- 7 (Fig.
1d).,

BERE 408 T ABTRIIRH O AR R HE
FEL T & TS, —HE RS iREFH b HFEL
7z (Fig. 2a). B 3 C XM L PO B A 7 i
L OBEERME CRAL Tz (Fig 2b). CE T
JE L T % 7= epitenon cell 2SHimERE 2 B> T %
BE LGN, AR L% £ Th - 7o (Fig.
2c). DR Cldfadkn kB mIE L, BREEST 5
2, F MRS 0% AR~ O iEb T
»Th-o7: (Fig.2d),

BRAFR 6 38 1 A BET IR 25T £ B R AR T4
g h, BFHRAS % LIITERORICEWERA
RTHY, BERREREIETL-EEZ 5N (Fig
3a). BEETEMIGRSMEFRER £ b ->AFER
Behwsh Tz (Fig 3b). CETREE LK
OERARETFHNTTH D S0 TV 528, FRFIEARLEE
T, BAEBERGH#ZELAYEsnano7 (Fig
3c). DEETI, HABREMES ML BRI F1Tk
BLF &R L e IERER L D SO MBEOBETH - 72

(Fig. 3d),

BRIEESHE T AT I PEELE OBERH
AL & TERESTER S LTz (Fig. 4a), BT
W 6EOFTR & R &AL, RARIIPIZFHEE
TELBbn Tz (Fig. db), CETIE, 1EIELHI
HEIMOMD = b 7o, MBS B2 B AHEE T Hy
51, *OXRHEW—FH o KB OBEHIIELI DM
DSRCFIL T fz (Fig. dc). D BETIXIBEARKE 3RS
EETRESIL, BREEORBBGALEEEANRTY
7z (Fig. 4d).
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Fig.1 Microscopic views of cross section of the chicken digits at 3 weeks postoperatively.

Hematoxylin and eosin (x50).

a) Group A: Fibroblasts surrounding blood vessel development is observed in the
suture site.

b) Group B: Note the lots of fibroblasts in the suture site.

¢} Group C: Fibrin clot is evident (arrowhead), and the epitenon is not thickened.

d) Group D: Epitenon cell proliferation is observed, but no callus formation is shown.
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Microscopic views of cross section of the chicken digits at 4 weeks postoperatively.

Hematoxylin and eosin {x50).

Group A : Note the callus formation by the proliferation and migration of epitenon

Y

and endtenon cells into the suture site.
Group B: Note the thick granulation tissues surrounding the tendon bundle.

<z

Group C: Epitenon cells are observed migrating into the suture site, but no callus

o

formation is found in this region.
d

Group D: Note the epitenon fibroblasts proliferated, migrated into and across the
suture site, and bridging the defect.
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Fig. 3

Microscopic views of cross section of the chicken digits at 6 weeks postoperatively.
Hematoxylin and eosin (x50).

Group A : Fibroblasts continue to be visible at the suture site, but are embedded in

oy

an extensive network of collagen fibers.

=2

Group B: The vigorous invasion of granulation tissue is observed.
Group C: Proliferation of undifferentiated fibroblasts and other inflammatory cells

o

can be seen at the suture site.
d

=

Group D: Bridging of the suture site by collagen fibers is observed.
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Fig.4 Microscopic views of cross section of the chicken digits at 8 weeks postoperatively.
Hematoxylin and eosin (x50).

a) Group A: Nearly normal tendon tissue is seen at the suture site.

b) Group B: The arrangement of fibrous cells remains irregular.

¢) Group C: Pseudotendon formation bridges the gap of the suture site.
d) Group D: Restration of almost normal tendon tissue is completed.
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DEORREREGT 5L, ABTR EORATRE
RN DS b A, 6B TIIZIER 2 BHE &
Tande, BETIEIETYT TSR ASHEMOE
AERD, DBHESECIRE 2T g { S B
BLCHMEOEINETHRAN L EEThHo72, CHT
BHESICEBR I LAY EVLOOLRE L E L TR
OIEEREIEE <, 4:E88BL T b ImEoMiEE
Wb, §ETRIFIEEHNCEEMOEH &3
7o, DEECIH ARCHET 5 &, 2BHRBEE#ELCT
B 1~ BN B H 200, S ETIEIFE
B RS DEESTHL I,

z =

FRERGILIE & L O ET, BEE THRR EHRM 2 A
W7eH L DERERH SN BP0 EERAKERT 50
S, BYRIEHV NI ENEREETHD, &
bl QEEBRHABRRICYE I UREDORERE 2D
R, Fie, Jo b ZIEEH IR EN TN T,
MEEBESEL, ROBEREET 3 &5 TN
PAIEIEE LT A TH 2. D&Y, WA LR,
FRES B L CWHEBRCENL TV LS J
DHRERIERE E LT ONBEETDHA S, bhvbhdd
/L 72 polyglactin 910 i3, SEUEBBIM: 4T,
BERMEE L CRT CRBEOBTRAE LT
3, EENEEREINASESH, EEOSRGT TR
#160~90 TR &N 5D, PGmesh i3, ZOHRM%E
mesh ROMIEIZ L7z b DTH %, mesh JROWEED 7z
DYEEEES S IF SRS AT, BOBENNEE
NI VLOTREE 2T, £, SEOERBRTY
MEEBEOE Y ) 2 vEEERBE L THKYT 5
, BOBERTEHES MERL T, 7o, B8
PIREL IEE OEERBIC KT 3 &, B
ATBEFI~2BOBENHL IR Ly
L, fiEE TObnbNOEBEFERE» 5F 507 PG
mesh OGP LR £ E R, SEREEL
LIRS IR 59, i, Ttk AR |'?J>EEL/’C ()
DK G72, Wb 5 favorablescar it & £3 5 2
LMY, [EEARE 1~2B8ERT 5 2 & T
Wi, BERICADL FoREETHL EEZ LN,

- fih

4 & -y

1, HHASEBUNE O polyglactin 910 mesh % s 7
BEO, BEMMRCBIFTEHC O SERET-
7.

2. EEOBERBIIL~, 1~2HOEBENE - /-
B, BENREAIRERRIFTH 7.

3. A mesh &, MBBIRETHZ7:HWET 54
BHEL, FAEBLEZE, BEEAECER, &8s
BOBEL SELHER Y, KEHEELLTEb
TEREMEERbR:,

X [

1) Craig, P.H, et al.: A biologic comparison of
polyglactin 910 and polyglycolic acid synthetic ab-
sorbable sutures. Surg. Gynecol. Obstet., 141 : 1-10,
1975.

2) BUFIERE b HEEATRBEREA B 5 ISR R
GEEENBECHE T 5 2 Lo X 2R ERIEICE T

% KERHOWTSE. $ETEHMRL, 34 1 1547-1550, 1983

3) X5 B b Polyglactin 910 % A v 72 IS 5
1B BT 5 ERERRTSE (B 1 #8) . F£3E,7 1 584-587,
1990,

4) k?i"l.”’f fb i =7 bV EEOIHEE LR O,
P45, 51 179-183, 1988,

5) HEHSAR b IEEREO HCOEERTE 8T 3 E
ERAOWESE, ElME<:gE, 521 917-929, 1978,

5] BRERF AR NPEk—AR
SV LEOEREBIEE L 3V I N2k ET
H8, ¥V avBEOE st~ Polyglactin o & ¢
HEOEZEDH B,

27 PO & D BBEVPKIECEN L T,

7% REERRSEEEAR iy B
SEIORBR TR ) 2 VEERARE, 2I3epnkk
SEEE L TB D, —J7 PEERATE B TEEYIE
ML TB VS »Ic PIEGERE DG SMMERERM IEE
W HIBR AT, F7 PRSI THRES KM
N5 L3,
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Clayton A. Peimer » Edward Diao

Hemostasis and Thermal Damage during Flexor Tendon Surgery
—An Experimental Study—

Toshimitsu Suga, et al.
Kansai Medical University, Department of Orthopaedic Surgery

Intraop and postop hemorrhage has long been considered a cause of tendon adhesions. To
prevent this problem, bipolar coagulators are commonly used. Recently, carbon dioxide lasers have
been advocated for tissue dissection, and benefits have been reported in limiting bleeding and scar
formation. However, very little is known regarding the relationship between hemostasis and
potential risk of thermal damage with these modalities. We experimentally compared these
modalities with traditional sharp dissection in chicken flexor tendons. Seventy-eight White Leghorn
chickens were utilized in this study. Through an axialvolar incision, the flexor tendon had the
sublimis excised and the profundus crushed with a hemostat. The foot was immobilized in a cast,
which was removed three weeks after this operation. The chickens were then separated into several
groups. Flexor tenolysis was performed by: 1. sharp dissection with scalpel; 2. Sharp tenolysis
with hemostasis using bipolar coagulator. This group was subdivided into three subgroups depending
on the frequency of coagulation. Group 3 had laser surgery and was also divided into three subgroups
depending on the procedures of laser use. The foot was again immobilized for the first week. The
animals were sacrificed two, four, six weeks after tenolysis. One chicken was evaluated histological-
ly and five biomechanically using an MTS testing machine. Tensile testing and calculations were
made for maximum pull-out force (MF) and rupture energy (RE). Biomechanical results showed
marked elevation of both MF and RE for group 2 compared with group 1. These results also
indicated greater adhesion formation as the coagulation frequency increased, with increased MF and
RE. At later time intervals, both MF and RE of Group 2 showed a relative decrease. At 6 weeks,
however, the results still indicated approximately two fold increase in MF and RE against group 1.
Every laser group also indicated greater adhesions than group 1. As the amount of laser exposure
increased among subgroups, MF and RE increased proportionally. The dense adhesion in group 3
diminished somewhat at 6 weeks, but were still persistence. Light microscopy findings paralleled
biomechanical results, with the least fibrous tissue formation in group 1. These facts make us
conclude that while hemostasis may be an important factor in tendon surgery, harmful thermal
effects are more important and they are a cause of excessive tendon adhesions. Therefore,
meticulous and judicious scalpel technique is still the best method to use in limiting scar formation

Key words : tendons, adhesions, hemostasis, lasers, biomechanics
Address for reprints: Toshimitsu Suga, M. D., Department of Orthopaedic Surgery, Kansai Medical University,
1 Fumizonocho, Moriguchi, Osaka 570, Japan.
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around tendon tissues.

F L &

et

ERRFEMEFO &M, MrEBEO—ReE L
n, Mg o 7o BRSNS (BT bipolar
coag ) MMERENT WS, &7/, KEY X laser (LT
laser) i3, YIBR & [EH 12 TEETEF ~ @ shielding & &
DML, WMEOEEEBEE T2 LRESINT

V»BY IS DBEEROMER I

W, LRI & AR E PESE

BB L5 23, ThOREE ORIz oW

TEHLVIHRE R, bhbhid,

=7 b OREE

EFNVERY, IS ORI X 3R L TR
EOMRE, £HNFH, BREZAICREL .

HMEELUHE

BHEav Ry 78 (E#H 3 » BoOME, FEAD 775
g2) # v, Lindsay ORE €7 VIC#LC T, AE=
B BRES B ERL L 122, b B, pentbarbital fA
PEARR T, ARZB2EML, SEMERRYIM

THEA, EEREBLUBIL,

5% T FER S MR D 53 {45 2

cm A & VYO, HEEGBEHFCERL
720, Bk E D%, RMETE 70T MR TE T ABEEL,

3 B KGR & MAT L 7.

DXHRE 3B, TODYTIN—FBEL I,

I# Xk 2 EHMEETY,
B AT TAIERAHEL 2L D

O, kImEC £

frde ki, SEifmo

MFE A2 & B RBE 2Ty, B s B,
bipolar coag. T,

ITa) kiM% 20 5 FRICIT o726 D

1b) ki % 40 AMciTotcdb o

Ic) 1kM% 80 FTicfTo 2 @

N laser (SURGILASE-525C) #{fHB L7724 ®

Ma) XA & D BHEE T > 1o laser T 405
FncibmeiT->7: 5@ (chop-wave % {#H)

lib) laseric & DM 2 1To72 b D (super-
pulse wave % {EF3)

llc) laser 2 & b BHIBEEITV, BIRREHTICEE T %
BARL, laser T 404 AIICIEMEIT 720 D

BEEERTS, LABY 7P ABEEL, £ O%E )
{TbY, itk 2HEFFCER L. #hFhD s v—
7 &N SPEEEIVEEIC, 1P EKEEEC
HEL 7o, EHRITEMKERICIE, MTS axial testing
machine model-T22K * B>, 2| &3 & SHE %
fTo7:. BES| &tk &R Iz, HRLRAE % KEHE M
EGAMICHYIL, FHEIL D I G SR DIEL
e KD} maximum pull out force (MF) & #8x x
L& — 4t rupture energy (RE) 2R bbbl L7z, 1 8%,
HEED), WEED) w2 T, BHETE 4B L0
6B b R DORBE TV, RRFAYZEb & thlehRsT
U7z, dEEseeic i3, HE @8 & U trichrome Hef %
FAVEZL 7,

Table 1  Statistical analysis between group [ and II at 2 weeks {above) and between group [ and 1l b)
at 2,4 and 6 weeks (below)

[ n MAX FORCE(N) | RATIO RUPTURE ENERGY(Nm) RATIO |

GROUP 1| E 11.4+3.1 1] 32.8:13.0 1
GROUP 1 a) 5 16.146.0 * 14 | 63.415.4 [ 19 ]

| _GROUP 11 b) 5 36.6:4:14.2 3.2 | 156.8:-41.6 48 |

| GROUP Il ¢) 5 36.3+11.4 3.2 182.6:457.9 57 ]

Results expressed as meanz SD

p<0.01

0.10<p<0.20(*)

| 2 WEEKS [RATIO] 4 WEEKS | RATIO| 6 WEEKS RA_TIOI
GROUP 1 MF 11.423.1 1 11.844.9 1 18.66.2 1

‘ RE 32.8+13.0 1 |  64.22385 1 67.8+17.8 | 1
GROUP 11 b) MF 36.6+14.2 32 | 35.0=17.6 28 37.4%15.8 20

‘ RE 156.8+41.6 48 | 1621725 25 129.5:40.7 | 19

Results expressed as mean: 5D

P<0.05
0.05<P<0.10(%)



TR\ RRE T 1016 D 1 AR AT & B D V> T D JEERAIRNTE

& R

5| &tk 2 HAERT, BN 280 I1# e UH%
s 5 &, MF, RE & i IFECHMNL Ty, 1
HOER®1.0 LTHET 2L, MFCIE1TEa)
1.4, 0)3.2,¢)3.2, RETWd1IEEa)1.9, b)4.8, ¢)5.7
&, bipolar OFERAIIZ LA L TRIAT 38R L T,
IR IR b) OREREEMTE: 238, 48, 6 8%HET

453

EWEMEF©2:83.2, 4382.8 6:#2.0, RETE2
4.8, 4325, 61.9 EFEEAITEIL T,
LtrL, 6B wTh, %8 MF, RE & & 10
BLE2EOMEOFLEERL I (Tablel), R
Wi 2B T BN IBOBRE 1.0 & LTI
T2k, MF iZII#Ea)1.6, b)2.7, ¢)6.0, RE &Il
Ba)2.2, b)3.9, 0)14.2 &, BRI SHEETL,
OO TH 20 TRES &R Z L BTHE

5&, THTIE, MF RE & L 8REIIML Tk T#H -7z, bipolar coag. & Ef, FE ORI laser
PS, N TEEHLZRTD MY, 18 L ot FEEHC LB LTI Tusdz, THEE ILEE b) % 4205
Table 2 Statistical analysis between group [ and Il at 2 weeks {(above) and between group [ and Il b)

at 2, 4 and 6 weeks (below)
n MAX FORCE(N) L RATIO RUPTURE ENERGY (x 10 Nm) | RATIO
GROUP 1 5 11.4+3.1 ' 1 32.8213.0 | 1
GROUP Il a) 5 18.6: 5.2 * 1.6 7204240 | 22
GROUP WD) [ 5 30.812.4 2.7 126.7+42.7 | 3.9
‘ GROUP 1l ¢) | 3 67.3+15.3 6.0 465.5:208.0 14.2
Results expressed as mean+SD
p<0.01
0.02<<p<0.05(%)
| 2 WEEKS | RATIO 4 WEEKS RATIO 6 WEEKS | RATIO
GROUP [ MF 11.44£3.1 1 11.8+4.9 1 18.6+6.2 | 1
RE 32.8+413.0 1 64.2+38.5 1 67.84217.8 1
GROUP 111 b) MF 308124 2t 58.2+14 4 49 34.0+21.2 18|
RE 126.7+42.7 39 256.8+91.3 40 184.3+87.9 27
Results expressed as mean=SD
P<0.05
0.05<P<0.10(*)
P=0.26(% %)

Fig. 1

Histological results at 2 weeks (X 100)

— 31 —



454 5

BlCEhEE T A &, WD) E, 4 EEC MFTI1EO
4.9f% RET4. 0B eimkKEmL, DD A1HE

BH SN, 6BOBETY, WL T B
Vg sl & 7z (Table2), # HIBRE T 3
FRHELS S & OB ®me1ﬁ6m i
118 ¢) T3, epitenon iz—ElE%k L, EBHIMAD
M OWENBEE N, W) TR OB E 512
W<, S, BMIMESEMNICRAL Tl (Fig
1.

13

E)

Z e

TR AT O 1R 7RI S RRE T
BIOFASBILZNR, HAGPHILEORB AR E, 2 2t
ZEHSI AN TV %, Bunnell % % O 13, Mo
T GRS DR & R DA RN RS RET
bhiHEEIShTHLEH, i, 2, B ORE
BRI S TR VY, btvb QLR T,
bipolar coag., laser & & 12, % O Hinic b L ¢
AT HHEK U 72, bipolar coag. {3, FEHIBS QBRI
L OHEBEONEMEL, AT 3 RIGHERNSER
OFEHSER SN, LM & 2R gL T
RREROBTE e HEREEbDEEI SN S,
OYEMRW & 5 AR OIS b4 <, 2
NOBEBLEHBOEECDVT L, ERO—BER
BRI 3 B laser DM N 3%
WS, HRbAOEETIZ, laser BES 3 EHER X
BT, COEFPOFMIZIAS 2Tl
laser i & 2 BB~ OBIIG S 2 A S OEE %
BIBLTwAZ eBREan, SEhbbiid,
- #ioR/NHTH 5 1 watt Tlaser #fFEH
L7248, laser OBhER I
i IR EE T, laser & AW EFATIC W,
BIh o D&ME+FENL TS LET
H 4. Lindsay &, BBt oW G 57, |
RS ORE Gl o O T2 2t 2lmELT
w3, FTOBEGREBESEEREL v EELON
%13, bipolar coag. % £z & 5 BEHEHIARIRATR L D
HERIZELTBD, By oo o EmiRFES
RLTELXFEL80, BFENEOLMBEETHE

laser

L,

, Jaser system, power mode,

i

b5, BRUGZHS ENEMEEECREZOREK

KBEEZ SR, TS OLMMEOHERIT LD
BHSLETHS.

X B

1) Bunnell, S.: Surgery of The Hand., Lippincott,
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2) Lindsay, W. K., et al.: Digital flexor tendons: an
experimental study. Brit. J. Plast. Surg., 12: 289-
316, 1960.

3) Peterson, W. W, et al.: Effect of various methods
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on Thermal Damage. Laser. Surge. Med, §:
118, 1988.
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g M PR IR AFRE—ER

@ukInic s 5 Coagulator 13, WhwA[ ¥ = T8k
| RICKBEDL D, IRHFE E 4 U B ATHEM 23
H DM,

@ Coagulator T, macroscopic i
& CHD FEAD,

97.7 O)Efl? 17)
micro (FEREE) TirWr»TT

e,

QR THEDE I EEDIT B I ENRTTL &
2 b,

| % BUPHIRRLR SR B B

O EIQEETIZ, bipolar coag. OfER LA L
TR K L T B D, bipolar coag. O 13 kS
D—KERDBEEZLD,

O EHC b, bipolar coag. OER FIZELHIL
BRMEAEL, B & CEMME ORESED S M.

@& E LTI, bipolar coag. @ E T HMM~O1FE
B e s = oBREEE S » Tz WA, BROET
OB OMEAE, BEOo—-HrEZ 50, 20
WA TOLEMMBOERC M LOEEEET 2 E
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Clinical Result of Flexor Tendon Injuries of the Hand in Children

Akira Tsuchikane, et al.
Department of Orthopaedic Surgery, Shinshu University School of Medicine

Many papers have been published about the clinical result of flexor tendon injuries of the hand
in children. However there has been much discussion as to treatment of lacerated tendons of children
less than three years old. We divided cases into two groups: one (group A) was cases who injured
at the age of less than three years old and another (group B) was more than three years old. A
comparison was made between two groups in regard to operative method, waited term before
operation and clinical result.

The fifty-nine digits were treated in 41 cases (22 males and 19 females) of the flexor tendon
injuries of the hand in children between 1967 to 1990. Group A was 28 digits in 21 cases, group B was
31 in 20. According to evaluation after Buck-Gramcko, clinical result was as follows: in group A 16
digits were excellent, 8 were good, 1 was satisfactory and 2 were poor while in group B 21 were
excellent, 3 were good, 3 were satisfactory. Also there was a tendency that waiting time before
operation was shorter group B than group A. Tendon suture and advancement showed good results
in each group, but there was a difference with regard to tendon grafting; group B was much better
than group A. Tendon grafting in children under three years old should be treated prudently.

I UL & Iz

NEBBRBEHOHRFECEL TE < OWMELDH B
7, EEBRICH B/NEO BRI DGR EEA L
Brol—mEEL, L CSHESMN 3 FREORE
FIOEFICE L TR IZ WYY, SER L 1ZYRT
B 7o B RHE S TR BFESR 12 X AT OfEfic

XU 3R (AT AR & 3FLUE1R2FRUT
(LT BH#) wZo L, FimE, R, R
M LBIRET L 7e,
NEB LUHE
G 1967 Fp S 1990 F & TEMAF THER L 72
RFILUToORBRBELGAF0E T, B26 %19

Key words : flexor tendon injury, children

Address for reprints: Akira Tsuchikane, M. D., Department of Orthopaedic Surgery, Shinshu University School
of Medicine, 3-1-1 Asahi, Matsumoto, Nagano, 390, Japan.
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Tablel Group A (Cases less than 3 years old at the injury)
| Ages at [ Waited | Operative o ]
Case Gigit Zone ‘ injured term ) Result | Comment
. time | before op. | method * * %k |
1 M.M ¢ Long Ring 11 11m. | 0d. T.S. E | Digital n. injury
| 25.5.%] Thumb T [2v. 6m.| 0d. T.S.
[ 3M.F.¢| Thumb-Small v [3y. ; 0d. T.S. E | Median n. injury |
| 4 T.M. 5| Index, Long I [2y. 6m | 1d.|  T.A E_|
5M Y. % Index i1y Tm 3d. Tl s | %‘e%]‘gj‘;sf}é‘“ﬂ”y
| 6S.A. |  Thumb TI [1y. 7m.| 7d| T.S E  |Digital n.injury |
7T.K. § Ring I [1y. 6m.| 24d. T.S. G |
8 T.M. % Index I [2y. 11m| 1.5m T A E
| 9S.K % Small I 2y. 4m. ‘ 1.5m T. A |
10 N.R. 3 Index I |ly. 2m. | 2 m. T8 G N
[ 11 1.S. %]  Ring L o 2y 1om ] em. |  T.S E | Digital n. injury
12 S.K. b Index [ v 3y. I ~3m. TS E ‘ Median n. injury
13T.T.3|  Index | 0 iy 10m am.[  T.G. P
| 4 MY. 8 Index [ 1 2y. 9m. | 2y.8m. |_ Rigg E ‘ T T
15 K.S. %]  Index |2y ~ 3y.| T.G. P | ]
16 S.T. 5| Ring | 1 J2y. 5m.]| 3y.5m T. A G |
1 |
17 I.N. % S[:]‘Zf] [II ly. 10m.| 4y2m| T.G. S ‘
| I8 M.Y.? Ring | 0 iy 10m | 4y.3m T.G. G 1
L 19 ALALS Long | 1 10 m. 4y.11m T.A E
—_— _ - t " —
20 S.M. § _[: Small | 1 ly. 1m. 6y.1m, T.A G |
| 21 N. Y. F1 Small | I 2y. Ifi= 8. BT G ‘
* T.S.: tendon suture T.G.: tendon graft T.A.: tendon advancement T.T.: tendon transfer
* % E: excellent G: good S: satisfactory P: poor
Table2 Group B (Cases more than 3 years old at the injury)
Ages at | Waited | Operative
Case Digit Zone ! injured term Result | Comment
| time before op. | method * * %
1 M. Y. 8 | Index, long % \ 1y. 1lm. 0d. T.S. | S Median n. injury |
2M.D.3  Loog-Small 12y 8m 0d. T.8 E | Rigital niniuy
| T . P
3M.S.8 | Index I ‘ 9y. 5m. 1d. T.S. E %%}Ei'r{?g Method
4 T.H. ¢ ’ Index-Ring I [3y. 1m T 1(T_ "T.A. E Digital n. injury
5M.T. 3 | Thumb T [3y. 6m. 6d. T.S. E | Digital n. injury
6 K.Y. 0 Index-Long A% 9y. o5m. 6d. T 8. Median n. injury 1
7M. S. 5 Thumb T |5y. 6m | 9d.| T.S. E Digital n. injury
8M.T. % Index L |7y. 5m. 10d. 1.5 | s ?}‘e%]‘g?}',s?é njury ]
9T.K. 4|  Thumb | T |5y. 9m| 1d Ts. | E — ]
10 F. HA_-‘-’__ Thumb-Ring V_ 4y, Im| 15 d. TS | E Median n. injury |
]__11 S.T.3 Small 1 Ily. 1m. 21d. T. A. E
12 0.T. 2% Ring I 10y. 8m. 23d. | T.8: ‘ E
I\ 13 1.K. 2 Long II |3y. 6m 38& TS | E
4 K.Y % Index o {5y, ] 39d. T.8. | E |Digital n. injury
15 1.K. | Thumb Tl [3y. 6m.| 2m. T.G. E | R
16 Y. H. Z,ﬁ Index i ‘ 12y. 4m. [ 5m. T.G. G
17 1.M. 2 | Small 11 10y. 9m. | 8m. § b 62 G [ Hunter’s tendon
18 N. K. 2 |_ Long 1T 10 y. Sm._hk_ —10 m. T.6. E Kleinert’s method_
19 S.R. 4|  Small I [4y. 6m| 1ylim| TG | G
20 0.T. % Index I 4y 2m ] 2y.dm.| T.G. | E

*

% % E: excellent

T.S.: tendon suture T.G.:

G:good S:

tendon graft
satisfactory

T.A.: tendon advancement

34—
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B, ABE21p128%8, BE20FI31ETHo . HIE
Blext LT, 2E5E4A, KH, FH7E oM/, Fir
FEwDOTHEEL ., BB FEIETH -7 384l
53 ¥gwxt LU T id, Buck-Gramcko & % i > T EE
21T > 72,

# R (Table 1, 2)

B8 45 20 457 13 Kleinert O4MEY 74313 % &, zone
1 12%) 1448 (ABE615/BRE818), zone 11 19422
18 (1248/10%8), zone Il LB 248 (248/0 #§), zone
V50154 (638/94%8), zoneT 11 3%Y348 (245/1
f8), zoneT I 3BI34E (0F5/348) LML b zone
1, NOEFASED» -, ZEHFEREY 7 X F 20 4,
Ay F— 9 fFlix EHEEELN 34 FITEH R 5, BIE
W & B BE IR ko o AFHIENE 13 flic fsHRE
#5155, zone V D18 5 BILBC IERMERIAE £ WD
7.

2 SFHE COMEIZI AFEOE» S §E (Fiy
149 % A), BEOHE»S 24E4 5 A (FH4 5 )
THotz, 1FEULFR LA ABTSH, BET
20 A BECRSEIHORE VL b ORE L5 12, Fiy
Tkl z R 37 48 (16 18/21 48), MRATEM 9 48(5
f8/418), BRBIERT 1148(548/648), ToM25(2
18/0 18) TH -7z, BIIFW & U T 2 Fl BRIk %
AT L7, Mg, BBEESORELRE L TRE
L7, AR e FMkstmdsE, %24 A
DI OFEFITIIBEOREED B <, 1 FIEkR &L &S,
MEER TR T &, W2 2 2 AEBLENT
IR RRERITCELOR 1IBIDAHATH - 7z,

Hmmkix, BEHO3IFIAKRE, 326 BMo¥7
AMERITY, SHEEL D BEURES AL 2. BE

D3P LT, WEE LD, Kleinert k% A7z
ST BRI 21T o 7., BEAE R U ESIT 2
holz,

Wik, Buck-Gramcko &% W THIE L 7.
A BTt excellent 15 8, good 8 1§, satisfactory 1
#, poor 2fE5TH D, poor @2 Pz FNFNZHE
4% A, SETBBMEN ERITL ERATH 7. BE
T3 excellent 21 $8, good 345, satisfactory 3%g,
poor 08 TH D, 3 FLULEDIEFIDFERDPRHNRT
Ve, HEERRAIANC MR 21T D L A & RERGHE
WHEBE U037\ zone THBBS O BAT08 i D ERAL W ELHK
U CHERATRREIN %> 7z, (Table3), SEORAET
ISR S HAIL R CEESE L L WA R R
SNE o T,

FEBIAR, Flk, MEBEEC D L THET % &,
W REE S L < IRBTENTH T IR & b IR b
B, BRUERFCH-7-. LaL, BEREN*KT
U THERIC IR I 203880 5 iz (Tabled), B
b, ABRTHFHEEd»Ars4FE3 »H (F13
#£2 5 B) THREEL good 318, poor 2L T,
BETRFHRBAM 2 »Bro 2F4 28 (FiY1 5
2 » B) TR 1L excellent 348, good 238 TH - 7z,

Table3 Clinical Result with Zonal Distribution
(Group A/Group B)

[ excellent | good satisfactoryf poor
Zone 1 3/8 2/1 |
Zone 1] 3/6 6/2 1/1 2/
Zone Il 2/

Zone V 6/4 /2
Zone T 11 1/
Zone T 11 /3

Tabled  Clinical Result with Waited Term before Operation and Operative Methods (Buck-Gramcko's Criteria)
Group A (26 Digits in 19 Cases) Group B (27 Digits in 19 Cases)
excellent ) ) Ona O O [ ®
[

[

good | - (@] oCe0e - (] J
[ o
I

satisfactory | -©
poor |- ® ® _
=1Week =2Months =1Year 1Years =1Week =2Months =l1Year I1Year<

(Waited Term before Operation)

Operative Method : © Tendon Suture O Tendon Advancement @ Tendon Graft » Others
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HEA, APREDI)—>Hy b OERANEL, B
OUTHEE THENEL, WEORELIRVERL
DFEFTH H 5 M, LN TEIEEL 720,
ETHAESLON RV EERbD L, 0D, ®
BFETOBNIPBONIFENE TFREFERT 2 v
HEZLH DY, B L CIIEE RS & ala T
FEBIS B 20, HMEPB/NE L, HEBRGE S Nk
WIEEWE o, E AR B T B JE & =
w23, Wh®3 trick movement BB LT w5 &
BEL, BHEERTLII LB, iR LT,
resting position #HZE L THE 2 DX TFMr g
OREEFERL, BOBEATILIIEDTVL, &
EOMRET 2 » BUAOERTH LR ORHE S Dz
¢, TMREOMR D B <, 1L A ED— KL HTTRE
TH -7z, /2, resting position TERE D H - 7Hid
TARUEHBEEREL WL L SRMB AR 1235
S EimmcREEEL, FEhCRBE TS
REEFOND EEL S,

FHAENCSEREL LEATH, Heis, B
ATHERT (X MEE &l R E L R E S h, pri-
mary rapair 237 2 2 5& 3EFfRg < EITT
ETH2Y, RBEBAEMCE L TImEORC K &k
ENES ST, —ONEOBBEMNIC B TIR®
RO RSB L D IBOBH &/ T Ebh
TEHY, LLRAYROEE, GRORELHT R
WROEEN LT, ERI R TN 2R OE
FEOBREOIELEFETRILTO2—HEEZDS
i, PAE & 0 ISR ORI L L
Nz o kew’, useful RFEEME T LD 1P
12D AR R L TRk AN BT FEM s T L
TeHABRWERFBOND EEZ D,

BREEE IS 4 BOX 7 AEEE, HERED % B
LTS, BALHART, MERERDRDT, 4
JCBI L TREBFEOME L 25 5% 2 TEIFAEEIR
DLFEH RV EEZ N, F7ABRKEOMEE
L TREBEHOER L KYITH L, L, SEE
FLLEDER 3 Bl LT, Kleinert gk & 7o 8
BB ERETL, BIFsBRE2EL0T, Eiflik
WOLTRAMMBTE ZERRETENE, REEER
hRErEZONR,

Ed & )

1) NRIEAREARG 41 BY 59 FEC X LT 3 PRI
FEE E 3 F UL E DRSS, Wi, FME T ok
HARE, B % EbEesRET U7z,

2)  3FLLEOERE 3 FLUTOESICEEXT, £
BEMLE L, BELPeER TV,

3) /NEEERHGOBRNCT R 255, BHIA
P72 > THEL A TH, B 5 2 Lk (i
Wk MR 21T, FHIBEEM 217 22 5037
REPEOND,

4)  HShRHEHORBERCE L TR OKED
MIfED B D IE SIS BETH B,
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Growth Disturbance of The Fingers Related
to Flexor Tendon Injuries in Children

Motoko Umemura, et al.
Department of Orthopaedic Surgery, Nihon University School of Medicine

At the 3lst Congress of Japanese Society for Surgery of the Hand we reported on therapeutic
results in infantile flexor tendon injury treatment to indicate that in some cases growth disturbance
was exhibited. This paper conserns the observation of the progress of children of 10 years of age and
under with flexor tendon injury, and reports our findings about growth disturbance of injured fingers
and its cause.

From 1965 to 1988 we have treated 66 cases (85 fingers) of chidren ten years of age and under with
flexor tendon injury, including 35 cases (44 fingers) of children three years of age and under. The
subjects consisted of 50 boys and 16 girls, whose ages at the time they were injured ranged from eight
months to ten years and nine months. The duration of observation averaged 7 and a half years,
ranging from 2 years and a half to 23 years.

Clinical examinations and questinnaire surveys were conducted on these cases. The Total
Active Motion (TAM) was used to assess the clinical results. The length of the injured fingers was
mesured and compared with those of the normal fingers. The relationships between growth distur-
bance and age, timing of operation, postoperative progress, and the presence or absence of neuro-
vascular injury (which is thought to be a growth inhibiting factor) were also examined.

Growth disturbance was observed in 13 cases (15 fingers). 9 of these cases (11 fingers) were
injured in infancy or early childhood, and did not undergo operation until four or five years of age,
when the need for treatment was recognized by themselves. One case with a long waitimg period
exhibited growth disturbance during that period. Two cases (2 fingers) did not undergo an operation
in zone I and have been under observation, and one case undergo primary suture, which has nerve
injury. The other case (1 finger) experienced re-rupture. All of these cases exhibited worse clinical
resurts than those without growth disturbance.

Disuse atorophy and nerve injury (which make fingers useless) are thought to cause growth
disturbance. The fact that only two finger with growth disturbance had nerve injury, and the fact
that some cases exhibited growth diturbance during the waiting period suggest that disuse atrophy
is the main factor.

Key words : flexor tendon injury, child, growth disturbance
Address for reprints: Motoko Umemura, M. D., Department of Orthopaedic Surgery, Nihon University School
of Medicine, 30-1, Oyaguchi-kamimachi, Itabashi-ku, Tokyo 173, Japan.
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N T

ANBRORFSREBERA & 3R 5 folkz e MRS
b D, FOBRBEOVTEHELOWESH S, b
nbhiz, ¥ CrASEBEBRIAGOEEKREIZ DV
THRE UEFIC L O ERFEENTED 5N D I L 2H5kE
U7z, &0 10 F AT O/NRBRH R ORR % 82
L, BIEEORKERE L Z0FEEIC D WTRE L.

Xt

%

1965 25 1988 £ % T D 23 Fhil e Bfhz TR
L7210 ¥ BAF o/ BRI RASE 13 3 F LU T oRL4E
BB 44t S D 66 FIBSIETHD. 2 DD B 606177
oS ERBEL 22, EFON
LR 12HT, ZEHESRI8» AL 10F9»AT
Hol HRBEEAMIX2EC » v o 23 ETEHT

E6rATH-T. ZHY

75 11|

W, BIR 48 B,

B{7 % zone 1 17 #4122 15,

zone 11 26 1 30 45, zone NV 541945, zone V 2416
IECFPLIZ 0B 10¥8TH - 72,

D55 556l 68 B FMEMITL 2. FHIAER
— R B IRl b O H 454156 $§ T primary
suture #5 40 1 51 #5, tendon advancement #5 5 5 5
BThot, IFUTOAHRAD D B, 1980 FEE T
OEFATHEROLEE*RBTEL 4I~5F £ TH
BLTEMET->TBD, ZOFHL AEF L 10 FI
12 #§ T2 B free tendon graft 1T - 7=,

5

&

PLEDEG 20 THEERE 21TV, (ISR &
DigkE COEMA R L E L, XBEOELD

¥

WTORET L 72, B EHIE L, MR
REETEE (T AM)? % Fv 2007 BAE %48, 180~199°
xR, 150~179" 27, 149 LIF 2T & Lz, f&H8ic
BEL T, T/ o OFF % Ay, 1107 AL %14,
90~109" = B, 70~89° 27, 69 LIT2#ml& L7,

& S

BEANCEL CEEORRBEORD S b DI
L3HII6IETHo7, BEOBEBE @A LT6
mm L EOEHEHS 6 BI 746, 5mmLITFA57 #9 f5i
& 5N7: (Table 1),

1. BREFEG OZEHRAAL

I8 6, I8 2, BG4, /ME 4 T zone BT id zone
1 241218, zone 11 7 845, zone N 4 Bl 6 35T h -
7z,

2. BISEENEY & ERTE, FREHE OBR

BERGEEECRBIOS 5, 95 11 IR
ZHELUEROVLESETHRCES 4,5 FETRHELT
FHET > EFITH- o, BB 3IEI v A
56FE8 »HT, 3~4FED5H, 4~5FEH 1, 5~6
EM 1B, 6~TEN 2P TVIIEI s ATH - 72,
FEEHAR O R OO TR BRI R R O£ U7
LDb 1D o7,

OO ER S 2 Gl 2 FEBFHEB I 2HT
WCARTFENC YRR L 72 zone 1 TOZEBHITH - 12,

14 2 $5 145 1Al % &4 L primary suture %
TFoflT, B0 14 BRFHEERAE LFT
Hoiz.

Tablel  The list of cases which have growth disturbance
Case| Digit Zone“ Age at inji Age at op. | Treatment [ \?@d Lcrms_;_ Results | Growth disturb.
1 3 11 1Y6M 5Y2M TG | 3Y&M poor -
i primary excellent, good {5 gy =
2 345 1 6Y 6Y suture! excellent Eipils
3145 [ V] 1Y10M | 5Y5M TG 3Y7M [ poor, poor 4, 4
4 45 | IV 1Y2M 4Y5M TG 3Y3M poor, poor ;-
5 2 18 1Y6M 5Y2M TG | 3Y8M poor H# _
6 2 | I WM | 4Y3M TG 3Y5M poor |+
7 2 [ n ! 2yim 5Y9M TG 3Y8M | fair
8§ 2 | 1| 2Y2M | 8YI0M TG 6Y8M | good |
9 2 I 1Y5M 8Y TG 6Y7TM fair [+ ~
0| 5 | V! 2Y6M | 5YUM | TG 3Y5M | fair |
| - | =
s conserva-
11 2 It 1 3Y4M tive| good +
[ ‘conserva- [
12 4 I 3Y2M ! Fiie B ) good +
T =: .
z primary
13 i 5 J_ 4Y2M 4Y 2 M | suture = 6. |_ poor +

TG= tenaon graft

4+ =6 mm, +S5mm
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3. BUERE LEREHTE OM%
BREBEDOR VWL OEEH, R6#, a 24T
BoleDxl, KEREDH 2 H 0 E 15145,
B 4fl478, FI34I3%E, RA[5H 74820
BRAZTRRTH > 72,
4, RRERME CWRNERE - oB%
SEFI R MERG S D& L Tz 0
i, 9BI12%8 T, DD b, KREENDH--DE,
1El 28D HATH- Iz,

fiE #l

19, S,

6 FBFICH T AD Ty AT ithis, BiE, /Mg
zone [ DRFE EI8E L 7z, /=5, P8, BIE0isw
BRIAGEZEHL Tvi:, RERORMX MR TIRREE
#Zeewv (Fig 1),

[, primary suture B & 8, FIEfSRE ST
7LV, 13 EBROBAE, AFHEE 2mm, ERFEIZ 10
mm OFHEETRDH 5 (Fig. 2).

BHIXEERTY, FREYFEOZEWLERK IR

Fig.1 This X-ray was taken just after injury.
No remarkable change is seen.

5h 5 (Fig.3).
% &

INROBBGEBESECB VLTI, EROBESI»N
BN L, EROLDBEENTRTELL IR END,
2, BRI, T, WEROBE, BRERED
MEASH 5., KL TRT Tt 20 2R
MNRINTEY, BIEOREREWHL ThTw3
WEkbH R I NS, LdL, FOREICDOWTEEL L
EELTWVE HDEDkn,

EROREREORKE LTHELY 2,

1. EEIRES I L 2 BIEOMEESE DR

2, IEEREEC L 2AREZTORSE

3, useless kgD HE U s BIEORAMEL
EHFT, BIRROMKEEELFRRET2E2CD0T
i, MEMKEEDOH 2IEICHS pRMFEE 2R
BREPNIEA L, R BRI BIIROBE & B LR

Fig.2 19 y.o. M. 13 vears after injury. The left
ring finger is 10mm, and the left middle
finger is 2mm shorter than right side.

Fig.3 The metacarpal bone of the left ring finger
is shorter than right side.
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Dhprolkl kY, TEREEHE LW, SRR
BizowTi, BUrBEs @B 9fl 121503 5
BREEDE Ul DEFER E UTHEL 14812550
ATHYN, TR ET BICRRIUBDVE G, ULhrL, 1§
RIS L AHIBRE L H 5 L BIEEEbLR 2
D, HKEAMEFMRIZLLELONS,

FERMEREE WO EZ L T, BRESEOEL
7o 13FI 155D S B, 1041 12 EE8FEFREITH -
ez k, FHEMORWEITE, b¥sass,
FIRREESEC L H o7z L&D, HRA
DO IHEEEE L, BEKE ORI EHL
Bl REEAMEESTEREEZLSL. S b,
3FRMMORBHIT, R L CHEEREE 1T 5 ol
BEREA S EL, REBRE2ECBABEr-7
WEL T2, HESY bMEEEDIEL, HEVE-
TR WIBIIEREPE U EREL TS,

BRFEMET -2 1061121805 5, ZEEALEE
ETho7 1 PIEREEZESEC S » o7, FOHEE)
D 70~80% I BHSE- TB D, thofgictbiL T,
I EETH S, 20D, BHRESH-THE
BIIT s BT, useless &R BRBEN DR LOT
BawuheEz 3,

F7:, BHERE L IFAHRIEC & B HEEH D B
(R AR R O KRR R E I O KR OBGE SRR
BEORERTREZVHEDRE? bH D, FHoB
BAZDZER LBV FEPAYTH S,

i B

NRREFRIAH 65 P17 BT LT, REEELR
ERAL, FIREE, ¥ X UIERART & ORI D &R
U, BEEEORREIC DWW TEEE M.

1. BEREEHEUN CRETFI 2T 7, Wik
BT R E o 7o,

2. ERREEEOIZEI, useless IG5/ D
BERANEHETHLLELSD,

X &

1) TNE— fib /NRw BT AFERBBAOEE. K
SRR, 20 0 97-104, 1977,

2) Jaffe, S, et al.: Profundus tendon grafting with
the sublimis intact. J. Bone Joint Surg., 49A : 1298-
1308, 1967.

3)  EEREEUE [ SR, ¥R T b - TR SRS
FEBID 10~20 FH DR, IR, 34 1 1734-1738,
1983,

— 40

4) HENEBh At SV E BT OB ER.
6 :519-523, 1989

5) TEMEZE b NREGREAOEERER 2:
135-139, 1985

6) HHAE X f: ASRFIEESREIG oOGE
WoEl, 31 1544-1546, 1980

AF£E,

B M ELE-LEREREREEAR £ B
FEMEBEORE (L EE ) I L 2 ik h -
72Tl & D, :

m & HAXREEPIE BN T
EREBGORE (FRI»MHER) L REEEOM
IR D s A TL .

" M JbEE KRR A Bt
QEFHEOIERD L LT Y oighEli T AlE LT
VB E T

QIR ENEHIT, IV, VIEOTFBE L TEEHL
TWIERISH D L7, 208 ZEMNEELRH
HenizOTL &I »,

ZEAL E BR R iR, BB, TFEEIEE
TEH5DTL & 5>,

m % HAKRZERAE BN TF
EREER L Y ORs Y. TFEE, EEHE, P
‘B, REIBFOLHICEE L TWBHBE»oTT

B m FEFOSEIER HIE E#h

EEROBMRIEE ORI o> Tnb I N
BET, BUROKINC & > €, BAEORIE %
(i EWRRTHAIEEZET. BLELI LD
DT, EEDLDWEREEFERELRE L TwsEEZ
CY RS

(1 HAERZERAE BN TF
SEEHESE O J- ® epiphyseal plate N ORI &4 7
SN BEEBEHNIET L EVIEZLBKTT.

B M EE
BERERRICOIRENTOE T,

IR IERE

m % HAXEERAR BN T7F
BRI S EELTWER A,
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B M R P m & HAERFEEAR BN TF
FEGIDOFTE 4 PFENFHCHEHE L TOLARE S (6 FBR) O X-P TREFEOEBEIIED S
K DOFEFEREW & 2D D TR WD, NELATL.

— 4] —



B¥ &8 (J. Ipn. Soc. Surg. Hand), 258% #3535  464-467, 1991

No man’s land A& R EE O

A B IR R
R E B R B —
oA R oAl ®E B OKR
AR S R BT ADOIA S e R
E W E X
FEA YRS IR R
xR ERT

Management of Flexor-Tendon Injuries in Zone 2

Naoki Nishijima, et al.
Department of Orthopedic Surgery, School of Medicine, Kyoto University

During a fifteen year period from 1976 to 1990, 286 digits were operated to repair the flexor
tendon. During 1976-1983, in most cases primary repair or delayed primary repair were done chiefly
within 4 weeks after injury, while during 1984-1990 two-stage tenoplasty were frequently done
because of the increase of failure case of primary repair at other hospitals. Analysis of these groups
is the subject of this paper. The main subjects are the followings.

1. Immediate vs delayed repair of flexor tendon injuries in zone 2.

2. The result of two-stage tenoplasty

3. Mobilization vs immobilization as the postoperative schedule. These subjects are analyzed.

Operations were performed by the same surgeon. After immobilization for 16-17 days, gentle
active motion was permitted gradually with an extention block on the dorsum of the hand. And
energetic active exercise was allowed from 4 weeks after operation. After 5-6 weeks a dynamic
splint was applied if necessary. The all cases had no ruptures or infections. The results were
evaluated by total active motion. For both immediate-suture cases and delayed-suture cases, 85%
had excellent or good mobility. The time limit of tenorrhaphy is 4-5 weeks after injuries. Moreover,
technical difficulties are likely to increase after 4 weeks.

Two-stage tenoplasty with silicon spaser were performed for the cases of “scar” and “joint”,
proposed as the preoperative classification by Boyes. Satisfactory results could be obtained by this
choice. We prefer two-stage tenoplasty for the cases whose preoperative conditions were not so
suitable for end to end sutures. Two weeks of post-operative immobilization did not decrease total
active motion.

It is concluded that if the site of tenorrhaphy was held within the sound fibro-osseous tunnel,
immobilization for two weeks may cause adhesion but it will be a little and can be released by an
energetic and systematic rehabilitation schedule.

Key words : no man’s land, flexor tendon, two-stage tenoplasty, primary suture, rehabilitation
Address for reprints: Naoki Nishizima, M. D., Department of Orthopedic Surgery, School of Medicine, Kyoto
University, 54 Shogoin Kawara-machi, Sakyo-ku, Kyoto 606, Japan.
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i v & iz

No man’s land (zone 2) B 2 BHEEGE
T HEFE, T 020 EfICK & RESEEIT -, zone
2 ORBEEG T, HeREY T shE I EHEEL

LB R 2, ST L TOARS 1 4 8

UEEBLTHTHIRRBEDTEIFERE NV, »
) HEBBES T E R WEMC LTI, —
B4z silicon spaser # ANTHE &, BiOxXERES
T 50 5 TR (two-stage tenoplasty)
PHHER»SAREROERENDZ LS wnn, *
DFIEDTEDS 5 T B,

FRHELDFEEEDI LT, SEII

. BHUERLZBRELZOLE2E%10 AU EER
LI b CRAEUE D Db

2, EERLTTHWMRMBELIEIBR VDD,
BBV ZEBREZEMC LTS RGO

3. MREL BN T AL 2~HEMLHIRD
FHEEELSPEDON DD
D 3T OWTHRE L TH T,

E B . HF &

BE IS EMEESBI > BHRBEEENO
255,286 IER IS DE 572 1976~1983 D 95
1132 8 & PR BRART O % 1> 1984~1990 & i
1T 72 121 261 154 $1& DWW RN THRET L 72, B¢
DERFID 1970 ERBE I BEVLELLL D25
325TH5, ZD1976~1983 FE DRIz zone 2 D
Ye B e L, VMRS RBRVLT, 42988 k5> T3,
Z OHIE ORI TR Y% 48 BRI B2 A2 A L 7:
FER & 25 10 HRA R > THa B L 2ES & 0
&R T 5, B¥D 1984 F£~1990 Fwwir b L&
BERE B ICRBET 2G4 < O T DARTHE
B, FNSERRPHELDH D, v TnwDFE,
W ELR DIRLREE IS T &, “ERPERIZEM & o T,
EHEPLTCLRABEL LIABRLON, HBW
BZBEBEEMC L ABPRBO»ERATHI
W, fTETREEDY salvage TH o ER IR L LEXS D
%Y, Z ¢ salvage FEFI R B\ T, zone 2 O T ERRERITS
BART 68 15 & R UHBRG I 72 & Mtz zone 2 DI X AW
L R ET 5, BFREIRBEES L CHEER Y
Y 23 AR HE O AR ER - T,

& ES

1. EHIELBELLOEZER 10 B EE®
L7 5E L THRAILED Ob,

1976~1983 £E D zone 2 DX HBE (VIS £k <)
DI b, ZHHE 48 BEILIACIR < 884 L 7fER (pri-
mary repair) & 2% 10 HUALRRL Tic el
7-5Ef] (delayed primary repair) & ORGHT% FLES T
3. HEECERISCE S— v N TE USRS g
I, TAM % & - 79 (Table 1), 2% 48 BN
W RS LTS L 2% 10 B EEE L T %
ETEERAE OFBCEEZASNTNFT &b 85%
OB THEREBRBIFTH > 1. BEHVOITSE
TIRARATESEDEVLI HIZDWTE, FltEH 5
LOD4~SBEMETEEZL TN LR LRER 3E
M2 b2 i ET 5,

2, EEERLUTTHLHABER LIABRLOD,,
HrVIEF_BEREBEEMCLLEAERE GO,
1984~1990 F-DEFID M, zone 2 12 B 1) 2 T ELBEET
BT & BG4 2 L Ot % Utz (Table 2), Boyes iz

Table 1
Immediate vs delayed repair
of flexor tendon injuries in zone 2
(1976-1983) 132 digits
100 T

T
end to end suture

9% of cases
42 digits -/

o0 4+

delayed-suture cases
26 digiti\
T i — —
'*— immediate-suture cases
16 digits

- -

— 43 —
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Table 2
zone 2 (1984-1990)

two-stage tenoplasty 68 digits
™ end to end suture 31 digits

sl
VA,
/7

|
70 4 _ I
T ' 7
end 1o end suture r'e 1
50 —+ ,5\' it :
|
two stage lenoplasly
i
|

0 e—¢+—t+—++—+—++—++++++—+++T++++-+

TAM 200° 1807

£ o TRIBRNIATITRESEHEREH T 27, if
B BB RE 2 H 1S scar, BEES IS H T
joint, ¥y\WaAiizwy b D3 salvage LR IZ 4 L 7.
1984 FLUE WA REP EOMBRTOB I 2bh b
£HIWEkD, J:-J KTV, 20Rb 0
EER I & B U2 RS DRBFILE 2 T2, IR Gk
Bz b B &7 ub» T w34 scar, joint MR EE
o Tl HEDHRZ ST S8 TR
Mcicd 2 8% g o, REBNCERRERTE 5
EEUKHORAEEEG IBERSB L £ 85% %
D, ZEBBERNORMEERSBLE BUTDH
CRPERE R, — R, WS hR DD
& nfERZY, MEHREBEND Y, BIE Q2 R
GTEDHoTL DI, Tscar, joint DEHIHIZ
EAETH D WEB2 5 TELRTmAEST 255,
AHBELRETNT, 1) Ay, A, %W?%‘HEH:’LW‘ a1 <
S THRGETNEROPBM R L BT 3T &
sk, 2) NETIREEAS scar, joint, salvage DAY
DS, 3) F57% 38 < H N & 2740 & TGS E 2 OR,

(BB 13, AR ORISE S A, -pulley DA DER
1emA R 2 THRBESISHLTH, ¥61
BERM L 2TNEMRBEETEROEY, Z0k>
e BRI IR MRS T B & D BRI D
FAOPRELEHIER WS,

% =
Zone 2 W BWUIRLZ RS T 2358, AlGUERE W

Uk AT AEE L, Bl EF o THRABRAT 215
EOHD, BHEEREICIISEEERRIRAL L BT
&ﬁ%%ﬁfmﬁ LaL, BEIODL D SEDE

GHHER R T 2 LR RS T v, T
{‘%kﬂ, FERGALE B3 clean THNIT, FHOE W E %
BUCTHULERE>THRWLAS, MTH8EHS T
720, BFOELERICAUE & N T v BB RBLE 720 T
HEHIRVEUBEO 2 WAE 2L 72w, 72
720, 29 L7I-AlETE QBTG milking Tl T
Ko, FEEFIL D S FH IR TRPREBMNELY,
BEMENLS0F 4 o v L— 78t E LT 5 A 4-0
ETHRT EFHFELHY, N 6-0, AR 7-0 T
+oThHhDH, HAFEEEZ HC37-0,8-0 710 %8
BTV B,

Zone 2 OFEBREL IR B %o L v b iRk
AVRENDD, WMARETERVEE, HDHVLRT
B I DS IR EEE I R R sk e v
EDHV, B LA ORIRYEHRESOESE &
FERTR M AT 5 2 Wb, ZOREBHENIENT
5, BERFITIEVE %D one-stage T H SR IEHEET
FE U 7B BNE E s, EREB IR O s
BEREL TS, BEBLL B LD ZERRERIEEM
BEEIDESR,

BEEW I 2~ BERR RO AR YA T &
720, 0 2 BEWBNIIE B 2 2535 137 OB OENE
TEHHL D 5, WhITREORE LB L T3, [#H
ERRFOU LI BIEEEM L8, KR ksb0
o EWLiED RV, TR 15~16 BE X D EAIHE
B5ib% 72X % L7 % & gently 2 EEEM #5035
4 3 8MHIEEA T 5 & extension block ZE D 3L
TES LI THBE, gently ZHEIFRHBEZ{ThE,
BElLiars lH2AEOESEMEEEL L,

it 4 AT blocking exercise #BA#E L 72, i 5
iz v PIP By o B 8 7 808 50" bid+5Tdh
3. e 6 BB L TH PIP HEREMA A 50" LA

OEIE, L7, BERORAIONFEE RS kit h
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Few, 2D MP 2 s 2 TPIP 25 { D/ha
WITTHEE &% % night splint 2R T 5.

B RSN ORMBESTIN S L BERC %D
DEBFEEF LD VAN D L FHENERE L L
BoTBYEEEHBBIHO RS Z>Twa, M2 T
WEL - GERBOBT, BET 80K, BRE
AL A A& & < L F ., passive T B 41 highly
controlled THhNBRP BT HEIIH2BEDOH
ARG D2 W TH A5, Gt REEHRIE, %2
RCEE L REERENC — MR ONE L E X
5.

3 & &

1, HABREEB I I X AR OEIER
H oo T,

2. ZEBEBEEMOBEEEEL T3,

3. s o~3AMEELTH RESEREBGB N
T3,

Z £ X B

1) Boyes, J. H., et al.: Flexor-tendon grafts in the
fingers and thumb. J. Bone Joint Surg., 53-A : 1332-
1342, 1971.

2) Boyes, J. H.: The measuring of motions. J. Hand

Surg., 5: 89-90, 1980.

3) PEEER b zone 2, 3BT 5 EBREEDER
ORN—FOHBEBEELEFLIC— BEAR, 34
1731-1733, 1983,

4) FEESEYE M SRR B I 2 FHEEHRE
IEGIORES. BREBSRL, 190 21-25, 1984,

5) PEHIBEM:FiEEHRIESG O EHKSS . Orth-
opaedics, 17 : 95-99, 1989,

6) PEESEHL : No man's land i 81 2 BHBIBLEOE
#. B - WHE - 8505, 4-4 1 519-528, 1991,

H M BREERRF R AER—B

Flexor tendon repair O BES T 2K & 2B F
2 pulley system BEETHLENEIhENI T & &
B3 salvage O b D% two stage L 72354 (pulley 2
B IN T 3) & OB primary repair €
Sz otz b (pulley 28 intact Wirvs) DRHE% [

—WZERLA2ORWTRLOTERWY,  BEIE—W
B EBE T TS cover TE B LED,
B & FESRZER/AR e BN

A O R 1 salvage FEGI3BR VT WE §, TET
TREED good TH B 7% S 72785 B RBE 21T
408, Lislscar B ¥ ThHora s ATEE>NTH
SRBEET>TCVET.
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Zone 1L BT % EIHEIEE OBERRR

STHERIRF BIARIF R E

B F —- T 2 A
T B O E-xX & &
moH® X-B EBE R R

Primary Repair of Flexor Tendon Laceration in Zone II

Juichi Tanaka, et al.
Department of Orthopaedic Surgery, Hyogo College of Medicine

A study was made of 57 fingers in 49 patients that underwent flexor tendon repair in no man’s
land (zone 2) over the last 7 years at our clinic. Patients ranged in age from 1 to 81 years, with an
average of 33.1years (35 were males and 14 were females) the average follow-up period was 33
months. Tendons were repaired by modified Kirchmayer-Kessler suture (N =27), or by Tsuge looped
intratendinous suture (N =29) with additional interrupted sutures. There was no statistical difference
between the two procedures. Twenty-nine patients had postoperative immobilization for 3 weeks, 5
had early controlled mobilization after Kleinert, 15 had controlled passive motion method after
Duran’s method.

The results were evaluated by Buck-Gramcko’s criteria. According to this scoring system, 27
repairs were excellent (47.4%), 14 were good (24.6%), 9 were satisfactory (15.8%) and 7 were fair
(12.39%). There were 5 digits (4 patients) with rerupture in the rehabiltation period. There were
several factors that led to poor results. These included insufficient postoperative management
(including rupture of repaired tendons), the site of laceration (middle third of Zone 2), along duration
between injury and operation, and crush injury. However, some patients treated by primary suture
after 2 months from injury obtained excellent results, so we believe that primary suture can be used
even for these old cases, if the ruptured ends and surrounding tissues are in good conditions. On the
other hand, if the ruptured end and surrounding tissues were sutured anatomically, it is need not early
controlled mobilization.

T5,
& L & (<

¥R - HE

FiIRBEG S L TE, BarBb T —REEE
fT-Tw3, & <z No-man’s land N T O FEEHG o3t
LT REIIE £ 2, TELRIBRMIC, £%E
HREE OB L 1-BITH ATRE SR D — K& COEE
EBILoTER, SESHET, 1984F LD
7> 7z Zone 11 CODIETR 49 B 57 18I HRET & N 2 Hiés

M, BE 7 ERMCR—MEC L > Thashiz 49
BI(5E 34, 1) DSTIET, EHR1F LD 81 F(F
H33.1F) Tha. BEERE, HFEHR (47,
o ARE)H, BEEREIR, BR/ I68H-
7z, 4948 (Tubiana & Pulvertaft) i, Group-

Key words: flexor tendon, primary suture, zone- [l
Address for reprints:

Juichi Tanaka, M. D., Department of Orthopaedic Surgery, Hyogo College of Medicine, 1

-1, Mukogawa-cho, Nishinomiya, Hyogo 663, Japan.
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1218, G-11 28, G-ll6, G-V 2 Th-oi:. F
¥ TOMRGIE, primary repair 14 #l, delayed pri-
mary 20 5, early secondary 10 #ll, secondary 5 5
THofe, Zone IIPUHELFRAI I, i 1/3-28 48, th
1/3-12#8, MK 1/3-17$87T, FDS #4IfRE &2 % 2
VBB 15Eh o7, BEEEETESE 2915, Kir
chymayer Zi&CREUB %, Wil Tk < F8, PRO

T-0 ki THEEIRR G U S, IR, FIRERIRD, BEL
7z, HfEEkE, Kleinert ¥k 5, passive flexion o #
15 B, 4 29 g, £ 3 MR @ immobilization % 1
277z, Follow-up 832 6 » H& D 553 » A (F
B2ET7T 5B THE, THARBEE 258 TH-
7z,

¥ 2

SF M i Buck-Gramcko ¥k &2 ko 72, #2748
(47.4%), F 14(24.6), 7] 9 (15.8), F&J 7 (12.3) T,
i, RE&beBL12.0%CThH-7 (Fig. 1), Birgx
561 (8.8%) w;o i (REEBIFEF 148, 4:8%
OMEEREF 318, 4FI3FEREL, R218, W2
LY, 1HREEBEETVWRER S, ST
DR 6 g =&ML, #-B 418, 25 L%
7z,

* =
Zone-T1 B ) 2 FHEEMHRBE T ¢ 5 —kigE

i, TTOIBIC R 2 B0 E L FOBFEREPER SN T
B, LOLIRTOFICEmET NEEFE*H T2

WS sEETH 2. MOFOHNBEFHHI BT

b BT (- B) BlE60-70%Th 5299, HERFIT
BWTHERE (712%) Tho7:.

STHEE R EARTARTFELTEZSNE LDE,
1) EBEOREE, 6, £%, 2) Frz coHM, 3
FMiEk, 4) BEEEETHD,

NEHTONIHEERZZRHICRERESRLTY
5. BB OZERA GRAITIN T, BEIE 61,
NBE L IR EDBEHBRP > Tc w2 5, —5G.-
M, VO 6FIDOHA 4 PIIETLATFCH - 7z, & Fozone- 11
AT OEEELIORF 1/3 TORRE T, FDS »MEER
HETYIRE KB % 2252 b D3, /NREIER &K
WL, MRS TE b QTR o
Jo. L L ZhiBgREo=ic L v, FDS #ke
X3 EEBRWEENS , FDS YIRS E /- 5 D
EZORERER L EIDLORERTEL o1, Y
& BRI RIFTH 05, RATOE
Biahol, D&EW2) OFME COHETH L5 48
EFRILLA O primary suture i, delayed primary @ 2
SELARDO D QTN L, LrL2sBlzo72d
DOTHROBIERSEBAICSH Y, KA L DRBREAGET
BAED L WEGID B - 72, BEOBES L WERKD
BB EWEDL DIV, BIEFTLRORKEC
YO —UREERATLLVEEZ B, Ki, 3)F
ETHBHD, BEEGHBNBREEE L CETED
Kirchymayer-Kessler 8¢5 % Fi\ > /o, BBREEF % 6-0, 7-
0 S CREETRES %0 2 TR & 7] R AN ISIERARE L 72,
bitbn O WAk, fEkoOKirchymayer-Kess-
ler B TCRE BB ONRIC 2T FDEERESE
L, HERHHEL 25BN H 21D FOFEVE
rEABEAAERSES Z L kg sb 2 (Fig

onaoo‘ouonooo oeo o0 oo
R i
o 000 L3 o | l E
G 12 o o o ° o
° |e ;'ia _(' Reruptur )
S * x I ® \xTenolysis
14(24. =
6%) — |
P H e :
1 T [

Fig. 1

1 t
1D 20 1w W 3W AIIJ 54
{The period of time between operation and injury)

Total results of tendon repair in 57 digits

(evaluated by Buck-Gramcko’s criteria)
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2), IOEHREEZ, BEEEL 9% RTTE 5
FRLIEMNTEEVBEDERT L, BOLDESL
FE EwHETH S EEBEbnl:, BTHRIEECER
NOFEEHZPMEEEE L TEDLE S T LITHS
BHotz, L, Ihs 2EFHELTHEGNCE
Baoiz, ZhiE, BEBRZBEREDD EEBD
Nz, B2 E LN R R I & DA
BERZEMboT, FLRETZOELBRS»LIZTS
W TERpo T, BEHEBREC BT RENY
WEDIRED 2B B, Wik 3BOEE BT B
KT eA#Es B BLERTVAI LB R Mo
fo. BREECWRSBEORNAET 2 LEbMT. O
BEIIE L A Y OBIT 3B O immobilization % 13
Ikt ThidbttbhDEESE L Tzone-11
T DR AR TR & E A R ER T L
UTEEYT % -0t oMk E, ARERSE, (GF
#2.5 8). 20 MEK L 5 B ESEEOBERD
TERVLOT, BERBI -7, /-, B, BEs
TELWYFRCBETCEBIET2HER, Vb
¥ % favorable scar’ T& D EYIRBEEIC LD+
WMTELHDEEZTWS, HBEHI LD A D EHED
TR 2, 3 A E TR D OTRENEHIIRE 2R 24
BH 0, BHREGEES] & D RIS EIEIR OME31-2 4
BEESEABED N, 202 LD, BEE
WEEL T, BOBmICE L% < Witk % EfECE
Foh, BEELEBETSRSMUAEERBETHSE
BTELEEE, S TERRAORERE Y L TEBI
SR ALERRWEEZ S, BOBUEE, BE
REEW & D BFEOEIR b LB 25 LB b,

%

S T i

Fig.2 Flexor tendon suture; the modified Kirch-
mayer-Kessler technique

— it

EHE
BRI 7z, WIRIZ A IBERRRE T 2
BET G, fhid 4 BRI hBIRSHESREZ XD 14
(238) &, fh1fE, BELFE2H T, b 5—HF
HEVLLOZARBOIEREIVAEL TV S, BITH
i, 4 B TT T Good DFMEHF T i=bDTH 5,
F0g I S HERE, BRI LD EKERTOFRT
Btk m o fo, AIEIET ORI LT DM 6 f5ic Bt
U, # - B4iE, F2igeEol. ZOZER
—REFEOFETEATL R REEECLID H 2
BEOFRESHBTEZ VL3, BNIOBEIRE
WG ERDAZ ECIEESRWEEL S,

4 & &

1984 LIk, 7TEMEBAET, BI ko FHER
165 it zone 11 T DB 49 B 57 8 W AR EF & 0 % 7z,
Buck-Gramcko ik TFF Il L, #27(47.4%), B
14(24.6%), 719 (15.8%), A7 (12.3%) THE-R
EbET2.0%TH- e, BiAEET2HAFLELT
W, FTE COMME, BHOWMMA L OBESRLES
B Tz, Bk E I 38M o immobilization
D, BRI EFBAL .. METEHOKE PP
B2 B L 7o oS R IS v 13, R N &
preniz, TOILED, B BEL ENTRELRZE
DEELHBTBETIAE, RiERwEVZ 3,
ERE, BEREBICLIVBNEOERLLECRS
EBbhi.

X R

1) FAki— fth D RS OBERE (5.
¥ aE MOOK, 4 :53-66, 1978,

2) PREE A SRR BT 3 delayed  pri-
mary secondary tendon suture MRS, BIEHEL 31 ¢
1529-1531, 1980,

) EHEE M ERBROBRBEAC BT 2 —REHE
B OmET. BRAEL 34 1 1726-1729, 1983,

4) Tsuge, K., et al.: Repair of flexor tendons by
intratendinous tendon suture. J. Hand Surg., 2 436~
440, 1977.

5)  NPE3E—ER : No man’s land i 817 2 B—Re91E1E.
#7448 MOOK, 4 128-140, 1978,

6) UFHtEEM © No man’s land 2331} 2 B AR R
HED T OB E. Monthly Book Orthopaedics, 38,
5 29-44, 1991.
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The Study of Operative Treatment of Extensor Tendon Injury
at the Dorsum of PIP Joint

Yoshitake Kino, et al.
Department of Orthopaedic Surgery, Nagoya Ekisaikai Hospital

Total 51 cases, 58 fingers, of extensor tendon injuries at the dorsum of proximal interphalangeal
joint and fractures in the extensor tendon insertion were surgically treated for the past six years.
Patients were 43 men and 8 women, the age ranging from 2 to 64 (mean age: 35). The number of
injured fingers were 25 of the index finger, 16 of the middle finger, 8 of the ring finger and 7 of the
little finger. Closed injuries were 8 cases and open injuries 43 cases. Periods from injury to
operation were the day of injury in 37 cases, within 10 days in 9 cases and over 10 days in 5 cases.
The causes of injury were motor saws in 8 cases, cut, rotary machine, traffic accidents, machines and
V-Belts in each 5 cases, and baseball and compression injuries in each 3 cases. Associated injuries
were middle or proximal phalanx fractures in 25 cases, skin defects in 10 cases, and PIP joint
dislocation in 5 cases. Extensor tendon injuries were single injuries of the central slip in 36 fingers,
associated injuries of the unilateral lateral band in 15 fingers, and associated injuries of the bilateral
lateral band in 5 fingers. These tendon injuries were all repaired by primary end to end suture, pull
out wire, and local tendon transfer.

Treatment results: The postoperative ranges of motion of the PIP joint were more than 100° in
12 fingers, more than 80° in 22 fingers, more than 60° in 10 fingers, more than 40° in 9 fingers, and less
than 39” in 3 fingers. The postoperative ranges of motion of the DIP joint were more than 60° in 20
fingers, more than 40° in 18 fingers, more than 20° in 14 fingers, and less than 19° in 4 fingers.
Conclusion : There was a significant correction between the postoperative range of motion of the
proximal interphalangeal joint and the postoperative range of motion of the distal interphalangeal
joint, except a few cases.

3. REHERI TS 25 515 16 f55RT5 8 #5/ME 7

ETH 5. FREHRRAIL 4818, KTHREIBIET,

MW 6 Fuic LR CBIMAIC B L 72 PIP B#Y e OREMERRZ I 36 15, IEP R EE O LB BT
B0, (FEHRFRS & U OMTERORNBEEF 2 ED BIUBRBR EOBHE# > HREIL 205 TH 5.

& L &

HHEF S LRERSIHIS6IETHS, B3 A, ©8 2o o Fie 0B ZHLH 37 A, 10 HUW
ANOZGROFRI 2T » 6 64FT, FBFThH 9N, ThUES ATHS, 2HRAXEHE L5

Key words : zone 3, extensor rupture, central slip, lateral band operation
Address for reprints: Yoshitake Kino, M. D., Department of Orthopaedic Surgery, Nagoya Ekisaikai Hospital,
4- 66 Shonen-cho, Nakagawa-ku, Aichi, 454, Japan.
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M 8 A, 18I, wringer injury, ZGHETHE, B
W& BEH, VLML ABREBE S A, BRI
B EtE, B MW I 3HANE 3N, OB
512ANTH 5.

EHHEE T KR8 11 48, EEET1THT 10 #5, PIP
HiptET 5 15, MEIBIEHIGI 3B TH S, KIMRIBOE

- Al

B O K 8 #5, venous flap 2 $5, BIRHE %
1IETH 5.

e AR 3 TE A (el o0 BATRHR B 36 §5, TE @i
Zhe 1o BHRI 28-S B 15 15, TEI Ol ERk RS
Es5iETH .

REEE OBH T N T =K7Yy, ZIRAYHERZ

Fig.1 40 yrs. male, the defect of a central slip, rt index finger, tendon transfer (arrow)

Fig.2 1 vear after operation

50 —
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o, —REEE ORI O 2 825 36 18, BHH
OB TR Y B~ pull out wire L7286 ® 1048, IF
FRBORIGNS D BIFRERITLI D61, EP
R E S OKHE R % K-wire TEE L2 b D 4 5
ThbH.

FAT OHTHIENIE T B 5 B RF 2 53 5,

10 FBF, EHECRE L. EdRER s —Rof
RN I RIBL T, BB IR ER D
L3 & USROG % B8 72 REIOAIRR IS BITRS
U7-. BRRIBIETER £ T cover L WFHERE R % 3810
L7z, ko> PIP BAET OBk v 100°, DIP BYffioy =]
@iz 53 TH B (Fig. 1, 2),

50 FEBF, B THERIEY B s SN TEME T %
&L, FEREIEHEETH - ond, ERERO A O
ZCIET R R L AV EE TH - 72, ko PIP
BT QTG 2 837, DIP&io 2 nid 65 TH 5,

42 ¥ 5B, EEE AR PIPHETTAI 2 0 ¥ e h

7o, IEFR{EBTEIEE N & i1, PIP BOETIX
SN FRET LT Vv, Bl F T BT L T,
B /xiil% venous flap T cover L 7-, s d PIP ¥
fii o T B i3 33°, DIP BHiD £ i3 20" L, BE
BT R T3 D5 b WHEL B o7 (Fig 3).

ST MR E R T3 5.

FEBI 27 F BFORMEI I X 3 PIP ME%EI
FTH 5. ERERAEHROMZE %S, pull out wire gk
T Lz, fiiteo PIP BHiO R g i 1027, DIP @
ZFRIE60° TH - Tz,

FERIL 3 FETFOTRDEEIETH 5,

PIP B D Bl E{H BRI TEE T H - 7o, IR H R
BCH o e hs, TEFURE & AR ORI HRETRR A 5
hie, ik PIP B o uiHisix 1057, DIP Mo %
63 THo e,

FED L 45 F BF OIT# W & 2 EP BT S 0 %
BB TCH D, AR % K-wire 2 &£ TCREE L 7-. T

Fig.3 42 yrs. male, motor saw injury, lateral

band transfer, venous flap

— 5 —
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Table 1  Postoperative result (PIPj & DIPj)

DIPj

PIP; J excellent =60 good = 40° fair 220" poor=19° Total 1
J = = _ ]
Az1000 | 9 1 2 0 | 12finger |
B=80° 8 8 4 2 22 finger
Cz60" | 1 4 i 4 1 10 finger
D= 40" | 2 5 2 0 9 finger
E=39 | 0 0 2 1 3 finger
| Total | 20 finger 18 finger 14 finger ‘ 4 finger 56 finger

#% o PIP & o wrghis it 927, DIP B # i3 50°
THo 1.

¥ ES

fit#k o PIP BAEI ORI BN % 5 BRI F@ L 72 &
ZTablelicah b L5, Ad 1248, Bid 2245, C it
1048, Diz9tg, EB3#ETH- 7%, 5B DIP
BESR O TN & T 5 &, A Bethop DIP oo mlEhis
160" LLEA 9FE R Y F <, BEHTI DIP BHifio
AEPR 40 U LS8 EER LS L, CEHFTIEDIPES
HOWHEIR 200 A LS 4L R b H {, PIPBEA &
DIP BA#i DR AL 0 i v 13 ABBERE R 3 4 & e,

W T IE eh i B 24 & 1 {838 & OYRE{RI DBl
R BT S PEBI DR R & LE U 7z, TE et B il
T AMI048, BH134g, C37H, D2361E,
ER0TH-ote, LRI L 1 MOAIERFSD
Aftplcid, A#S2%E, B2Y6tE, C»32%E, D43
1, EH 248 TH - o, (B {HRETE L R ORI RET
DoOESHOITIE, A0, Ba33#s C4145 D»s
0, Eli8TH - 2.

g RBEEEEMBERBEFRELEI A, BO
TR EAEFITCIE AP 0HE, BA 1318, Coi64E, DS
718, EH 18 TH o 1o, IEPHRTEIMO AR E
O RIEH] T2 IER{HE % pull out wire TRHE L 7
LZB, Ap24g, B6dg, C250, D145, E
138 CH - 7z, ERMESKIR UAIER 21T U o
BlCig, A»0, B0, Co34%g, D23 145, Ea
FELERIBUT 638 E Do oS, MIREIRERLE
oo Tz, IR R TE R OIS F & Kirschner #fR
TRIEL7ERT 4 585D, AN 14, BAS3HELE
B DI o fe B, WERREIIERD R o T,

EHIONL E R O WTHEN L 2 5, BT
BIFSHETIZIAD0, Bas1fs, CH23E, D6
8, EM1IETH- 7o, BEKIBEHHITIR AN,
B231$5, C23438, D548, EAX18TH > 7, PIP

BAEIRIFAIS BT A D3 146, Bai2tg, Co2is,
Dt ERO0IETH . MEHIEHASHEI T A 28
0, B#S27%s, C» 13, DEENOTH-. ML
DFER L D BETEBHSHE & M RIBS B 0BG
WEp o Tz,

Z =3

PIP BAEAH A 5 1 5 (B R OB I35k x
THDHH, WEICEBL T 75 EER OMAE R
REBT 5 ENERETH S, GENIE PR 5 iR
ThHETHBCHT EEE L LT, Entin?,
Boyes?, Tubiana®, Souter” & |[MEFEAERIC L 2 B
WEREERRELTwA, bbb EETWE DS bEFE
FHVEROEEE S 8 Gl FM A FEITL 1228, % DPIER
1% PIP BHEbAFT 4 $1l, TE-P (T EER&I8EE T 3 61,
PIP Bfi{HRARE 1 BITH 5,

BT W2 8 Bl OME I3 PIP MEi T A 2% 6 15,
DIPBIEiC o B 6 5 R <, ERI & - TIRFMNH
WTHDEEZTVE,

DIP BEfi BB aEHHIc DWW T, bhbhd i
PR BBEI T b B DR 5 72 W BI T IR 158
& 0 DIP B0 BEIE th % Fgs = ¢, 7% DIP B
A7) > b EEML T, AEREOKRS ZF5.E L
7z,

B OB RE T4 338 L » DIPBEEiOE
A%, Mg 48L D PIPEASFog&#EEE 0%
nEBL 2, e URIER BB OSRE FFT 5708
1 Capener A 7°Y v b 285U CHEES F AL L
7-03, DIP [RIfia 8/ o outrigger %8A0L TR
Hizmbxdi,

E3 & b))

1. #& PIP AR B 0 2 [ RIBGM& o]
g s T, —HMOEFI RS T E, PIP BT
DIP 8% & R SRR A Sz,
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2. DIP B BEnEB s FMr 1:8% & D, PIPEH
Hiozhid 4 BEE OB L .

3. PIPRUfT & DIP Qi o @ OMB I iz X 7
Vv MREBERITH - 7.

4, 1EIZ 7z 3wl o iR, EdfaRREe
& B H{HRERBITE, BLUBIPREREBESH L
51 O 18 BT 1k I e it B A 2l < 48 S B DT
B L Do 7o,

X i
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2} Boyes, J. H.: Bunnell’s Surgery of the Hand. Ed.
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B M THFEEEEAR Bk F
@ lateral band @ 1 fHMBEEL T2 284, DIP ©

A %217 D oo,

@ central band % lateral band {2 RiE» % % case
THE L 7-35&, transverse retinacular lig. OALE H
BHETL XD,

B % AOBERESHRERERAR A% #H

O 18O OHFRITE DS E BRES L2\, fo 7
L, clean cut T3S L TH L, 18T
DIP BH#iDEB 14514 T 5.

QG TH % 5 5 retinacular lig. ITHIEEL 720
L7z,

g M ER S BUE
WS (PRI RSB LSS, # ORET
BOorn <oy, MEimkORREIC L2 b0,
X, PIP v~ i, DIP OREGIR KT
VLOT, B 2:EEE DR, PIP % 407 Bd#iL T,
DIP el L T 228, BEERES LTw s

B & ALTERESHERERAR KAF 2R

EREOWbh i 28T, PIP B 40" Bt ¢
@ DIP BIEI OEENITT > Tvavz s, PIP I 4 3B
HEMERE L C» 5,
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Follow up Studies of the EIP Transfer for the EPL Rupture

Takahisa Hara, et al.
Department of Orthopaedic Surgery, Mie University School of Medicine

18 cases of the EPL rupture were treated by the EIP transfer during the last 13 years. And in
these cases, 14 cases were followed up. Their average age was 48.6 (22~72) vears old. 4 cases were
male and ten cases were female. 4 tendons were lacerated and 10 tendons were spontaneously
ruptured subcutaneously. The average follow-up period was 4 years and 3 months (5 months~12
years and 9 months).

Using the evaluating system by Imamura, we evaluated the cases, the results is as follows:
“Excellent” is 3 cases, “Good” is 8 cases, “Fair” is 2 cases, “Poor” is 1 case. We evaluated only one
case as poor, because the EIP was too hypoplastic to be used. We should have used another tendon,
for example ECRL. 11 of 14 cases had various complaints.

It is difficult to decide the tension of the suture. Our method to decide the tension is as follows :
when the wrist is extended, we suture the tendon in the position of the IP of the thumb slightly flexed,
and when the wrist is flexed, we suture in the position of the IP full extended. Because, when we
extend the wrist, we use the thumb at the flexed position, and when we flex the wrist, we use the
thumb at the extended position.

@ LU & MEB LUHE

EAHeRE (LT EPL) 20 ¢ 2 [EH<iE
R (AT EIP) 2BuizBRITMIRL IThbnTs
b, TORBLELRFTHLEEDNTHE, L
LB RHEOEER*E2 %L, b3 D ROM D
ZAb % pinch H OET 23 k2 R REF LR ->THRN S
ey lw, bhibhb—ELTEIP 2w
BREATHET->TE Y, ZORES L VMBSO
TRRETL .

BRIS3E» 6K 2 F & T EPL#rzw L ¢
18 B> EIP BT 247 - 7z. W follow up T & 72 14
Bl EmetOE E L7 (Tablel), 451322 F~72
F, ¥¥g48.6F, BE4H, w106, A58, &
OFITH B, BITOIER I, YA 4 5, FTEE 10 #,
PIBIDMA 1 FIHHEES], 3 BUHSERIER, & 7o THRE
DN, BEHEIREIRC I 2 b0 44, FIBE3H, 8
WIBOVEIFIC LB D 2, RT U4 FREBOKEZ

Key words: extensor pollicis longus rupture, extensor indicis proprius transfer, tendon transfer
Address for reprints: Takahisa Hara, M. D., Department of Orthopaedic Surgery, Mie University School of
Medicine, 2-174 Edobashi, Tsu, Mie 514, Japan.
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RAEHB BT RO  § 5 EA RS TH OGS

18TH2. MA»SBITHETH2E~82 B, ¥y
2 » B, followup #8113 5» H~124E 9 » A, 594
E3 5B THD. 545 [P BH ROM, side pinch 77,
g% PR OFUE & RSt & DR, Wb 3
Bz CIERRHIE L, S48 1P MGHER, BN,
E1HEFENHELE W EPLERER R~ I, &
& FHER O TR S BUFHEER T TOEM
(NPD) #BIE L, HeMEORTMEHAEL 2. £
donor ORI & L T/rig extension lag DFH, &5
= switching OB, BFIZ DT HH TIHAEL /-,

& ES

5 IP iR Uflh 4Bl EREBR LN
7z. side pinch ZTOIE T L T 342D ¥ »8E, 18
HORMPBEEB LIS WEIBE R oht., Bigg

477

AR 14 Bt 10 Bl EAZE M R & iz s, 10~20
mmBEOAEETHINT LS KEERR MY, &£
HEEFAREL THRLEL b iz, BHECEEIEY
Ronz86 0, BHRCHFRIOE SR ) BER AT,
HBEEO tension BT E-L O EBbh, A1
RHEMRIFICRIEPNET 2 AL H > 2. RIgMP
BYEMIZ 1X 5 ~15° O extension lag MSEHIZ B o Iz
W, BEAYEELTBS Y, MEZRE Lo T,
14 Bld 11 LA 5 » DORERER L CTuvdz, Ml 8
TEDSLD B0, $EREAMBADICS e 725FAH
EZCN A
UEORRESH OXFEEETTMS 5 &,

excellent 3 [, good 8 #il, fair 2 #l, poor L FITH >
7z (Table2), (U #" O ¥ & & ¥ 8 L F Buck -
Gramcko ik AF £ % 84 FE T excellent O EHIEK

Table1  Clinical Data
Case| Age | Sex | Side Cause Inj.~Op.Period | Follow up Period_|
1 57 12 14 radius fracture 4 M 4Y
2 71 F L power grip 2 W 2Y 1M
3 36 F L contusion 1M 2Y
4 40 F L fresh laceration 2D 12Y 9 M
5 48 F L steroid injection 2M 0Y
6 46 F L contusion 3M 8Y3M
‘ 7 52 M R power grip 3w 5Y
8 63 F L radius fracture 2M 2Y5M
9 23 F R old laceration 3W 1Y4M
10 48 M L radius fracture 8 M 5Y8M
11 22 M R old laceration 2M 5M
12 72 F R contusion 2W 1Y7TM
13 45 F R old laceration 3M 7Y
14 57 M L radius fracture 2M 2Y 1M
Table 2  Results
thumb 1P [thumb IP side pinch [ thumb elevation | thumbh NPD | index MP | | \
Casd oxtension() | flexion() | (96) (mm) (mm) extension corplame .. result
uninj.side | uninj.side | inj.side/uninj.side uninj.side inj.side lag | {(by Imamura)
-inj.side | -inj.side ‘ X100 | -injside | -uninjside ) \
1 0 0 100 0 0 10 - excellent
2 0 5 100 0 10 0 - excellent
3 0 0 100 0 0 0 - excellent
4 0 0 60 10 0 0 + good
5 0 0 90 0 20 15. + good
6 ] 15 95 10 0 et good
7 0 10 88 13 0 | 15 + good
8 0 5 55 20 10 5 =H good
9 0 0 60 20 0 0 + good
10 0 0 ‘ 93 5 0 0 + good
11 20 0 96 10 0 10 + good
12 20 30 76 17 25 0 fair
13 0 10 ‘ 45 15 15 5 fair
4] 32 0 7l % 0 10 - poor
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BENETNIH], 124 B0 Twiz, SRTOHES
HEKFE2EEL T3 oL Wi TEHZ b0
D, FECALAbDTH S EBbhi:, poor @ 14|
i3 EIP #% hyvpoplastic 54 D TH - 72,

Z B®

EPL Wit ¢ 2 BATM X EIP 3w sn %
ZENE L, FOEME excursion B+ SR E T
&, BOFEITHEPL LHULTW 3 Z &, FREVBES
THD I s b, —miic EIP BT 0N
RiFE w5 b oo, EPLEEsELE S h, +9%
ROM a2z rw-o hEIER S K, BKiFwo
WTREBHSAPLTHE2EIOCEbNS, bhvbh
DOSEOFETCEHBEN LRKFNE L, TR0 LH
TERWID & T 5185R0H»EIERL D5, BRI
ABADEL D EVL O RFEANBERZLDTH > 7. &
HBOEESE»LEZ T, bTREHET LT ek
FREUT L b oL Bhbhi:, EIP BT oME S,
FEEIFD tension & AT %@ 3 route B L URBITIC
WY 2BOEETH . EPL 38BN b 5L T
Wb Te, A tension HBFFLGE X550 3HE
HEABEBsNZLBIEL D PREN bRk 3,
LichS->TRREDHD tension THRET 2D L W»
LD THBH, HFE D HiEY & EHHEOR kIR S
BRORNEER®EE, HE*ET 5. Magnussen®
1338 O B H R I B e R RTn S
2, ESRDEBERZLVIEVBESTS k51
BInReonTH Y, ERY SEBGIREE#T 2 020, 4
WRFEL W E B BiFRABHU R/ £ &,
EPL & EIP % maximum tension T 24 L T 1§
EHEFIR AT 5 e x T IO TV A, HOY B
TSR, REM, FRESTREMEA TEIE»
X DELPET S tension TRET A ELTWA, b
NbNEFREHE, BRI TR Lk, B8
1P BAEfi s o 3o i JH ML & 20 D, 2 DFIHET % e iz
WE Bk, BHE 1P HEiNTEMET 5 L 5% tension
THREL WS, ZOEMAE, FRSREL TS
WE AT, FREMM IR THERT 5226
TH5.

% 4 compartment %#% EIP %% D% & EPL
e+ 5y, EPLAROEITTH %5 3 compart-
ment & 0 & 5 RAH»SIERTS T LD Nk
TEETRESD L7, DF HEER EREEOHM»
WEIMEBE G LD, IHBADRT RS, Lizhs

fe A - A

TEREIC L FHE 2 % 3 compartment ~ D 1 e
-route #H 2 TS5 LBEFEnwEBbhs, £/, 1
R, ZR? BT w5 & 5%, EIP g L 0
Flatgx, K FAEETHER bowstringing OHE b
HY, bAbiid{To Ty,

EIP %% hypoplastic TH - 7= L HlD »23, FigHE
HBFEALESNT, DL AEE BDIEIC L
BELLTBD, HEITRTH-7: (Fig 1),

Mannerfelt? (& fHaEIFAR SR (ECRL) 2/ L
T, BIFEREBEsA el T w5, ECRL T
43 7% excursion BEIC L Wit bR b IILHE I
Buluiwy, Zok)EfAERT &
HolbEIL TS,

TR 3, switching TRAIZHEL T 328, bh
HLROFERI & REROFIN 1 FIR Sz, 63 F 4otk
BERUBERZOL THAE T, EIPR{THE 2 £
T ATHZ, HEIPHHOH 2BEOHBEITE
2H00, SELMET B RERFIORIEL MBS ¥
hidn sl s o fe, OB T switching i3 BRF T

Fig.1 57years old man.
The EIP was very hypoplastic.
2 years and 11 months passed after E[P

transfer, he is not able to elevate his left
thumb and not able to extend his IP joint
of the same thumb.
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Hoitz,
ES & F-))

1. EPL#ZzH L 18 Hld EIP BT 21T\, A
14 B & ET L7z,

2. ROM 2L ic dRER < L b, BEOHVES
EBL OB, FBREUAVAS KW EORFRHZ
28l5% { Rohi.,

3. EIP 135 4 compartment ## D@L, ®
B xOHM tension TEPL L 8E5T 5D kv,

4, EIP #$ hypoplastic Z3g& i3t 8 % 18z &
LRETHD.

X B

1) HOEE fit: REAEHEHRE THREC WL T, Rl
R aMEaE, 62 1 47-51, 1988

2) ZRMBE M REHENEHREHOBER RBRBITH
BLURBHEMF EPLEL T, BEAERL 30
1593-1595, 1979,

3) EiR—H i BEBTFEMCBY 2REAROFTE
BEo®oF, #1138, Fr LU CREEHHRICDLT,
AF4EE, 7 1 603-606, 1990,

4) SREKREE M RAEFHRE G OB, B
TRel e LT, BRI E KEHEL 33:107-112,
1984,

5) Mannerfelt, L., et al.: Rupture of the Extensor
Pollicis Longus Tendon after Colles Fracture and by
Rheumatoid Arthritis. J. Hand Surg., 15-B: 49-50,
1990.

6) Magnussen, P. A, et al.: Extensor Indicis Pro-
prius Transfer for Rupture of the Extensor Pollicis
Longus Tendon. J. Bone Joint Surg., 72-B : 881-883,
1990.

7 WRERXR M REHEEERET AT ORET, B
A4 21 0937-939, 1970,

2 M WERRFEEAE @8 A

EIP transfer 1 O)7R¥EM extension lag 2% - 12 T
U & 9. %72 EIP transfer #, RiEOMIT{EE 0]
BEfE ol TL & Do,

| % ZERFEEAR K BX
7R}E extension lag D& & NI FlSEEDH - 7205,
BELTBSY, HEMCIB R Rho ),

B M FWRERENAR SERNRT
Poor %fEFID 1 fld - 72 £ D Z & T3, iR R,

12T EIP 13%® 13 9 hypoplastic 725720 TUL & 5 %,

m = ZHEREREAR R fas 2
Hypoplastic TL 7z,

" M ERRERAR B T

AT EIP @ hypoplastic 7 case 5 1 {5 - 7»
3T, M EIP ORIBRIZEEBR L 7cZ EHb Y
¥9. 20 & 3% EIP OfFIRa2HE 2 EsiNT
L6, BEZTEW,

| & SERYEREAR FE EBX
BN oBEmRTED 28 A,

" M BRGNS BUE
EIP XKL TWwics ES5T 200,

(I SERFEEAR K BX

ECRLZ Y OR®BTRE L THVS, 2 L+45
7z excursion BF S hic iz, ECRL #Bwa 0
BRI B o T b,

"M AR HRIEEEAR MAEx #
© Switching T R % 1 i i il »» 32 5803
BDE LI,

@ Switching XR % FT ADL FOREE, HI1EH
v E Lz,

" %= ZHEREERAR K BAX

O RN B R T R e o 7z,

BEHETH- -2 L b switching RROERIC -
Tz b LRy,

@ ADL oD £ A8E, flzdstEE»N LIz v
EWSERZ B H o 2, switching TR L 2b0k
WETE T &,

B M BEERRRFRAR BR —H

DESHBETTREFRAD LY, BN TKE R
BAEELPT OO, BITROFRNET & 258
TLs oo, FTELHBETL 2 D0,

m % CHRFERBAR R’ BA
WL BHESH D, EHohELIEHTER

BECRERE S - T L DB OE T,
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Incidence of the Trigger Finger in Infants

Kenta Murayama, et al.
Department of Orthopaedic Surgery, Narashino National Hospital

it seems certain that trigger finger in infant would be caused by inconformity with tendon and
sheath. But it is still uncertain that the primary cause of its incidence is due to either the change of
tendon or sheath. 179 infants (227 fingers) who had suffered from trigger fingers had been treated at
our hospital between 1973 and 1990.

The majority of trigger fingers were present in the thumb (91 per cent). They were often
observed bilaterally in thirty-nine of 163 cases (23.9 per cent) either at the same time or at intervals
between two months and five years (11 cases, 28.3 per cent).

The age when the abnormality was first noted varied from birth to thirteen years, with a mean
of 1.8 years.

Trigger fingers were seen in the 22 patients of 3661 infants who were born at our hospital during
five years between 1982 and 1986.

Range of the rate of its incidence in each year shows from 0.41 to 0.76 per cent, and the rate of
total average is 0.6 per cent.

There are six cases of familiar occurrence, three pairs of sisters, a pair of brother and sister, a
pair of boy and mother in 179 cases (3.4 per cent). Two cases of twins are suffered from trigger
thumbs in one of a pair. Operative findings showed the enlargement of the tendon proximal or rarely
distal to the sheath and there were more or less the constriction of the tendon in the sheath. The
preceding facts seem to suggest that trigger finger in infant would be caused by anatomical and
congenital factors, namely anatomical and superadded congenital narrowed sheath caused the
reactive nodular formation, warty granulation and bulbous swelling.

Snapping phenomenon stimulates tendon and sheath to cause the histological changes secondar-
ily noninflamatory fibrosis and occasionally chronic inflamatory cells infiltration. Author presumes
that the growth of tendon and sheath may he not independent each other but the sheath may grow
according to the growth of the tendon.

Namely, the movement of the growing tendon prescribes the growth of the sheath, the dull
movement of the tendon may still more bring about the narrowed sheath.

Concerning the incidence of the primary narrowed sheath, a certain rate of the incidence (0.6 per
cent) seems to show the deviation from the normal range of the normal distribution of the growth
of sheath.

Key words : trigger thumb, trigger funger, infant, rate of incidence, congenital
Address for reprints: Kenta Murayama, M. D., Department of Orthopaedic Surgery, Narashino National
Hospital, 1-1-1 Izumi-cho, Narashino, Chiba, 275, Japan.



NEBBIEOREC OVWTDEE

BrBEBOTRES S NIEEIEOERETH 2 5 28,
FOELLWE—RNER®HD, b o68FDER
HRODIDOVTRERNH .

LRhz 13 ERIZ2 L /N AREBHE b, MEER T
HELINRBCREL LEBBIEGIE D £, ZOXE
BRIz DWTEEL T,

x3

1978 425 1990 FE £ T D 13 Ffli, UR=ZB2 L
TorNREREEIE N, 179 BU-227 5T H B A, BT HEHE
B 91% 5 a0 5, ROTHED 11H]-6.1%T
Hb, BIETHAIICPRE L, MABD 23.9%+ 1/
4 EED D, BFBBFO 2L W (Table
1). #5163 FI-214 HEOREFERIE, 1 FE2E -2
ETREL D 13FKbic), FHREERIL18FTH
3, £ATEL D Z 5076 ORMEAR 1 flosT, &
BHY/NRHEBIETH o 7,

W IERELNL, 163 FIF 39%-23.9% TH 5
B, FOILRABICHRE ISR OO 2881(72.8%),

E

481

FOERI 2 Ao 5 ET, 1E848lL 1EEL
FHERIE18FETH S, FHSKICHEL B
< 8B (72.7%) THoz.

F24UBTH, YRERNTEZRTHERORE %
HER, 1v B 348 -65 A - HTHGBRE 1ERD
HARS & EHAAICATY, ThUBREENSINERD T
BEORIBHLTWS, 1978 FE»5 1990 £F TD 13
FERC ShrERICA g /R OBBIE AL, 31
Bl 34¥6TC, TOREESIIILADLS 6T ETT,
1~2FWHELILONEL 2518 (74%) #5935,
1FRBHEEL DI 6H (18%) T, £ TR
BHRERHER L2 b DR,

INREEHEOFEMEE F 1982 £ 5 1986 £ E TD
SEMOEAR 3,661 LERBEMELTAS L, KE
BRH-06%THY, TOBRLEISEKLbIS,
BREBEHNOREEIIZ0.41%5 5 0.76% D H D
FIZ—FE LT3 (Table?),

REHERE AL, 2179 PIhRERSLED 6 )
(3.4%) H b, MiEkFIA 3 - 461, SEkFIL 15,

Rl E BB TRELDDR 11H] (28.2%) TH5. BF L/NREBIEE > -BRAB 1 AITH S, LI
Tablel Number of the Trigger Fingers treated between 1978 and 1990
179 cases--++- 227 fingers
Right Left } Bilateral Total
71 (43.6%) 53 (32.5%) 39 (23.9%) 163 (91%)
Thumb & 24 & - 19 @ - 14 g - 57
L $ 47 % 34 ) 2 - 106
1 1 2 (1.1%)
Index Finger 7 1 g 1
¥ 1 g o1
3 4 4 11 (6.1%)
Middle Finger e 1 e 3 Pl 1 g 5
g 2 2 1 2 3 & . §
1 2 1 4 (2.2%)
Ring Finger 4 1 I 2 g - 3
$ 1 2 .. 1
1 1 2 (1.1%)
Little Finger & i A2
7 1
Table2 Rate of Incidence of the Trigger Fingers in Infants
Year 1982 1983 1984 1985 1986 Total
Number of New Born 838 796 729 659 639 3661
Number of Incidence 4 6 3 5 4 22
Rate of Incidence 0.48 0.75 0.41 0.76 0.63 0.6
1982 1984 1986 1986 1986
"85 ‘87 ‘86
"84 "85 838 86 '88
Treated year "84 "85 '88
"85 "85 '88 '88
'86
90
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Operative finding. Bulbous swelling ten-
don proximal to the constricted sheath and
narrowed within the tendon sheath.

WL THELIZ OB 2HH 7285, IR bEH
DHDFEETH - 1z,

FHTIE O RHRAIFT B T 1 o0 o iz Bk U 7o
DAV MERDBHD, ZOXSHEBERT L L0
%ol ERHbNY L AURERN TR OB LA
Aotz (Fig 1)

WM TEOERET 20 DO08H < AbNTNH, 20
fihic Nodulus ZFET 2 & D, WIERO granulation
RT3 b O A SNz, IO RO
WAMBHY, HEMIFHELE2ZLTHEL0O0 142
fedb o7 (Fig.2), RE¥SIIBRYE 2oR 3 DISHIZHRER 20y
b RICERTHh TR TH - 7.

% £

DYomR, $abb RIS <, Mt
b DAHoN, IN2FEREDE—IBHD, #
AL IFE—FEL TS, HETIREINTDH % BHH
TiE 20~30% DEETHE T T TR NV, F5%

SR b R L 7o SR AT

RO LS K 3 2 £ 13, ANRBIR S 2 3%

Pizib 51, SEREORBEOHEZREL TV
EwEbn s,

NSRS EIN T 2SR TR, BEICERN

majority +---- Bulbous Swelling
5 fingers..... Nodular Formation
3 fingers..... Warty G-r'anulatior)
2 fingers...... Bulbous Swelling

distal to the constricted sheath

Fig.2 Operative Findings (161 fingers)
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WL b, MP BEER I 3517 3 AREISF R95R % (FE
FB7— ) —WE, NERROMGZEC L) 2,
ERERPBOETOELCEET 28, £THI T
WHEERIEOELET 2 2 Lo 5, BIBEDSRIENSE
ZEHRT 5, FRARESL 1 IFENLE R OB H#E
DHSEND I L oREHEREERT 28>, Sk
BN R BRI & BB M RIERD R E0h B
73, PIRAY-JEREIAR LSRR L DB L w &
ne, TELBOTHIBEICH L &L, TORREE
R B 2 EREER RO 288 BERTIOL S
TH B,
WP L AEIBIEORE IR L BRIOTHES TH
D, TOXREIRBBCHET 2BOFECL2LOT
HHY, BEATEBAEEOKRS LD Ebhburh
PEELLTWS I L6, BBEOHE ZENHEY
wHOTEEW(Fig 1, 2), FrRBOMEYE 1 RN
FRE L THEEE-LzET 555, BBICBEL
1BAORBIZTJEERSRIZDEB»LLL, bo
R ARFRCE S D - T L ERbN S,
ZDAIZ I L TE LS O, BEsEOLER
HREORERRA G, REFWLEFLTLHLD, B
E—EORSRERTIELD, RIBORE SR TE
OHREOREZIVIERSFERTEEZLD &, ZDIE
B & OB U 2B R Y N BRI O #
DB SR HHDTREVPEREDND, S5 HT
SOEIREMreoBLFERI»AETAHONLE
EOMEHEEIRFSEE L TWwa A Z e b# 2
Y (T2
B EBORTHELHI LA LDTER L, B
FE - HEALRNEERT A2 I LIc L DRI #E -
MkT%tT%t ¥ E DL - 1R IR O
BIlE, PEEsPRET S
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Zone IIEEAFEREGICN 2 BT S BEMEDICH

WA R S R S e
moH M wmeLr HF — #E
R o—f-m &

St. Vincent 5%k (Australia)

Wayne A. Morrison

Clinical Application of Tendon-bone Grafting
for Finger Flexor Tendon Rupture in Zone II

Kazuhiro Sakai, et al.
Department of Orthopedic Surgery, Yamaguchi University School of Medicine

A new tendon-bone graft is harvested with a plantaris tendon with a small piece of calcaneal
bone at its attachment. When it is applied for finger flexor tendon rupture in Zone [I, a dorsally
based cone shaped opening in the distal phalanx is made. Then it is threaded through the base of the
opening so that the bone can catch it and produce a very strong fixation at the distal end of the graft.

Concerning the proximal end of the graft, the tendinous portion is sutured to the recipient tendon
in the palm or forearm area. The interlacing suture method is usually used to provide strong

fixation.

As the fixation of both ends of the graft is strong enough, early active full range motion of the
finger is possible. Because of this, better results can be expected.

@ L & (&

Zone I QIEMHRIBE CIRIEH 2 S e, &<
W ZREZ B 5 BEEE RO AR E
gD, Lo Lah s BERRmE i L e e
ZWLTCHBWEET 2L THHREIETO inter-
lacing suture @ & 5 w@ELES ¥ B < { Hi
DBER S NBRBIIET IR CH - 12, T ORERED
U &2k LT, Prefabrication i & 28] & B ¥ R
LERLT#EET 2 HEMFBEEACBLTENLTHS
ZENERPCAB I NIRE I N TS, FEFLIRT
DEECRAFEZBRRE LT LD THRE T 3.

Bt & RBETTR

1. B & RO

BV ERIEEBRI D FNT 505, ZOEEMNE
B ERPHAL LW D CEBELTTE RN
SWER R CERT % (Fig. 1), BT &R ten-
don stripper THIRY 5 & KHI0/Nh &L CFEL, K
% %13 tendon stripper #55H% { B WIS WIE S
Rw (Fig.2).

2. TBAHELR O Hedi

FDP [t OIREGRER LI % REF (T 50 & F 3%
vL< WHIBER & T+ YIBR T 5. FDS B ia ot efig
TR ETELRTRET 20BET 5. WHEHY
LA MR ERTT T A, kT, DIPBHET & 0 RAEEH

Key words : tendon-bone graft, plantaris tendon, finger flexor tendon, Zone 11
Address for reprints : Kazuhiro Sakai, M. D., Department of Orthopedic Surgery, Yamaguchi University School
of Medicine, 1144 Kogushi, Ube, Yamaguchi 755, Japan.
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Fig.1 A tendon-bone graft is harvested with a plantaris tendon with a small piece of calcaneal
bone at its attachment.

Fig.2 The bony portion of a tendon-bone graft should be small enough so as to be easily
threaded by the tendon stripper.

N

Fig. 3 A dorsally-based cone-shaped opening in the distal phalanx is made. taking care not to
injure the matrix of the nail.
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W REYTE N A TRETE I % FIBER U, FDP i fz
WAL e LTEERD S BANF#EE OB R ER T
% (Fig.3), OB EMERISTLTCRET &R
WE I RHERET S,

3. BffzBOBE

BT & BOBES % REBICER L 2B EBEL T
il 5 HEANT] & UBERS B LIRS LIEE S
nad&Heliz (Figd). BEEEE CWCH2KRY I
WUBETH D, BEIAEEOLE X2, B
FAKER L FE S L < FHIBEAE G| & & L recipi-
ent O i@ & 3 weaves LL_E O interlacing suture % 1T
5.

4, BERE

#i1 1d extension block @ F 7 R % 3 MBIHEE T 2
DEESEEE S OMIET 2. F 0%, BREMH
BEEERE free s U, KEEWMZ6EBZ T
extension block ¥ — A4 %175, LMEIELK free
&L Twb, Donor ) BHEREDALTHE L DE
EOFTEHTL TN B,

fE 11

Zone 1z B 2RIBEEHRLDGO 3 FLcERL
fo. R A0 F S 72, VY51 FT/IME 2 fl, B
FIRTHo7z, 25 1413 FDP BERE cH - 7.
MRS % 2 BB B L Twres, ZOMOESHEE
R e N>l RBESEHARIE L » A» o 2 &,
10 BThH- 72,

& £

BAMEINEIE 1ES » A5 5 s LMV, WM
H1IES » BEZEL /2 40 F, BRI T IEMFAT <
< TAM 240 £ TEIEL ADL FicXBIZ k<> T
Wiz, 72720 20 o DIP B#iHe R GRS EEGF L T,
HARZFE DN EIZE S OF O#RETlE T, BTAM &
good T Buck-Gramcko # T & excellent T4 - 7z,
Boo2fHa> 51 #a%TAM it good ¢ Buck-
Gramcko {3 excellent TH % 25, i 1 FlFHTE W
RSD # & # L% TAM ik fair T Buck-Gramcko ¥
Tt good TH -7z, Donor DIEEIIR SR d o1

(Table 1),

Fig. 4 A tendon-bone graft is threaded through the base of the. opening so that the bone can

catch it and produce a very strong fixation at the distal end of the graft.

Tablel Cases

= — e -— —

Period from .
Age . Ko Injured
Case Finger injury to
(ys) 3 tendon
operation (mos)
Il .
@ 40 ring 5 FDP
®@ 43 little 24 FDP, FDS
® 2 little 2 FDP

Follow-up

Active ROM

(mos) PIP DIP Complication
Flex/Ext Flex/Ext ‘
17 100/0 60/ —20
5 100/0 30/—10
5 | 70/-20 25/-10 | RSD
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AL, & < Zone LI 81 5 BHHMRE O
ERICBY 2EABOBESZRIELIZT, v
D FARR L ORI THTH B, ZORME

WL THIER L D BHOWRMNZENTEY, B
¥ THREBSHEOUER, BEOBIE, Pseudosheath @
TERL & TIRARTEAE, FEAMIENEEE, Silastic sheet-
ing, FATHE ARG L & OIERBIILER e 7 ro v
Bs & ORAERLEEH], ERMRBEL E8FEAL S
NTWBE0, BRICIZHERLEFEEROOPIFRTH 5
FE SO RISHROBESESNER 2SAT
B RN URABICIER L 2R OB LI E
TEREREWABET 2bDOTH LM, FRKETH
MR OBFASMETH - 7o 2 DS O/ E s IEE
WA &g BN D B . BRERERRANRE Sk & R
BRI interlacing suture 2179545, Z OBEF I3
EOREETH S BT TRHBEL TS, ZDkd
EHBSOAERER WS & HLMTHREIAOERFE kS
BB T, Zo/E, BBRESS o 28
BLURFR LA BRI TEZRLEZI TS 61,
BHEROERPEE T, HEREREOSHHENIEFEA L
MOFELELTVS, 20k, BREELETED
BRG], & < CBEIHMEO Zone ITHRE xRN
HndR&bDeEZLS, B, EfLOE
T, REVEOBAEESUSTETSHY, MB%
DUYMEREFES B VE I ICHAMFORERITTE 5%
RIS &, BE R EARTER R AI Z S L
ER L T3, M#ZOLR S ERHBRAE L L
Tnd, % 7’:, BT EROFIRETTE B0 /h& 0z
S0 &L, REEEEICEL L TEBPEFNMEY
EULBWEST50ENHEEbh3,

2 £ X ™
1) k-t

T ERBREOERIME. BFs

SE, 51619-662, 1988,

2)  PERNUR O BMEGRSLLEK. TS, 5 1016-
1019, 1988.

3) Singer, D. [, et al.: Comparative study of the use
of prefabricated bone tendon grafts and conven-
tional tendon grafts in flexor tendon reconstruction :
an experimental study in dogs. J. Hand Surg., 14A :
830-836, 1989.

4) HEEGH I HEOW LEORS. AFS 5
1020-1024, 1988,

B M ENERERRERAR B EX

R BOHEREBWE T, distal OEES
BT, LT L incision 22 AMLEHNH LD
T, R/ & B % miniscrew 7 ¥ TEE T 5 5 AHIE
TiRBEVTL & 5.

= & WOREERAR EBHF A%

KBEMCEBEESCRBEEZ L ELES DT
W, ZOESTOROHECRLTIOENTHD,
DIP BEi BN e AR B TE LD EE 2 T
W5,

H M GBI RIS PRI —ET
Otk T b T 5 RENCETLE b iTRN (B
fekg, AER) AT 5 AR (BT, BXimEH
FL, & (pull out) 3258k LIz kb, AW
IR (BEFERY).

QR R % T EELTObDEED
3, A REMC ZEB TR O TT .,

| % CRZEEERZ SR Bt F0is
OFFEEE T I EMET £ L T,
prefabrication i & 55T X RBEDOEE» > 2 5L
B (irk 3E) LHSELTw 3,
OFEMRES LB T,
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Experimental Study on Symphalangism ; 3rd Report
—Development of Tendon—

Masatoshi Takahara, et al.
Department of Orthopedic Surgery, Hokkaido University School of Medicine

We previously reported on our experimental model of symphalangism induced in the forelimbs
of rat fetuses whose mothers were administered cytosine arabinoside (ara-C). In this paper, we
describe the results of a histological approach in order to clarify the process of joint fusion.

Wistar (Gun: W) rats were used. Pregnant females were administered a single intraperitoneal
injection of ara-C using a dosage of 100 mg/kg on day 14 of pregnancy. From day 15 through day
20, living fetuses were removed and the middle digits in the forelimbs were examined histologically.
In addition, normal fetuses were examined as control subjects.

I. Early cell necrosis in the area of the joint being examined: In normal fetuses, early cell
necrosis occurred on day 15 in the metacarpophalangeal joint (MP]), on day 16 in the proximal
interphalangeal joint (PIP]), and on day 17 in the distal interphalangeal joint (DIP]). In chemically
affected fetuses, early cell necrosis occurred on the same day as the control group in the MP] and
PIPJ. In the examined area of the DIPJ in chemically affected fetuses, early cell necrosis did not
occur and then the subsequent process in the development of the joint also did not occur. So that the
DIP] was aplastic.

JI. Separation of articulating surfaces: In normal fetuses, separation of articulating surfaces
started on day 19 in the MPJ, and on day 20 in the PIP] and DIPJ]. In chemically affected fetuses,
separation of articulating surfaces started on day 19 in the MPJ, and on day 20 in the PIP].

[I. Tendon: In normal fetuses, development of tendon occured following the cell condensation.

Key words : symphalangism, cytosine arabinoside, distal interphalangeal joint, development of joint, development
of tendon

Address for reprints: Masatoshi Takahara, M. D., Department of Orthopaedic Surgery, Hokkaido University
School of Medicine, Kita 14, Nishi 7, Kita-ku, Sapporo 060, Japan.
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Distal ends of the flexor tendon and the extensor tendon were observed around the proximal phalanx
on day 15, around the middle phalanx on day 16, and around the DIPJ on day 17. The proximal part
of the flexor tendon was separated from its surrounding tissue on day 18 and the entire part of both
tendons was separated on day 2v. In chemically affected fetuses, development of tendon delayed due
to the decrease of the cells condensed. Finally, distal parts of both tendons were not appeared.
V. Cell death: In chemically affected fetuses, a large number of the mesenchymal cells were
dead on day 15 and 16. The incidence of cell death was high in the top and lateral parts of the

mesenchyme.

In our experimental models, aplasia of the DIPJ occurred in accordance with defect of the distal
parts of the tendons which were destinated to insert the DIP]. We speculate that the same type of
congenital anomaly exists in the patients of symphalangism or symbrachydactyly.

]

ﬁ%%@%vh%ﬁmMwawA*J%U’&
ADBTE BB LY, 2 OFE, s DIP MEHRS O
EEﬁM%M&@Wﬁ@MﬂK&éMW%W&T%é

EEHS M LI, —7, hOEREERAD L,
BIETAE TR s i icillifh 2 B 5 5 C 2t ko
THEERE 2FER L LR H 229, Uhr L, BN
R OEE OB OIEIZ DW» TOWE 3w, IO
SHRES T 5 BHTER S O 7L ORESIIE
DOBFRE & HEL 72,

7 b

EET I GUN : Wistar 7 v b 27z, 1R 14
HHE ara-C 0 100 mg/kg 4 f 2 8 —HIPENE S L
Jo b D% ara-CIEGHE, ROME O 2 EFIEE L,

WEEORF%, Y15 Hos 20 Hich 3T 1 BiEE
THUD U7z, BATFRIE O g O Edlia ot U ¢ &Ik
DIELE 4 p OHHYIF *#ERR L, HE, PASB LU
toluidin blue el %47 7z, FHEOHRIE B3
BARZEIRL, 1) S8 0wt & BEHIRAR O,
2) BISEEROMNETE, BEU3) BIEEEBHE L. M
Bazt it £ D, HEHEIHE O#E L toluidin blue
Pl LB RAHEC L OHIE LT, BISICB W2 AT
BE1HFTH- 7,

# ES

1) 5 oWeE s IQ]ij!}!iij‘”@ﬁ;ﬁZ (Fig. 1,2)

EHTE © ta4r 15 B OB T 11 2 OB
DTS M TH oo, F ORGIHGH S RHELR LA
WREDSEE <, FEMIE REE S & OB EE L ORI I EE 5
PTIRR o o, WEBRIEP R REORLS & 3

Fig.1 Middle digits on days 15, 16, 17, 18 and 19
in control group
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Fig. 2 Middle digits on days 15, 16, 17, 18 and 19
in affected group

Hig FEE ORI D S h i BB 16 B 3R EIE R
ORI, B 17 B I ARETE B O BEAER Iz
BREBEIRL 72,

EIREEREOE TR OGBS EFEL
7o, IS OBUBEEE TR E ST 2
& O W HIRREE BRI D, BRI PRIETIRBROSTERL, &
N7z, PEIZBES IR 5 B MP YT RS 19
H, PIPE8#i & DIP B Ci3few 20 B TH - /e,

BEE | SEHERIC BT 2E T OF Kb
R IERE LR Th o7, Lo, hEERE:
RETFEFIEORM IS B MRS EAEY 3, PEIE L
KREMTOFERZ—BRE L TRE SN TV,

Bz OB A 5 £, MP & PIP B 02454 11
FEHEERCED S, —7, DIP BT
Mot 53, HEHABOEKETED sk
oz,

2) [HFESSOMITE

EHPE AT 15 HichF& FEk & JME R EE o/
AT 2B R RN IS O AR i BHE
a7z, BRI, Bad 16 B HETH & PEIEEED
M, a4 17 AN i EiE & SR R o fIKsE
OFMBEBE RN, Ih o HINEIERO BB T3,
B OBAL S EA, R 2 W EEHEE SR S i,
PATF, 8MR 0% B IER RN d 5 IS5 B IR ERAT
ZRIEIFES & PR, EER TSR OB T E
B INETE TR & iz hs, # O HER i MP, PIP, DIP
BAiDIEC o - 7z,

—H, ERBAORELS TR EN It ERD 5
DHTHoT.

K5 RS OERATIE, MP & PIP B0
FEB CHINZESIEE I L BRI HIE L2 La L,
DIP BIffi ¥ 5E 8 Tk MM 8 U CHfER I H| L
ino it

%72, RS OMIER TIRES 1I5A L 16 Hicd
WOMBTENTED Sz, &, L EEFTTRIE
& A E DOBEBERIRE S EEEC M - T iz,

3) BB (Fig.1,2)

EHE RS 15 B iEhFEEH» S MP Bz » T
TEA SR ELREOBESTEOREMICH - TR
Hon, ﬂ%@t@%@@%ﬁﬁfﬁ&D%io(m
fo. BAtg, EASIR &R OMIREEE 1IRY 16 BT
g v ~ov, B54 17 BT DIP & v ~ L & Tt
B oNFe, Mae 18 H T HlaE S o R EY Mg L
RSB OV AT & A AR & ORI R HIR L 2o,
Baw0ALs e coBBMEESROEZIEMIzD
Tro TR LTz, — A, R CiEEy 19 Hedn T
FAFEMRE L ORI MBS HIR Ure, £72, (kR
R LB T MR i i o 7z (Fig. 3).

BER B ISEHEI6ATHETESS» S MPHE
i o TR ORI 538 & vtz s, MP BEEH &
DEMTIRBOMBEL A S p TR -T2, S
17 B 5 18 Hiz» i THhFEE» & hfFfi g 0ETF e
AR E R OMEESEES . Lal, &
ET LR P L, B> o7z, B 19 Hici
EAROAMN TR EAIEBOMIIEEIBRE S L
7o, UL, HE%AT - 2R %38 U T PIP B X
DEMICR OIS HE R Y, BEESED
o dos i, MR E LITEEFICHE~ELO THL,
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Separation of the flexor tendon from its

surrounding tissue { 1) started on day 18.
Separation of articulating surfaces (A)
started on day 19 in MP]J.

KT 2 Mlag L Do e,
% £

HHORBRIEFRATOEBIROEE W L > THE
3. RS EARI BV TR RIS TE L,
INSDBE L TIERREEAT 5 2 LIS T
W5 SE, IR EREOERERA L 2 OFEO
SHLDBIE & HEBERCRE L 2,

EEZ v MBI HIEHEE, B, BXURBOERK
WEE kL5, EBHBOMERES S L, EHERE
OFLE L DB IEE D, BLICZF OB ML
D, REWIEHIE DRI - Jo. BB I EETE,
FEIE, REBOECEE > Tk, BELLLEE
FEOMIZBKESER S A WEELGFL LR, &
OB S BSIR & 17z, BEIEOTIEA
e HhdE, 2THRROMBSEOESHELL /2, &
RO & D MEEE SR % D, FRLICBIHIR
R s niz?, Zh & OB A i MP, PIP, DIP
DOIECHE > Tz, BERY» 5L, EHIEFERED
B - FE O MERRL FRICEE L7, R
AR RS EEREL, BOBENEST, £
DO, BOMIGEEIIAANE D HE L, B BEA

B OMBLIEAEI L VBB L 72 (Fig. 1),

RHERZURR & REFE ORI O LIRFF A % Lh#e 3 2 &,
F&4r 18 Hic MP BRI ES ¢ i 5 I A B W R B S 3R
L, Z0 1 Atk MP & o E A BB HIR L
7z. BA4r 19 Bz i3 PIP, DIP B8&iss« & R R A B
Mg» L, 201 Bz PIP, DIP BEAN BHATZY
AR U7z, BOVWTHOBEICB LT Y, BEEA
BROHER IS RAHOMBSHIR L Tz (Fig.
3).
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ARERMcMOSR I DIPMES e BOERICES
TEHFEOHMBEOLZ I BEETA T ETBE, Zh
5DREQEEASE I N EE LS x %, M
HiEROREVRSET, MEORBEEBESIED %
A —BL Tz, MO REFEEBE SR
REREHRATES,

FRATORBEBRCE L T B2 DIz
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ER G LR —HEFEER EMENTW DY, SEE
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A Histochemical Study on Intrinsic Muscles of Flexion Deformity
of the Thumb and Fingers

Hideo Kawal, et al
Department of Orthopaedic Surgery, Osaka University Medical School

Seven cases of congenital flexion deformity of the thumb and fingers were surgically treated and
intrinsic muscles of the involved digits were biopsied. A histochemical study including HE, modified
Gomori trichrome, NADH-TR and ATPase was done. There were congenital clasped thumb in two
cases and camptodactyly in five cases where long finger was involved in one case, long and ring
fingers in one, long, ring and small fingers in one and small fingers in two. All seven cases had no
family history. The age at operation ranged from one to twelve. Six out of seven cases were below
five years of age. A small finger camptodactyly was diagnosed nemaline myopathy and two cases
were diagnosed congenital fiber type disproportion. The other four cases also showed type 1 fiber
predominence, type 1 fiber atrophy and type 2B fiber deficiency. Congenital flexion deformity of the
thumb and fingers would be diagnosed possibly as congenital nonprogressive myopathy.

SR FIEOMEETE % = 3 EEE LR MEE D
FHEE OF A OB LIRS 2T OHE 22 S
L.

ERE LU HE

FEGIE 7 BB 64, 1 HICTEM AT ORR
SR RMEER 0 RHEE 2 B, PRUEEGE 16, PERUEHE
FRIE 19, PB/NMERTERFE 1 BB L OU/NERIEE 2 #1
THD, BEANIAA G, WALBPITH -7, &6
EE L CHERSEICBIESIEEL 1 Blics sh i
2, BLOREFREIASNTRIEEL kbrofz, »
TNH 6 ALS LEDOMATY) v Mk BHERE

ATV, WENRREL b OCFARGEEIT o 72, Ty
BREFIE 120 R2F T, 7HH6flid s F 2T
AT 7z, BB MIZET 2 6% & L HERa ko f
AT 5 51, SURRIERT L AELREAT & 2 AT VAR I T
WL TR & ISR AR A2 Pulley
NORBEITME 1 HlciT>7: (Tablel)., FHiH I
1T I B & U CTRHETIRBERED B & CERHE
FEFTITY, BHELS CIREEBIIEO BB TIT- 12,
ER L 2B EERTTRIBEI L fo A VR v
N TARMHEEL 72, HE, Gomori trichrome %3,
HADH-TR, ATPase % ¥ OFEZ ML L DO
HALFRIBRE 21T > 7z,

Key words : camptodactyky, congenital clasped thumb, muscle histochemistry, nemaline myopathy, congenital

nonprogressive myopathy

Address for reprints : Hideo Kawai, M. D., Department of Orthopaedic Surgery, Osaka University Medical School,
1-1-50 Fukushima, Fukushima-ku, Osaka 553, Japan.
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Type 1 #FHEEA & MAED/NEADFE L < R
WA T EELZ T & (Table2), 135204
PlISHEEZIIE T & o 7248, Typel $REHAIT
Type 2B R\ %R UARMEIEETTHE S 4 05—

AEEME D D - 2.

TR 2 K L FANEREELE

£ 2 » Ab SWAVNEEIEEICRMAT &, 5F O

ATV Y M & BRERE R 6 4 AMITT - 7225, ik
FIREOVERAE L TV 72D, 5 o T/IE PIP Sk

(fibrous substrate YIERAN) &A% 3 8 & UF 4 HEk
B D MR % AT - T2 B OFHEMEERIAT R T Type 1
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BRL, HLOBHETA< ) IMEBA SN A ) ¥
TANF—LBWT & (Fig. 1 and Fig. 2), #itd
BRAEBAZY) v M X 2B EFEDI T35, PIP
BEET O T oS E L T B

Z £

SERMCEHED S/MEE TOFIEMEE L kR
VAN B REREREO—ERKE L ChHobn b
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DL T b b O EIE £t R, B35 MP
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THEFEN TV 57, SRR D BHEE ROV 5

ARTREOBERTEIC LA #2655, WIE
WOWT UM SR & DT > ARETEL, HE
TEVEIRIR AR AR QT B M A S0 R
B QWA & I IREHAL DR HE S 45
LTwaEREINTBDY, BrlhEREE 2% &
OLIEREE L TESZ6NT WD, HRIEED RHE
B L 2 RENERC L CRIGL, MRE b2
B X 2BESTFHMGEL D L & 0 BRIFREIT* S
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Fig.1Case 2 Left third and fourth lumbrlcal mus-
cles showed Type 1 fiber predominence
and atrophy. (ATP ase pH 4. 6, x100)

Fig.2Case 2 Nemaline bodies were found in a
number of fibers. This boy was diagnosed
nemaline myopathy. (Modified Gomori tri-

chrome, x200)

THEERE E 2T &, ADIENRFRES L I RHE
BRI 3 D B 22 & BRI L~ T, Type 1 45

MR TE D 252, o 4 By Type 1 SUEEHT T4
RN s <, Type 2B 8D RN A SN, E£RKE
HEMEITHE S A/ 8F — OB g D o 7299,

E & &b

SEREFIEH AT 7 HlOMREED» o TR OB
{EEBIBET 21T - 7. INMERFEFEO—FIZ A~ ) » &
ARF—THY, S5HBED 2§l b ERME IR
& A TAGERE LW T &z, SRR SI5ERRE
TREORMERRIZ B O TRRMIEETE I A F -0
—ERGIEE LT E S ZHLEND B,
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Reconstruction of Hypoplastic Thumb in Radial Ray Deficiency

Kozo Shimada, et al.
Department of Orthopaedic Surgery, Osaka University Medical School

We reviewed 15 cases of surgical reconstruction for hypoplastic thumb in radial ray deficiency
since 1977.

“Pollicization” was performed in 5 cases which were categorized as grade 1V or V by Blauth’s
grading system, and “Opponoplasty” in 10 which were categorized as grade I, II or . We
performed the additional MPj and IPj arthrodesis in cases of grade lil, and also did the additional
first interdigital web-plasty, if necessary. In one case, “Pollicization” was performed at 3 years of
age and 3 years later, additional opponoplasty was done. The age at operation ranged from 1 to 19
years old. Mean age was 2.5 years in “Pollicization”, and 7.0 in “Opponoplasty”. The follow-up
period ranged from 6 to 160 months, and the mean was 56 months. Clinical results were evaluated
by three types of functional tests (Palmar Abduction/Pinch/Power Grip).

In cases of “Pollicization,” 3 cases were “good” and 2 were “Possible” in pinch. In palmar
abduction, 1 case was “good,” 3 were “possible” and 1 was “poor.” And in power grip, 2 cases were
“good,” 2 were “possible” and 1 was “poor.”

In cases of “Opponoplasty”, 5 cases were “good”, 4 were “possible” and 1 was “poor” in pinch.
In palmar abduction, 9 cases were “good” and 1 was “possible.” And in power grip, 7 cases were
“good,” and 3 were “possible.”

“Pollicization” is a good procedure in severe types of hypoplastic thumb and this procedure
particularly improves the function of pinch depending on the preoperative function of the index
finger. In cases of poor index finger preoperatively (such as a case of hyperextension contracture of
MPj, and flexion contracture of PIPj), the function of the reconstructed thumb is poor, so another
procedure should be considered.

“Opponoplasty” is a good and reliable procedure in mild types of hypoplastic thumb and this
procedure particularly improves the function of palmar abduction. Cosmetic results are also good.
In cases of grade IIl, functional results are not good enough, especially in pinch. Good results need
stable MP and IP joints.

Key words : hypoplastic thumb, radial ray deficiency, pollicization, opponoplasty, centralization
Address for reprints: Kozo Shimada, M.D., Department of Orthopaedic Surgery, Osaka University Medical
School, 1-1-50, Fukushima, Fukushimaku, Osaka, 553 Japan.
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Fig. I-a Grading of Hypoplastic Thumb (by
Blauth)
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Fig.2 Distribution of the Patients
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B o 1 X Pollicization #7T# 3 % ¢ Opponoplas-
ty 2 EIL R BEEFRATH 5,

FEMEEES 1T Pollicization T3 2.5 F, Oppono-
plasty T3 7.0 F. Opponoplasty ® 10 & 19 F
DEFILGSMZEF] 1~6 F W FER2IEITL T 5, 8
HEMMIE 6 » B~13F8 A, FWIES AT
Holz,
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% (HEF T % (=Power Grip) @ 3B DWW,
BRI, WgE, RO 3RS CEHEL, MR
FHTOREOMEE I DV THHE L7,

& 2 (Fig. 3-a,b)

1) Pollicization
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Fig. 3-a  Function after Pollicization
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B power Grip
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Fig. 3-b Function after Opponoplasty

Fig. 4

A Case of Pollicization (right hand)
A case with Grade IV (R) and Grade II (1)
hypoplastic thumb.

Pollicization in the right hand was perform-
ed when he was 3 years old. Three vears
later, opponoplasty was performed bilat-
erally. The result was good and the right
hand is dominant.

—7, M REFZFEEBITL GG 0BR
RIFTH Y, Pinch & Power Grip @ BIF 4 BHEERG 2
BHELTE T & Tz, FiC Pinch i3 34l T REEFT
H otz WERIRIET 2 NSA L LTV B 1O
FAE D S Palmar Abd. O IETSH > Tz, b
nbrid o 1 Flic 2 #K92 Opponoplasty % 381
L, #OFE Palmar Abd. 3 238 U 7o, 5 134G
BEEHNARFLAECHELEDFEEHEFELLT
o> T3 (Fig. 4).

2} Opponoplasty

Opponoplasty & 1 =0 11 B OB CIEE L -
RIFZEETH o N, O BIEREATHIZR OXT 7 R
MELTHOERHTH-I. iR L Thbhbhi
Hiiber-Littler 3k 2 11T L LB IG UE 1 BRI O
HEMA Tv> 5438, Palmar Abd. St L T A S Y
DEBMART %25 & FIHEEROB R & 2408 L
OWHEL R E W (Fig. 5),

L L@ Grade BIUIE THFB L RV TR%
EMDOH 5 H% FPL OEASITIX, Pinch 85T H T
BERELE 7z v MP/IP BEETEZEM 2 h0Z 5 2 & i

Fig.5 A Case of Opponoplasty (right hand)
A case with Grade II (R) hypoplastic thumb.
Opponoplasty and first interdigital web-

plasty in the right hand was performed
when he was 4 vears old. The result was
good functionally and cosmetically.
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Morphological Study for Cleft Hand Complex

Masataka Suzuki, et al.
Department of Orthopedic Surgery, Tokai Hospital

Cleft hand complex and syndactyly are studied morphologocaly by useing Hand Pattern Profile
Analysis. The cases which Hand Pattern can be made are 36 cases 45 fingers of 56 cases 89 hands
of cleft hand complexes and 47 cases 57 hands of osseous syndactylies.

Result

Hand Pattern of the osseous syndactyly shows settled pattern which middle phalanx of index and
little fingers are defenetely short and of middle and ring fingers are relative short. Hand Pattern of
the cleft hand complex shows continuous shifting pattern from mild cases to severe defect hands and
in general the hands of cleft hand complex are small but proximal phalanx and metacarpus of index
and ring finger are relative long. As the result of the components of the middle finger of the cleft
hand complex are divided into index and ring finger, proximal phalanx and metacarpus of the index
and ring are relative long. This pattern is different from the osseous syndactyly but middle phalanx
of index and little are also short in the pattern of the cleft hand complex. This means that genetic
factors which make both anomalies act for very similer period, only the powers of producing
anomalies are thought to be different. Thinking of this point of view cleft hand complex and osseous
syndactyly come under the same category. In the condition that the pawer of the facter is stronger,
middle finger devide into index and ring, then the small cleft hand will be produced, and the pawer
is not so strong, syndactyly will be produced.

T L » SRIEF & FHFFE
WEEZEY, TP & OWELEZ ORE % &1 WREFILEBRES R & CEERRE CRE &
FEEHEESD TR AL ARFRIL AN T 52, NRRFREGBIFTH 2, & 5EREDERT
FRWTEE LIS RAMII L Ty, ZOBE0l Hand Pattern ERXATRE T H - 72 47, 57T F 2 HBE L
#13, AFEOFREASR % Hand Pattern % v € LTSt L7z, Hand Pattern ¥ 83%E L -5k
ST BV ZORREHET 5 LHICEIBE TR LY, 3bbE 1PFEErSE S5 KEE T
EDBRBIEDODWTHEET LI LD B, TERZAZEL (ChirflEEe+2), E¥r LTl

Key words : congenital anomaly of the hand, cleft hand, roentgenological study, hand pattern
Address for reprints: Masataka Suzuki, M. D., Department of Orthopedic Surgery, Tokai Hospital, 1-1-1,
Tiyodabasi, Tigusa-ku, Nagoya, Japan.
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TS DL 0Y &ALV, JEME, A K 2 7
LU 7.

Hand Pattern 0¥ s & WFE CREEREN T
BLE DS EEEEG O ST EH B O T S OSHET T
DO—EFIRBROAEZNREL, 5K INEEUE
BRI, hFEGIEER, 70 AK— 8, hPFETHH,
HFEERIBE O 5 Bz TR U e, BRETE BB
PO AF S48, PFEHERB M 68, 7 u AR —
CRIG BT S, hFHEEE 141318, PFEXM
B, 11611438, SH36HBFETHo7

& R

NFETETHS D Z & ik Hand Pattern &, £
WEBOTHIEFEAEDEHRLOZA Y IDTDS
Z7rRB5IETHB, TihbBETEII-MRIC/hE
WETHEEVBIZETHS, FL-5BET—F 0)‘}%
& 5 Hand Pattern #1948, HFE TRFED
ﬁmté@ofﬁmaﬁbmﬁmw&%ﬁmm®6n

o, WEEB—RE R - DL D Bbhan
NSRS 5 & AFIE & TR GIEEE & DFFEL
PERTRRSTED sz, Fig 1 didiflg g e i

@ Hand Pattern T 2 #357R$E & /ANME O R4 5 »S
Bo&D LT3, &6 whis, BHEOHREIFICD
FEHEADPRATY S, MW THE L 7efE
SD1.0LIHZERLEFNZIZ—FE DY = 5RT T
LSRG, IO 77 &0 MMEEETRESFRET
B RIS E & AMEPEE OEEE S 20 T
BH D ehtg & RISTHETE (AR R HI T R AR LR
DY O EZ I EHRIL Tvk3Y,
HWFEER BT REREHE OB —1EFIRIHB A

MRS B SEE S B R SR A AR S B
~—— Metacarpus — ~—Proximal phalanx — «Middle phalanx—~ «—Distal phalanx—
Fig.1 Bilateral Osseous Syndactyly
— Average Hand Pattern
— Within 1.0 S. D.

-

FRETRTIEOEH EBLNBE 2,4 hFEBOELEN
ROENDZEHERELTHEY, SEDOHHTIRS
SICIEIE D S KREE £ TRESHB I LS 1
7. UTFBOBOOM I & iz #i%1#97% Hand Pattern
FRALTRNEIZ 5.
BHEGHENCRPFF O < i LGE e &
h&ﬁ@””>%@bhéﬁ¢%%fﬁ%25@ﬁm
3% 0, WRAEVE SRR ORI B & BT 2
@f%%(ﬂg%.$$ﬂmmﬂ¢ﬁ%&&@ﬁ®m
HETH - o588 4 FEIHICHENTE 2 FHBEOFED
EifmEm & ¥BRCE S PHTORBESB D o NI
(Fig ., 7OAR—vBIFr o AR— iz & g
EIhFHFLE? JAHBFERE L TERLTYS
,u;fbﬁz R T L s O A
e @720 (Fig 4), PFEEFEHE EFFERIEA
BIAFRBATL T B35 3 T FEB OEHE b
L OBEZIFEAMNEDE 4 PEFEBEID L 50
SO L Bbn 25 2, 4 hifigOEENE 1705

084}
067
04

02

12 3 451 2345723451 2345
+—— Metacarpus— «—Proximal phalant —» < Middle phalanx - «—Distal phalanx—»

Fig. 2 Osseous Syndactyly Type

123 4512345723451 23435
+~—— Metacarpus— ~—Prozimal phalanx— «Middle phalanx -~ «—Dista phalant —»

Fig.3 Normal Metacarpal Type
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1 2 3 451234523451 234°G5
+—— Metacarpus — ~—Praximal phalanx — < Middle phalanx—~ «—Qistal ghalanx—

Fig.4 Cross Bone Type

T — ¥
1 2 3 451 23 45234512345
+——— Metacarpus —— <—Proximal phalzax —> «Middle phalanx - «—Distal phalant—-

Fig.5 Underdeveloped Metacarpal Type

123 451 234657234651 2345
«—— Metacarpus — +—Proximal phalanx — «Middle phalanx + «—Distal phalanx —

Fig. 6 Metacarpal Defect Type

B1b 2 (Fig. 5). RFERE S VIR L 2 #8048,

IIERIBAOBITHED 51555, Hand Pattern F
352, BESPHBEME £ b ICE 2 EHTOERES
BH72-1< % (Fig.6).

Z &

ZUFE L SHEEOMEIC DV TRE  OWESH 5
S, SEOFBETIEIHFRE, MEEESHIEEL bR
ENBOTEIEEREENRD SN B, LichSo TH
FLWEEBESTE bRE, e EE
TR OREBRLLTRE THL LEEEND, 1272
AT T PTIEORES ORiE, BIE~OEEOIZHR
16, BRIEOHMIEFTERE2KT L L HBEOET
LTS - TE SICRER/MENLEEMO D BE
OEHHE & % 728 Hand Pattern (XEEBSEY 225104
0L, WRETEEEE TIRMOEORSBAY
A FE Wl HPEEEEESDOAMEIE D —EL
F—vEkBEEZOEND, Licho THEHEDOH
BELTHEAF EBRRBARSE- L DET B LD
Bili% - bEBOLDOTHY, FWRERTFHPRH
WERHIEL KD, LIDEATHL ERFRHEL DL
L7Z@BIVBEETHS ). BFETE—RTNIWF
ThHIELHFERERFVLVEITH-70ET S
IDEZEZRTIMATHS, o RHBFEORN
Bl LIE UIEEIESED S b v S FELHED
E—HENTFERELEANHBALEWEEDR
3.

X B

1) ZEETT fih: &EE & R®FE EBARL 26
1435-1437, 1975.

2) TNE— fb: GHEEEF ORI, BipAE, 26:
1433-1435, 1975,

3 EHARIEZE [ A KITEF LB Y % Hand Pattern iz o
W, RS EE, 26 1 940-961, 1983,

4) Y B M ARAOFHEMEEICNT A X%

ROltSE. HELeGE, 60 1 307-322, 1986,
5) - WFECRKE IO, % - K54,

32 1 1678-1688, 1989,

6) Miura, T., et al.: Clinical differences between
typical and atypical cleft hand. J. Hand Surg., 9-B:
311-315, 1984.
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RUAIBUFE A 2 1E DIRRE

UN-TERAIN= b S 2R e
B e B E
b oEeE B B

Clinical Feature of Ulnar Ray Deficiency

Shoichi Watari, et al.

Department of Orthopedic Surgery, Hiroshima Prefectural, Hiroshima Hospital

Ulnar ray deficiency is a rare congenital malformation of the hand and its entity or definition
is still unknown. Authors analyzed 35 cases of this malformation experienced past 29 years and
discussed clinical feature of this abnormality.

The cases were devided into two groups, proximal and distal type and each type was subdivided
into further three.

Proximal Type

Characteristic feature of this type is proximal affection.

Type I : Cases with total aplasia of ulna

Type 1 : Cases with partial defection or hypoplasia of ulna

Type Il : Cases with fused elbow

Distal Type

Affection of this type localized in the hand, espeéially ring and little finger.

Type 1 : Cases with fusion between 4th and 5th matacarpal

Type II : Cases whose little and ring finger have common MP joint

Type Il : Cases with floating little finger

Recently, it is said that ulnar ray deficiency should be restricted in proximal type and distal type
be excluded because they have no evidence of ulnar ray deficiency. But even in the proximal type
abnormality in the hand seen in Type [ was quite different from other two and it can never decided
that three types belongs to the same abnormality. In the distal type, some cases revealed abnormal-
ities of carpal bones or elbow joint by continuous observation along bone maturation.

Clinical entity or quide line of diagnosis of this abnormality still confused, so our cases are not
refined. A few abnormalities with different developmental mechanism may still be mixed.

DIFE LG, ERHLRRERXELD, LordR
BFIEARE L 3N R T EETHEEERZLNT

REFIREATE SBRAFIT AT 2E & & b i WIBRABIERT & DRESE 5 K DIGAENTET
MR EF AL TW2EELANTHEH, 20 ZE IR, TRLLRATIATSE T

F L &

FRGUE L E S A TIREWL, ZOHEEE L THRED RLUTRSAE L, W OhDFENL AEDLENT,
KEWH DREFABROV RN ETHHIN, Dk DEDSDEGEOLD BT s LTV En>TRET

Key words : congenital malformation, hand malformation, longitudinal deficiency, ulnar ray deficiency
Address for reprints: Shoichi Watari, M. D., Department of Orthopedic Surgery, Hiroshima Prefectural, Hiro-
shima Hospital, 1-5-54, Ujina Kanda, Minami-ku, Hiroshima 734, Japan.
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T, THEFERERICIIE EAER S WK
TH 54 KF ulnar club hand % £ & v 3 S
Lo THEHESNTVRIERRTLELLTH S,

UL L8 6 BsA TIREMER TOEFOER L £ b
W, EERRIIFELIThR, FEORBIZREBES »
WEANDDOH BV, SEEELBERME b & WEE
DIRESTTEITY, VI EHOHREBLOTHRET
5.

1 fE 1

ER 3R 26 EMCLBRENERES L LR
BT LERRC TRBR UL REEFR S BITHY, -
LTEWHDTHERY, bbb AABK S NIBILTRE
B2 b DD oTebiF TS L, RENBEL R
BiconT, MOBHE BT 2EFASRAS L TH
ZoTBAYLTEREWIOVBEETH S,

SEFORNRIZEM 214, i U4 BITho7 . T
e b RUFIF A S % B L 74503 O 17 B4
1 4BITI11.4% 3 Eiwvdd, M EERS O RE
EAHFLIcbDEHbE B L 106 (28.5%) Lxb,
RLUTENRR LD TR, FLREAAEEETED
ERIE R <, EEESHE X LT RBFESIMEASE
—BhCRBD DA TH - 72,

? KBNS

AE & @A OWE W Lizds-> Y, LT, th, &
Mg EEALE D DAL S »TH D RETE A EH
E, FOREERHEETD 2 REAFEFAR T £E
D, REFEAEEIXZHEY (1980) 2 Lds-T
UTo38aidr, Thbb, REZBEXIET 20
FREff IR S T3 Type 1, REIFERSRIE L
DEELE T T2 OB 2T oS NEEM R
NTWwWs 0% Type ll, LHE & BEBIES UAHE
HinEWREETT D% Typellle Lz,

—FARMBEEEAEEHIIE 4,5 FFEES 2D
L hEEEER, FFEEOERGVTEH L, B/NEL MP
i HE T 2/NERBERLB, IMeotEEiEttT 5
BENEROZRC ST .. ZORBIBERFEEZ
BAREFERT 2L VRGN EREFETHL LS
bhan, B, RELE->THRETALE
ML DOEMETBTE2FEOHZ2bD8H YD, S0
EESRIRAEERALEE L CHE L.

L8, SHOHEBREVETEEN 204, 24 F
(Type 1, 6818F, Type Il 12 #l, 12 F, Type II,

46, 4F) THEZORHNLT, REFEMETEEE
1361, 15F (hFEHEERHI10F, INERETL
H3F3F, BHAMEEI2E), 2F) TH->T, ik
EbN Tz 4,5 PFEREE TRAFIHEALE
ELTOMREHITFEZEFE» ROV bDTH
L0 5,

REFEHRALE Type 11339 —LHELRT Z L5
BETHL, ThbbliBER—EEETsbKRER
a7 <, BT I E BhHE (webbed elbow) * £
3%, Type 11 TRF1E IZEHE LA > 28, BRI
BEERE R ERFTRHIER GEVWRBREETR L T2,
Type MIZ EEE2HOBEOBRBEREL 2 RT b
OBH <L, LEEEOBENIRESIEHESATH
(Fig. 1-A),

I REWMERAEEIRLNAFROZEIL

REBEASHOSBENEM ORI EE Lzb
DTHBIcH, ERTFORFTICEESHL DM Y

Fig. 1 Clinical feature of ulnar ray deficiency

A: Photograph shows Type Il deficiency
of ulnar ray. Proximal affection from
shoulder girdle and severe deformity
of the left upper limb are noted.

B: X ray shows Type II deficiency of
ulnar ray. The grade of ulnar hypo-
plasia is almost equal to the radius
abd both fused. Thumb represents
Blauth IV degree of hypoplasia and
ulnar two digits are also hypoplastic.
Namely, ulnar and radial ray are both
affected.
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D PR T ATz,

%9 Type | RFOZELLY—THY, BIg4F,h
B/MEDORIED 4 FTHot, L LRAICHEETH-
THZOABRCBETOESD D, -7 OBEE
iz 6200, NMEETHO=IFHRE, -724D

ZEELDSDDEZEIEFEET L5 TH 3,

Type NTELELSTIBEIEIBR/INMEDKRIED 5 »
BHERLTSF2 L. FOMEE 4, 5 hFd)
P2 F, HfE, IMERBOUE 1 F LB VERTH 2,
I TR b HN - LATREB/MBORAPHEETRE2F
KRNI HREOEEARARETHD, BEN I
Blauth IE X DIVEF TEEL L. Thbb, RAF)
ERERFIOMA AR EOBLATYS 2 ENKE
REMTH L, B D501 Fig. 1-Blam UTERID
Tk, RELVEDLRBREOBERRE 250 241
i, FOW Blauth IVEOBEBR TS & B/ NgHR
BFRenfELTEY, BLAREE V> L,
HRERESERBT 2R TH - (Fig. 1-B).

HA, 5 hFEBRSETHE, FHRRBOEHFRE LD
o Tnieds, BRFRE I O EHLEHBLE 2ED,
MY OREER L. £ RAICHEOXRIER], Bi5
Bl BRI H MR R, BIEEIC I R A i
HHRBE IS OWEMHEBE LR L 72, BMER
HERLU —fCIBRIEORPHE S iR AT FH
L, FEEHRACEEbRINMNED D EEZ 5N
BIEROSTEEL, SbhOTAFWRFTRTERDOD /2
NBEZHTHoT.

Type LITRRAILD 482 FBLI- 6 O (H5) 3
g RELLLbD, 1IEERELLLD, EEFE]
FThol:., TOBEEFALIHECEE EXERE) ¥
B, R IR TELmEEHL T,

4 LEOHEABREFHICRSHFRADESR

—EERATIEETEERL, BERELLRE®
KT, Wh®AEEOCHAIREFHTHA Wk R
HERDPIBEERDH D EIATHS, IDLD R
Flig 6 Blds—- 7243, Type I OFENICRE S/ d DI
HIEEY & (1982) DF 5 BUNMERIC cleft EHET 2R
#E, REN 2P (—RYBEM AR, =fEFIKE
W) TH -7z, Type Il Ol iz Blauth 11 OEHE
%&T%Ft%h#%l%f%o#@,;G%ﬁ”
ANER B Y, IMBEHNCE R L DBFRRI T E N
b @T?ﬁa 7z, Type NlOMAc RoNic0id 1 HIT
R e, FEETEEAO amelia 22 L 7,

#

5 RAEHRTESEOFEE

Hft 2 DRI & 5 72 < Z b2 58 v REIFETE
A RAFIERTSE L 38R 5KEE L b,
AEEOMEHCED D RE TRV EDERMSH, L
»URAFEERASEO s b, HERB-> TR
BEABIEL TR E, HEOBFZREREL THHD0
LHNZL VIR EEEN D 5, SEI NS DR
FRAFEEEAE E LTRE LS, Bo5hi-mRo
REMZLORUTOIT L TH- T2,

BEMTHEIC > T REZRELOHE B
b o 7213 intercalary defect? (kelikian 1974) & L
’ifﬁi%ﬁﬂﬁﬂﬁﬁ@%ﬁxﬁﬁme@%
%, HEHEREREERO LD LEKBEEL IR /2.
ﬁﬁfumj%kﬁaTQH%%%m¢ummﬁb
Lol fl, BAFREOREILL L AR=AETES

ﬁbbh?%@@at IR T RICRENTF
DFTHE, Bl OFIE OB, Fe# © bowing LR KA @
Btz £ O check LB TH 2 EBbni.

AR TFRBICS LR ER L, FONIC
Blauth IVEORHERE TS &5 4, 5 PREERAEE
INERTGTAREBERL, T3 RAFTEET2EDT
RS 2 R U IERIS B > f2. S—fl, FEREK
4,5 PFEESENEHL TR 62%#‘{?191 MH-oiz
23, FEERFE L RORE R RBTREED S 1
BhNLZHEENRET L2 & 3EkD %-Er%’@d’b 5.

6 RENTATREL BEE L DRGERE

AQE & AIRE OBEYE * R 2 BT, T IcfkE
U7eas e ilic &P L - BE 2R T AT

AfE & R—Hlc KIFL 72 b D, HFERIBTIRS,
LIS, =ISHIRHE, RHERBISE, B
HEFETEL, 4, SHFERAGETH - 2. 7R
WEH L2 b ORBETFRE, $EE, SHEBRARE,
MERT L, BNMERC cleft #F 3 2RETH
N, &L2BFECHIzo TS,

B,

1 REFIFBERASENT 2FE - DOBHES

FH o PIRAERE T URER 72 2 28R E - T
LTI, B 26 F/- @%AﬂmhﬁTa%
iﬁﬁ%bof<é@%cﬁmM@%ﬁ%<bL
étzt%ﬂ%TbY.bbbﬁ%if$ﬁtLT
B CEERIRBET 2L 0L D20RNBH S LD
bbb,
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Thbb EEE, Lk, R, filik & MERR
PLERERL, FTREVINRBT 24, —I0HELE
THREENIEE L > T WA I EMBIATH S, 25
W REDIBIZE, v LKA, RO ke
ERTHOVERFTHD, BORMBREILDEL
¥ 5 HEFFICEAFRE OB VBREES B &L &
ZEBEHTH B,

REFEERTEHIIRGOEERC L b > THR
TE2LD6HED, Folt{BHRLIRASNE, L
LIDEIRLDTHLEEEZEB> THELTOEX
fEr OBEEERE T 2FMROBONIHELH D,
IO & D BER G RBITIE AR O i &
HLEILELTWA,

& ES

FEOBKRIZELDTERTHY, —EDEES
Lo UAREREHT I L dHRLLL, 223
EHLOREEHTE, AHTAREL LY, ZhiR
BERENZ OBRFICEE RS D 72—l
MBS, BHLECRIASH L TH L
DI, REMEORLIBEOREPREL T»ae
BEMEDMRAR & L THEDRE W, B2 IEEEERO

VE R PEMRIPA D Z R Fooi s 0 %, shREERE:
SR O N T v A RN R RO b &g
DpbHINZ W,

FHT OERFEE W BT 2 Ht:, MitEoz 25
WEHBRE LOBETCEZ L, BREEERETL LT
DEBENR DT Ehvh, BEFIEETSE DR
RE TG & 0 2 il G RAGIEE A SE R BT R
FoltdBHBEI LKL, DLARMICEDD
THEIMTH D, WERRL T2 5T LOTHEL,
TEE ST R IBETHEI L2585 BLR
EFELEBFBLZDTHS.
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2)  Kelikian, H.: Congenital Deformities of the Hand
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BHEEFERIE (Blauth 24118 233 %
[ME AR R ik BA BTRE AT D AL ER

A RRTBERA S B R B
N E-EOH #
X B sk Rk XK %
e B & %

Vascularized Toe Joint Transfer
for Floating Thumb

Hiroshi Ono, et al.
Department of Orthopaedic Surgery, Nara Medical University

We reported 2 cases of vascularized toe joint transfer for the reconstruction of floationg thumb.
Both cases were classified into grade [II by Blauth, characterized by hypoplasia of the first
metacarpal, absence of 1st carpometacarpal joint, instability of metacarpopalangeal joint and
absence of thumb flexor, extensor, abductor, adductor and thenar muscles. Surgical reconstructions
of the thumb consisted of vascularized 2 nd toe metatarsophalangeal joint transfer to the first
carpometacarpal joint, multiple collateral ligaments of metacarpophrangeal joint and tendon trans-
fers. The palmaris longus was transferred to the dorsal base of the distal phlanx of the thumb to
restore extension, abduction and opposition of the thumb. The Flexor digitorum superfisialis [V was
transferred to the palmar base of distal phalanx of the thumb to restore flexion of the thumb. The
grafted toe joint has been growing well with normal epiphysis and worked as the carpometacarpal
joint. Since reconstructed thumb gained good flexion but weak extension and opposition, the
secondary adjustment of their tensions may be necessory.

& L & I

FHEDOH T LB 255 <, BEWBEC S
COMBEESATYS, BIBEFERE I DWW T
Blauth QEEIZRED »35 0, NI _E ORERF) 38 {5
BRPDFEEORIBEMED LOBIE L L TOMEEIIE
EAFEEL, TR OFERNICH L CIEHEN LT O
BRI X AEEMRSD 5V ITTRIERITIC £ 5 BT
PIThN T &, —FIEHRM R ERBAER I L 5
CM BUASESZE 13, ATEPRER T < b 2 T, Bk R
ORI L ARHEORESIGETE, BBITNEE

s sl ik ) BEREREST R TH L. SEbL
hbnid, Blauth NIBOEEERK XL, &R
JE BB R AR (BT 2B U CRERE R A
fe 2R DOVTHRE L D THIBESA R SO THRE T
5.

fiE &
(EEI1) 10F% AERHEER Blauth HIE,
BEIEFTRRECEMENEZ > THETDHD,
X-PTRIRELEBLUE | FFEAMEHRIEBL
Twi (Fig. ), ZOROFTYEERT L 2138

Key words : floating thumb, vascularized toe joint transfer, tendon transfer
Address for reprints: Hiroshi Ono, M. D., Department of Orthopaedic Surgery, Nara Medical University,

Kashihara, Nara, 634, Japan.
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b : Radiograph of bilateral hands

a : Photograph of right hand before oper-
ation
Fig.1 Case 1 Right floating thumb

a : Toe joint transfer. b : Reconstruction of EPL by PL
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2, 3WMWTIT> Tz, 19855 10 B, 4 FRACME
WA 2 L B R AE T & 1T L fo. FWMEEFES OF
B Uk dSs, FEE 2 B MTP B % 335 CM B
iz (Fig. 2a), %8 1B ALK LB 20 &
L7 8 1 B ORI R FERFIC L DHE LT,
BHIMEIERCHE L C &0 TRIEDOE i, HE,
MABREOHEET 572, 7, 8F CREME %M
fF/MEHFBRORBMEICLVERL, BEBRET%
WL CRMIE RN RS U, BIEHE LB R H
U (Fig.2b), kT, 1FBIE I BEBEREDRS
BHERH A BTRS L TREBEG 2 JR L -

(Fig. 2¢c), FHEW IIEAR, MR E b F ot FE
RIS L o ez, LT RORBITHIC b B
P EEML 72, BARBYN i 6 & OBEIEES FIF
WHEE L, 4RI L 288EET 5805,
KPR L H2HEERIEBFL LM >TwS

(Fig. 3).

[fEf2) 85, ALHEEZA Blauth [,

BERUVHERBIRERR CAERHFETH
D, X-P W TKABEES L UPTFEEMBERIEL T
Fig.2 Schema of thumb reconstruction. iz (Fig. 4A), EBIEEFER L 1988 FE 7 H, 5

¢ Reconstruction of FPL by FDS IV

a : Photograph showing slightly flexed
and adducted thumb.

b : Radiograph demonstrating grafted toe

joint with preserved joint space and
epiphysis.
Fig.3 Case 1 6 years after operation.
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b : Radiograph at ly after operation
a: Rad'iograph before operation showing : demonstrating well observed grafted
absent proximal 1st metacarpal and toe joint.
trapezium.

Fig.4 Case 2 Left flaoting thumb.

FRE I MET AL 2 B MTP BA#Hi BB AHM % 1T L
Yo, 5 1 ERETRERE, AARBEOEE
o0, BESZE 2 MAHROBBMEK LV ER
L, BHEEAIET 28 L CEHE 1P METE R CKE&
SEUSANCRE LTz, 7, EEREEEREE 1Y
15 RS O BB & 8 L CRHEEET B R AR B kR
L, WIEN2EEL - (Fig.5)., a5 1EMsF
ERACTHA L, TR E ) BHERABEEHNT]
BEE D7D T, 7T»ABCEIEEABEOHES
To/. B4 RIEEHREECBTL, 85 1P B
WCRER SR OMIBERICRS LEERBR s B
L7z, BiEESEES | FORE, SHEORRBRF
TH 5 (Fig. 4B) 2%, BHEMKIL L PEEM CEE =
nTEY, F-HELEHEER & B ORIENEF
%54 7: 0 CM i T O NIER#mEs BT L T
Wb,

% =
BETIEET 20— T5H % BIBIEREE & Fig.5 Schema showing thumb adductor recon-
HEODE W TH Y, Blauth 3R RE0RE L F struction.
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72, 1 EREERGOBEREARIAIT, BBEs
B, NEGAERGEERRIC & 5B EE
B & O MP BEFIARESSHEE 5D, B 1 EHOK
Fa 2 & EA, BIERR OFER £ % MP B
gL, FHENIIBR O 72 O Huber-Littler g4 &
BThh, HBEHRFLEMTEEBTHS, Lal, 1
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DRIEHH 27207 OEFIHET 2 EnE 0,
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EHECT T RBRENCEE S - 12, —F, £KXUED
B i AVER M D FERAET B R ORI A R
£ LT, 1967 D Buncke OREY LIk, &R
HIREHAMT RS L 7o Bk & o T B, Fric /bR
W3 5 MEETERE » U C BB RSN ¢,
Pimka R ESEOBMHIC L 2 BIEORESFTE 2
BUOFEMEThY, BREERECLHERAT, bhb
NO2EHTLRIERIERICEELTwS, Lal,
MERRT R ETREAEM OIS & LT, BHER OB
BA i fE 2L %> Charcot BRI L O 4R S
NTWBEMS,BEETEOL D BELEIRD Sz,
FHERTZE Blauth B T3, HEBAMOKIED
e bARINERE, R, SR, R &%
CORBERF-TBY, BIELLTOBERELAY
BUSREETH B, IO HESREIIE A BET 5101,
ERR{T R AT I & 2 345 CM BAEiEE Nz
T, HHERNEREORSE, —IE*BL T 2 OITRE
DOFizE, MP B OREEDOHWERILEE 2 5. bihvb

NI RHE O PIRIHEIC T U T8 | I5HEREINEC & 24
REB—IEEOFEERC L 288 %, MPREHOR
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A Long-term Observation of the Experimental Vein Grafting
with the Sleeve Anastomosis

Satoru Saitoh, et al.
Department of Orthopaedics, Shinshu University School of Medicine

We have introduced an experimental new method for an autogenous vein grafting in which the
repair was performed with the sleeve method at both proximal and distal anastomotic sites. This
time we have studied the long-term results of our vein grafting in rats to determine whether the
stenosis at the anastomosis remains for a long time or not. The inferior eipigastric vein was
harvested as a graft and was put into a defect created in the femoral artery. The anastomosis was
completed with the sleeve method using four sutures at both proximal and distal anastomotic sites.
19 vein grafts, which were patent at three weeks, were examined again in 17 rats three months after
the operation and the changes in the graft were examined macroscopically and histologically. The
degree of the stenosis at the anastomosis was measured in the enlarged pictures of the histologic
specimen.

All grafts were still patent after three months. They have about twice the diameter of the
femoral artery and did not completely collapse after the removal due to the thickening of their walls.
The shortest internal diameter at the proximal anastomosis was 814/—31% and that at the distal
anastomosis was 80+ /—31% of the internal diameter of the corresponding femoral artery. There
was not a statistical significance between the proximal and distal anastomosis in the degree of the
stenosis. The histologic features of the stenosis at the anastomosis were the wall of the femoral
artery without atrophy and the hypertrophic intima.

The intima of the vein graft hypertrophied with wide variety in its thickness. The internal
diameter of the graft was far larger than that of the femoral artery and the thickening of the wall
of the graft never caused any stenosis within the graft. The histologic examination did not reveal
in the hypertrophic wall of the graft any features that could be seen in the femoral artery, that is,
we could not find the inner and outer elastic band nor the thick muscular layer of the media.

Key words : a long-term observation, the vein grafting, the sleeve' method, the proximal anastomosis, the distal
anastomosis.

Address for reprints: Satoru Saitoh, M. D., Department of Orthopaedics, Sinshu University School of Medicine,
Asahi 3-1-1, Matsumoto, 390, Japan.
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HE300g OZ v b OKIBEIIRC A 5 mm ORE%
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Lauritzen I X - 72 255 A IME @ sliding out %
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2hotz 74 /k@@bf:. 4 em O S T I HEWT
A %5 L ¢ F5Y, hematoxylin-eosin $e % 171s,
YIS N MERABREK L 2> TR 20,
7oy 70RFE LT, BEMESTERL L. Ba
DEBAIC DT, RBEWMOPARE, AL, 1§
AMEEDE,, BHESREOEEBREL. &1t
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BEWMSEI0» S, 1) KEEBIRAE, 2) HRESEA
B, 3)RMEGEAE  AE L 7. REREDIRPISE 1388
SEWLID TEZ LT ILIATONBEFREL, F
RS AE, RIEREHAZE IRAR TORERN
Tl 35, 4) BEFHFRORAAELAIZL,
5) TEHHATO TIEEERIR OB AMNE & L 7z,
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SHEORFATHEL T 19BEIR 3MEY
3HRATHTRTCEEL Ttz KERBIARSE I ATHT
WEAZIE EINL Twak o 7248, BHEBIRAE I
ELBIOL, BERNARBRKEIRRCAZT
o R TIEERIR I 2 fSek ko T, 18
IREEOE LD Sh, FHELBHEEIRKETEEICZ
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REMOPrBREF ERELT I TRET S L, |
MEAE T3 18 ME (—ME T i P S8R Tic &
U7z aneurysm O 7: DEETE) F 10 T, FRABREE
TR I9MESI T,EEGET—RL TS »uHRED
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BRI LH L Tz, Fig 1, 21018 & A EBALRR
TESTRSD S %I o o PIREE SR, RBRESITE 2

Fig.1 A histology of a distal anastomotic site.
The wall of the graft inserted into the
femoral artery shows a slight hypertrophy
but there is little stenosis at the anas-
tomosis due to the diffuse atrophy in the
wall of the outer femoral artery. The
direction of the blood stream is from right

to left. Hematoxylin-eosin stain.
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Fig.2 A histology of a proximal anastomotic
site.
There is little intimal hypertrophy at the
anastomosis. Note the dilated and thick-
ened wall of the vein graft. The direction
of the blood stream is from right to left.
Hematoxylin-eosin stain.
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Proof of Plasmatic Imbibition in Rat Pedicled Venous Flap

Akihiro Fukui, et al.
Department of Orthopedic Surgery, Omiwa Hospital

At the present, the concept of “plasmatic imbibition” in skin graft is generally accepted. We
concerned that “plasmatic imbibition” also plays an important role in flap take. To prove this
concept, pedicled venous flap was raised in rat, using peroxidase which is one of the reductases.
Peroxidase turned to brown color in the flap, and red color in the draining vein by oxidization.

In Group A (control), the flap was not stained and erythrocytes in the draining vein turned to
brown. On the other hand, in Group B (horseradish peroxidase was poured between the flap and
recipient bed), the flap turned to brown and erythrocytes in the draining vein turned to red.

As the results, horseradish peroxidase which was poured between the flap and recipient bed, was
imbibed into the flap and the draining vein from contact surface after the operation.

UL ®»

Zo b OWHENCER L 72 2X3cm @ panniculus
carnosus * Z 02BN A OEFEHE L TO
“plasmatic imbibition” #BEBHEZANICETRAL, T CI2
R 7Y, S, pedicled venous flap 234 % 4 28
BDO—2& LT, “plasmatic imbibition” WEETH
52 ERAAT 5 OBLRTEER O TH % per-
oxidase % {EFH U CBERFEBNTMRETL /2.

1. peroxidase {ZD\WT

peroxidase it H.O, FE Fiw B # BT 2 B%
D—KETH 5. RiEOFEE T3 horseradish perox-
idase (LI'F HRPO) %#fEH L, HRPO & Otk
& L T 3,3-diaminobenzidine #{# A L 7239, 4

i3 PPD-PC ik (%&ak) %GEAL 7.
. EBRFE

Sy b OFEI2X3cm Dk & ¥ T panniculus
carnosus & & #, iliolumbar vein % VX lumbar
vein # R EEK & U 7- pedicled venous flap %
Lz, $icbb, BEL D 3 cm iRl % & # O K
ELT, 2X3em OEFA% 2 DERL, DWW, lcm
BEL T E7/22X3em DR FHFDE 4 KA EFRT 2

(Fig. 1},

HRPO O E5[FEEUT O &L FE L. Tkb
L,

Group A | BiiHRO A BF LI EHFEE LK,
Efﬁt&ﬁ—t@ﬁﬂ' EEARETEALRBREEL, X
HEEE Lz,

Key words : venous flap, peroxidase, enzymatic study,
Akihiro Fukui, M. D., Department of Orthopedic Surgery, Omiwa Hospital, 136 Kanaya,
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HCL, Bo#n 73—, b ) REEEIMES L U H0,
WRIET 5.

4, KREBHAT 5.

F DF5H, peroxidase i & D H DEMLRAT 135518
i, RMKIFGCREBEIRS,

Fig.1 Experimental model
V. # 2

Group A (Fig. 2-a,b,c)
Witk 10 43 1 A EHEEE N, RIEEIRA Ok
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Fig.2 Group A. (x30)
a : At 10 minutes after the operation, the flap did not stain, and the erythrocytes in daining vein were
stained brown color.
b : At 40 minutes after the operation, there were no significant changes from the findings 10 minutes after
the operation.
¢ : At 1 day after the operation, there were no significant changes from the findings 10 minutes after the
operation.
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Fig.3 Group B. (x30)
a . At 10 minutes after the operation, the entire contact surface with the recipient bed and panniculus
carnosus were stained pale brown. Erythrocytes in the vein stained brown or red.
b : At 40 minutes after the operation, the flap stained brown color and erythrocytes stained red.
¢ : At 1 day after the operation, the flap stained more brown color and erythrocytes stained red.
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An Experimental Study of the Flow-through Venous Flap
—The Effect of Surrounding Tissue Circulation on the Survival
of the Flow-through Venous Flap—

Toshiyuki Hirai, et al.
Department of Orthopedic Surgery, Nara Medical University

We prepared a new experimental model of the “Flow-through venous flap” with one flow-
through vein, using rabbit ears. This flap could be measured a survival length. The aim of this study
is to investigate the survival length, and the survival area of the flow-through venous flap in the case
of presenting the circulation from surrounding tissue, or excluding the circulation from surrounding
tissue. The flaps were divided into two groups, and divided into two subgroups.

Group 1: Poor blood supply from surrounding tissue. The central artery at the recipient site was
ligated in order to shut out the blood supply from the surrounding tissue.

Group 1-A: composite flap as control.

Group 1-B: flow-through venous flap.

Group 2: Good blood supply from surrounding tissue. The central artery was preserved.

Group 2-A : composite flap.

Group 2-B: flow-through venous flap.

In Group 1-A 1009 of the flap became necrosis, but in Group 2-A, partial full thickness survival was
noted along with the central artery. In Group 1-B, 2-B, partial full thickness survival was observed
along with the flow-through vein. In survival rate, there was no significant the difference between
Group 1-B and Group 2-B. But in survival length, there was significant the difference between Group
1-B and Group 2-B. Survival length of Group 2-B was longer than Group 1-B.

AVEHETELI DOV TRE S WHERL L, 20

7o O BARE A BERC IR L LTHL S G

HEFIR KA OBER OMITHA+2TH>THE AVREAYTHY, ZOEECIER S OMTIK
BARER C i, RREREALT, FTRABALT LHEBMOBECE R, S, REFCERL 8
&l L Liadds, EOBEOXRE S OEIBEIRKE WERIREL & AV TREMITOE VI & 3 EEEOMR

B Y

Key words: flow-through, venous flap
Address for reprints: Toshiyuki Hirai, M. D., Department of Orthopedic Surgery, Nara Medical University,
Kashihara, Nara 634, Japan.
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1, BUmMITARE L LT, AR %38 % JuO 8k A TRPGENR{ANC b F 0 b8 5 4553 B ERS
FEHAL, KB THEELR, 2055 Group 1-A bS5, FHEFERCLEEZEE Y 1 flow-through
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Fig.1-a  Design of experimental model NTHEFE OB R ORMEER I L, S
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Flow-through vein
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Good l

surround
circulation
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2-A
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Fig. 1-b  Experimental models

— 102 —



IR 2 F D FEBRATTSE 525

Fig. 2-a  Macroscopic findings
A : Group 1-A B : Group I-B
C: Group 2-A D : Group 2-B

Table 1

| Survival rate Survival length
Group | Count | Mean +SD (%) |Mean=SD (mm)

2—A| 10 | 20.5+24.6
[2—B| 10 ) 59.0425.2
* p<0.05

1—A 10 0 =0 —
1—B 10 44.3_5.18.5:|* 11.0;4.5]
*

18.146.2
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Fig.2-b Microangiogram
A Group 1-A B : Group 1-B
C: Group 2-A D : Group 2-B

R i,
Fig. 2-¢  Histological findings
A : Group 1-A B : Group 1-B

AL B 7+ D A AT ERAT & EEIEER 03 BRI A ¢
ELERTTIUVEERL 2/ (Group 1-B). T DEER
EFNVEERT A I L DBIREAOEEERICE

— 103 —



526 R

MERIZFTRF, ELEREAOEERFCET 25
RRMRERLIENTEREEZ TS, H, %
DB UTHAREMITORAEE CRITTE
B DWW TERBNC BT, METEITo 2. FORBRE,
% ¥ retrospective 2 Tl % % #3 Group 1-A I (LK
L T Group 2-A DAEEMSEFE {, Group 1 &
B THLEIRE R, PR TRE T 28BFIcL - T,
BRREMITREET 2 eS8 TELEEZSNS,
Group 1-B & Group 2-B 4 EHEBEEEEZ 137
<, EBBECBWIRARE*RY, BAmTRFHT
H% Group 2-B CHEBRBIEIKEpoT, LLaH
&, Group 2-B ik Group 2-A L HBELTH 2 X, &
FTBER (FLEIRED WBWTRYREE T LE
Z SNIERS S8, IR Twiz, TR,
2D & BIEFR IR O H LB AR AN LT 25 B
FRophboTHERCM>7:DTHS I, 12K
VEIEEIR D & OEEN f2 TEER TILBEF IR SR8
U 728 IRIMAMT & IB R Ko T o MMREEEZE LTz
wictew i A & @ Neovascularization #fHE L
frebEZon5, L, BILsY 3 H
LRBEEINTWS LEZ SN FEEFFEMNETT,
IOEIRMBED D >EWBNRADEBECRHILEESZ
BHbOTHVEREL TS, ThEbPILSDOEER
ETFNVEBRDOBAT 2BEEERAETVOBETH
D EIREE F O TFERD D - MIKEE & I PREB R B,
oW, RBTHATH DL, SEIES NI
RUEEOZWEBIREFOEEZE L > T 1 DDEREE
2HbDEEZTHD,

3 et o

KRREF LA L CERERHREA 2 FR L, FAdmiy
EFHELLBE L LWL COEHRENEEM, B

-l

SUKAEBRBOLBET >/, ZOER, WEOH
TEAFEREICIAERER 2, FAEEBCBL

TABMITRFFESERICEEEIK E» 5 72,
Z £ X ®

1) Beak, S. M, et al.: Experimental studies in the
survival of venous island flaps without arterial in-
flow. Plast. Reconstr. Surg., 75 88-95, 1985.

2) Inada, Y., et al.: Experimental studies of skin
flaps with subcutaneous veins. J. Reconstr. Mi-
crosurg., 5: 249-261, 1989.

3) Bk fth RASEFEL D 2ENFE-BEEK
FRMBEBRERF L OthE—, AR, 28:
368-374, 1985,

4) Sasa, M., et al.: Survival and blood flow evalua-
tion of canine venous flaps. Plast. Reconstr. Surg.,
82: 319-325, 1988.

5) Tsai, T. M, et al.: Venous flaps in digital revas-
cularization and replantation. J. Reconstr. Mi-
crosurg., 3: 113-119, 1987.

B M BV 7o rERKEERAR BT ME

Group 1-A, 1-B ¢, ¥ O BAMITHESZRE N E O
B, AIRAC OSSO viability wZ vk 5@
Rz 2,

B & FRBENERKRFEEFREIE FH F=
FUOEIIR AR L B TRANITAEEs D 2
rix Control ©# % Group 1-A & Group 2-A i B \»
TEOEEEMCEEER R LWL VEAHATE
7z,
BLMiTHRE L RFF CARKN W X EZHEED
viability iI2 234 U T vy, Ea8& U OB
FOFGEINREI OEERZ BT TH 5.

— 104 —



HE4EE (1. Jpn. Soc. Surg. Hand), # 8% 3% 527-530, 1991

[ E A7) 5] 2 RS i RS Al oD BRI T 58
—25 7% : Cyclosporin A SRS BT 5, BERER I KIZT
FEABBESTIE (RT]) SHESMEEDOSZE—

ILHBEA SRR
= R B OH

Experimental Studies on Vascularized Allogeneic Joint Graft
—7th. Report : Effects of the Difference of Histocompatibility Antigen
on Grafted Joint Treated with Cyclosporin A—

Hideya ltoga, et al.
Department of Orthopaedic Surgery, Hokkaido University School of Medicine

Our previous experimental studies were designed to investigate the influence of subregions of
major histocompatibility (RT1) antigen in rat on survival of grafted joint. These studies suggested
that the success of the vascularized allogeneic joint transplantation was depend on the low
antigenicity of the transplanted joint.

But even if one or two subregions of RT1 were matched between donor and recipient rats, the
grafted joint finally rejected. So in this paper the effect of subregions of RT1-on rat joint transplant
prolongation is investigated under the short-term and low-dose administraton of Cyclosporine.

Four strains of an inbred rat were used for vascularized joint transplantation. The rats were
classified into three groups according to the difference of subregions of the RT1 antigen between
donor and recipient rats;

Group I : RT1-A, B, D barrier (from WKA to LE] rats),

Group II : RT1-B, D barrier (from TO to LE]J rats),

Group I : RT1-Abarrier (from BUF to LE] rats).

Cyclosporin was solubilized (25 mg/ml) using 20% Tween 80 in anhydrous ethanol, and was given
10 mg/kg/day for 14 days posttransplantation by s. c. injection.

Appearance of the transplanted limb ; survival, edema or necrosis was observed macroscopical-
ly. Histological studies were also performed.

The transplanted limb in Group 1 became edematous at an average of 22 days and followed limb
necrosis at 41 days after the transplantation. On the other hand, in Group [I and Group [l the
transplanted limbs became edematous at 41 days and 40 days, but necrosis was not observed.

Histologically, osteocyte became partially nonviable at 5weeks after the transplantation in
Group 1. However, in Group II and Group ]I] osteocytes and chondrocytes were viable at 12 weeks

Key words : vascularized joint allograft, major histocompatibility antigen, rejection, microsurgery, Cyclosporin A
Address for reprints: Hideya Itoga, M. D., Department of Orthopaedic Surgery, Hokkaido University School of
Medicine, Kita-14, Nishi-5, Kita-ku, Sapporo 060, Japan.
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posttransplantation.

These studies suggest that, If one or two subregions of RT1 was matched between the donor and

recipient rats, transplanted joint survival was markly prolonged by short-term and low-dose adminis-

tration of Cyclosporin.
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Table1l Experimental Groups

Groups | Donor  Recipient Barrier of RT 1 N
1 |[LE] - WKA | RT1-A,BD |38
T2 |[TO - LEJ RT1-B, D 8
3 BUF .- LE] RT 1-A 8
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Table2  Macroscopical Findings
Groups Edema Necrosis
1 22 days 41 days
2 I 41 (=) only erosion
3 40 () only erosion
Sarrier 9 ? X a4 ) EIS § . I‘O X 1|2(Wk$)
N e
=== e ——
s T e e

Fig.1 Histological Findings
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Experimental Study on Allo-tissue Graft by Cryopreservation

Yuichi Hirase, et al.
Department of Plastic and Reconstructive Surgery, The Jikei University School of Medicine

Next step in the reconstructive surgery has been thought the allo-tissue transfer by some authors.

But, in comparison with allo-organ transfer, long-term storage of tissue is the bigger problem in
the soft tissue allo-graft, because it is not realistic to wait for the donor coming in order to transfer
the small volume of soft tissue. We have reported the method of permanent storage of soft tissue
including skin, vessels, nerve by cryopreservation. In this study, we report the allo-skin graft, skin
transfer with vascular anastmosis and leg replantation using allo-vessels and nerves.

The abdominal skin as skin graft and cutaneous flap, the femoral artery & vein, the sciatic nerve
were taken from Lewis rats for storage.

Cryopreservation was done in the stepwise fashion to —70 degrees by automatically and stor-
aged in the tank of the liquid nitrogen of —196 degrees in centigrade permanetly. Three weeks later
allo-tranfer was done to BN rats which had the most different MHC to the Lewis rat.

In the Group 1, the skin graft was done to the back of BN rats. In the Group 2, the abdominal
cutaneous flap was transferred to the abdominal regeon with vascular anastomosis of femoral
vessels. In these groups FK-506 was used as the immunosuppressive agent with 10 mg/kg immediate-
ly after surgery and 3 mg/kg in each 4 days for § weeks. Allo-skin in both groups was taken perfectly
except one case of abdominal flap and observed non-eventfully for 8 weeks.

In the Group 3, the leg of BN rat was amputated at the mid-level of femur and replantation was
performed with allo femoral vessels and sciatic nerves as the interposition by the microsurgucal
technique. In spite of non-use of the immunosuppressive agent, legs were replanted successfully and
the very good recover of sciatic nerve was observed in function and the pathological check three
months later.
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Key words : allo-graft, cryopreservation

Address for reprints: Yuichi Hirase, M.D, Department of Plastic and Reconstructive Surgery, The Jikei
University School of Medicine, 3-25-8 Nishi-shinbashi, Minato-ku, Tokyo 105, Japan.
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| Skin, cutaneous flap
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Slow cooling Cryopreservation: —196°C
Storage for 3 weeks

20°C waterbath

Rapid thawing { v
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- v
__Skin, graft, flap transfer

Fig.1 Planning of cryopreservation in our sys.

tem.
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Cooling rate to -70°C by the computed
After this, the tis-
sue is permanently preserved in the liquid
nitrogen at -196°C.

programming freezer.

Fig. 3

Skin graft was taken perfectly and kept
for 8§ weeks by using FK506.
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Fig.4 Abdominal flap survived without trouble

and was observed for 8 weeks using
FK506.

4%
i

Fig.5 Gait foot analysis at 3 months after re-
plantation. The replanted leg is a little
dragged but the distance between each
step is same and almost nomal.

Fig.6 Sciatic nerve was taken at 1 cmdistally to
the allo-nerve for pathological check.
Recovery of sciatic nerve axons is obser-
ved very well.
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Experimental Study on Energy Metabolism of Amputated Limb
—Changes in Skeletal Muscle ATP and Uric Acid Levels—

Fumito Takahashi, et al.
Department of Orthopaedic Surgery, The Jikei University, School of Medicine

ATP and uric acid levels in skeletal muscle contained in amputated limbs were determined to
examine whether these levels might be used as indices for skeletal muscle injuries caused by
ischemia. The upper limbs of dogs were amputated with brachial A. & V. left. Immediately, the
vascular pedicles were clipped for 8 hrs to cause ischemia and then the clip was removed for
recirculation of blood flow. The amputated limbs were stored by dividing into two groups: room
temperature storage group (18°C) and cool storage group (4°C). In each of these groups, muscle
samples were collected and then ATP and uric acid levels were measured.

Since ATP levels and uric acid levels decreased and incresed respectively, with passage of time
after amputation, it is considered that both ATP levels and uric acid levels may be useful as indices
to show degree of anoxic injuries of the skeletal muscle caused by ischemia. From the fact that
further increase in uric acid levels was observed after recirculation of blood flow, it is postulated that
reactions, which occur with xanthine oxidase as the catalyst, progressed after recirculation, with
producition of radicals such as O7 in tissues. These findings indicate that uric acid levels after
recirculation of blood flow may be used as an index for reperfusion injuries after recirculation of
blood flow.

& Ut &

B & 5 BRBBEIC MRS - BEkyE
EDH B, Gk, S DBTIEE A5 72D I fKE
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T 12.4 kg OMER R SEEFER L 2. B
i~ pentobarbital sodium (20~30 mg/kg) % &%,

Key words: ATP, uric acid, ischemia, reperfusion injury

Address for reprints: Fumito Takahashi, M. D., Department of Orthopaedic Surgery, The Jikei University,
School of Medicine, 3-25-8 Nishi-shinbashi, Minato-ku, Tokyo 105, Japan.
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Fig.1 Flow sheet of the preliminary treatment
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Fig.4 Mechanism of free radical generation in ischemjc tissue at reperfusion (Modified from Granger DN, Rutilli
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Superoxide radicals in feline intestinal ischemia.
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The Influence of Temporal Hemostasis on Thrombus
Formation after Microarterial Anastomosis

Hiroaki Takali, et al.
Department of Orthopedic Surgery, Tokushima University School of Medicine

In the case of multiple digital amputation, it is difficult to complete required neurovascular
repair on a single inflation of a tourniquet. Although microsurgery is a popular procedure now, it
is still controversial as to whether or not the use of the tourniquet after vascular repair is safe. This
experimental study was performed to investigate the influence of temporal hemostasis on thrombus
formation after microarterial anastomosis.

Mature Wistar strain rats were used in this study. The femoral arteries were divided and
anastomosed with 7 or 8 interrupted sutures of 10-0 nylon thread. Patency was subsequenthy
comfirmed with radical patency test. Following division and repair, the arteries were observed for
30 minutes. In the first group (non-hemostasis), after 30 minutes of observation, the artery was cut
distal to the an astomosis and pulsative bleeding was confirmed. Then, an anastomosed site was
resected and immediately fixed in 109% buffered formalin.

In the second group (hemostasis), after 30 minutes of observation, a femoral artery was occluded
proximal and distal to anastomosis with double clip. The period of occlusion was 30 minutes. After
cut distal to the anastomosis and pulsative bleeding was confirmed. Samples of anastomosed site
was collected and immediately fixed in 109 buffered formalin. A series of transverse section of
anastomoses were investigated histologically, and the rate of area of thrombus to lumen were
measured.

Thrombi were formed to varying degrees in all specimen. We did not find a two layer thrombus
formation in the hemostasis group. A large thrombus was related to large defects or overlaps of the
vessel wall. The rate of area of thrombus to lumen was 32.08+32.70% in the non-hemostasis group,
and 54.41+23.79% in the hemostasis group. There was a trend toward the rate of area of thrombus
to lumen to be bigger in the hemostasis group than non-hemostasis group but no significant
difference between these groups. These results indicates that the period of tourniquet should be used
carefully after vascular repair.

Key words: microsurgery, hemostasis, thrombus.
Address for reprints: Hiroaki Takai, M. D., Department of Orthopedic Surgery, Tokushima University School
of Medicine, 3-18-15 Kuramoto-cho, Tokushima 770, Japan.
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TFig.1 Difference in the rate of area of thrombus
to lumen between the first group {(non-
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Fig.2 Microphotography shows a transverse sec-
tion of the specimen of the first group.
The vessel wall is smooth and no throm-
bus occupies the lumen.
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Fig.3 Microphotography shows a transverse sec-
tion of the specimen of the first group.
The overlapping of the arterial wall
causes thrombus which occupies 45.89% of
the area of the lumen.

Fig.4 Microphotography shows a transverse sec-
tion of the specimen of the second group.
Large thrombus is formed in and out of the

lumen across the defect of the arterial
wall. Thrombus occupies 59.36% of the
lumen.
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Non-union of Humeral Shaft Fractures Treated by Vascularized Fibula Graft

Kentarou Miyazaki, et al.
Department of Orthopedic Surgery, Toyama Prefectural Central Hospital

Four patients who had traumatic non-union of the humeral shaft were treated by free vascular-
ized fibula graft (FVFG) between 1976 and 1990. The age of the patients ranged from forty three (43)
to sixty (60) years (average age: 53) The type of fractures were transverse in one patient and
comminuted in three. The initial treatment had been surgical, with screws in one patient, plates in
two and external fixation in one. The time period between the fracture and FVFG ranged from 2.5
months to 33 months (average time : 11 months). The average length of fibula was 12 cm. FVFG was
placed as an onlay graft in three cases and inserted into the medullary canal in one. The graft was
fixed with screws.

In two cases, plate and external fixator were used together respectively. The peroneal artery
was anastomosed end-to-side to the brachial artery in three cases. Posterior circum-flex humeral
artery was used in one case. All four patients achieved union primarily, but in one patient union was
delayed. After 16 months, additional cancellous bone graft and re-fixation of screws had been
required because of inadequate fixation of the original screws proximally. In a patient who has a
long standing non-union, long segment of the sclerotic or osteopenic bone and segmental bone loss,
FVFG has an advantage in that the cortical bone of the graft enhances the intrinsic stability of the
site of non-union as well as the blood supply to it. A characteristic of the humeral shaft is that it
tend to be exposed to rotaional force, but not to compressive force. In conclusion, the FVEG proved
successful in mending areas of non-union, but the roational force of the humeral shaft must be
neutralized to allow the healing process to occur.

FVFG) 21T L 7: O TRB 2 ke L, WG & HHEsS

e TRES &7 > 72,
LB BRI BT B RIE OREEER, BIANEE 2 %
KEDERRFRBRELB/LIENTEDY, &
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Ll BB E S L MR BEE B (T R R AEE I TR 128X 36TH
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Key words : non-union, humeral shaft, vascularized fibula graft
Address for reprints: Kentarou Miyazaki, M. D., Department of Orthopedic Surgery, Social Insurance Kat-
suyama Hospital, 1-1-52 Kohrimati, Katsuyama, Fukui 911, Japan.

— 121 —



544 a5

5. FVFG {70 - OHM 4 FIT, EREF 43 F 55 60
& (P53 F) Th oz, B OBHEIIHEEIT
4 B, BIETT 6O, MREHSHIT, NEEEITO 16,
BWEEYTO 3 Bl FVFG %57 L 72, AR
INEF RS 3B, FHEE 12 40T, v eAE
EMEHE plate 4, screw 4§, BERET 3 FIR ET
H- 1. FVFG K176 i3 £ 61 F @ #1C plate [& 5E 2
B, screw, BISEIENSZNZN 1HITH > 7z, FIEF
Mk D FVFG & TORE2.5» A5 2F 9 5 8
T, BB iEFg 12em, 3 §1% onlay graft, |
4% interposition & L7z (Table 1),

SERER - i

fE il

EGIL, 497, B, F1/3 OWEIFT, 4K v —
& GERE L 72A, 3R iE Gap 27, 8 »
B&, BIrshic irritation callus 288 54, v — b
1% loosening % 3 L{&BI&T » 7+ - 72, Kiintscher nail
Wk AHEEE EBEREN T, L L 1ES 2 A
DV TRBENETABIC loosening 23, FES I
Bonnwot, ¥IEFH LD 249 » A%, FVFG

E{T-7 &7, BEBEE & FHEMNESL, F0%
BRAMBOKE~cHER L (Fig. 1),

Table1 Non Union of Humeral Shaft Fractures
: R
Age Initial T Pugabion Length, Type ‘ me
. Previous of Non- : i e
Case | Sex | Fracture Union and Location Union Complication
(Yrs) | Pattern Procedures of FVEG !
(mos.) J (mos.)
(1) ORIF, plate
2) I " 2 1
Transverse @ nt-ramed 33 Eaont Ol.l A 4 |Hemothorax
nail, graft med. side
8mos. after |
L = = |l .
1) ORIF 1 lay Fi
2 60 M | Comminuted w ’ 7 jem OTl ; 16 et
screw, cast med. side contracture
1) ORIF 1 Radi
3 | 60 F | Comminuted |V ORI g5 | Mcmonlay ), Radial
plate graft ant. side nerve palsy
Type 1l
— )
4 43 M | Comminuted 1) E.xternal 95 13 cm' 1T1 er 4 open fracture
fixation position ulnar nerve
injury

Case# 1
fracture site.

49 years-old male.

and cancellous bone graft.
nail.

a) Transverse fracture.
c) 8 months after operation, irritation callus was seen.
e) 17 months after medullary nailing, loosening zone was shown around the
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b) Immediately after operation.

Gap was seen at

d) 1 month after medullary nailing



SRR LI T BH T ot 3 2 AT R AL 4 41 545

fEF 2, 60 F, BB, UTEE C screw I & 5 [H5E 2217,
7 » RBYUBIR BN ST, WY T Bl
bemichbizo THREE N, REEERLZ LWIRT
Hb, FVFG 21T L /2. BB i3 screw 4 KCREIZEL
7o, BEERAR BT b o Tl 144 »
A, R EAER OIS IS SNIcss,
T screw D loosening %88, A L BER, &
HER oA REs o, JEBOFMELT
screw DOFEE & GHE & O WEFHEET o7, 24

b
a

BEE AN ER OBTBERASR SN, 72 H
TREMEN T2 BEES L, 4 E2 »BETHR
BAEBEE LA RE OB RIS R sz (Fig 2),
EFI3, 603F, Z. BT 1/3 OMBBITT, B
BRI A4 L T iz, AO Broad DCP Plate 7 7%,
& lag screw # R WEIE L, BRI &8l % s
Uz, itk 2 » REhFIsER, LR, B, &
BUHIRL, VT plate EADD 2 D screw O
loosening # R, & hfe, R, Mmikd 117/150 & T

Fig.2 Casef#2 60 years-old male. a) Tomogram, 7 months after primary operation. Long segment of shaft
was comminuted and sclerotic. b) 2 weeks after FVFG. ¢) 16 months after FVFG proximal screws
loosened. d) 2 months after third operation that screws were fixed again and cancellous bone was grafted.

e) 4 years and 2 months after third operation.

Fig.3 Case#3 60 years-old female. a) Comminuted fracture with radial nerve palsy. D) Immediately after
operation. c¢) 2.5 months after operation. Marked irritation callus was seen. d) 5 months after FVFG.
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Fig.4 Case #4 43 years-old male. a) Sever comminuted fracture with bone and soft tissue defect. b)
External Fixation was performed after debridement. ¢) Angiogram. d) 6 cm of bone defect was filled

with FVFG. e) 6 months after FVFG.

L, 2.5 80V TIE loosening 1T L, EITE=e
plate A EERESED o NWBE LFEb NI OT
FVFG %5ti&E L 7. si4HAlR A T plate 23 FE L 72
75, pus ot 3 x ATHEE L LIREBIERE
L, 5 v ATREFTLRA L. (Fig. 3),

ERI4, 43F, B, BRICE S AT NS, iz
B, —Er 0B IR IO TTXTHAL T,
Tehs, WEENMER & B 1/2 TEREL, KRB0
MITHELA T, EE3EECRR s hEXRIE
Z4ES Tz, deébriedment & TV HEE K 2 B
L, BHAZT RS L Hoffman A5 5% % B
WIEE Uz, MEER CEEAE ARV RS
R oni-», LhPRTidivafiLizRonk
Motz 2.55» % FVEG 27U 7. 6cm OXE%
13 cm Qe T bridging U screw THEEL, 5| E4i &
BISLEE R B L., 2 » B CRISMEIE £BREL 6 »
ATH TSR BREVESN, ADLKRELFEHAL Tw»
% (Fig. 4).

1 &

SHEM Ehe R B RSB ORE X A0 compres-
sion plate (& ¥R E R & HFF 3 % ik © RIF 2 Bl
BERE SN T 2237, BIEHOMITHNZ L <, #%#
HEOMELEL BEEEIL H D, Zh s OB L
T, Decortication @ ff F, & ZE & O KifE, Tibia
span @ onlay graft % KFix O TRBWE XN T

555, FVFG 3B~ 0T & TR % [R5 5
Fige LT s, EWERCBLCLEIESH B &
Bbiiad, bitbNORER 1 i plate EE 5| &5 &,
HEASIEE bR L, WA OMITHEE s, RN
HOBESORETH- 2. ER2, 3BBREIIT
dead bone fragment M #E L T te, E725EH) 3 Tt
B b Bbhie, ER 4 BRI AMREL 2>
TABMEBRAE TH - 12, 4 BBk E 2157,

FHEOMEE LT, FiMRABIBCHIIMIZA T
FEMINTBY, BCEHIHBRCEIEESET 5,

Jupiter &2 ZFMHUR £ BEEZE 2 EIRMA L »
RMEREERICEHETHE 2 EE L@
plate, WEICHFE 2 < HEEREL T 5, SE,

EF 1 & ZORAERA %, FEG 2 BETSHIIE A THRET
LBIN & Y M % BB L7, ER 3 BRisMIEAT
REIL, FrowmARATIMEREREL 208, —@
PR B AR AL L 72, ER 4 13 EIRBIR DS
RS, FISMIEATHBREZERAL, M 2
R &SI O % EEEEBIIR % B L 7z, BEE O
[EE 1d screw & 7243, plate [EE R BISMEE % 6
ALz 26iE, MERHLVE, HEHOENTHE
THODERTHoI, EH 2 ixsmall cancellous
screw [EE D& T, F iz BEE OUT AL L F T Ep
Do TBY, HREGVBLELHEFNEELL. e
TR REE & % b, compression 2305 Vi <
¢, rotation 230 D T LI EEARH Y, FVFG
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IO Bl BT 3 2 MR BEE B4 4 41

OEEWCHIEREFEL, BHHEMA T+ L ¥
LZErMNBEEREBb. MEYGICBWTIE, £
%%@ﬁ&@ﬁm%@ i, % ERlpemnR, St
O _FEEmR, ERAEIERES &35 505, BEEEH)
Mtwmﬂ%&+ﬁ&ﬁé®mru9<smmi%%
Wk &AM S 2 B U 2, BRI CREERIR 2 v 7
25, TRER SEEAIEHRL HuhidLeTh b

3 & &

1. M BB eI B o 4 Bl FVEG %
Toephcgiks 2187,

2. BEMHOEOHIR AR BB R WG &
Bbhiz,

3. BEEOBEEWCRITRBLETH -7,

4, BEEEIRES < EBEIR &Ry S R B L
7z,

X #ik

1) Barquet, A, et al.: A Combined Terapeutic for
Aseptic Nonunion of the Humeral Shaft: A Report
of 25 Cases. J. Trauma., 29: 95-98, 1989.

2) Healy, W. L, et al.: Nonuion of the Humeral
Shaft. Clin. Orthop., 219: 206-213, 1987.

3) Jupiter, . B, et al.: Complex Non-Union of the

Humeral Diaphysis. Treatment with a Medial

Approach, an Anterior Plate, and a Vascularized
Fibular Graft. J. Bone Joint Surg., 72-A: 701-707,
1990.

H M BEYIEERRERAR IE  HE
BB % onlay graft ¥ LTHWITBoNAEMOH
W, Y17 plate BIE L WHFEBE CHIGT &7 b 0D
BHELIICBONETHE, WS TL X Db,

| & FE '»\*LEPW“W&%M* EVIRT A BB
LRWEFM B OEH bEOLEEE, MEL
LTFVFG #fToCHRW t%‘xi’ﬁ‘.

% = FLBERER A W B
FEROSEE LTHAV S 5801, % EKEE

wn
B
-~

Bk & ERgEmiRo d 508, FIIBHEE 2B LA
WX OMEEFELDIT TS, &8, BRI
WAEBE W, BT Fu—FEAWTEREELT
W5,

H5 M FRERKFBEAR X5 A

BBaEmc S LT FVFG %2175 Bz, 1) fAREEIE %= %
DF F L Tonlay graft 424755, 2) Segmental
resection % k0 H 0 £ 345, LB DOEHS, 20
545 bone union BFELENRT W EBRSTEBD 7.,
SEM, 3P DOHEERITEINTEONE LS T
T8, TOBREBEIE TS,

| % EINRSIHRIERERAR  EIRERER

Wy BB EIT OB OREE & A THIE L, onlay
graft ¥ LE L%, BETHNEYIERL, interposition
THRVLEBLNETH, PO LB L VHVOT,
TELRTHFOBRERLE L,

" M ALRERRZ SRR W B

Approach @ Z £ 2 DWTTT A3, end-to-side T
5B EWD Z ETY A medial approach Eh 5 D
TL & D,

B & ELESIPIEEEEAR EIREKRD
F5TT. ERNC & D IRET O MBS, NAMAR
770 approach H {7 L7z,

B M EE EH &
BH7 7o —F OEE, onlay \ICBET % & radial
nerve B D L% D LINTT A,

B & URERAYERSR W EE
oG X inlay TN S LIASLE T O CHIE
BHHEEA.

il

£ EBE EH &
On-lay T &% t id antero-lateral @ 75 # radial
nerve Y BARZVLOTLOTL & 5.
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Nail Deformity in a Cases of Replanted
Digit of the Finger-tip Amputation

Genzaburo Nishi, et al.
Department of Orthopaedic Surgery, Aichiken Koseiren Kainan Hospital

Nail regeneration in 46 replanted digits in cases of the finger-tip amputation was presented.

Patients included 30 men and 11 women, ranging from 1 to 68 years of age, 6 digits had clean cut
amputation, 37 digits had crush type of injury and 3 digits had avulsion type.

27 digits were injured at the zone I and 19 digits were at the zone II.

There were 16 digits at the zone I in which venous anastomosis was impossible , but only 2 digits

at the zone II.

14 digits at the zone I had almost normal nail regeneration, but only 8 digits at the zone I.

In the replantation surgery of the finger-tip amputation, main attention at the operation may
usually be paid to the reattachment of the digits themselves, and much less to the repair of the nail
bed or nail matrix, resulting in nail deformity. Meticulous repair of the nail bed or nail matrix using
operating microscope would efficiently prevent severe nail deformity.

& L » (<

PR BT A E RO TR OB L DL TH, TUR
OB INZ T, HESIEOEREEL LM
L, TREIVIT RGBT L &t D TURIRGIH
TONROEBELEEIZRER D, Be QMBELEE %S|
SERITERLRD oS, Blebik, IThETIKIE
RERIBEE R RETE F I S TUR, MEOHEGI B
BMEROEAE DB TRIRE L TSR0, SEIEHE
KETYIM B S IRO TUR OB/ £ #5412 BT, TERHE
U FIOHIGTEE, Iy ~u, BHESTEOR
RENEE R & & TR DML D TIRMB O & ORF
WOWTHREEB IR > DTIRET 5.

bS) 3

BfIS5 E6 AL DFER2E 2 AZTClcB IR 7
TEREVIWTEEEEGIT, £ LA 465505 E
L7z, PERlE, B 306133%8, & 1LH13HT, &4
B1F&p 68, FH36FTHoT . BEANIE 3L
18, £ 15387, HUEE, #5448, wig12#E, b
51548, BHESTE, /METHTH - 12, BRI,
SYIKT 34 18, ALV 1245T, BIBREE, $AY]
W 6 45, SREUIWR 3716, 5 & B E VYR 3 TH - 72,
YL~ i3, KHOSEET, Zone I 532735, Zone
11 4519 f5¢, Allen ® Type Tig, Type 11l 45 19 5,
Type IV 2 27468 TH - 72 (Table 1A), &Mz >

Key words: nail deformity, finger-tip amputation, replantation
Address for reprints: Genzaburo Nishi, M. D., Department of Orthopaedic Surgery, Aichiken Koseiren Kainan
Hospital, Yatomi-cho, Ama, Aichi 498, Japan.
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Wi, Zonel TiX, MIROYESTELR Lo H D
25168, BIROWEMNTEI2 LD 11 38T, Zonell
T, BIROYENRTE b bDIX 25T, 1718
EIROYEMAFETH o /2 (Table 1B), = B TUK,
TEOEER, 4E0H B I Rbh, MERe
DV, 2PlEEMRMEERC L, 1 HIEEEIRmE
EEHLT, ThENHEFENSE kbl BIRY
EMTELGDo BT, 1HIERRE 3 E»S 10 AR
@ milking # 8 Z 2w, 203 50O 4 Fl i fish-
mouth YJFAS B Z kbl

& S

Zone I TOBEEER 27T BT, XIXEHEDQ/NHE
Lzdmix 848, MEDORSPENIER & D 2Rimd
LTw3bop 3, MOFIERD A split nail
BEOMWNOELRHD b OHM 918, REEHZML
DEELEP OO 618, RAEFETOL D1
HBTh ol MMFRIE, AR, split nail DRPHEYZ
MEELFI02 5 2 3EESHEROEREE
o Cwiz, —7, Zonell TOB/EEF 190>
LIIFEFEOME 1218, £, HBOBRSLTwEH 0

Tablel A: Zone distribution

Zone No. of digits I Type ‘ No. of digits
1 27 | 19
1l 19 Y 27

B2 18, MIMAIE, b AR, split nail % & 0w L
T D bOMWSIETH - 725, HER R TER %%
5 HDERD N h - - (Table 1C), FERFI% ¥
5,

FERI L, 53 F &, SO F 7RIS ENRTERIERY]
WL 7z, Zonel, Allen @ Type lll OFEFIT, #HF 1
X, BRI EKEYE LS, TEROBERBZ 2bhik
Dotz RELIMEFR 3 4 BFRE 30 23°C, Mtk s i
Bidie <, i 11 BTRITUROEE XD, itk 1 E£
9 » BTR, BIREFEOMOHLEL: (Fig. 1),

fEPI 2. 27 3B, BHORICIEE 2R TEHIEEY]
Wil 7z, Zonel, Typelll OEFIT, BRI XD A%
Y& L, TUROEEIRE Zkbixho ., BRI

Tablel B: Relationship of zone to artery-vein
anastomosis ratio

Zone Artery Vein No. of digits

1 0 16

! 1 1 9

1 2 1

2 1 1

1 0 2

1 1 5

Il 1 2 5

| 2 1 4

| 2 | 2 3

Tablel C: Relationship of nail deformity to
zone
Nail deformity

Zone | No | Slight | Moderate | Severe
I o 3 [ ¢ | s
nm 12| 2 | 5 ] 0

Fig.1 Zone 1. Type Ill.

A Pre-op. B: Immediate post-op. Nail bed was not repaired. C: 2 months post-op. D: 3 months
post-op. E: 1 year and 9 months post-op. Normal looking nail regenerated.
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THEETC, MR BRI BRI 0 72 milking % 3
2w, % 2 HE W i fish-mouth YIBH %001 7.
it 4 B OB IEUEE L, AL s, Wi 8 4
ATIHECTOER KR LT b (Fig. 2),

EFI3. 6FH. Fr— B IATATARER
I L7z, Zonel, TypelV @i, @k, k%
nENLRTOYE L, MRHEZ OB L DHBIL,
PO—ERRIBERD, FIRINSE8EE L 72, Witk
BB, BECEF LAY, Wikl » AT
BoizLTwa, Wik TcHh s (Fig 3).

fEG 4. 38 FH, WHEBMABICEE A TERHES

URLER - 1

Gl L 7e. Zone Il DHERIT, TR, BiRkenen 1 A
FTOMEL 7o, HikFERIERIFT, M9 » ATIEE
E#a M eilid L (Fig 4).

Z =

ERIMYI B EIEOMOER LT I’, YL
A, TR IMEEOIRGERE, MEoBREEORY
2 EDME L T2 OMER IR §, — BRI TR
137 O BMMROKENS REF2 5 H4 L D 528, N
BREEOZLLHBEEZ N TED, i~
HZone 1DFITHNEKRD L N TH 5 Allen D

Fig.2 Zone 1. Type [Il.

A : Pre-op. B: Immediate post-op. C: 8 months post-op. Severe nail deformity was caused.

Fig.3 Zone 1. Type V.

A Pre-op. B: Immediate post-op. C: 4 months post-op. Severe nail deformity was caused.

Fig.4 Zone I[.

A: Pre-op. B: Immediate post-op. C: 9 months post-op. Normal looking nail regenerated.
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Fig.5 Zone 1. Type I,

A Pre-op. B: Immediate post-op. Repair of nail matrix was done. C: 3 months post-op. D: 4

months post-op. E: 5 months post-op. Good nail regeneration was observed.

Type Il O v RVOBEHEERETRTOER P »E
E26NnD, L LRI EOEFTIEI9ED> B 748
ARG ROETE 258 1208, MR RERPBRTES
WS EZIT R T < Type Il 0fTHBERE
Lo TEMEHC b H2REORGMb - 720, itk
OfiEkESE s S b s, TOEBEEI Ly
DEEZ NS, Zone [l THTEOES AL 5 72
HIEFY HIERT 2 &) WCHETI T o
BEosREEI AL, Fhzb 0P CTER ORI »
D, Zone Il Ok D OB L BlebEE LS
N5, L LTS O E Zone ] & Zone 1T ©
BRESTH S, UK, TEOBHECDHLTE, UK
VAL TREEIELT UL LETIRZVY, TEOV
NVTEZFOBENPTFE L, FATARMENIC & 5 1EH
BEESLBEEEZLNDG, IOBRNBEEEL, B
VREAL ISR i b B % 0 2 ¢ TR O sh ikl % TR L
THESEIWEES L, BRZE L 72/ I Schiller 3 THEE
LT sy (Fig o),

E3 & )]

Zone I, 111z 38 4 2 YIMTHEFHEE B 46 3800 NOZEH
WKDOWTHEI LT, MOKF R RHT 2HTE,
ALY~ E TR, S MEORERE~ETCH 2, I

A A A NN NN

B bBE SN 2E47E, Zonel & Zone I O#EFER
T, MOz L Tk, SEMEc X 2BEREE
HEEELEZ N5,

X 13

1) FEIRZRR A TR & 4 5 fEipifiil o e, 8
$£5E, 36 1 802-809, 1988,

2) PEIR=RR b REVEEITCHS TUREE Db T,
AF&5E, 6 694-698, 1989,

3 BRI L SRR TUSE, BEst
B 31:113-122, 1988,

% E NIEFERIR SRt LT B
REERIE O PG 2 BB s a3 nTws 2 Lic
WEEELET.
MOERBZMEOBGOEESBELHREL 230
T, Zone Il TZ DB E DTV, Zone YT
OURBEG CIRHMOET LT LU BEES b, Zone 1]
Y TRIEPRLOHEELE LT 20T, A2
TZOHOMELMRINZ O JREESH 2. S > It
LTHMETHIMEET D, TEEREL TS
1EEAEHWLTWIEY, fish mouth incision TL o
TREVIrEELET.
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BRI OYINTE RS
i & B BRI EE R DFEER

LY ARt E R R
+ BR-FfE &
B oEeE g
E &
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K E
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Ectopic Replantation of the Mutilated Digit to the Radius to Provide
Prehension after Widespread Crushed Amputation of the Hand

Shirou Urata, et al.
Department of Orthopaedic Surgery, Anjo Kosei Hospital

We treated three cases of widespread crushed amputation of the hand by ectopic replantation of
the mutilated digits to the radius.

Case l. A 23-year-old righthanded man sustained widespread crushed injury of his dominant
right hand. Whole hand except the thumb distal to MPjoint was completeley crushed. Hand
reconstruction seemed to be impossible. We decided to implant the thumb to the radius stump.
Princeps pollicis artery was anastmosed to ulnar artery. Two dorsal cutaneous veins were repaired.
Digital nerve was sutured to median nerve. FPL and EPL of the mutilated thumb were sutured to
FDP and ECRB in the forearm respectively. The thumb survived but bone union delayed and active
motion of the ectopically implanted thumb was not feasible. 3 months after injury, we transfered the
thumb 5.5cm proximal to the stump in order to restore prehension between the thumb and the
forearm stump. The tension of the flexor and exensor tendons was revised. 7 months after injury
flexor tenolysis was performed, and mobility of the thumb improved. The functional outcome 2 years
after injury remains good. Static-2 point discrimination measures 5 mm. The patient can maintain
grasp and pinch on various objects.

Case 2. A 45-year-old righthanded housewife was involved her dominant right hand with rolling
blades. Her wrist was completely amputated, and whole hand was highly crushed and only the little
finger including 5th metacarpus was reserved. We performed primary reconstruction by implanting
the little finger to the radius to provide prehension between ectopically implanted little finger and
forearm stump. 11 months after injury, static-2 point discrimination measures 5 mm, but pinch
motion is restricted and not practical because dorsal subluxation of MPjoint has occured. The
patient accepts the appearance and does hope further operation in order to improve function.

Case 3. A 27-year-old righthanded man sustained widespread crushed injury of his dominant
hand. Primary ectopic implantation of the preserved little finger was performed to restore prehen-
sion between ectopically implanted little finger and ulna stump. 10 months after injury, he can hold
small object with good sensation. Static-2 point discrimination measures 6 mm. Satisfactory
functional result has been acheved.

It is still a difficult problem to reconstruct prehension after traumatic total loss of the hand.

Key words : wrist amputation, replantation, ectopic implantation, primary reconstruction, microsurgery
Address for reprints: Shirou Urata, M. D., Department of Orthopaedic Surgery, Anjo Kosei Hospital, 12-38
Miyukihon-machi, Anjo, Aichi, 446, Japan.

— 130 —



BUHERRIES ~ OYINTE ST PTG & 2 R O B8R 553

Prosthesis, Krukenberg operation, microsurgical free toe transfer to the radius are available. If
patient selection is proper, primary ectopic reimplantation of the mutilated digit to the distal radius
is worthwhile to provide prehension in widespread crushed amputation of the hand.

FELF: BT, SIETEHRS & U2 OFTI#IRE, RE

Bk - 2 OFTEIRICY S U/, BHETEE ORI 2

Fo¥ (% o 0 = & e O T b A= YN e Y AEARO KSR Y& L7, BEfEME R Topo-
YIMTEEBIZ 36 V> CREFEIHRR T O BB & S - e £ gram 2 HEE U CRHERETE IR 2 4210 5 & 2 WWIER
T EALAR W ST B U CHIBETR & O ¥ s 4 HEEARRICREE U . BAEE R AT T OB E

& L &

HEEE S AL TIER % 3HIEBR L -0 TEF ORE LY Ui» o Fe Tz b RARHEE R S B R A S L7z,
BRI DOWURN LIRET 5. FEMEHR OORAIFREH RS L, fEERE
= B SEELUAERE LD s BTt RRD oY
HESHOERELEEL 2. 2 THBENLERE
GERI 1> 23 FFEME, LA, AF]E. 1988E10 A LB O TSR BT 2 8t L, 2

12 H, 7V AR & 2ETHEESETIE. MP BT 53 s AR EHE BB IR L D 5.5 cm PR RAT
L ORBOBIEDABER RN T T, REBES Uie, BHEEME, N, REHEHE, RESHE6HEH,

L REHEEE ST L O 5Rp T, BB BLUBANIER L 7208 2 cm OFREH O & T:EEE
VIR L, SERicalElE L 7o BHE £ B T BT EfRo R L CEBIMIE S D 5.5 cm A fE R
PR Ule, B—RFHEL 3 750 1 ZHEE Wi E L7=BBcBITL, Fvyatb—@EcMELR &

F i
Fig.1 Case 1 23-year-old righthanded man
A)B) : widespread crushed injury of his dominant right hand.
C)D) : thumb motion, 14 months after injury.

EYF)G) : functional outocome, 2 years after injury.
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554 WomE L AR f

EHEE T S8 & ORBESE T O & fil ks BY, HEEETERSHYF L 2o T3, (Fig )
FETH - 7O T RANFARM N & B S Ui Uiz, GEGI2> 45Xl EE, AR & BEEOTFE
FIBLMITF R A e L 7o RRHR I 1 3ha 034 L WEE, R &0 ATTBAALR & BRI L 7o

T DT L 72, g 3B F 7 A B 0% SR BIHIARAB L RICHRAZITOEES 2 20T

Byebith, Wk 7 » A CRBRKEER ZEmL <& SPMEPHE 2 R4 R TR oS ERER 5 0,
Btk s b Uz, 2055 2 FOTENR KRR, e L TREREMAELL D 2, REFEZEHEMP,
BHERESR & ARG & OFRKEEE S om. B2 F 73134 - F AT RE T d - 72 MP BEi % & & /ME & BN

kg, EUIEERIER 8 kg) ®50%HYMTH B, HFD Bk D 5cm SRREF D DAL ICEEL, LERS R
SIEE AR I, static-2 PD: 5 mm, Semmes-Weinstein AL = BT IR, MBS IR SRR R
MET 25— #4 (B OHETHE. paresthesia, cold B, RERFEME R ErP MR Ic RS, GRS 2
intolerance (37%cv>, R o KW POHER:, ME D D B1E, kiR RE L, SR
HEH, RKBOBROME, 27—, 74— %2ER HRBIFT, static-2PD: 5mm TH Y, 10mm pLE

LTORH, FilakORE, -1 oih s EH»n] DEHDH DS DL STFFIFE L 2 o J2 28, HEST
RET, BMEBETOEARMEBREERIL T3, BEERAM TR, ZERO MP EEaEEozo
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W, LEGUTEEAEFRERLTV S, XAOD FUCED T » DEMFMHAHE L T3, (Fig. 2)
BERR BT, PR LEENCLmEL T CEEFI3> 27 FHM, TH, Af&, Fracks

A

Fig.2 Case 2 45-year-old righthanded housewife
A)B) : whole right hand was highly crushed. X-ray showed MP joint injury of the little finger.
C): little finger including 5 th metacarpus was reserved.
D) severed little finger was ectopically replanted to the radius.

E)F) : prehension, 10 months after injury.
G): active motion is restricted due to MP joint subluxation.
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v,

Krukenberg ST D3 (8RS (X B T O FIHR <8
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—h, vA7ay—Yy ) —0#ESHI LD FEOH
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F7 & ik 1L U Krukenberg Ffc D B3 HET
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LR M0 Z R FEE & [FS 0L 0B ko1
ENBLO_SOMBEE 5, EH 1 TRIFRIZARA

Fig.3 Case 3 27-year-old righthanded man

A)B) : widespread crushed injury of his dominant hand.

C)D) : active motion, 9 months after primary ectopic replantation.

EYF)G) : functional outocome.
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Functioning Free Muscle Transplantation Applying to the Upper
Extremity : with a Focus on the Surgical Procedure

Koichiro Thara, et al.
Department of Orthopedic Surgery, Yamaguchi University School of Medicine

In the 33rd meeting, we reported the clinical results of free muscle transplantation, emphasizing
that several factors such as donor nerves and postoperative vascular complication clearly affected
the reinnervation of muscles. Further experience and longer observation of cases allow us to analyse
other factors affecting results of the procedure such as the selection of donor muscles and degree of
muscle tension.

Since 1985, we have performed 36 free muscle transfer procedure for the reconstruction of upper
extremities in 28 cases, which consisted of 21 brachial plexus injuries, 4 muscle Josses, and 3 severe
peripheral nerve palsies. These cases include 23 male and 5 female patients, and their ages range
from 5 to 53 years old, with an average of 26 years old.

Donor muscles were 21 gracilis, 8 rectus femoris, and 7 latissimus dorsi muscles and the motor
nerve of each muscle was anastomosed to 19 spinal accessory nerves, 11 intercostal nerves and 6
radial nerves.

5 gracilis and a latissimus dorsi muscles, which were reinnervated by radial nerve, were used as
an extensor for wrist or digits. In this type of reconstruction, the procedure is not complicated so
that satisfactory results can be expected, unless associated injury or joint contracture is complicated.

On the other hand, simultaneous multi-joint reconstruction is a much more complicated proce-
dure, and several points should be emphasized to obtain satisfactory functional results. Concerning
the selection of donor muscle, length, volume and excursion should be taken into account. Firstly,
muscle has to be long enough to connect a vicinity of the shoulder and midportion of the forearm to
reconstruct elbow and digits function. Secondly, muscle needs to be large enough to provide powerful
contraction to mobilize multi-joints, lastly excursion must be as long as possible to simultaneously
control several joints.

From these points of view, latissimus dorsi is an ideal donor, if it has a Jong muscle belly.
However, the length is often not long enough, especially in recent young patients whose built has
recently changed. On the contrary, rectus femoris does not have sufficient excursion, although it has
large and long muscle belly. This is why an application of gracilis has been increasing in spite of its
relatively small volume.

Key words : muscle transplantation, upper extremity, microsurgery, brachial plexus palsy
Address for reprints: Koichiro Thara, M. D., Department of Orthopedic Surgery, Yamaguchi University School
of Medicine, 1144 Kogushi, Ube, Yamaguchi 755, Japan.
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The other factor affecting results is the precise control of muscle tension. To resolve this
specific problem, several tension has been trying, and the adequate one is pending.
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Fig.2 A case of multi-joint reconstruction: A

latissimus dorsi was applied for the flex-
jon of both elbow and digits in a traumatic
brachial plexus palsy of a 22 year-old
man (A : extension, B: flexion).

®—@: latissimus dorsi{n=J)
77.5" (av.of arch)

B——: rectus f{emoris (»=5)
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Fig.3 Range of motion of elbow joint
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Sensory Analysis of the Reconstructive
Thumb with Wrap-around Flap

Junji Hayashi, et al.
Department of Orthopaedic Surgery, Hiroshima Mitsubishi Hospital

We examined our cases whose thumbs were reconstructed with the wrap-around flap to be
clarified whether the reconstructed thumb attains a higher sensibility than the donor great toe.

Subjects were nine cases, six males and three females, who were operated on in the Hiroshima
University between 1982 and 1989. Six cases were given ipsilateral grafts and three contralateral
grafts, age ranged from 20 to 47 years, with a mean value of 29 years. Reconstruction was achieved
at the metacarpal to MPjoint in one case, at the proximal phalanx to [Pjoint in five, and at the distal
phalanx in three. The postoperative follow-up ranged from ten months to seven years and ten
months, averaging two years and eight months. In eight cases bilateral toe planter nerves were
sutured each to bilateral digital nerves of the thumb, while the dorsal branch of the deep peroneal
nerves was sutured to the radial nerve. Sensory recovery in this eight cases were followed.
Sensibility was assessed at the tip, pulp, radial and ulnar aspect of the reconstracted thumb and, for
comparison, at the pulp and dorsal aspect of the opposite great toe, by three sensory tests: static-
two-point discrimination test (static-2PD), moving-two-point discrimination test (moving-2PD) and
Semmes-Weinstein monofilament test for the threshold of touch sensation.

The mean static-2PD values of the reconstructed thumb was 11.1 mm on the pulp, 8.8 mm on the
dorsal side, and that of the opposite great toe was 9.6 mm on the pulp, 10.4 mm on the dorsal side.
(Fig. 1a) In each two cases had lower static-2PD values on the pulp of the reconstructed thumb than
on the pulp of the great toe, three had same values and the other three high values. The mean
moving-2PD values of the reconstructed thumb was 8.0 mm on the pulp, 6.7 mm on the dorsal side,
and that of the opposite great toe was 8.5 mm on the pulp, 9.1 mm on the dorsal side. (Fig. 1b) When
the threshold of touch sensation is divided in to four grades, all recostructed thumbs and opposite
great toes were in the diminished light touch or diminished protective sensation. Two reconstructed
thumbs were more sensible than the opposite toes, four thumbs equally sensible and two less senible.

It seems that several reconstructed thumbs have attained higher sensibility than the donor great
toes, particularly on moving-2PD the reconstructed thumb was higher sensible than the opposite
great toe in four of five cases more than one year and nine months after operation. Dellon described
the correlation of moving-2PD with tactile gnosis. Our results indicate that tactile gnosis, though not

Key words : thumb, wrap-around flap, transplantation, toe-to transfer, surgical flap
Address for reprints :  Junji Hayashi, M. D., Department of Orthopaedic Surgery, Hiroshima Mitsubishi Hospital,
4-6-20 Kannonshinmachi, Nishi-ku, Hiroshima 733, Japan.
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essential for the foot, was regained by reconstructed thumbs through re-educational effect in daily

life.
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Fig.1b Moving-2 PD
Fig.1 Comparison of sensibility between the reconstructed thumb and the opposite great toe
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WIEREEL TIEEET % Meissner ME %% L, 1cm?
Hrzb OEFEEE L /&R E LT, arterial embal-
ming AR X 2IRERME L 0 BHES L CREEE O Z A
O % B U RIBROD A 15 T Meissner /JME % 42
L.

Fig. 2 i3fiEF) 8, 21 ¥BH T, MEREO+3E5
hT izl 8 » BIICHE & iz K MHEBERTH
B8, KR IR EAL L RO SR s R,
Meissner /MEld 1 em? H7: D 13 TRIZERE O BEE &
D iz,

Fig.2 Case 8 2lyears old male, 8 months after reconstruction
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Fig. 3 ERI 6, 21 FZ&tET, ik 1 Fstatic- 2PD
B 15 mm TH - LRI S h s BT HEREAR T
HBED, FMAEOWEIZIER TH D, Meissner /vk
W RO £ D SRETI TR TR VLS,
W lem? H7:0 55 TREREOEE & D %5 fz, 5t
ROFZLEBM OETFERIED K NN O Meissner
MBI Lem? B 7z D 5T 125, BELT 21 TH - e,

% =

SEBEEE 0 DA L 2 BERHEOHNE W T 2 RE
DS b, TITHETE #HA L TV 3% 0 HT R
LTwRWIERORM L VERLTEBD, ZREE 2R
BEFEHE 3 B static-2PD #3853y 3.7 mm, Foucher {3
IR B RRAE 7 B O static-2PD M FH 7.5 mm & D
WEETo T3, bNDOhOBRTRIMEERT Y
T T izHn,

9 FEBID S b EHET{AIE fa s

Fig. 3

before operation
Fig. 4

Case 6 2lyears old female, one year after reconstruction, an arrow is the Meissner corpuscle

Case 9 4lyears old female, ten months after reconstruction
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Bu L UBRBORBAREE &G L, »OWE2EMUL
@1 7 4 Bl o static-2PD, moving-2PD @ F #{E
i, 9.3mm, 7.5mm TH DV FBRD 2 EFZL VLD,
SHBARBABTOHARZETNETH S,

FEMNOHHEREROS B, MUIRAERE L CERE
B O/ & s Meissner /&, Merkel filidk, Ruffini /v
&, ZAEB DK v Paccini JME, Ruffini /MEs3dH b,
BHEZAR, WUZERCIEHMEKEKRBH S, #
D> 5, HEWBREODE S Meissner IME &2 HE L
7z. Meissner IMEDFEAEFMEIZ 1 cm?H 7z D 5458
T 140, FHETT0H D, R LTCOEFEELHOR
FRETIE, TeiElEC 125, A T 21 Th o 7,
fEW 6, #ii% 1 4, static-2PD 15 mm OFEEFIEIEE
TR THD, EFIS, MiEs » AHEDO+F 2 on
TWRVLERBIETE, b2 BT Eaho7, b
TH 2 HIOBED - OWFR OB E L L &\ 23, Meis
sner /MK L denervation I & O —E AT 5 H 0
8 reinnervation W X DFEAE RN, DO FF— DM
FERLVEMT2OTEEZVTHS I, FEI,
Meissner /INMEDIT RIGBLALEE & 0 %2 o 72 ER) 6 1
WE1E9 » ARA, moving-2PD i 6 mm TIEF
F —{EEHEE 8 mm & O B E o TV 7z (Fig. 4).

2 £ X ®

1) Dellon, A. L.: Sensory recovery in replanted
digits and transplated toes; a review. J. Reconstr.
Microsurg., 2 123-129, 1986.

2)  Foucher, G., et al.: Microsurgical free partial toe

transfer in hand reconstruction: a report of 12
cases. Plast. Reconstr. Surg., 65: 616-626, 1980.

3) Minami, A, et al.: Thumb reconstruction by free
sensory flaps from the foot using microsurgical
technique. J. Hand Surg., 9B 239-244, 1984,

4) Morrison, W. A.: Thumb reconstruction with a
free neurovascular wrap-around flap from the big
toe. J. Hand Surg., 6: 575-583, 1980.

"M JNESEE R AR Stis
FLCHBRLLEBbR b~ A 2 F —IMEDTRRESF
BORF I & D 78> Tatn,

B % R R AR Mk B
Wiz, BHARETHEY (EEILL DL O
Lot L, HBEEETHOEEO D,
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Relationship among Ischemia Time, Vasomotor Function
and Sensory Recovery in Replantation

Nagatsugu Kuroshima, et al.
Department of Orthopaedic Surgery, Faculty of Medicine, The University of Tokyo

The replants were studied with admittance plethysmography to clarify the relationship between
the duration of ischemia and the postoperative recovery of finger sensory and vasomotor function.
The study included 10 replanted fingers, 1 replanted arm and 9 contralateral normal fingers of 8
patients who underwent finger or arm replantation.

Replanted fingers were divided into three groups based on vasomotor reactions; normal reaction
group, vasodilation group and vasoconstriction group.

Ischemia time (time from amputation to reperfusion) did not correlate with static two-point
discrimination (2PD), while total warm ischemia time (obtained by subtracting the duration of cold
storage of amputated finger from the ischemia time) correlated well with static 2PD (r;=0.766).

The finding of various types of vasomotor reactions in the replants suggests that nomal
vasomotor function cannot be restored by recovery of vasoconstrictor nerves alone, and that
vasodilator nerves might be also present in hands and fingers.

1990 SEDERFET, FEEROMEBIEL 7 ¥ 2 v

EE L HEFE
FURFVFAES ST RBOTEEL, BEr 7y EPIE B
%M’ﬂi}*%%?ﬁl WBhHBHIERBELY. LpL, 1984 F~1985 LE W T T—EDFM H iz Lo v
DEECEER > T RN TS 5. CEREE LT BEAOES 5, EHEES | R0

*77, HEERREROENSH > THARETH S FISLALRE R, FH2E 102 H(1FE 1 » A~3
i, ZLOWETTENTY S, BEEE F102A) AL, F35F (10~59F) D 8IE

T ABIMOFE I DWW TORETIZA 509, PIILfEERR E Ui, 1 B0 LBevIi & 2 BloiesE
ZITHENE, THEE S h B oM ST EE HiL AL Pl LASME, PIP BHGD & h i 3 T o)

HIEERT 5, mMEEOREERETL, & 5WwiEE Wichz, BAEOIIEENBEE L, EEESE B
%?abﬂrﬁtﬁlltﬁ?&éﬁu” EHRIGE R LI & DR iR b & 1 ROYE, BERBERYEREO 1 X0
% HOEESEFRAE Uess, 36058 EgE0EEGsm8
{BETERPo T,
BEEEORR L L TSE, MEEHRIGEHEO

Key words : replantation, ischemia, vasomotor nerve, arteriovenous anastomosis, plethysmography
Address for reprints: Nagatsugu Kuroshima, M. D., Department of Orthopaedic Surgery, Faculty of Medicine,
The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113, Japan.
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EIE AR L e, IERIGE, WROEIE7 NIy s
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Hi.

wREER

Ik h & MERFR % T O HE MBS & 580 2 SRR
LD, HEBIAFRD o 7 (Fig. 1: = —0.07),
CHEFERDRE L v &5 12,

LU, FEBIOFIC 35 E OIS 45 LU s
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Wi, FITCIO2HIERERAL, &0 EMERYS S
SHURTERSR & 2 U5 1o Fo 2Rl SRS & SRl
T 5L, 892 SEAE L OB %.=0.766 (n=9,
Pr (:20.75) =0.013) &% 9, REMOASEEEETIC
WHESZTWBILERT I ENTER (Fig. 2),

REERE Lo & 5 ¥, BEIOMERE & O #n»
SIS SHRSE L. AR L SN0 Mg RT
REORWIF4IEE, EERIGHE L, 281348
OMATEE, BEITCRE SR GO & % R

Hours 7s=—0.07
154
°
© °
£ oo
° 101 .
£ ®
2 ®
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5 °
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é IB 15 Aésent

Static 2PD (mm)

Fig.1 Relationship between ischemia time and
static two-point discrimination.

A, PRSI CRIECN U TS IRRR G £ 5E 0
THETH S, 4B 4 B0 MEINERE, HESIEOMm
BFIGFRICPERAIE L D bR GEULHETHS,
& OIE TR IGs 4 & IR & oML 0.36,
MEEHRICHEE |BMOEER L T 0.23Tho
72 BB 2 HlEERS L 72354 T b, HEBE I % 0. 20
& 0.38 THIERME TR 2 b o 2, BEM & A UG
S E O BESTED Sk hoTeD i, MRS
EFROTCHHERFHIEED D, £2 OWMICKHT 51K
TEPREESE LD EELZONS, Thbb,
MBI b N IR AS O BIS O BT REME 3 5
LeEIONS,

TR VvASVFRAES 7 7 DEREROEE

Hours 7 s=0.766
glﬂ
= o
<
E ° °
2 o0
Q
R
E 5- °
3 °
._9 )
o
-

5| lb l|5 A‘bsent

Static 2PD (mm)
Fig.2 Relationship between total warm ischemia
time and static two-point discrimination.
Two cases were excluded from Fig. L.
See text for details.

Total Warm
Ischemia Time Ischemia Time
Hr, . Hr,
| ]
«s P=0.36 " P=0.23
10 = - e 10
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» aa
L
S = - 5
b »
L]
(o) 0

N D c<C N D <C

Fig.3 Relationship between ischemia time and
vasomotor reactivities of the replants: P,
correlation ratio; N, normal reaction
group ; D, vasodilation group ; C, vasocon-
striction group.
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An Anatomical Study for the Pisotriquetral Joint

Atsuhiko Tsuda, et al.
Department of Orthopaedic Surgery, St. Marianna University School of Medicine

Pisifomn bone is still functionally unknown as compared with other carpal bones. The degenera-
tive change of the pisotriquetral joint is thought to be one of the causes for the chronic wrist pain
on the ulnar side of the palm. But no anatomical precise report has been found. We performed
anatomical study for the cartilage surface of pisotriquetral joint.

Materials and Methods

This study consisted of 125 wrist joints from 74 cadeveric specimens. The 84 males and 41
females ranged from 18 to 97 years old (average 68 yrs. old). Radiological examination (Fig. 1),
macroscopical evaluation (Grade 0 to III: Fig.2) were performed. The cartilagenous surface was
divided eight sections (division 1 to 8: Fig.3)

Results

1) Radiological examination and macroscopical evaluation showed that degenerative change
of joint surface increased with age and females had stronger degenerative changes than males.

2) The degenerative change of the joint surface was greater on the pisiform bone than on the
triquetral bone. Especially, divisions of pisiform bone (No.: 1, 2, 3, 8) were the most common
degenerated area.

3) Comparative study of the bilateral wrist joints from 51 cadeveric specimens showed that the
degenerative change of the pisiform bone was more often in the right hand than in the left hand.

HaHREREY, 22T, bub SRR E v
TR = BH A B T8 O R HIRET 21T - 1. D TR
ERBOUTEERMOFIRE L3RR D, %O EY 5.
HRZRWCHL TRAAZ IS, £z, HEBRRKC
BT, FHAERBEEOKBEE2HLSHFELL L. %8 %
TER=ZAHMOBMERLOEL >N 545, ZOF REEERER KRS ORGSR 744

[. L&

Key words : pisotriquetral joint, pisiform bone, triquetral bone
Address for reprints: Atsuhiko Tsuda M. D., Department of Orthopaedic Surgery, St. Marianna University
School of Medicine, 2-16-1 Sugao, Miyamae-ku, Kawasaki 216, Japan.
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125 BERMERE Lz, NRIZEME 49484 F, et 25
R4l F, 564 F, &£ 61 FTEEHIT IS~ (B
68 5%) ThH o7z, 514K 102 F B L TIEME % thikiE

L L7 (Tablel),

. x5

OCEMXBEEZ 2TV ERSALTOMLEG

BOH HOE-it

*®

Table1 Distribution of cadaveric specimens

(semisupine view)" & D TAR= A ORITHEL
%, IEH, MHEEORIML, BELER, SEIERO 4
DAL (Fig. 1), QR= A= 88m L

BEL, FREBIU=ZAESHBHOEMOBRE %,
Grade 0 (IE%) -Grade | (REOZE 4%, Grade
I (BREWIE EE 5, Gradelll GRETBOE

) WL (Fig. 2), BwmEBLos (ERE

. ) Sex Side T
Age of subject No. of subject

M F R L
1st decade 1 (1.3 0 1 1 1
2nd decade 1 (1.3 0 1 1 1
3rd decade 2 (2.6) 2 0 2 2
4th decade 7 (9.3 5 2 6 5
5th decade 10 (13.3) 9 1 10 9
6th decade 11 (14.8) 11 0 10 8
7th decade 20 (26.7) 11 9 15 16
8th decade 19 (25.4) 10 9 15 15
9th decade 4 (5.3 2 2 4 4
Total 75 (100%) 50 25 64 61

mean age (68 yrs.) (67 yrs.) (71 yrs.)

Norma l

Fig.1 Radiological classification of piso-

triquetral joint

" Grade II

-

Grade-lll

Fig.2 Macroscopical classification of piso-
triquetral joint surface
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Type | Type 2 Type 3 Type 4
(noimal type)  (peripheral type) {cenlral lype)} (mixed type)

Fig.5 Classification of cartilaginous change
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The Roll of the Hook of the Hamate

Hideki Furukawa, et al.

Department of Orthopedic Surgery, School of Medicine,
University of Occupational and Environmental Health

Fracture of the hook of the hamate frequently fails to unite. In symptomatic nonunion, surgical
excision of the hook has generally provided relief of pain. But grip power is often diminished after
excision secondary to the loss of the pulley effect of the hook on the flexor profundi to the ring and

little finger.

We describe a new axial radiographic view of the carpus that permits excellent visualization of
the hamate hook. It seems that this film indicates the hamate hook is important to assist the power
grip as the couter brock in the ring and little finger in addition to the pulley effect of the flexor

profundi.
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BREFOBFICL D BREDSBONL D - L EEH
BT B BRIMAERIC D W, RER R
BEREZL UBBELREEL TS, LaL power grip
RIERENDTUAR—YREF LB TIIERE
R L VBAODET® &7 LAR— YRGB EAK
LTcBle &b b0, ZEZEREHICHE T 283 b E
Raha¥, bhbhiZEHERNOEENIC OV THRE
T 5D LS EE L X R 21T -5 72,

' ® 5 &

BHEHRO X R & SR, BEOFEE 2
i CHREHETH Y, IhF CFRIRENEOFHEE
S, BRI R EOT R LEE U, EREAT T
DBERETH > eHHEREWLT 201, BIEB

F CRBERE R HEER L 7o/ MESREB OBESR A LETH
D, bar ¥ gripd s ki, ThEHRELL.

Ay T RKEEBEELZEHEZE3Icm DT 7 ) w3
4 7%FigloZ e FHBERPHEREML T
power grip & ®/NEEHE A /A FICEB R0, 8
4 ZodGERC X % BT LA #E 8 ORI & %
Hl7:, #ORR, S THET I LSRETH-
TeE S R ORE GO —BICER IR T & (Fig.
2).

Flogrip Ay TUEES YL L/IMEEREOR
{liZRE D 72 HF BT HBEE L power grip L0657
LI ERERL, Fig 3D L4 7OREEE* 25
EFREs ., Ini L D FREMRER~REREAL
L A2 power grip SRIBEE B D BEEHIE, &
DEIPE THRETE S,

Key words : fracture, hook of hamate

Address for reprints: Hideki Furukawa, M. D., Department of Orthopaedic Surgery, School of Medicine,
University of Occupational and Environmental Health, Yahatanishi-ku, Kitakyushu 807, Japan.
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Fig.1 A new axial radiographic view of the hook Watson &% 3 #1 & #f R, FRISANERIIZ45
of the hamate. FIEHR O 7 — ) — R OGN R o, 455D

grip power i3, W X 5 LW NUOFED T 5 Lk
~Tw3 (Fig. 4). 65T, 4-5%#50 grip power D,
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YA E L s> T3 (Fig.5),

ANEERER D B M IS RHEERIRIC LB EBEE L, &
DOER{i 1+ Kaplan 43, “the most mysterious mus-
cle” bR T 255 %ES (Palmaris Brevis) #3Z 1k L
Tw5, R BLTIEEOBREE LT “/EEk
o T RVER” It EDQEIBEESNT VDL, KFED
Bigi, AHE s & oA L RN E EE LiEy

Fig.2 A precise lateral view of the hook of the FH ko THIRFENEbR VLI 3 ERAL T
hamate. zrEbns (Fig.6).
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Fig.3 Left: The wrist is radial deviated. Grip
power is diminished in this position.
Right: A new axial radiographic view of
the hamate. It is possible that one can
grip powerfully in ulnar deviation of the

Fig.4 An MRI through the flexor tendons demon-
strates the significance of the hook of the

i hamate as a pulley mechanism.
wrist.



Fig.5 The hook of the hamate is situated at the
longitudinal arch of the hand.

Fig. 6 Palmaris brevis muscle is embedded in the
hypothenar fat pad. It seems that the
hypothenar eminence is fixed by this mus-

cle when contracted.
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An Anatomical Study of the Extensor Digitorum Muscle
—1. The Split of The Muscle Belly—

Takashi Ogura, et al.
Department of Orthopedic Surgery, Nariwa Hospital

Isolated extension of the MP joint of middle and ring finger is restricted due to 1) fusion of the
muscle belly of the extensor digitorum and 2) intertendinous junction of the muscle.

We examined the fusion of muscle belly of the extensor digitorum.

77 forearms were examined out of 52 cadavers at Okayama University during 1989. The split
point of the muscle belly was measured as the distance from the distal end of the ulna. The distal
end of the muscle belly (musculotendinous junction)} for each finger was also measured in the same
way. “The split index” that represents the free extension mobility of each finger was then calculated
from these data as below. Split index =(split length)/(full length of belly)x100; split length of
belly =(split point)—(distal end of belly for each finger), full length of belly=(proximal end of
belly)—(distal end of belly for each finger).

The mean split index of the 77 foreams was 54 for the index finger, 22 for the middle finger, 12
for the ring finger, and 26 for the little finger; giving an order of the index> little>middle>ring
finger. This order was the same as the mobility of fingers observed clinically.

Further investigation of the intertendinous junction is neccessory to discuss mobility of the

extensor digitorum muscle.

=] #

& MP BHEi DR dBRIE O M £ 2, Fridig
BRI BMERAFIKIS A TS (Fig. ). Z0OFE
e LT, B commEs, Eifcor
S OFEZ ENET SN 525, ZOFMCBELT
HATLLBAETRY, 2 ThALRIBED A S =
R LR EBAT 210 OF—H & LT, SEIIEEHH

oA —RERE DB TR L0 THET 5,
* % o
1989 F i [ I K Z REEE CEERFKELIEF i
ENTe 5246 (B30 % 22) O EicBw» THEEH2E
B2, >LIHEMOB SR 77 BB (H 394 38) ik
BT, EEHHEEEES OB S (SRR
Blr o EBELSML S 2RLELOS) L HRBT

Key words : anatomy, extensor digitorum, muscle belly, split index
Address for reprints : Takashi Ogura, M. D., Department of Orthopedic Surgery, Nariwa Hospital, 301 Shimohar-
a, Nariwa-cho, Kawakami, Okayama, 716-01, Japan.
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[FTHSNTT el
Fig.1 Difference of isolated active extension of
each finger at flexion of other fingers.

MO (BB OBZET S 2IRMR) & RE SN EIE
BE UBERE Y UCEIL 7 (Fig. 2). 777 LBHER
D EMERS BB E b ERICDIEDEELTHWE T
Bt L7z (BEC 77 B S s,
ZDFEED S MESERSOHEE R LT —D0
e LT, BERCEDZDEAEOESEERD
[ %5 (split index) J & L7, T b b HEUHERH =
(DBAE /HHIEER) X100, 7278 LoRE =588 -1
ST, BPHR = R O — B T . R
s nT L ReEEL 2w, LR
Bl e Ui (Fig. 2),

b ES

1. £¥EDSZISER Tablel (A~D) KRT., K&
WhHD GRS, FH-BUE, BIE—/IME, /NE
—/NMEEFEOIETH - 7.

2, BEOBERTAERLU L Tablel(a~d) iR
T, REWARLS, P, RS, 78, MEEES O
BT, gl s 3R REZED.

3. WBEEIERS OSZEE Table 2(A-a~D-d)
D& I, w1, /JNME, P15, BEOETH- 1.

4. BIRODBHER AT 2R LI, 77 LEOTY
43, TRIE 54, IE22, BUE 12, INE2B TH T,

% B

5 MP BEI O E i 3 S8 LMW ERTH B DI
XU, BEEBEHEORMEZTRT L, Thbb
s MP BIRT 2 A B & ¥ 2B A DB —IEDBE)
S [BRE] & L, ZOusiss [ShHRe ]
LSEFT R, ARG L MBI B EEM TR T H B B3
RS T, BIERELACTARTHY, SiEH
B ER A 2 WD SRIEZ/NE> i >BHEDIE
TH5 (Fig. 1), ZhsoEixl) HlEOESs, 2) B
M S OTEFE, = 51 3) 58 & /MBI BEHRHH? H
Bl THBEEINDHOO, FEHFMIFHDRN
L7ciRERE oz, bhb & IEH RO

Extensor digitorum
JEDM

]

PU AB G D

Fig.2 Method of measurement and calculation of
“split index”. Measurement was taken
from the distal end of the ulna (0) to each
point below.

A ; split point of extensor digitorum mus-
cle belly between the elements of the
index and middle fingers.

B ; split point of the belly between the
middle and ring finger.

C ; split point of the belly between the
ring and little finger.

D ; split point between the extensor
digitorum muscle for the little finger
and the extensor digiti minimi muscle.

a ; distal end of the extensor digitorum
muscle belly for the index finger (mus-
culotendinous junction).

b ; distal end of the belly for the middle

finger.

¢ ; distal end of the belly for the ring
finger.

d ; distal end of the belly for the little
finger.

U ; proximal end of the ulna.

P ; proximal end of the extensor digitor-
um muscle belly.

Split length of each belly=(A, B, C, D)-(a,

b, ¢, d)

Full length of each belly=P-(a, b, ¢, d)=U
-{a, b, c, d)

Split index =(split length)/(full length)Xx
100

ERHHEOREBED L 2 Mb o Tw 5 2HEd
Bz, WREIFNEE S HEIERAA T

O B OB BN P T 2 28, BTN &
i, BOBBEMIHIEEMc L Y REsh, &
BRMINEEEIGREOR ST 2 5 h
29, OB CRE WIS T 503, EWAr
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Table 1

Distance from distal end of ulna

to split point of muscle belly

Distance from distal end of ulna | Length of
to distal end of each belly | the ulna

n A B c D a b [ ¢ [ d U
Male Rigth |22]150.4cm|153.3 [102.6 | 93.1 |48.5cm |118.5 | 83.4 | 33.2 | 252.1cm
Left |22)160.5 |150.8 |107.6 | 89.0 |49.2 [121.6 | 82.6 | 34.7 | 250.7
Female Right |17|148.7 |143.4 | 95.4 | 80.7 |57.3 |122.7 | 81.7 | 36.2 | 2253 |
Left |16142.8 |134.6 | 91.8 | 80.8 |53.6 [111.9 | 73.6 | 29.1 | 225.9
Table 2
Split length of each belly |‘ Split index for each finger
n| A-a B-b | cc | D Index | Middle Ring Little
Male Right |22|110.9cm| 34.8 | 19.2 60.0 54.2 24.9 11.6 27.6
Left |22 111.3 29.2 | 25.0 54.2 5.0 22.2 14.4 24.7 |
Female Right |17 | 91.4 20.7 13.7 44.5 54.1 19.1 9.9 23.1
| Left |16 89.3 22.7 18.2 51.7 | 514 19.4 12.7 2.2
Mean 77 53.9 21.7 12.3 25.5
- sd +9.3 +10.0 +9.9 +9.7

TEASHELTEERS ISP NE,. ZO5EEIER
SETERD, HRETELERSCIORL > T
3, TRHOLBIBEHOMMOR S IBBRIICLI DR
BBDARL ST, BB IR S VL ARES
DE2 (HAR) bibEbrThHs (Fig.3). 209
ENBIREMHBROZ I 252 3£ 50
388, HEREOADE THBEEDEVWSKRE N
v, TITHERCLEDZHBROBSES [HA
B LT, BESERSOBEERREKT 518
e LT,
HEOSES - BRBTROFE R, BritE
BHdLDD, BOBDEARZEEIEITH-T., S8
ELRET, B - EHE bRIERS B#F 0ftickL
TKEW, JORBR, SEHEBEREVAD» 5REE>
INE>STRIE>RIBDOIETH - 72, Zhiddfkiesi) s
BEOEPEEBOXSVIBELEEETHSE, 02
Lo, SIEOEMEERICRHESERS OBhE
BEELTWEEEX 5,

= B

1. [ESIRR 52 RS AIE # E L, 77 LK
TSRS OSRS L FRETAEHAL, S8
R, S8BT RO,

2. SEHERGE, KEVHLSRIE>/INME> Pig>
RIEDHETH Tz,

¥: musculotendinous junction

Fig.3 Splitting of the extensor digitorum for
each finger and the extensor digiti minimi.
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An Experimental Study on Recovery of Lacerated Muscle after Repair
—Part 5, Histochemical Study of Longitudinal Sections—

Touru Ichikawa, et al.
Department of Orthopaedic Surgery, School of Medicine, Keio University

In the 32 nd Annual Meeting of this society, we had reported the good histological and histo-
chemical recovery of the transected and reapproximated skeletal muscle. The above mentioned
report was based on the observation of transverse sections of specimens just distal to suture site.
This experimental study was designed to investigate longitudinal structual recovery of the lacerated
skeletal muscle after repair with histological and histochemical techniques.

Material and Method

The muscle chosen for this study was lateral head of gastrocnemius muscle of hamsters.
Suture group : Midportion of the muscle belly of the right leg was half transected and immediately
reapproximated with interrupted 8-0 nylon sutures under operating microscope. Medial head of
gastrocnemius, flexor digitorum superficialis and soleus were left intact to prevent separation of
suture site. No cast immobilization was applied.

Nonsuture group: As a control study, lateral head of left gastrocnemius was half transected st the
same level as the suture group and left without suture.

The hamsters were sacrificed at 3 hours and 1, 4 days and 1, 2, 4, 8 and 12 weeks after operation.
As a specimen, triceps surae and FDS were excised en bloc. Each series consisted of two animals.
Frozen longitudinal sections were prepared from specimens and were stained with H-E, modified
Gomori trichrome, NADH-TR and ATPase respectively.

Results

Suture group: On the first day, necrotic segment observed in the central portion of the muscle,
extending for 1.2~1.5 mm on either side of suture site (Fig. 1). On the fourth day, early regenerating
fibers appeared at the depth of about 1~2 mm on both sides of the cut ends (Fig. 2).

By the fourth week, regenerating fibers had grown longitudinally and bridged the injury site (Fig.
4). After eight weeks, there was substantial repair of suture site with histochemical maturation of

Key words : skeletal muscle, muscle laceration, muscle repair, muscle regeneration, histochemistry
Address for reprints: Touru Ichikawa, M. D., Department of Orthopaedic Surgery, School of Medicine, Keio
University, 35 Shinano-machi, Shinjuku-ku, Tokyo 160, Japan.
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them (Fig. 5).

Nonsuture group : After one week, granulation tissue occupied the gap of laceration site (Fig. 3).
After two weeks, myoblasts and immature regenerating fibers were found within scar tissue. The
subsequent changes were similar to suture group, but even after twelve weeks, the length of regener-
ating fibers remained shorter than those of suture group and their arrangement was irregular with

some fibrous tissue.

This report is the first experimental study demonstrating a good recovery of longitudinal
structure of the repaired muscle with histochemical technique.
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Fig.1 Suture group muscle one day after operation.

A. Necrotic segment is shown in the central portion of the muscle, extending for 1.2~1.5mm on either side
of the lesion. Arrow: suture site. (ATPase stain pH 4.5, Bar: 1 mm)

B. Damaged fiber segments have undergone necrosis with marked cellular infiltration. (H-E, Bar: 1004)

C. Sarcoplasm of necrotic fibers is disorganized. (NADH-TR, Bar: 100x)

Fig.2 Suture group muscle four days after operation. (H-I, Bar: 100u)

A. Area just distal to suture site: Myoblast with vesicular nuclei have begun to form myotubes.
B. Suture site: Suture material is indicated by arrow.

C. Area just proximal to suture site: A number of chains of typical large myoblast nuclei are detected,
which are situated centrally in newly developed fiber segments.
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Fig.3 One week after operation. (ATPase pH 4.5, Bar: 1 mm)

A. Suture group : Arrow indicates suture site.
muscle

Myotubes identified as type 2C are abundant in center of

B. Nonsuture group : Granulation tissue occupies the gap of laceration site (arrowhead).

BET M OESEIZRDE LSRRI
SHELLHRENET 2R CEEs R T (Fig
4), FREBOUMBIMEOBEHB LR 0%,
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5).
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Fig.4 Four weeks after operation. (ATPase pH 4.5, Bar: 1 mm)
A. Suture group: Regenerating fibers have grown longitudinally and bridged the injury site. Arrow
indicates suture site. Regenerating fibers neighboring suture site still tend to be of type 2C.
B. Nonsuture group : At laceration site (arrowhead), short regenerating fibers are érranged irregularly

with considerable interstitial fibrous connective tissue.

Fig.5 Eight weeks after operation. (H-E, Bar: 100x)
A. Suture group : Repair is satisfactory, with only regenerating fibers at suture site except at the vicinity
of suture material (arrow).
B. Nonsuture group : Irregular arrangement of regenerating fibers is observed.

1.0~2.0 mm O E CHEL 2.

oy . X '
3. A 1~ BRI SRR, AR OIS w
S RREHI Ao THEESEME IHE L. 8B, 1) Garrett, Jr. W. E, et al.: Recovery of skeletal
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9A: 683-692, 1984.
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An Experimental Study on Recovery of Lacerated Muscle: 6 th Report
(Functional and Anatomical Recovery of Partially Lacerated Muscle)

Nobuki Terada, et al.
Department of Orthopaedic Surgery, Keio University School of Medicine

This is an experimental study on partially lacerated muscle about functional and anatomical
aspects. The conclusion of this paper is the following. Gastrocunemius muscles of 30 rats were cut

at half of the lateral head. After 1-12 wks, isometric contraction force, tensile strength and wet

weight were measured, and macroscopic and microscopic studies were added. The isometric

contraction force began to recover at the time of about 2 wks after injury and fully recovered about
6 wks after injury. The wet weight ratio decreased gradually and stayed 909 after the time of 6 wks
after injury. On microscopic study, muscle regeneration was most activated during the time of 3-6
wks after injury. In this period many myoblasts were found at injured site.
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BAOETHACERNCEN T 5HHaE I LT
LIERAT 21 rb e, BRNICEOBEEREE
OEEHESREE 2 720, BB BRIESHSIE T &
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YL IER & BEEERET RS < A5 N2 O
BMasbstBohsd, SE7 v MRS Y W75
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7o, REHEIOE L T b KIBHE{EICE 5 £ TOYIM
DA OBEEINLCa > bo—vE Lz, TR, (1)
SR Q) pmEEs Q)RIBFRR (4) e
RED2WuTT- 1,
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Z v b OTERE, KEBEYEEL &, BEEH 15
g DY EE X ICREEEAE L L U, £ ORE»
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TIPS % FIRFICETRI U o, 1R 1 A B R R
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TiTo /. VIR EEESA» S +Tmm £ TE LT,

Key words : muscle regeneration, experimental study, isomitric contraction force, microscopic study
Address for reprints: Nobuki Terada, M. D., Department of Orthopaedic Surgery, Faculty of Medicine, Keio
University, 35 Shinano-machi, Shinjuku-ku, Tokyo 160, Japan.

— 165 —



588

(2) WhpER
W RE O, BN REEE, MUz Z0 T
WOEL, BEFREEZAVCTREOEEMEFHRIL 72,

(3) PERFTR

BE S SR DT HE 12 S V> T I BARER & oS, LI
R ORIE T DV TARK LR FT N2 72,

(4) H#EERR

[BENE B AR DRIV R R L, A5 UIRTER O MR
B owT, H-E, Azan #ff, Masson-Trichrome #
BERAVLTRE T 7.

i 3
(1) HRMEWES (Fig. 1)
EE T I ED K & L, e T v OEKOE

WIZ & DEIOK & S bk D 7z HHEE % Azl

O WEEK

il

1 WEEK

&

- fif

TEEETH D, WHE &R % BRI & BE % s 2
ZE K DB EITo T, BHEGSMIEO 2501 %
YIkTY 5 L #9100 g DIUFEH OAET 248 & 725, 188
#®2BE» P RIGENOERSED 54, 618H
R e ACE IS E TEIEL /2.
BRI 0~ 1 BTIIET U 7248, 28 B Mg R
TR DR A SN, Zhid, BEICEEVEHD
WL L 57 2 L BRL TV 5B,
(2) mpEREE (Fig. 2)
BOBREFOWTEIRIZHRLICETL
#190% I HFEL T,
RTHDbH ok,
(3) HUIRATR (Fig.3)

PRI & D IRE & h 7o KARER I 1B H TR &
0BG AR & TS, YW 2 8B LU T iyl

6 38 B LA 1
F72 1A E 100% L EofEs

2 WEEKS

3 WEEKS 6 WEEKS 12 WEEKS
@ ta)
600, 500
5 soof el
a 400 _/’,4"
Lt

300- 2004 -7
2 200
. v e

] 7 3 1 : ¥

tmem tmem)

Tensile force

—— Cut group -~ Control group
(%)
120 Wet Weight (Cut side/Control side,%)
110+
100
| MAXIMUM
90 MEAN
80 MINIMUM
70 T T T T T T T T T T T T
0o 1 2 3 13 12
(Wks)
Fig. 2

Isometric muscle contraction force

—-— Cut group --- Control group

Fig. 1
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Fig. 3 after injury, the

Following 2 weeks

injured site isn’t obvious on microscopic
examination.
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Fig.4 Myoblasts and regenerated muscle fiber

are found in the granulation tissue. (3wks,
Azan x 400)
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FRAEEEN R EE D MOMENT ARM D #IE

Moment Arms of the Wrist Motors and
Extrinsic Finger Motors at the Wrist

Nobuki Ohnishi

Department of Orthopaedic Surgery, Ooji General Hospital

Five fresh frozen cadaveric arms, amputated at the mid-humerus, were utilized to measure
tendon excursion (TE) and moment arms (MA) for all tendon which crossed the wrist; prime wrist
motors and extrinsic thumb and finger motors. TE and MA data were obtained in two planes;
flexion-extension movement (FEM) and radio-ulnar deviation (RUD) moving the wrist passively in
each plane. A computer-controlling data acquisition system was used including potentiometer-based
transducers which measured tendon displacement, and custom-designed biaxial electrogoniometer
which monitored angular displacement of the wrist throughout the range of motion continueously
and constantly. For measurement in FEM, the wrist was fixed in 3 different radio-ulnar positions,
and for measurement in RUD, the wrist was fixed in 5 different flexion-extension positions.
Furthermore, date was collected in 3 different forearm positions; full pronation, neutral, and full
supination.

Consistent and reproducible moment arm data was obtained. ECRL had a larger MA in RUD,
but smaller MA in FEM than ECRB. ECU had minimum MA in FEM and maximum MA in RUD
among prime wrist motors. FCR had a large MA in FEM, which became greater with the wrist
radially deviated, and its MA in RUD was affected by the position of the forearm, minimum with the
forearm in supination. FCU acted efficiently both in FEM and in RUD. All extrinsic thumb motors
except FPL had large MAs in RUD, and acted as wrist flexor except EPL. Extrinsic finger extensors
had slightly larger MAs in FEM than finger flexors. FDS for each finger had slightly larger MA than
FDP in FEM. Finger flexors ulnar to index finger acted as ulnar deviators in the forearm neutral
position. Findings obtained in this study were related to the spatial arrangement of the tendons
around the wrist, and to the kinematics of the joint.

3 QBT L THFENE R S nEREE T

B By

B OMB I Z NCIER T 2O~ 2 b ILOBMO
BRELTEL, SHONT SV Z OB O L E
IRl © OEEE, 4 b moment arm (LN MA)
wkoBEsns (Fig ). MA 3k - M o2
MRS R L v kE 0, Kx4a MA %4 § 55

5% MA BADGED ETHERERTHHY, #h
FAET LI BEFNThOHOERL2IERET 201
BIL0E D T L, BRENC b BBITOBZ S0
Hahs, LarLis»s, @EEs» TFEEIO MA
I T B3R I A < PO 2 DRIE H b —
E TR,

Key words : wrist, moment arm. biomechanics

Address for reprints: Nobuki Ohnishi, M. D.. Department of Orthopaedic Surgery, Ooji General Hospital, 2-4

Omotemachi, Tomakomai 053, Japan.
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A EE O B gk, Tendon-joint displacement
method % W, FREIALET 2T XTOR, T4b
B, FHEMEEE, SREREST, BLUNRFE
B OFERECBE T2 MARBIEST 52 L TH 5,

% *

EREth R L DI U e BRSO 5 L AR L
7o BREAFREICRAR A2 L I & FBENR,
BLUV Y b RIS TSR L 7o, RIE T TR,
FRE D 5cm L DRLOKN, B OEHS%+
Yk Uiz, OB OB E, WEAREL, &
& FEAETE B OBAE, (BEE g gnb, 5
WL DRSS ER UIERIT- 7, TREEREET
52 DT RTOREREE L, HRBITHTUHL, &
BTN 28 7 =V, FEBBEHO T A Y — R iEE L

Moment= MA x Force

MA: Moment Arm

ICR: instantaneous
Center of Rotation

Fig.1 The wrist is moved by summation of
moments which act on the joint.
The moment consists of moment arm and
force applied to a tendon crossing the
joint.

7z, FHE, BILUEOMEOMEREH < ENT, X
& 0.062 1 > @ Kirschner gifg = B>, FEEHH
#i% 30° Henz, fEEiRMEE F HRICEEL 2. 70
%, tEERAIER7 Vv —L4 (Fig.2) K&l Ll, T
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R L7, SSWHBORBREEFIET 2 g
ERBAEAE1.8mm @ Kirscher #i#g 2 X TREE L
fo. BBRCEEE LV A Y- EEAN LS, 85
B L7 74 ¥ — s L AmcES | L, BER
HMAIEREMESFO R 7 2 H L 724, 1.2 pounds
FfE L7z, FREE a4 B A R (FEM), #R
HAmR (RUD) wiinl, ZOBo&BOEERS -
FRIMIO Bl E P ERFC, dCRIEL . BO
EEBRGERICRAT LTV —, RTLa2NL
BREUCEMAES Ry, TS OREGEARE
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ZOMEHETHMOEYE, BREERHORERAE
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Fig.2 An experimental set-up for measuring moment arms.

A specimen was settled in the fixing frame, and a computer-controlling data collecting system was used for
continuous measurement of tendon excursion and angular displacement of the wrist.
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Table1  Moment arms (mm) in flexion-extension
movement (FEM) with the forearm neu-
tral position. The values are averages
of 5 specimens. For measurement in
FEM, the wrist was moved in FEM with
3 different radio-ulnar positions of the
wrist. RAD-20; the wrist being 20°
radially deviated, NEUTRAL ; radio-
ulnarly neutral position, and ULN-20;
20° ulnarly deviated position.

Position of Wrjst
1 T
RAD-20 | NEUTRAL | ULN-20
Fig.3 Custom-designed biaxial electrogoniome- ‘I _7 ECRL 9.0 a5 -
ter. ) o | EcrB 14.6 13.1 13.0
A metal bar was installed within the :
. X | f PRIME | ECU 1.4 5.4 4.0
g‘OI]lOl’HEteI to ensure a planar motion. WRIST ‘ |
MOVER FCR 17.4 15.5 15.7
,,‘ S I
FCU 3.0 | 15.0 14.6
PL 15.2 : 17.4 17.7
Table2 Moment arms {(mm) in FEM with the EPL 6.0 7.8 7.8
forearm pronated position. EXTRINSIC FPL Ve 1 e Tk
‘ ‘ = - THUMB _
Wris R
| Position of the Wrist MOVER APL 52 6.0 16
| RAD-20 | NEUTRAL | ULN-20 e = ™ o
‘; HORT, i,3 AN (- EDC 2 15.6 15.0 14.7
T
ECRB 13.0 12.2 1.8 Eh0's e = v
PRIME 1 p - —
e ECU Bels .1 Zi% EDC 4 18.0 . 12.7
. g 7 23 |
MOVER FCR 13.7 12.7 12.8 EIP 16.5 14.3 13.6
Al 31 fsf Wza EDM 6.1 | 126 10.6
L
i | B Hid ) 5 5D EXTRINSIC FDS 2 1.1 14.4 15.0
[ = . FINGER ; —
: ER L i e MUSCLE FDS 3 13.4 14.2 14.5
EXTRINSIC : | 7 T &
THUMB LG LT FDS 4 13.0 13.4 13.9
MOVER _ ABL G T T FDS 3 12.3 12.9 1.7
EPR i a0 & FDP 2 13.0 13.0 13.0
T |
| BoC: .4 .4 137 FDP 3 13.0 13.4 12.7
- a7 ) 3 —
| EDC3 16:6 i )l FDP 4 10.6 11.5 1.5 |
f N T F .
EDC4 | &3 B3 1.4 FDP 5 10.3 10.3 95 |
EIP | 136 13.3 14.5
EDM 13.0 10.7 9.2
EXTRINSIC - ] . W& RIANGL, RNz, B8 & CESMECEE LT 7.
A TRIN. FDS 2 1.9 11.8 13.2
FINGER ‘ -
MUSCLE FDS 3 12.1 12.5 12.8 F=3 ]
FDS 4 11.7 12.6 12.3
= e | 5n | & ERUZH U CERILEO 5 5 MA ORIEH RS 5
FDP 2 10.4 10.0 10.9 i, TDOREFRER%E Tablel » 5 Tableb5 % T &
FDP 3 1.1 11.0 10.6 L7z, Tablel, 2, 3 (ZFRIMEYEETINEF O, Table
FDP 4 s | 03 0.1 4, 5 RO MA 2£ L7250 TH Y, SHIEI
FDP 5 9.9 10.2 | SEAOVHETH 5. BT EREME—EIRARE 0BG

D 1% Fig. 4 o7,
FIMEEEES
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Table3 Moment arms (mm) in FEM with the
forearm supinated position.

Position of the Wrist T
| RAD 20 | NEUTRAL | ULN-20 |
ECRL 8.0 9.1 9.3
| Ecrs 5 14.3 13.0
PRIME ECU o1 5.8 ey |
WRIST —
MOVER FCR 16.8 16.2 16.8
| Fcu 52 | 16.9 16.8
T 19.2 19.3 17.7
T EPL 4.0 6.1 75 |
EXTRINSIC | ppp 15.3 14.8 17.0
THUMB -
MOVER APL 8.2 6.8 8.3
| eeB 4.6 5.3 5.0
EDC 2 14.4 14.6 e |
EDC 3 18.5 17.7 15.6
EDC 4 18.5 16.8 14.5
EIP 17.1 65 | 141
| EpM | 16 15.1 11.3
EXTRINSIC FDS 2 13.2 13.7 143 |
FINGER
MUSCLE FDS 3 12.1 13.1 13.2
FDS 4 10.0 9.7 0o |
FDS 5 9.8 9.6 08 |
FDP2 | 115 11.2 1.7
FDP 3 9.1 10.6 0.7 |
FDP 4 9.0 9.5 90 |
FDP 5 8.0 7.4 9.0

ECRL : #%¥FEO MA 128.0~11.3mm Th b, Hi
fa [ sz, FRAEN 20° BEJE AL TR AME % R Uz, FRIET
R B 2EREOMAZ17.5~19.0mm T
Hotz,

ECRB : 43 @ DO MA 13 17.5~19.5mm TH Y,
BifEEAGL, FRESIKE CEEES L, BRI THEm
L, FEHPEMECE Y 2EBREOMAK
11.8~21.1mm THh- 7z,

ECU : 4% @0 MA 13 2.4~11.4 mm THIB O K
i D RESEL, $TabbRAMTRY, [
SITHEAL. S FEHOREMm L DAL,
BEfTHEAL, REMTEY Lz, BRIEO MA ik
22.5~25.0 mm & FRAMEBFHPRAMBEE =L, Fik
EARfTER, B TES L.

FCR : #¥ /@D MA X 12.7~17.4mm TH D, Hi
EER /s EE R L. £, FREMBELT

Table4 Moment arms (mm) in radio-ulnar devia-
tion (RUD) with the wrist flexion-
extension neutral position.

For measurement in RUD, the wrist was
moved in RUD with 3 different positions
of the forearm; pronated, neutral, and
supinated positions.

Plus values mean radial deviators, and
minus values mean ulnar deviators.

Position of Forearm _‘
| s e |
| | PRONATED | NEUTRAL | SUPINATED
ECRL | 19.5 17.5 19.3
ECRB | 1.7 11.9 12.1
PRIME ECU -25.0 -22.5 -22.8
WRIST
MOVER FCR 13.8 15.7 5.4
FCU —~16.4 -17.3 -21.2
i | [ E— . | _|
PL | -os 2.9 3.2
EPL \ 15.3 16.8 17.9
EXTRINSIC  [ppr ‘ 3.0 2.2 0.9
THUMB =
MOVER APL 23.6 21.7 | 22 |
EPB | 23.6 25.3 24.0
EDC 2 3.4 5.9 3.7
EDC 3 ~3.2 1.4 1.4
EDC 4 —5.4 3.5 4.5
EIP 2.2 2.8 3.3
EDM || -17.0 -15.7 —14.4
EXTRINSIC  [ppg 3 | 1.8 1.6 -2.9
FINGER 1
MUSCLE [FpS 3 | 1.7 L4 6.2
FDS 4 | -3.9 -3.5 -7.6
FDS 5 | —4.1 —4.1 —8.1
I |
FDP 2 | 2.0 1.7 ~0.4
FDP 3 | -0.9 0.8 1.3
FDP 4 | -3.8 4.6 -9.0
| i |
[FDP 5 1] -74 ~5.7 -9.2 |

BB L UIBhIL 72, BREO MA 135.4~15.7
mm THY, BEORAI LD K& <ELL, EIME
TEHEIFED LI,

FCU : 55 MA 12 13.0~16.9mm TH D, Bl
MEE AL THIIT B A A 5N, FEEORME &
2EME YR pod, BRIEOMAIX16.4~21.1
mm TH Y, FiEENMEITREEERL L.

PL: #¥ED MA 1314.8~19.3mm TH Y, FH
MEMB T RA TH o 7o, FIESML T EIPAAL B
LML, #REOMA /NS < 0.8~3.2
mmTHhY, BRIEL LU TCEHL -,
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Table5 Moment arms (mm) in RUD with the forearm neutral position.
The wrist was moved in RUD with 5 different flexion-extension positions of the
wrist ; 40° flexed, 20" flexed, neutral, 20" extended, and 40° extended positions.
Plus values mean radial deviators, and minus values mean ulnar deviators.
‘ Position of the Wrist
| | EXTEN-40 | EXTEN-20 | NEUTRAL | FLEX-20 | EXTEN-40
ECRL | 18.8 18.4 17.5 16.8 16.6
ECRB | 12.6 13.4 11.9 12.3 11.4
PRIME ECU 14.5 21,7 —22.4 ~23.0 25.6
WRIST - - - —
MOVER FCR | 6.7 8.8 15.7 12.4 74 |
FCU | —10.5 —13.7 —17.3 —14.8 —-7.0
PL [ 0.0 1.5 2.9 6.6 0.0
‘EPL \ 16.8 14.6 16.8 17.6 17.2
BXTRINSIC  [ppp | 1.4 2.6 2.2 4.8 2.2
THUMB 3
MOVER APL | 19.0 20.6 21.7 20.6 18.8 |
EPB | 20.4 23.5 25.3 25.3 21.8
EDC 2 | 2.5 | 4.4 5.9 3.8 2.1
EDC 3 | 0.0 1.3 -1.4 -2.7 -35
EDC 4 0.0 0.0 —-3.5 —5.6 —7.8
EIP | 6.8 5.6 2.8 4.4 2:1
EDM | —-13.1 —12.5 | —15.7 —20.4 —20.0
| EXTRINSIC  Fppgy 0.0 14| 1.6 0.6 0.6
FINGER — - —
MUSCLES FDS 3 | 3.6 —0.9 —1.4 0.47 0.0
FDS 4 | —3.4 —4.2 —3.5 —1.8 —0.5
FDS 5 | —4.4 —2.F —4.1 —1.0 —-9.0
FDP 2 | 0.0 0.7 1.7 1.2 1.1
FDP 3 0.0 —2.0 —0.8 —f5 0.0
FDP 4 —4.6 -5.9 —4.6 —2.5 ~1.0
FDP 5 —2.4 —hrl =567 3.6 —1.0
FCU
5 T T T T T —]
o ]
sl ]
T [ ]
£ t ]
S -10+- —
¢ —IS_— —:
—20_— {
_25: Il i 1 i L ]
-60 —:0 -20 0 20 40 60

Fig. 4

displacement of the wrist in FEM.

wrisl angle (deg)

represents the moment arm of the tendon in this plane.
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An example of the graphs obtained, showing the relationship of tendon excursion of FCU and angular
The slope of the straight line, fitted with polynomial of 1 st order,
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S HAFHEVETN S

EPL : 4% i > MA i3/ < 4.0~8.3mm T dHh
D, BilwE AL THE A L2, BRE OMA K
15.3~17.9mm T»H 9, BikEISMI TRENA L
REREERL T2,

FPL : %3 MA 12 10.7~17.0 mm ¢, #HikiE
sMuesgint, BERGTED Lz, FRIETORA K &
LGS T, BREOMAR /NS L
0.9~3.0mm TH -7z,

APL : %75 > MA i 4.8~8 3mm TH D, F
A & LCHEBI L Tz, F OB IRBIRERG T
B U7z, BREO MA i3 21.7~23.6 mm T, Filggla
AL TAE2EERL .

EPB : %O MA iX1.6~5.4mm TH b, FH
FidE - UCEBI L T, BIMEIP T/ S 2
ERL7-, BEREO MA 1£23.6~25.3mm THh - 7z,

%%?%W@%

FiEHEBOEEE O MA IR 12.4~18.5mm T
bot.¢,$,mﬁ®®%m@MAmmMM%m
FRmEEE TR S REERL 2. MREO MA i
Higw, FRUMIMRREGLCHRIEA O (EDC, EIP)
W 3.4~5.9mm THEHE, B, 8, NE~OMHHRE
1.4~16.5mm TREBEEIH & L TEB L 2. FHER
R A LETHO MA /ha L, s
EEDRBGEERGRE L VRS 2lE R L, S,
JNFE O IR f R RUBEBDfS & L CAER L, BilbeESaz
CTEFOERBER LS (7.6~9.2mm).

1 =

REEROFHLD | DFBAFIEIRT O A% S 34kt
DORE, FIEFHHEEOFHEMERET 2 TR
DOMARBELZLETHS, FOEBHEE, THEEGE
BT 2RI TN CEREMOMENC S LY, 2O
AoXEsEEROTFHHICET 2 MA OfEHE
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Fig.5 Pulling direction of a forearm muscle is
changed by the position of the forearm.
A line was drawn on the course of FCR.
In pronation (a), the line is pararell to the
long axis, while in supination (b), the line
runs obliquely, which means the direction
of tendon-pull of the muscle is located
more medially at the wrist, resulting in
smaller moment arm in RUD.

—173 —



596 K

BN LW ARE RO I B A BISMI T I ETR & S
L, #OES|HBRAEE»I NI PVEELS, #
D HBBERMICELRBCBET 2 Z Lk b,
FOBEOBE R, *h Yy 2 RARE DB
BECIVER- TS, LA LECREY LD
HHHTREOHESA NS, SADAEHER T
Y3 E, MEOBAMIC L 5 MA OE(LIZZh & DR
REEIEZ—HT 2O THo 72, REEBEBOENRE
EH R RO LET AR EET
M0z RYEEEESNIEBRRC D
RAEFAREGHR® EPNMCHEUBAL TR S R E
TFEROMAZEHELTEY, ZNEMOME LRE—
DFFRTH -T2,

% 7o, FRABOELMIC LD MA EL2S, Zh
WEBAAT O Kinematics®!21916192020 v 4 7 4, ()
Thote, TibbFHEMBERT 2 LB 0AR
BiEM L, RERCHEET S, REKBWI=AF
WIFBIETEE R MBI L, BRI EAC R
Bvs, CROOFREOBHSITOFIREOE L,
W FETTAROMBEAEE L, ZOBFIL
DBERFARE R, REFRMEHIEFEERER, R
BFEREHRIREFLARELEEREOMA*ET
b, PEOsEHR TS L, SEDBERER
BB OBEEE, B L CESENFIR L —873 3
Z e ASHERL T2,

Ken MA2ET2REZOMASOER LT
TEMEESCERT L EEZ NS, TOREKTS
BEOEB L D ESN L HEERISHRASOFH
HEEC B L ETHREBEE P LIELOTHD, F
BB DS IR MRS, WRNILRCES T 5L ED
ha.

£

a

1. FHEE*ZET L TATCOROFEHEERE,
B R EEHIC B 1 5 moment arm R H#IFE L 72,

2. HEMOHIBAERESFOSN, TOREER
WhHoehbli,

3. B moment arm RIS, FRAMIOREAI I &
&L 7.

4. SEHSRCRIERESFHE ORI, B
& UHEBIFERIRTR £ —BL Tw e,

X 79

1) An, K. N, Ueba, Y, Chao,E. Y. S, et al.: Tendon

i

excursion and moment arm of the index finger
muscles. J. Biomechanics, 16 : 419-425, 1983.

2) An, K. N, Takahashi, K., Harrigan, T. P, et al.:
Determination of muscle orientaions and moment
arms. J. Biomechanical Engineering, 1: 280-282,
1984.

3) Armstrong, T. ], Chaffin, D.: An investigation of
the relationship between displacement of the finger
and wrist joints and the extrinsic finger flexor ten-
dons. J. Biomechanics, 11: 119-129, 1978.

4) Berger, R. A., Crownishield, R. D., Flatt, A. E.:
The three-dimensional rotational hehaviors of the
carpal bones. Clin. Orthop., 167 : 303-310, 1982.

5) Boyes, J. H.: Bunnell’s surgery of the hand. 5th
ed., JB Lippencott Co., Philaderphia, 1970.

6) Brand, P. W.: Clinical mechanics of the hand.
Mosby Co., St. Lous, 1985.

7) Brand, P. W.: Biomechanics of tendon transfer.
Orthop. Clin. North Am., 5: 205-230, 1974.

8) Brand, P. W., Cranor, K. C,, Ellis, J. C.: Tendon
and pulleys at the metacarpophalangeal joint of a
finger. J. Bone Joint Surg., 57-A: 779-784, 1975.

9) Kaplan, E. B.: Function and surgical anatomy of
the hand. 2nd ed., JB Lippencott Co., Philaderphia,
1965.

10) Kauer, J. D.: Functional anatomy of the wrist.
Clin. Orthop., 149: 9-20, 1980.

11) Ketchum, L. D.,, Brand, P. W., Thompson, D., et
al.: The determination of the moments for exten-
sion of the wrist generated by muscles of the fore-
arm. J. Hand Surg., 3-A: 205-211, 1978.

12) Lichtman, D. M., Schneider, J. R., Swafford, A. R,,
et al.: Ulnar midcarpal instability-Clinical and lab-
oratory analysis. J. Hand Surg., 6: 515-523, 1981.

13) Linscheid, R. L.: Kinematic considerations of the
wrist. Clin. Orthop., 202 : 27-39, 1985.

14) Palmer, A. K.: The distal radioulnar joint. In:
Lichtman DM eds. The wrist and its disorders. 220-
231, Saunders, Philaderphia, 1988.

15) Palmer, A. K.: The distal radioulnar joint. Orth-
op. Clin. North Am., 15: 321-335, 1984.

16) Ruby, L. K., Cooney 1lII, W. P, An, K. N, et al.:
Relative motion of selected carpal bones: A
kinematic analysis of the normal wrist. J. Hand
Surg., 13-A: 1-10, 1988.

17) Smith, D. K., An, K. N, Cooney 1, W. P, et al.:
Effect of a scaphoid waist osteotomy on carpal
kinematics. J. Orthop. Res., 7: 590-598, 1989.

18) Spinner, M, Kaplan, E.: Extensor carpi ulnaris:
Its relationship to the stability of the distal radio-
ulnar joint. Clin. Orthop., 68: 124-129, 1970.

19) Taleisnic, J.: Current concept review: Carpal
instability. J. Bone Joint Surg, 70-A: 1262-1268,

1988.

— 174 —



FMEE R B TED MOMENT ARM o #lE 597

20) Tolbert, J. R., Blair, W. F., Andrew, ]J. G, et al.:
The kinetics of normal and prosthetic wrists. J.
Biomechanics, 18 887-897, 1985.

21) Volz, R. G, Lieb, M., Benjamin, J.: Biomechanics
of the wrist. Clin. Orthop., 149: 112-117, 1980.

22) Weber, E. R.: Wrist mechanics and its associa-
tion with ligamentous instability. In Lichtman eds.
The wrist and its disorders. 41-52, Saunders,

Philaderphia, 1988.

— 175 —

23)

24)

25)

Youm, Y., Thambyrajah, K., Flatt, A. E.: Tendon
excursion of the wrist movers. J. Hand Surg., 9-A:
202-209, 1984.

Youm, Y., Flatt, A. E.: Kinematics of the wrist.
Clin. Orthop., 149: 21-32, 1980.

Youm, Y., McMurty, R. Y., Flatt, A. E, et al.:
Kinematics of the wrist. I. An experimental study of
radio-ulnar deviation and flexion-extension. J]. Bone
Joint Surg., 60-A: 423-431, 1978.



BF&EE (J Jpn. Soc. Surg. Hand), 558#% #3% 598-601, 1991

TFCC ORIz B3 2 BBtk

FEREA LA
BrA E =R B B K
SR <z

Yo
7_{
J
H

An Anatomical Study of the Innervation of the
Triangular Fibrocartilage Complex

Keizo Fukumoto, et al.

Department of Plastic and Reconstructive Surgery,
The Jikei University School of Medicine

Recently, many procedures were developed for the chronic wrist pain caused by the triangular
fibrocartilage complex (TFCC) tears. On the other side, degenerative tears does not cause the wrist
pain were reported. The relation of the TFCC tears and the wrist pain were not clarified and the
innervation of the TFCC was not reported in detail. The purpose of this study was to obtain and
clarify the innervation of the TFCC.

Materials and methods: Twenty preserved upper extremities were dissected under loupe
magnification. Five wrist joints were examined histologically using hematoxylin and eosin, Bodian's
and Gallyas’s silver impregnation technique.

Results: Gross anatomical study. The dorsal branch of the ulnar nerve provided the articular
branch to the TFCC in 14 of 20 extremities.

Histological study. Nerve fibers were observed penetrating from the subcutaneous tissue into
the TFCC. Nerve fibers and nerve endings were observed ulnar third of the TFCC, but not in the
radial part of the TFCC (articular disc).

Discussion : These findings coincide with that neural elements are not identified inner part of the
meniscus of the knee joint and articular disc of the temporomandibular joint. Peripheral tears of the
TFCC are typical of traumatic avulsions and central perforations are likely to be degenerative. We
suspect that the distribution of the neural elements in the TFCC is the one of the reasons of the
traumatic tears cause the wrist pain, but degenerative tears does not.

W OFHEEREE, bhbhic L LRI EE#E W T % AR, AR IR DS T I R A
iR b7 o7, SESE, FRETOMHIFEIRE LSS RO, U TRE D ROEFEOHILO—B) &

AThihs &3k, 2> T TFCC Dl B EEL, & PHE % A5 TFCC DR XEL Bl
BFERSRAEORE - L TEE R LD T &7, T L ARRHGE & FE L Tz,

Colles” &, @A RBAHEIbLE 0 & OTHHisHEGE, % "

HHWIEES &0 UL EES 2 WFRMEREE O &

i, FncE > EITOET R TFCC Mg RER O v BERE 20 T DWW THEMB L —E Hn g
EokEZONTWS, bhibhid TEFCC OMEELE w17, TECC A3 2B OETT, &4 05t

Key words: triangular fibrocartilage complex, wrist joint, nerve fiber, nerve ending, anatomy
Address for reprints: Keizo Fukumoto, M. D., Department of Plastic and Reconstructive Surgery, The Jikei
University School of Medicine, 3-25-8 Nishishinbashi, Minato-ku, Tokyo 105, Japan.
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Fig.1 The articular branch to the TFCC.
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REHEFER» 5 3EBE 1 KO TFCC A4

59 % (70%) ., Z OBIIREZFRER L D FEY1.8cm
(SD=0.92) FETHIE L, SIFEHDOEZF0.65
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251 % ; s

Fig.3 The mechanoreceptor in the ulnar third of
the TFCC (Gallyas).

Fig.2a Nerve fiber in the meniscus homologue (Gallyas).
Fig. 2b Free nerve ending in the ulnar collateral ligament (Gallyas).
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Pathological and Immunohistochemical Study of the
Triangular Fibrocartilage of the Wrist Joint

Hajime Kimura, et al.
Department of Orthopaedic Surgery, St. Marianna University School of Medicine

Triangular fibrocartilage (TFC) contributes to the stabilization of the distal radioulnar joint and
is one of the most important structures in the wrist. By using cadavers, we investigated the
degenerative changes in the ulnar compornents of the wrist joint pathologically and immunohisto-
chemically. Also we studied about the possibility of the healing process occuring or not at the central
portion of the TFC.

Materials and Methods

This study consisted of 50 wrist joints from 43 cadaveric specimens (5 fresh, 38 preserved). The
26 males and 17 females ranged from 18 to 88 years old (average 63 yrs.). Fifty wrist joints were
examined pathologically, and 5 fresh ones chosen from among them were examined immunohisto-
chemically. Evaluations were made using a light microscope.

Results

1) From the pathological results, the degenerative changes at first occured from the ulnar side
of the TFC, and they were much more severe than the carpal side of the TFC. Conversely, the
cartilageous changes were more severe in the carpal bones than in the ulnar head.

2) The central portion of the TFC was an avascular area in 49 joints, but only one joint showed
numerous capillaries at the degenerated area.

3) The proliferation of premature fibroblast was not ohserved.

4) Aggregation of chondrocytes with plump nuclei were observed around the degenerated area
of the TFC, which is a feature of chondrocyte metaplasia, and the S-100 protein was positive
immunohistochemically.

-

5) Type I and type Il collagens showed weak reaction on the ulnar side of the TFC, but strong

Key words: triangular fibrocartilage, pathology, immunohistochemistry
Address for reprints: Hajime Kimura, M. D, Department of Orthopaedic Surgery, St. Marianna University
School of Medicine, 2-16-1 Sugao, Mivarmae-ku, Kawasaki 216, Japan.
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positive reaction was observed on the carpal side.

6) The distribution of fibronectin, factor XIlla related to the healing of the tissue was sparse.
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Fig.1 Fibrillation and shredding on the ulnar
surface of the type 1 TFC obtained from a
66 years old subject. The carpal side is
quite well preserved. Coronal section,
Hematoxylin-eosin stain (x4).
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ULNAR

Fig.4 Type 1 collagen is negative on the ulnar
side of the TFC. Coronal section of the
type I TFC obtained from a 76 years old
subject. Immunoperoxidase staining for
type 1 collagen (ABC method, x4).

Fig.2 Osteoarthritis change (arrow) is on the
ulnar side of the lunate accompanying a
type 2 TFC obtained from a 59 years old
subject. Cartilage of ulnar head is well

preserved. Coronal section, Masson's tri-

chrome stain (x2). L: lunate, T: tri- Fig.5 Capillary vessel is seen (arrow) near the

quetrum, U: ulnar head perforation of the type 1 TFC obtained
from a 88 years old subject. Coronal sec-
tion, hematoxylin-eosin stain {x10).
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