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The Grand Rapids 16th Annual International Symposium on Implant Surgery for the
Hand and Upper Extremity (including surgical demonstrations on live closed circuit
color television).

Date : September 26-28, 1985

Location : Blodgett Memorial Medical Center and Amway Grand Plaza
Hotel, Grand Rapids, Michigan, U.S. A.

Sponsor : American Society for Surgery of the Hand.
Chairman: Alfred B. Swanson, M. D., Blodgett Professional Building, 1900

Wealthy Street, S. E., Suite 290, Grand Rapids, Michigan 49506,
U.S. A
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Indication of Extremity Replantation
Prof. Chen, Z. W. (China)

Based on the experience of replantation in 581 cases, author hold that the severed extremity worthwhile
for replantation or not should be carefully considered from three aspects namely ; risk of operation, survival
rate of replantation and functional recovery of the replanted limb. According to the above principles, the
following items should be critically assessed, 1) No life-endangering associated injury or disease, patient is
able to accept long and complex replantation procedure, and there is no gerious postoperative complication.
2) Type of injury ; replantation is not indicated in limb smash, the ﬂlesult of replantation in guillotine,
compressed, crushed or avulsion was different. Sometimes transpositional replantation or replantation after
considerable shortening of the limb was indicated. 3) Duration of anoxia ; warm (20" - 25°C) anoxia not over
8 hours or dismembered part has been kept in cool. 4) Useful functional recovery should be expected, the
level and number of amputation should be also considered. In case of avulsive amputation at the shoulder,
{although the blood vessels were easy to anatomose,) the brachial plexus was badly torn from intervertebral
foramen, its functional recovery was usually poor. In a single finger replantation proximal to PIP joint, the
flexion arc of the replanted finger was hard to reach normal. In thumb or four finger amputation replantation
is strongly indicated. 5) Socioeconomical factor.
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Indication for Replantation of Amputated Digits and Limbs

Dr. Biemer, E. (West Germany)
AL Digits
At the hand we have three main groups concerning the indication :
1. Absolute indication
2. Relative indication
3. Primarily no indication for replantation
An absolute indication is the amputation of a thumb, multiple fingers, mid-hands, hands and all amputa-
tions in children. These are world-wide accepted. In situations of the second and third group we are
supporting the idea of an individual decision with the patient including also very personal psychological and
aesthetic reasons.
Because of the late results we are more strict in case of single finger amputation especially if main joints
are destroyed or the patient has an outdoor profession.
B. Upper Limb
Concerning the upper limb the indication is limited by the very often severe condition of the patient and the
possibility of nerve repair.
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Indications for Upper Extremity Replantation
Dr. Shaw, W. W. (U. S. A)

For some years much attention was focused on trying to establish a rigid set of anatomic indications and
contraindications for replantation. This was not always practical due to the infinite variations in the injuries,
the patients and the surgeons. The trend is now toward individualizing the indications based on sound hand
surgery principles. Ultimately, the decision is based on the following components :

1. Anatomic Possibility : The first part of the assessment involves critical evaluation of what is damaged
beyond salvage and what is potentially useful. A flattened finger with ecchymotic lines or a long coil spring
like avulsed vessel are clearly not salvageable. The key to successful replantation surgery is to be able to
repair healthy tissue to healthy tissue whether involving vessels, nerve bone or skin. Often this anatomic
assessment can be completed only in the operating room under the microscope. Restoration of good anatomy
is essential!

2. Patient Factors : The occupational needs and desires of the patient should be known by the surgeon.
Refusing to replant a single digit because it is functionally not important invites potential malpractice
lawsuits. Replanting a poorly functioning finger causing hinderence to overall hand function not only is
expensive but inconvenient to the patient. Unless the patient wants replantation and wants to make it work,
it is almost a waste of time!

3. Non-Replantation Options : The ultimate criteria is whether a successful replantation would be better
for the patient than the best non-replantation alternative. For instance, when a replanted thumb is compared
against the normal, one may be disappointed. When compared against not having the thumb or a poor
reconstructed substitute, the value of thumb replantation becomes more obvious. Replantation should not
be a mindless devotion to put evervthing back on, it is the ultimate option in the total reconstruction of a
patient.

Aside from the technical aspect of the replantation one must also have a clear concept of the goals of
each replantation case which can be roughly categorized as follows :

1. Optimum Overall Basic Function of the Hand Unit : To be able to perform fine pinch and gross grasp
one does not need all of the digits. For most occupations, from heavy labor to surgery, one can function quite
well after losing one or two fingers. A poorly functioning digit would simply interfere with the overall hand
function.  If the primary goal is overall function then only anatomically ideal replantations should be
performed. In the case of a multiple digit amputation, for instance, completion of amputation should be
performed for the less ideal fingers.

2, Special Situations : In certain occupations having all the digits can be important. Also, everyone is
conscious of the deformities of an amputated digit. The aesthetic consideration is particularly important in
the young and in women, Single digit replantation previously considered contraindicated has now found
many supporters particularly distal to the sublimus tendon insertion.

3. Salvage Replantation : In severe injuries threatening total loss of the use of the extremity, one no
longer has the luxury of attempting to restore normality. One is simply trying to salvage as much function
or appearance as feasible. In the hand one often sees crush injuries involving multiple digits near the MP
joint and proximal phalanx. Normal joint movement may no longer be feasible. In such cases fingers may
be replanted as fixed posts for opposition by the mobile thumb. Transpositional replantation of the best digit
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onto the best available proximal digit is also quite useful.

In the forearm and arm replantation is often more difficult due to the devascularization of proximal
muscles, blast, crush and avulsion injuries.  Replantation is not always technically feasible and when
attempted has a higher rate of failure in cases of avulsion injury.

In such cases one is often simply trying to achieve a sensate hand with some salvageable motion, a result
still superior to most prostheses. Attention should be paid to adequately assess the extent of tissue damage
and to restore and protect vital funtions if needed by microvascular free flaps.
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Replantation of Digits and its Indication

Mitsuo Yoshimura, et al.
Department of Orthopedic Surgery, Fukui Medical School

Since 1974 replantation of 670 digits in 463 cases has been performed with a survival rate of 94%.
On the basis of these experiences, a report has been made on postoperative complications, effect of
length of ischemia, recovery of sensitivity and mobility, state of use and indications for surgery.

When the period of ischemia exceeded 10 hours, the risk of failure was higher. If even the least
circulatory disturbance develops, a second operation should be performed as soon as possible rather
than attempting to such conservative measures as milking. Bone union was delayed in the digits in
which the period of ischemia was longer than 5 hours.

Single thumb and multiple finger amputations were functionally most useful regardless of the
level of amputation, the range of mobility or the sensory recovery. Therefore, positive efforts should
be made to replant the amputated thumb even if there should be severe crushing or the site of
amputation were distal to the IP joint. When more than three fingers have been amputated,
replantation of all should be attempted. Digit is frequently used when the site of amputation is the
distal portion.

Single finger replantations generally resulted in poor function especially for the index and little
finger, As there is at present a limitation in the extent of functional recovery, it is necessary to make
a definite decision as to whether emphasis is to be placed on function or cosmetic appearance.

Patients who changed their jobs mainly consisted of cases with injury of dominant hands, three
or more fingers or females, regardless of functional recovery.

The indications for replantation are as follows ;

Best indications

Amputation between the proximal portion to IP joint of thumb

Amputation of three or four fingers

Amputation in children
Goaod indications

Amputation between [P joint to distal portion of the thumb

Amputation of two fingers

Amputation of single finger when strongly requested by patient
Non-indications

Digit requiring excessive shortening

Digit other than thumb in which neurological repair is impossible

Key words : replantation, hand surgery, microsurgery, digital nerve repair



762 &

R g OESC LD, 2EEFZTEELT
LFHESN#F 1 o, REFAEHEESBONLE LS
Aot BESEOBERHEC>LWTLESEE
Lakiz, MEBEWMOET L EEL TS, BESITE
fT463 1670885 4 & 1o, £F/ICEWT2HF, BE
&, BRI, ADL LoRE, MERBORHL LI
DV THEAL, BEFNOBMIEELEEL L.

7E #

BIRAFERERIES £ U7 OMERE I 50 T, 463
{7 670 F 1= L, VOB IR AR 2 SETT L 72, 463 IO
9 Bbitik, FHEETINE 120 §, fHELAO#EIEY)
7 195 7, ZHIEUINT 142 Bl 468 TH - 72, 1A
A%k, BHE 14815, B 16518, i 17315, BE
12746, IMESTHE Th o 72 EBBEERBRELTUS
THY, EHTEEE Y%, R®EI3 %, HiEM%,
B 049%, IMEB % LEMNENo, BHEDBREY
ZOHEEO®EGER T L, "TREA S F D BEEATLHE
ARlrubhibsd, LICEERIEL ol
HNMEE RTINS, BIGERL < L, BRI
% ERHORVCER 2R L o, EERCESL
i,

BEBERBREEREM DR

PR EREE LR L - Mo THRITL 72,
94 f5h, ERETEEIRICEREL 72 L 01X 56 1560 %
T, BIRICERLZLOB\EITUTH-T2. B 3
1Eh 2B RBO L LMEAFERL b 0T, 1iEIE
axillar block I X DB ICEAAMMATE, Z4AD
R L - TEREEE S,

fEmEEL 2 L Uigh TTEICHEFN 21T
fe. EEHTARE LT, WAME O MRRERZ 22,
Wiz @R ERIROM S 2B L 7-ERIE 48 18, iR
Bh L D Bk RIR A B L 22 0 26 5, s 5
OIEIIREBITL TMfITER2H -4 0 3IETH-
. MEDOMEE: LT, 1BHOEFEREHIG WS
ZHETT LT ERIA 2/3 2 b o108, 2EEBOEFHT
i3, W0 fEh5BIcHiRElE{To 2, BFMLLED
FERR I, MEkkEE R CmMEYS 2BmnL
EFARFETP 30863 %, M B W26 P 2048
77 %, BIREITHEI 3R 2 EE L. LT
M 7715 52 #6 70 %33 L 2z, B FHNICE L 8
CMEREFEEFEYAE TS LY L, WEREPLID, B
WE 2 UIBE S, MERET 2 AV EEELE

Bk

£ )

(Zd o7z, PHIMFEE = OPIRAE &S 2, 40FHILINT
R A <, 10 R £ TIRRBEEAME A, 10 B
Ml & 4 L B ER U7, Lo L BHIMESH A 13
& E 2R WIS 27205, LTFNLEFL I

PRMEFREABREE CRETHE

L ERIFEAIZIZEEL AL L o TERHS S
B L L7, EHEGIEH L MR s MRS A &,
FELImBEHE 5 BRELAINRE TR, BRESEZTFHE3.74H,
D EFRILL ERETIE, T84 H ERTEAHS I
otz Ll 5EHES 2 EROMTIEAER
Lot

sl fadt b, 5ERLIABTIZ6.T% Tho1:
Ai, SESMILLEBETIZ 12.8 % L EEEIZ TR L1, ik
DIBRIRME S HES L OMIZ E < ICBEIR o,

MR o @ &

HIEDEEEE £ 2PD 122w Ta3k, 2PD 5
mm DL 26 %, 6~10mm #4524 % =, 2PD 10 mm
LI OSER AR 8 E s 72, —5F 2PD 21 mm LLE
EHEARRAIG 20 % H - oL RO ETE & S 2
Ak, TEH 42.6 %, B0HF36.3 9%, MEC14.7 %, KiH
6.3%TH-of, mHORM L, AB56.8%, ER
36,3 %, BUfE6.8% TH-rz. 2PD L4 2 OM
FasDE, 6 mm LN TIEASHIER TH S H,
2PD DEHEAFRRICA B0 Lds o T, BEI3HREE
EL SRR AR TERAN S Ao IREEE
O ORI 2 S AHRPER i e o 2,

B#®JIED ADL toBAM

FHEGEO IR % 6 » HELEER L, EiEmis
L3 404 dRIcnf L, 150, YINGERGL, WIRTEEHEUC X
0 SHEERERT L 7o, QIR 2w T, RHER TP WS
BLUKKETOUN R RET L L, BEIE L0
% “fiil” & L7, o 435ic2nTid, g
S A LT, SRE L IR s,

FEEE L RHETIE, 10845 9345 86 % i H 1o i
FIL Tustz, BERTRE & AT BB OEEORE i
PFEL LT, BHIEL TLER2EL2-T
Lae,

LA O S5 S T (Table. 1), {#ERHE
AEEREE LTAL L, pANBHLTLE LS
frhon, M2IEhSTIE0%E S0t —H, £-5124
RL TR L, - THEIC L 5 - &2 TR



HAIZ 85147 % magiliomiG 763

Table 1 Use of replanted single finger

Index Middle Ring Little Total
Use Prox. Dist. Prox. Dist. Prox. Dist. Prox. Dist. oA
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Always 7 7 13 5 9 8 1 7 57
Sometimes 24 11 9 4 2 1 2 2 55
Not used 15 3 1 2 6 30
Not used rate 27 % 11 % 995 33 % 13 95
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Indication of Replantation from a Viewpoint
of Functional Recovery of Replants

Takae Yoshizu

Department of Orthopaedic Surgery, Niigata University
School of Medicine

The fundamental indication of replantation at various levels of upper limb was discussed as

follows.

A.

Evaluation of functional results of 124 replantations performed in the period of 1973 to 1980.
The functional results were analized in two groups, one with primary repair and the other with
secondary reconstruction, from four aspects, mobility of digits, motor and sensory recovery and
ADL.

B. Comparison of replanted vs amputated digit groups except for thumb
1. Utility
70 % of single replantation group and 20 % of multiple group didn't use because of paresthesia,
pain and insufficient motion and 40 % of amputation group because of paresthesia and pain, too.
2. Return to work
Although 30 % of replantation group had to change their previous work, 90 % of replantation
group returned to work, Almost all amputated patients returned to their original work.
3. Period off work

Period off work in replantation group was three times as compared to that in amputation group
and 64 % of amputation group returned to work within two months.
Judgement of replantation group for replantation of digit

. No satisfaction was expressed by 37 % of male and 67 % of female in single and 76 % and 63 %

in multiple group because of insufficient sensory recovery.

. The same replantation in treating the same amputation was requested by all cases of single and

78 % of multiple replantation group because of good functional improvement.

. Replantation of all digits was requested by 63 % of single and Y % of multiple replantation

group because of cosmetic improvement.
Judgement of amputation group for replantation of digit

. Replantation was requested in one or two digits amputation at the proximal segment by 68 % of

single and 83 % of multiple amputation group because of cosmetic improvement.

. Even if amputation around DIP joint level, replantation was requested by 61 % of single and 71 %

of multiple amputation group because of the same reason.
Through the analysis of functional results of replanted limbs, we made the positive indication,

mainly based on function of the hand in 1975.
However, it became clear from some investigations that indication should be decided not only from
function but from cosmetic point.

Key words : microsurgery, replantation
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Namely, the most important point to decide indication is to select a proper patient, based on valid
judgements, which is the most appropriate, replantation or amputation.
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Indications of Hand and Digit Replantation
from a View Point of Functional Evaluation

Akihiro Fukui
Department of Orthopedic Surgery, Nara Medical University

Since there are several factors influencing the decision of indication for replantation of amputa-
ted hands or digits, such as the wound's condition, the amputation level, general condition, age, sex.
occupation and so on, in addition to the national or racial characteristics in each country, the
indication for replantation has been controversial among replantation surgeons for long time.

From July 1965 to April 1984, 298 digits and 20 hands were replanted with an overall survival rate
of 84 %. Two hundred ten digits and 15 hands were followed up and evaluated using Nakamura and
Tamai's evaluation criteria.

The patient's age ranged from 11 months to 68 vears, and the follow-up periods averaged 9 vears
1 month.

According to our anatomical level classification, there were 3 digits in zone 1, 11 digits in zone
I1, 66 digits in zone 11l (19 thumbs and 47 fingers), 109 digits in zone IV, 21 digits in zone V (Y thumbs
and 12 fingers) and 15 hands. Zone IV and V are correspond to the so-called classical “no man's
land”. There were T8 cases of single digit replantations ; 21 thumbs and 57 fingers. Seven out of
64 cases of multiple digits replantations included thumb amputation and another 57 cases excluded
thumb amputation.

Even if the replantation had been successfully performed. several problems in the hand function
remained in most of our cases and to obtain maximum function in the hand or the digit, several kinds
of secondary reconstructive surgeries were required. such as tenolysis, tendon graft, arthroplasty.
bone graft and skin plasty.

As the final results, the mean score of the replanted single digits at the zone | and [ averaged
88, which was the highest. On the contrary, the lowest score was in the hand replantations, averaged
54. 7, followed by zone [V. The most important part of the hand or digit could not always get good
score.

Considering the indication for replantation only from a point of amputation level, the absolute
indication should be in a hand, a thumb, multiple digits proximal to FDS insertion:::--(without
replantation the patient can not gain fundamental function in his hand). In caze of 4 digit
amputations, all digits should be replanted because of possible risk of failure and in case of 3 digit
amputations, at least 2 digits adjacent to the intact one should be replanted. All amputations in
children are also absolute indication of replantation.

Severe crush or avulsion amputation and amputation in poor risk patient are contra-indication,

However, the operative indication should be flexible and individual. If patient earnestly wants
to save the amputated part, every effort should be paid in replantation.

Key words : replantation, microsurgery, functional evaluation
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Table 1

1965.7—1984.4
207 cases : 298digts 20 hands
success | 254 digits

Results of replantation

failure | 44 digits

20 hands
follow up
157 cases : digit : 142cases 210digits
hand : 15cases 15 hands
male  124cases
female | 33cases
age “1y. 11ms.—68ys.

follow up periods: 3ms.—18ys. 1m.
(average 9ys. 1m.)
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HFizins T, BEOW, i, B EEEEgs
VERTAREERNE L, blbhO@EIGREIZ L,
Ihe®BH LTS, MiEoBEEE L YL
LTRTHBETELALDTIRAZL, 8% {OME
Ak AR TS, 56, F. HEEESFESORE £,
IR L SRV, 70, YMREAEICEREL,
BHRMOBEEE 2 TAHL.

HEEICHE AT, EEEEFAIZ1965ETHLY
1984 4 HE TT27{EB 2983520 FT, =09 5,
254 $5 20 FHER, KW M BTH- 1, SEHEL
A 1:0lE, 157 EHIT, #OWNERIL, EHEES 429ER
210 §8, FHEHE IS FTH-. Bl2d fl, L33 HT
SEYEEOESZ 18 11 A L0 688, Miksiz R
11, MR 1851 vH, BE3I BT, ¥9F1+H
Tdh -tz (Table 1), 5e£UIMIZ 125467 F, T2
Writ 85 & 8 F T, SHFIGINTIE 46 18 5 F, HEYINT 164
BIFTH-7:, HUEHEEE 8PS 5, BHEOH
OFHES L 21 6, BHELA O RIEEERLSTHITH
0, PIEHEE A BIO S 5, HEE* S0 SHIEHE
AL T, 70 @ 57 B BHE £ R - 2 HUEEEAG B
Thot:, EHOSHICL aEERTIE, Zone T,
346, I, 1145, 1N, 66%5, 5 6fHE1915, fiE47
f, Zone IV, 10945, V, 2148, S 65RHE94E, fit
B1245TH -7z, Zone IV, V 2195 no man's
land TH 3, FHERDS &, YL A 2% LKL
%, MWTHR /28 21%, BRI I5%E

%

Table 2 Zone distribution & score

Zane i
1 I o N v
gt 0 0 12 0 9 2
thumb replant. —0m 0 0 71.6 0 801 752
single digit digit 3 11 14 29 ] 57
replant. poit 90.3 856 776 686 0 752
:_n:;:..e‘a: digns _digit 0 0 9 8 o 17
thumb point 0 [¢] 68.9 725 ] 70.6
multiple digits  digit O 0 31 72 12115
hmp "™ om0 0 734 638 708 671
digit 3 11 66 109 21
total

point 90.3 856 734 657 748
Hand 15cases average 54.7

v, CIREERANE, FHEE TR ROER)Z,
£, HBESFTHOI%OERN s ZobhTuT:,
TONRE LTI, BEETOERL 5. BERE
i, B, PREORE, EMPRECNLTTHo .
Zone FliziT AL, FIMLTOEEN RELE
L, W TZone V, IV, IDIETHN, hTh, B
PiEE, MR, BB, EWERGTSE s TO
fo. B, B, BHoFECHECL, TaD
5, FRECHV S BHUEE L LT, SEREEE 40 &, 5
VB 20 A, HEER 104, REE S, BEO
I 20 S0 SIEE & E L, #8454 100 £ L, 100—
80 dAE, 7960 SiA R, 5940 A, 39 AT
AL L7,

e £

BORENZ 6080 fiBIEBL, &, HoREH
82 % % L bz, SO & A RRHT T2, RHEHMERE
EFTIE Zone V 48 Il L0 BEFTHE- 12, BHELS
DS TR, YL~ Zone 1, I1 0B
T2 %BETH 12035, HMCes I 2ETLL.
EHEZER < S HIEEEEFICH 0 TIE, Zone lll, V,
IV OIEIC TR T L 72, Bi45, SHIEEESH L b,
Zone [V OREEIAME S, MO I eyt s FHEHIESE
DRy &S - 1 (Table 2), 5E4UlE, LUl
{Fl o 1chl 2 LL g 4 2 L IR EHEE M TS5 £ VI 68.6
&, TR 7.5 AT U, FRESA TS
U 53.9 45, ALV 45,1 S TR LMD fH1E
JLT itz (Table 3), #iFIWNT, &M@]&Jifﬂ]fﬂﬂiﬁw
TR, PR AT T SRFIGING 75.5 A5, BBy
70.2 5T, FEIEGHHITIXHPIVING 55.2 54, Bk
42.3 87T, LI LY O F 2% - 1z, ElbEE
CHBLTIE, HES EEHIRE CLEUERMiIE->THE D,
W0 JELETRIET L7z, Bafilics o ToRksi,
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Table 3 Zone distribution & score

complete ampul.  incomplete amput
gt  pont  digit  point
Zone | 1 910 2 900

1 7 857 4 9.3

m 38 71.8 28 735

¥ 61 61.2 48 693

18 722 3 793

< B = -

average 125 686 B5 776

7 839 8 as

HIEFREFITE 5.6 &, £ 76.0 5, SHIEHEEY
FlTiiHB63.28, XI5 mTHENERESAY
o, EEEEEOEEA AL L, BEGRHE 4 5+
29 BHE R ftiE & O AAFET H - fohd, FEESR
TO 4 FHERTRETH » 7, BHED Total Active
Motion {3, FEEELRAL Zone Il Tl 40°, Zone V,
25, FTRLEMzH I OREL L Twi, —
F, IEEESFIZS VT LSRR Total Active
Motion (%, BE#EEE Zone 1 T 210°, Zone
I, 155°, Zone I, 125°, Zone IV, 85, Zone V,
80" TiEficA i oh T A M. i34 L, Zone [V
EDEAEL LA L A DL iCsWTR, &
TE L1 20 OFE, fBOF2agE, BE, TaEErc
DL, FLOBEEIL SHEPOFEEE L ST,
FHEBMEREF TIEMED 63 %HAMETH D, #iE
BESEGATIR 76 B REL oo Twoi, BHES &,
SEhVichbb s TERIEFESHTIES0 %4, £
7o, FHEEF TR 19%SAEETH -2, EOOEE
EEFCRIFTHD, ETIEF9I %A, FTIE81%
# Sy BlbETh-o7:, BEEREL T, o0 {E
FERO L D12 19.1 % TH o128, SRR 67 %I

Table 4 Patient's satisfaction

satisfaction

5 2 3 Z 1 unknown  total
— case 14 3 Q 3 1 0 21
% 667 143 0 21 07 0
single digit case 21 22 5 2 3 4 57
replant. % 368 386 88 35 &3 7.0
rrn;;‘l:::lr d:&l:: case 2 3 1 1 ] 4] 7
thumb % 286 429 143 143 0O 0
multiple digits  case 17 12 15 2 1 10 57
replant.
thumb % 288 212 263 35 18 18
_— case 54 40 21 8 5 14 142
% 380 281 148 56 35 89
s case 3 4 5 [e] 0 3 15
% 200 267 333 O 0 200

R &, W T, LY 36.9 %, EBIFFH 21.7 %
THh-of, EFANTE, B0 %OEMICEEDEILD
NEHEHES SNz, ZOM, mallet EREEIZLDHE
BOER, BOERERE, "z rrigia-t, BE
OWEETH S, WRES, 42RLEEMNDS B
FHEFESOIL 81 % L&, HIBEEEMNE % T
bot:, —H, LBIEFHEEFTE, HEESLLS
FhLichrb 53 29 %VMER 5 2R L 7, BHE
EEELLWEHIEERGMOMER 412 42% T, 815
EEANSEISEENF 21 %B0ETH D, BHENIRE
anTshiE, whHERENEICERTE S,
Bbhvots, —F, FEESHTIEISFIIN S Fd 3
BlasEES, 1FMNMER4TH, BEMZLt
SEEL Twiz, ZORE, #EE 10 fd, BEE

49330, MEEHEE3 A5 B LERIZE BRI
[E{8 11 ® -7 (Table 4),

HiESE, FOPREAER, ETERBUNETI]
UL ERHLTVSY, B, T3 12%, FT
F13%MHFUEAL TV EL . &6 L THE
&Han-EHELSL O BB FIF 2 5, tho s gL,
FIFTaLBEEERERER P wE I Thot, B
56 L UEEEEESHOSS 28I L {FHaL
T, EEEGGOMBEREIL 86 %, EEF
10 %, FETEES 4 % TH-72. —FH, FEESHO
THEEZ 29 %, #mERG 42 %, MHETEF29% TH-
=,

= &=

bivbitid 1977 ELIK, Y IcB W TERL LT
fliikic X D EESTF, BomERBEsHEL T,

Z@AEICE, FRFM L FBOFmSHASD S
NTWwaH, BEERE, AEEHEDGE - &SRk
HUTLLFFLTuALELI REANSE, BE
WoOBR»roHL L, BIEEROBERESENO
Zone 1, Il #@& T, Zone lll 7 HICH %, kv
T, HIEHMEESR, HEE S SEIEEEEN),
BHEA & L EHIEFEEG, ZonelV, 2L T, F
EEEFOETHRESES -7, Lo L, F, 0%
EWEED o A - BEESCHRELYGIEFTHD, E
BEMHOEOOEEIEL 250, BEMETIEEENC
EELEUALTLOBRMI R 2o, hids
Lz iid, EELSHVTOBESE TRIES LBEED
BEISERR - EETTLOTHD, BEST, HE
DY, BEOFE, Filie b I awBoRMn L
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OERFREGLLT, BEEEB IS TELL,
BESORMTEIE S “20OUEE, oL TRTE
OIARMEETH S grip, pinch 21T =4 L 285"
LERT A4S, mAHVLESE, FUN, (2EHE
YIN, (3B VI T F.D. S, oo i Tow
BrieuwdZeicasd, #0356, BHELSO 4 $EUIE
OB EEEFEEN s 24w, 3EUROBE IR
s EREOMET 2 2IE2HEEET 5, Zofh
LLT, HESESESEETELERLY, 1EY

GHICHHRET 2 AgiE L W&z 5, —F, %8
LT, (DRG] 2 S 0 & 2 5EHL (2) Poor
risk DBEF, HHIFANS, s SO ER L FE,
EoEAMFORMLLBEE2S NS0, &
FLEBG AR LELZE, LiL, bithh
OFHTHEAL S 7L <, BUEWEO Zone 1, I,
M TR ML LR TED, BEOMERL
FLZ LD, BEORECHFHCLVFESSE
b s s VIS {

o e e e e P o o Pl
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Indication for Upper Extremity Replantation

Yoshikazu Ikuta, et al.

Department of Orhtopedic Surgery,
Hiroshima University School of Medicine

The total of cases treated for amputation of the upper extremity and digit between June 1972 to
June 1983 number 196 cases, 19 limbs and 244 digits and success was achieved in 201 portions or
76.4%.

From 1972 to 1975, reattachment procedures were attempted in all cases, but in 1976, following
indications were advocated in our department. That is A) Absolute indication : 1. Amputation at
the palm or a site more proximal, 2) Amputation at the proximal part of the thumb, 3) A child, 4)
Patient who strongly requests reattachment. B) Desirable situation for reattachment : 1. Index or
middle finger when multiple fingers have been amputated at proximal site, 2. Amputation at
proximal portion of middle, ring and little fingers. C) Reattachment not recommended : 1. Thumb at
site more distal than IP joint, 2. Fingers more distal than DIP joint , 3. Index finger only

After some follow-up studies in our department, it was proved that replanted small part of the
fingers get good function and patients satisfied about that.  That is, in some cases, finger tip
replantations is not contra-indication and the surgeons should not too much emphasize about
functional recovery of reattached portion.

In the case of adult, the most proper dicision for indication should be reached following careful
discussion with the patient, while in children, reattachment should be performed.

The problm of the patients is not only volume or site of reattached portion, but complaints such
as pain, causaegia, cold intolerance and/or stiffness. Some of these condition can be controlled by
treatment of amputated stump and replantation techniques.

IR B KFERENE TRYOVIFEEEE S L T
s 1 B85, C OBIFEG# R4 R ERI
196 i, 26345 THS, 2D BHRITLIZHDIE, 201
f5(76.4 %) T, 2HIBRDI0, IFIEERHL N
RIhESEEL YL ib - T, BYWL -, —7,
FHERCRRL7: 624850 5 B, 56 HEIZWTIRTEHE, 615
2SR s OBEEFL L2 L 5 ERHEE T

IOiEd, EEELRASHROEE L HRTL, B
WeRlfICZ8 8 L7 & ) 4 8, composite graft 12 fil, #
S WILHLL B ISR 2 5 2% o 70 b D A1 161 1,
G 1TTfH 5 (Table 1), B, i s Ok

fEO RS R 0, YIMEH#EERTOMCITEL T
o T ATz,

IO ROl 5 3 R - 72 1976 12, FE S 11K
D& D REICERD, FilTET->TELY, Thlds,
U EE M OMRMELEICIE, 1) FEHL D I,
2) BHEO AL, 3) BB LU HiEgTeE(FY
TaH54D, THA,

1) FEHLY PIEDMFIZEL T

Chen” DFFflidLHeE T, Table 2 @ 2 & <,
GRADE 1452 #1(11%), GRADE 2 #% 6 #4](33 %),

Key words : replantation surgery, indication of reattachment, microsurgery
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Table 1 Cases of replantation and cineplasty
from 1973 to 1983.
# REPLANTATION (196 Cases) 263
A) SUCCESS------==-======-- —-m---201
SSATISFY-- -~ = == mm oo e 196
—UNSATISFY—REAMPUTATE —- 3
—INFECTION —-REAMPUTATE --2
B) FAILURE-—CINEPLASTY ------«wc---- 56
—POLICIZATION - -~~~ -~~~ 6
#CINEPLASTY (123 Cases) 177
A) CHALLANGE REPLANT but impossible--- - - 4
B) COMPOSITE GRAFT- -~~~ —— -~~~ 12
C) SKIN GRAFT, LOCAL FLAP et al. -~ -~~~ 161

GRADE 3 #4745 (22%), GRADE 4 #36 ] (33%)
ThHs, Lob, HEFERLTLILE., Hi0
iz, BEOWEEOS»STEL TAB L, Table 3
DZe, BZHEHLTWS L0 84444 %), B
ALTWwA40601(33%), BHLTW A RWLD 4

IR )

(22%) T, B TT%DLDHHASHOETHERL

THED, FLFESRCHEEL TWA L0 83%H -
7o, WRELTOALIEICEL T, BYNsE2T
VB,

2) BHEOYMICEL T

AR R zh ) 18 Flofriktee T, &), Mie b
IEEOFRRLERNNS L, $-BEES0HEEE
T A FFMIERL <, REEEARHEE 100% L L
&, B0 BLIT LT 2SO 2% %L DT
WA, ZhiEEDbEEET, BREESCREILAR
IEOEBEEETELTVWAEDTHASH, EBIZEE
FEIHESEERERLTWLAY,

3) 4 R’

g mE D EEZCENLTE DY, 7FOHEK
#WMbLRIFTHS,
Table 4 (&, fiiE6» AL Efz 2o 13 @ D/NED

Table 2 Relation between functional recovery and level of severance in major replantation.
GRADE 1 1 0 0 0 0 1 2 (11)
GRADE 2 1 0 0 1 1 3 6 (33)
GRADE 3 1] 0 0 1 0 3 4 (22)
GRADE 4 0 1 1 1 1 2 6 (33)

TOTAL 2 1 1 3 2 9 18
Table 3 Subject assessment in majer replantation.
USE OF REPLANTED LIMB PATIENT'S SATISFACTION
Patients (%) Patients (%)
ALMAYS 8 (44) HIGHLY SATISFIED 1(6)
SOMETIMES 6 (33) FAIRLY SATISFIED 6 (33)
IMPOSSIBLE 4 (22) SATISFIED 8 (44)
POORLY SATISFIED 2 (11)
NOT SATISFIED 1(6)
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Table 4 Light touch sensory recovery in children.
Semmes-Weinstein

@sthesiometer was used for the von Frey

monofilament

values.
Light Touch
clsERcGton|  grim number of digits
2 4 [ 8 10
0.0045
023 b
Normal 9:083
om7F!!QD_
0067 | OO
Diminished 0.166
Light touch oo |~
0.692
Diminished 1.210
Protective 1.480 digital narve
Sensation 2.050 Q: o
:;: ("
Loss of 8.520 ®:
Protective | 11.800
Sersation | 15.200 == normal
28.900 .: complete
75.900 -: incomplete
126.000
282.000
447.000

HESEONERBEOHRETH S H, EMELEST
2Lz s, light touch (2L T, FF
FHEIZZTEELTVLAEZ Lobhd L, £EE0
WES, B TREAOEFIZNY, WMETIHRE
A SEBD R St o7z (Table 5)7,
4) o Xz, FOBEEMLTEE L EERIZ, FSL
TLHEIRENEEEEEL T h e FET 8%
B0, ZhoDERTHE, bIRTEMOBIENLFE
ik o REBALEEERO L L ERB D, T/,
BHOFMEHCafEERcEEL-BEY, B
o THEEMIC A - THECA3THEEILEL
PhaEREFLETIHL B,
LlLES#rElis s LT TIEBLAE YD TH S
i, SEEOSHTLE(LIZR v, 20T, FEEE
LT, 2EDLODEET, Thbb, D) HHEIEE
CHTESEOTIE UFoBETOREL ]
15, £ TEO&H»PEDOA, 6)hiE, BREB LU
IEDOPIEETONR, THA, 45V LREL
T, BEFTRETERVLOELT, 1) B0 IP
BHET L 0 FM, 2) &, b B, JEO DIP MET L D
A, 3) RIEDBYIE, 2EUL,

- 21
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Table 5 Bone growth in reattached pertion in chil-
dren.

%| Length Impaired
o100 | OO il @ @
81-90 b i Y] @
n-s0 [ O@ M Atfected o
61-70 Normal
51-60 ;

1 i-.t

41-50 i.“m :
31-40 | Il Incomplete
21-30] oot operative | ° 0= 2years
1-20 Intervals f”"f i2-5
0-10 ®:5-3

2 4 6 5 10 12
Number of Digits

Width Narrow

%

91100 O O O llirlir -1l i @ @ @
s1-90 |[@H

?1—80:

tm (et xr00)
41— 50‘
31—40‘
21-30]
11-20
0=10

s

T34 6 8 10 12
Number of Digits

—#, 21 FlORBOMEETZEAT %22 0 ER O 5
b, PESHEBERNTWRERTIE, 1ZLA LA
THEO b D ICHIEEERL TWwWa Z L 2E 12 L,
HESLLEAERLZVWHS EE- T, MGk
LIZEAT, MEERLEZ, b L{BEFNOE%
ek, ChllboEReksi ey dbn, IO
WEC, BEEMEEL DT, ST oKL
ERETALESSH D, HBEABCET 2 RADME
FEmESLURE, H50ILBEEEREC L FoR
BESR~AOERELRETHD, hil, WROMER,
FENE e c tEEREL T A2METHD, 02k
i3, THEUAOER,OEIENLTY, AL E
BEZONE, Thbb, HAEF U2/K, &) T
it, B0 RETE PR TOEES THE, EEl b
ICEHEMRIF, 74 A7) —AMGELCHRL, B
FEADHBAD T L2 &R, Bz Lofiins
d, BERHESHCHEL, »OBEEHLES
DEEEFFHEL TV,
WIGRER 6 FRELBETH, v 6T LLFOR
EDHENeDADBRABECH LIS LT
HLEEHOLHTHMLTVIRETHS,
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Indication for Replantation of Amputated Digits and Limbs

Hiroyuki Yonemitsu
Department of Orthopaedic Surgery, Kumamoto Kind Hospital

From 1974 to 1983 we have been the experience of replantation in 183 cases.
The decision of indication for replantation is based on the following components.
(1) Functional indication ; we have two main groups of absolute indication and relative

indication concerning of indication.

Abgolute indication is the amputation of a thumb, multiple fingers, hands and upper extremities,
Relative indication is the amputation of simple finger and is considered by patient’s factor of healthy

condition and occupation.

(2) The other indication for replantation ; we consider those replantation of all amputations in
children and young women, patient’s wish and cosmetic condition.

The success of replantation is based on the completed replantation system.

establishing of many replantation centers,

& L &

1974 4 5 KFEFBRERICT, UNBEEES 21T
v, T O, 1975 FIZRER AR (C Replantation
center #FAz% L, 1981 FEHREHFREGEMITICHEIL <, Re-
plantation center ik L 7z, HEE T, #9 4Ric
iz, UIEEIEEEE 21T, 183FE AL, 9F
MOREIC Y T8, EfEmEL, VIR ES
OEGZ DL T2,

FEMIZ2WT

1974411 AL D, 19834 12 A £ TORERN$H
183 |, Table 1 &= & <, FIEHYIEHIH 163 #
TR¥EELDA, £, FODTETRGN 152 6,
188 fHiz & £ .5 (Table 2), ZHFHE Iz 5> TiZ, Table
3OIELL, UEE BRERZACTIHRENELS
{, EXICBBEICIAZENRHL T3,

gL RITIE, Tabled DL <, $hESHS 108

We hope the

FTOLBHECb 24, HAZHIITLACEHEA
L2000 THS, i, WHCEFANSLOLH, B
BEIZLALOHHL,

Wi % FF M

EHEEOSEY (2 T excellent, good, fair #&
BT HA3RCEN BMELIVSPPEE LI ICELNS
B, EHEEEGH L BbN 2 HERECELTHEE
Hafrofhwk#FEz o s (Table 5),

% #z, poor FEFC BT b BIE £ THUIN CHRE
B AT o e fEFlE s,

fiE 7

CIRTB R OIS 2 » THESEN 1T o125
B, TORINER L 25y, ZOHGICHEL TR,
Bl Ts LI, Mo FrLuMESSHL, Z2
HET A ERR R HEEORICER CHL LD
B, i, BENEEZORBEHNTHS.

Key words :amputated digits and limbs, indication for replantation, replantation center



Fig. 1-a pre-operat,

Fig. 1-b post-operat,

AEH 1

26 RO A, BIEEMORBBEZEIC L0 AREE
UL 60 THS, BEOHRGESE NS D, HEG
#1To7:. MP MEOEEEEEE 257, 79
%Lrﬁﬂﬁfﬁﬁfo$amﬁ@éhk[ﬁglﬂ.
b).

fEf) 2

0 MEBEMT ring injury I L2 THE S, —HE
Kiflvidhh, RETLH20T, MEHELELLS
#, BHEOMOESEN D, HEELT-L, HREH
Tl D ER s, BEREL S0, HEETEEE
S ke DERES S 55, BEN EU)f-F{'i THZE
cromELTwa (Fig. 2-a, b, c),

HER 3

19BN, TEHRBICL2B/HICLED, /IR T
#Oizan, BEACBHELRET, BEETHE
Thd. "UJT_NJ, [EIH L Ul & 7 3G & BHEYIIR
EioEEE T A LERE, R RIEOREE#TE
oz, :‘u‘Jq‘.:.-Hi':fF_I“frﬂt ahfomigE, BHEELTO
BREERFEL, L , EFMES+IITALKRE, &

TEENEESED, WEEREAIZT

Fig. 2-b post-operat.

Ve

Fig. 2-¢ post-operat.

FasFHE2HRTS 2 L HES.,
FEB 4
T0REE, BREC LI 2FEVMAITS 3, B L

2, BEHI LI AV EEbNS, BEOE Y

LD, BEREETo . 2OER, SHERZLOERD

DHEAEES, B F,

RS e, MBE, —50 parethesia fiEdk 245 L

FIEEERL S, AR L, FEMEo I EICL D,

=z e, BFLDVERTHS

HDOMEE IR

— o —
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Fig. 3-a pre-operat.

Fig. 3-¢ post-operat,

Fig. 3-b post-operat.

Fig. 3-d post-operat.

Fig. 4-a pre-operat.

o)
@
I



780 K o# gl Z

Tahle 1 Number of replanted limbs and digits

{nov. 1974 - dec. 1983}

hands and digits---s-c--ieeeceeiseacnens 163
total 183
Fig. 4-b  post-operat. Table 2 Replantation of amputated digits
cases digits
YW IE B EBE 0GR
152 188
B ORI DWW TR, EEiCBWTy >
MY A M sEHIcRc sy, Lz, Table 6 o
JEd, —IREGEELEL TV S, HETES,
TG L B o TY, FEEBC B L B4 ER
EHBLTHFBE2SAERNEZIToTwa, 212, Table 3 Causes of amputation
HESHEIEOMMA AL T 5 H#E I replantation
system OFEEHHIF 544, microsurgical tech- e
nique %G L - FOARBECEENBEORSY v 7 TG O bty

MENEZHFEELTWE,, £, HAEE»S )
05— 3 LESEE TO replantation system #i4 factory accidents«--ooveimmniniian 36
AREMLTVE 2 —D20HEKIIE S, 5, Re

traffi identesssssrenisnisonininiiieild
plantation center & L < {%, Trauma center ¢ gL rane acaden
MRBELEZSND, biubimZo 95, YN OhET CAUSES s russssisssrssiniosiiivessnns G
RS AR & L7 D (2, Replantation center & 7
EEEp2EDETHS. total 183
Table 4 Ages of the patients
aee e::;:uant ;zg‘: 0 - 9 13 f 19
ia air 31.5%
- poor 24.T%
) 0w - 15 3 18
20 - 29 26 9 35
P 30 - 39 30 4 34
40 - 49 20 9 29
50 = 39 24 9 33
10 20 30 40 50 60 T0 80 90 00 point 60 _ 69 12 3 15
Table 5 Evaluation affer replantation of
amputatated digits and limbs total 140 43 183
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Table 6 Indication for replantation of amputated

digits and limbs.
(1) Functional indication for replantation

a: absolute indication
thumb
multiple fingers
hand
upper extremity (nerve repair)

b relative indication
simple finger
patient’s factor (healthy condition and occu-
pation)
lower extremity (in comparsion with artificial
limb)
(2) The other indication for replantation
child and young woman
cosmetic condition
patient's wish
operator's technique
replantation system

1 S

MRS TS OIS B L T i), —Eo i s
BLTWEY, ZOHEGLLDLTHLL, EEO
BEHcHoTIR, AF v 7, Wik, FELrse
GHICEATITORETHA Y, HUMTLAMPILs
Fhg L TR, #@IGAEFIZ BT b X 0 By
CHEEG AL RETHE,

HIEH & Bbih, EEECEDL, BEOFHE G
TwaEfLLLNHS,

e 8 i i i i i i i,

Seub L f2iB 0D, S, microsurgical technique @
LU rBEEEE T L L TEERRNOEEY, 20
BGAMENDBTTIFL{ L EEZLS,

T ¥ v

U OBIGIC 5 W T, BE LB
EF L L, FEEECOO T L s 2R L L,
B2 EHATFONBEZREZ BT AIRERS L2
LOTHS,

X [

1} Buncke, H. J., et al, : Experimental digital
amputation and replantation. Plast. Reconstr. Surg.,
36 : 62-70, 1965,

2) EmEM L RV AOGE, BRERERAE,
30 127-33, 1975,

3 EHEM w4 rotr—y )=, EBEEkK EE,
107-110, 1977,

4)  Susumu Tamai : Microsurgery in Japan. Clinics in
Plastic Surgery, 7 : 475-493, 1980.

5)  Susumu Tamai : Microvascular anastomosis and
its application on the replantation of amputated
digits and hands. Clin. Orthop., 133: 1006-1012, 1978,

6)  EAAE  fib ;UL (BL) BEEWTORE, B
YBE, 27 © 1458-1460, 1976,

7) e o BRsEREIC 1T S microsurgery
G, KEERS, 200 1127-1132, 1977,

8) HrikA Ui EE, B4 MOOK, 15:
172-181, 1983,

91 Al OB EEE RoMEDE, BB
S4EL 28 1 1466-1469, 1977,

PP e et oo



HOF 2 B B1% B3I8 782-784,

(RERFIIEMAEER )

U.S. A
Dr. Terzis, J. K.
I E A
B OB B O B A
# o FE MBS T
Hip A

A IR R
B B # f1-F¥ R # A+
S ERE Y
moH F M
FIRAFE
o et W OE—
fEEFRS
Shanghai First Medical College, China
Prof. Chen, Z. W.

Technischen Universitdt Miinchen, West Germany

Dr. Biemer. E.
Rl s

BEEDE L

< T
F‘; i T AT A

A MERIZE UK & L RIRE O BE T 20 L FMAEIRESLTEL,

1985

Tt Millesi 7ot

LI I ERFONBEICE>THRENAZLEED REREEME LIRS0, % OERAERE LER
—2ThH5, EHOoNT, TLTHXBENOEREMRE2NS

T, RAEMEROARE] - 4 - FEL YO LR L 3zan, BETIREREERBERSE

{fibins

EORREL LI, MERBBOEBELAERS, RME L9kt UL BRBEME BT OME 2 5%%

FFHOIER2 Yo By MA SR TE, L ZLTiTbha 40T, #OMEEEETAFITS
PLUEMMEICE R 2 A KIEOBE AR AL E S, Wﬁ@ﬁ’f’ﬂﬁﬁﬁ@ B roHsws kT
AT L, 1822 # Vanlair HilE £ BT BOmM2IRSEERL 72 LT, ZAHFATHE L HETL
tube & L THEEXAOEED 12 L £47- TRk, B FeEEIT, BRER AT & TH B, —% Jacoby

i - MR A WER S - HERME - IR FE RN - B Campbell & I3 500 FRHCAB AL O MR B BE I i
R & UMEBAEE - 2 2 EEAMEL YO OB donor X LTOESPR2CHBROSSH



KR 2HGS LD &, nEEIERAENT 2 & 2R L
THIRISA 2 aRE L L, MERIRIT &5 > TIE { B
Auehd ESCBNTRETHLLBATLIS, L
A LRI A &5 L T IR 4EH FUR O ], 1877 ko
WV Y% OfRENE N EMBEAZTATLS,

Ay v Y LOPE LR B FRBAET & ihZ e
WOV TOD2DIEKRELDIHIEHNTES,

w#oEED Dr. ). Terzis (& Eastern Virginia
Medical School ORI Associate Professor T
Microsurgical Research Centerd)Director # L T4
e, MiMESEOMICE L TR 24D8 -0
REER TN AS| 2 L& T, W4 neutral posi-
tion L L TSN L 28518 MeTS
Ealiesfz, 35 I HEETEAEAT A PR SRR, fEEER
(cable) B2 fili, MERHMEIRAAD 3 I, MR
TIRHACHOMITRSIC L 5B 4 L 5 ahEtEsi b
B Eafiestz, 2 LT, MEERMBERNC LTI, &4
OMEREHOLLLT LI E0TE, 2o EMIMYE
OFELECPTODTRLFZILVAKRTHS Eib
Az, EWREBIEE OB EEOERE IR
FOBEEIE S oo, MEF> & EBEEATS
FH R Bl RO JARFIC R L T R
DIE > & BHEE 2 ©OBRE) & HE L o, Kkt
DEEMEE & MR & OEOK S OHEEIZ D0 T
ISR 25 LORMIIHL T, ZOHIZ20LTIE
LAROMFERME D & THIRY 5 2 L L THETHE
BEORKOGHFEARINT 20, W TLREHEbY
Wk & HER PR R B N B L alextz, Sk,
@7 donor OIEIRA I L ME L REIOEMALLE
THHI,

B2 ROWERLE (IEEEAR) 12 HEREEE R 4
{BI £ i % F Vo 72 group funicular cable graft #dp
Lok LS 34 flizownT o follow-up O #i4% 4
otz NER, FEMEREREE L 2 BF LRI A
Sivio, EEBGBHCESHEHBATRETRR TS -1
Ll iz, 2 5 ISR REL O B, funicular pattern
DR, BEAEOBERLEDOEEII DLW TaNT,

BIFMOWPFHEE (HABENE RMEARE
RO MEMFEFEOMBERMBRE L L UEHER
FORBERIIOOLTHE L, =5 CMEWRT MRS
DEEIZDWTIRA, WMTEOBEMER O HinbE
W, ERACHEFRESEENTL LEBELL,

T, MEURBEICOLT, B4EEOBREE

(FIFER) BFEs L REFMEEEREOES 4

783

fris, MEGESMEOMRENE, B LBORES S Y
(C WL THE Lz, 2 k12 mixed lymphocyte culture
TR host X T A HEEMERET S Ak
LTHMTH O, MEEEEREORREWETS -/
HETHDH I kR, BREAAELEICML TR,
HEWAETsE2 2 bnAag e ¥, BEMEINED
sodr iy medium {44 Lo EBEEAEFEL L,

EEMORHEE (HEER) 7y FEBLTH
FERZIREIIE OB 21Ty, MR O B LR T
2 417> Schwann tube ¢thiz host {#jd Schwann #f
MAEAL T I EICHED, SZICHL L
Schwann tube %% L T, il & EE L A-dlidE st
FEAL T BEETFHRMASTEH THEL 2.

6 IEORIIEE (RIRK) 2 RBOREFNE
#HiW+ bR —Fv 2 A8 L1 anti-thymocyte
serum(ATS) 5~ 2 # H L THEEEBHEREE
v, BiFO4EF L ESMFOBBOTES LU
ATS SR IEEOBREE L HEMEOEG 2 R L
Tz, ZORE, FHEREBEOMIIO T3 KEEY
SER L RIEMHERE O RSB & i,

HERSEOPED Zhong-Wei Chen &4 128 %
5 RIS L - HiE B SRR oD 15 SEM (27 1%, R
2 5~18em) DL THEL 22, HiIzEHEED KB
A 2t A pEE SRR A 10 ), f [EMEER R KIS
o A HEMEED pedicle graft 2, BiwEEE
IZHH A M = kb E R 2 A, BHEmER
BISHT I > = PEEMRERE 1 flic DL TIHREL
oo JEICI0em # 2 2 HROEEBICAL Tzl
o MERMSERTSH S nifirs:,

LI~ ADEERSEOHEF 1D Dr. Biemer
12, HOFEE IS 2MEYSITOBE L IR,
MR EEN T PIREE L R ERE LOELWBREU 2
ENLETHN, I EICHEBENTIIMER 28D
FToEobLTaLE, 2OOMERESEZ LIoFKEN
REHOBLSFBAETOMEL S5 oRELRE
FEEATVADT, TOBMEGITFEHITHHEL 2R
Fhoroweilt, &6CRAEMICBTLEERIC
LA EAWMFREAOEIIC OVTiRY, rorErE
247N —7 ERORESEOERAEIC DL TH
4 s,

R IFE S OB I AR I R MR T
HIRESHBOBRIIOVLTHS SN, TEOKEMH
wai, BRGASATWS FiEREgcds2
P sERATH IC DL T S i, BEORWVLREHIOD



T84

RAYHRIBIC N T 2 N7 T o —F LHENT S WAL 720,

o—F O, MEROEEOME, BEEERORE £H, H#, AEHOFERLHMPHRSIC LTS

HEIZDLT, REOTEENEREED TEGECH DuFrLluT—7 [HREHE co>uTEEER

RExwizting, ZHGEITIIEHNTE, IO¥ RV LZEEL
IDYyRY VLD REERL L TSH®HESE TFs-hEeEx s HBITE L2804

KLk T, MERIREEHETORRALTIIL I % SRR SR LIz 0,




H F = @ ®B1#8

&t
[#1]
hii|
~1

85, 1985

23

=

[SoF Do L7 BEBHE |

Nerve Graft
Dr. Terzis, J. K. (USA)

Over the past decade, it has been shown that tension leads to increased scarring at the suture line with
poor functional results. Therefore, tension should be avoided in any nerve repair. It is obvious that large
nerve defects must be bridged by grafting.

However, when the defect is small, 2 to 4 cm., there is a temptation to coapt the nerve under some tension.
Our rule is that if the nerve ends cannot be held together by two 8-0 sutures (with the joints in a neutral
position), then too much tension is present and a graft will be necessary. The selection of the grafting
procedure and method of transfer demands an understanding of the process of graft vascularization and donor
graft anatomy. Different types of nerve grafts have been used : trunk grafts, cable grafts and interfascicular
grafts. Trunk grafts usually imply the use of large peripheral nerve trunks as interposition grafts.

A nerve graft obtains its blood supply from the recipient bed. Vessels must grow through the epineurium
and perineurium to supply the axons. With a large graft, such as a trunk graft, the vessels take longer to
reach the center than with a thin graft. This results in necrosis of the center of the graft. This phenomenon
of central necrosis is well documented as a complication of trunk grafts. Millesi popularized the technique
of interfascicular nerve grafting. This technique separates initially the fascicles of the proximal and distal
stump in corresponding fascicular groups. Thus cutaneous nerve grafts are interposed in a stepladder fashion
between corresponding or fascicular groups. In this manner, it has the double advantage of allowing
ingrowing blood supply to quickly penetrate the graft while corresponding fascicles are optimally aligned.

All of these methods of nerve grafting (trunk, cable and interfascicular) are transferred without blood
supply. They depend on vessels gowing in from the recipient bed. However, if the bed is badly scarred.
then conventional grafting will not work. The grafts will undergo necrosis from lack of blood supply. In
these situations Taylor and Ham advocated the use of a graft being transferred with its own blood supply,
a free vascularized nerve graft. We advocate use of free vascularized nerve grafts for three specific
situations : proximal nerve lesions (such as in brachial plexus reconstruction), extensively long nerve gaps,
and severely scarred recipient bed.

A number of choices are possible for donor nerves. Sunderland outlined the following characteristics of
the ideal donor nerve :

1, Sufficient length
2, Large and tightly packed fascicles that aid in rapid vascularization
3. Fascicles of full length with minimal branching
4, Ready accessibility and a constant position
A minimal sensory loss following harvesting of donor nerve

i

Sunderland concluded that the sural nerve was one of the best donor nerves. In our unit this is our first
choice for interfascicular grafting.

If the recipient bed is badly scarred and unable to support a conventional devascularized nerve graft, then
we use a free vascularized nerve graft. At the present time we are-examining experimentally and clinically
the possibility of expanding the use of vascularized nerve grafts,

Our experience with conventional nerve grafts and free vascularized nerve grafts will be presented and

principles of use will be outlined in detail.
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Clinical and Experimental Study of Autogenous Nerve Graft

Yoshiki Yamano, et al.
Department of Orthopaedic Surgery, Kawasaki Medical School

After the autogenous nerve grafting in 48 nerves with nerve defects, we conducted electro-
physiological studies on the regeneration of the nerve. After nerve grafting, nerve regeneration was
delaved as compared to that of the end-to-end suture. The motor conduction velocity recovered to

about 70 % of the normal level.

To elucidate the nerve regeneration after nerve grafting the experimental nerve grafting was
performed on 40 rabbits. Histological and evoked electromyographic observations were conducted
on the maturation of regenerating nerves of up to 24 postoperative months. The histological and
evoked electromyographic observations revealed that about 70 % of normal. In the nerve regenera-
tion after nerve grafting, several factors differing from the case of suture are involved, and these
factors were considered from the experimental findings.
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Clinical and Experimental Studies on the Vascularized Nerve Graft

Kiyonori Harii, el al.
Department of Plastic Surgery, Faculty of Medicine, University of Tokyo

Free nerve grafting is the most common procedure for repairing a nerve defect which is difficult
to coapt by direct neurorrhaphy. Axon regeneration through a nerve graft, however, is variable. It
is influenced strongly by the survival of the nerve graft, which is through random vascularization in

the recipient site,

The vascularized nerve grafting proposed by Taylor and Ham, on the contrary, proved the
possibility of smooth axonal regeneration even if the graft is placed in a poorly vascularized recipient

bed.

We have achieved experimental studies on the vascularized nerve graft in rats, which also
proved better regeneration of axons in the vascularized nerve graft than in the free nerve graft. In
this presentation, the results of our experimental studies and clinical possibilities of the vascularized
nerve graft are described, with illustration of a representative clinical case.
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Fig. 2 Case Report. 15 v/o man,  Right ulnar and
median nerve paralysis.

a. Preoperative view shows maked atrophy of
both thenar and hypothenar muscles of the right
hand.  Opposition of the thumb is strongly

limitted.

b. Postoperative arteriogram. Arrow shows the
patent arterial graft placed into the gap of the
radial artery.
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c. Postoperative two years, Thenar and hypoth-
enar muscles have well developed and cyanosis
of the hand disappeared.

Fhiz 3em B E Lo, MEOBZEE, REEIRH
CEHFLTwizw, BEBIROAEFRTL L
Li=#, #0OXEIZIEIZSecm THot,

ZOREPITIE, A FEEAET L AT EBR - BR
LT 5 MR G A MR RS £ L TR
Hu, BTEES AR A BB ER CHRERC interpositioning
arterial graft & L, #ERFEM#§E & £ o /aasic
Bl hB, EHEmMEEEEEL, MEELY
mufoe, BEBTMMEOMEERAE LB, RAE R
b BEIE MR D cable graft ZfTW R 28T L7z, #T
&2 wEHOBRE, B, MEREL L CHEL, 77
J— 4%, 2PD (£ 1.5~2 cm L TEOL
useful hand & L T{ER L T3,

X ik

1) 8 ff 0 EWEE R R R T, e
9, 27 : 415-420, 1984,

2) K B b mERCHESEONRE—F2
§, PHEMROERECMT 2AmT EEE
—, H#ZE8E, 3 303-312, 1983,

3 ks W fh:MEWRGHEREORE—F3
], FHEPLCREML cHEoMBEBEE MY a8
EftiE¥—, Hfe&5E 3 1 871-881, 1983,

4) fea g b MIBMREO HEFH— Cross
face nerve graft MERFKEYIFE—, Facial N Res
Jpn., 3 :211-214, 1983,

5! Taylor, L. A., et al. ;: The free vascularized nerve
graft. A further experimental and clinical appli-
cation of microvascular techniques. Plast.
Reconstr. Surg., 57 : 413-425, 1976.

B e



Fo& 6 #1%& E38 792-796, 1985

R FRE R FERSAE 1 BE 3 5 EBRIIBTAE

R E AT B M
B R & M-F R F N
£ H M kH E & K
i H BE=H

Experimental Study of Nerve Allografting

Yasukazu Katsumi, et al.

Department of Orthopaedic Surgery,
Kyoto Prefectural University of Medicine

Nerve allografts have been carried out both experimentally and clinically for almost a century
but many points still need to be resolved in regard to the rejection response and preservation
technique.  The purpose of this study is to evaluate the regeneration of nerve due to his-
tocompatibility and different kinds of preservation methods.

[Processed nerve grafting)

Histological and electrophysiological study of regenerated axons was undertaken on 26 treated
nerve grafts which had been grafted from dog to rabbit with microsurgical technique. Procedure of
treatment is as follows : 1) group- I, de-lipid and de-protein  2) group-1l. in addition to group- 1,
cross-linkage of collagen 3) group-III, besides group- 1, coating of grafts. Dis-infection for grafts
was done by high-voltage-cathode irradiation and preservation by lyophilization. Non-treated
group-1V, was used as a control. In addition to nerve-xenografting, allografting was done with rabbit
nerves which were treated by the same methods as group-lIl.

The results were obtained as follows : 1) The treated nerve grafts (de-lipid, de-protein, lvophiliza-
tion and irradiation) showed less cellular infiltration. 2) Cross-linkage of collagen contributed to
preservation of framework. 3) Coating of grafts reduced adhesion between grafts and surrounded
tissue, 4) Minimal compound action potentials were detected beyond the distal nerve suture on
treated nerve grafting.

[Fresh nerve grafting

A fresh 3 cm nerve was transplanted into 24 rabbits consisting of 4 groups thought to have
differences in histocompatibility. In group-A, the donors were of the same species but different
strain, namely, New Zealand white rabbits and the recipients were Japanese white rabbits. 1In
group-B, both the donors and recipients were Japanese white rabbits. In group-C, the donors and
recipients were Japanese white rabbits consisting of parents and thier offspring. In group-D, the
donors and recipients were both Japanese white rabbits consisting of the offspring in one litter.

Grafting among offsprings in one litter showed relatively satisfactory regeneration of the the
nerve fibers which was close to the finding on nerve autografting, while grafting among different
strains showed relatively poor regeneration of the axons suggesting the significant involvement of the
rejection reaction in the recipient.

Key words : nerve allografting, histocompatibility, treated nerve, neural regeneration
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Fig. 3 Mixed lymphocyte culture (one way method)
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Table 1 Average grade of each group

Histology round cell v thickening of regeneration of
. . vacuolization . . .
infiltration perineurium nerve fibers

group

A ++ + 4+ ++ +

B + =+ + + +~++ +

C + . + i

D + + -+ ++
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TRBETELLOTEL, PRSI 2 THRIN
RBEMIEL - HARMBEREFOSSTHEEL TV AR
BaigEo s, g HEAIC L > THIRERIET
Lz, MEOFERIETLETs €L Ltk
b,

4 % #- Schwann #i8% & 2% B OF IR BHE
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An Electron Microscopic Observation
on Lyophilized Dry Nerve Allografts

Takakazu Arai

Deptartment of Orthopaedic Surgery, School of Medicine,
Tokyo Medical and Dental University

One centimetre segments of the lyophilized dry sciatic nerve of SD strain rats were grafted into
the severed gap in the corresponding nerves of Wister strain rats. The operation was performed with
microsurgical technique under the surgical microscope using 10-0 nylon with atraumatic needles.

The rats were anesthetized at one, two, three, four, six, eight, ten, fifteen, and twenty weeks after
implantation of the grafts, and the ischiadic nerves were removed for electron microscopy. The
sections were taken from 0.5 cm above the proximal suture line, middle part of the grafted nerve, and
0.5 cm below the distal suture line. The sections were fixed, embedded with epoxy resin, ultrathinned
and examined with Hitachi H-700S electron microscope. As the control, lem length of the sciatic
nerves were removed from the Wister rats, and reimplanted into the gaps of the original sciatic nerve
as fresh autografts.

Results were as follows.

1. Lyophilized dried nerve allografts produced a minimal infiltrating cells responses, and peripheral
nerve regeneration was sucessful.

2. By 2 weeks postoperatively, Schwann cells, fibroblasts and macrophages imigrated probably
from the proximal and distal stumps, were observed. Schwann cells and macrophages enclosed
and phagocytosed residued myelin at grafted regions, and also at distal stumps.  So, the graft
was almost completely free of debris.

3. The basement membranes which had originally encircled the myelin or Schwann cells, did not
undergo destruction after lyophilization and drying.  These residued basement membranes
induced Schwann cells and newly developed axons infiltrations. By 2 weeks, we could observed
non-myelinated and relatively a few myelinated axons.

4, Cells of perineurial type originated from fibroblast, encircled some small groups of myelinated
and unmyelinated fibers giving a reticulated pattern. This reticulated structures are recognized
as regenerating unit of peripheral nerve injuries.

5. As the regenerating processes developed, the myelinated and non-myelinated axons increased in
number. Also, the diameter of myelinated axons increased progressively,

6. All nerve fibers in the distal stump underwent degeneration which involved dissolution of the
axon and myelin sheath, their degradation and eventful removal from the nerve fascicle.
Following this, the same process of regeneration as the graft region was performed.

Key words : nerve regeneration, nerve graft, electron microscpy, lvophilized dry nerve allograft,
perineurial cell
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. As 4 to 6 weeks, the regenerated axons penetrated through the proximal and distal suture line,

and could be observed in the distal nerve stumps.
8. Regeneration of the nerve was almost completed by 10-15 weeks after implantation of lyophilized
dried nerve, but the regenerated axons became less in diameter compared to that of the fresh

autografts.
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Fig. 1 One week postoperatively. graft segment. A
There are only degenerated residued myelins

after lvophilization and dryving, and no living
cells are visible in this field. B: But invasions
of Schwann cells have been getting by this time,
s0 we can observe them in a certain parts. S:
Schwann cell,

s, ZOHEOEEBITERERL TS,
i, BEEANESSEELz O EFi 05, %
#- empty Schwann tube & PFIiL5ETEL 1-#ko
BREMOASEZAY I @0 5LS (Fig. 2-A,
2-B),

FORffT e 2 8 @ i 2 A8 ¥ 4 £, Schwann #fi
R gsd (2 & 2 A IR R A S R A R
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I BT i i THEEE < @ 18T, Schwann #ilfz, % 4
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Fig. 2 One week postoperatively, distal segment. A:
The nerve fibers are undergoing wallerian
degeneration, Schwann cells are digesting
degenerating myelin(—), and in the right side
finger processes of reduplicated Schwann cells

(S) enveloped by basement membranes, are
observed. B: Macrophages (M) removing or
digesting myelin, are also visible. Arrow indi-
cates empty Schwann tube.

L 0 [ &, minifascicule #{EhH, R % en
doneurium ¥R 2 M 5, ZOBS, BEFHRRORE
(1 perineurial cell IZ4{L Tw: 285, LEHFEE
BEAL T (Fig. 3), 48 2o Figs
AT I BERNERET 2/ MESRED SRS
LAk B,

Btk 3.8 | BTl ErEimnNs - oF
fif - WmEWEOHILEL, EHMFEOEELEALT
¢ A, Minifascicule 8 #{F 2 fRfESrdfiahse » # 2
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T A, ZOHENC desmosome @ k5 M E O
EEmSEEe sy, L LESENciE, EBEE,
pinocytotic vesicle 7z ¥ perineurial cell = L TD%
HERLTWAELEISbH5. ZOEO myelin 0%

Fig. 3 Two weeks postoperatively, graft segment.
The regenerating nonmyelinated and less
myelinated axons are observed. These
regenerating units are separated one from

another in their passage by fibroblasts (F). A
indicates distended axon packed with many
organelles. Longitudinally penetrating vessels
are observed(—),

' 7_1.33:.-

Fig. 4 Three weeks postoperatively, graft segment.

.45_

A: Perineurial-like cells of this time which may
he originated from fibroblast in fig. 3, have a
few pinocytotic vesicles (P) and incomplete
basement membranes (—).  B: Initiation of
myelin formation (-+) is shown.



Fig. 5 Four weeks postoperatively, graft segment.
Myelinated axons (M) increse in numbers and
the thickness of mylin also increases, The
perineurial cell (P) shows its morphological
characteristics as basement membranes,

pinocyotic vesicles (P), half desmosomes (H),
and desmosomes (D).

i BAERMT, BEX <, myelination HitgE -
THLZ Db LEHERL 515 (Fig 4-A4-B),
Mt 438 © BT, SRiMEons 20
%, myelin ®E =3 & LI2BK L T < %, Minifasci-
cle B2 L T MlaL, HiIz—-HiczoRE%
WK TH £ £1, pinocytotic vesicle, half des-
mosome, desmosome AiEEH S 4L S L 24D, per-
ineurial cell ¥ %+ (Fig. 5),
BREOMEE T, ZEE%-myelin @ macro-
phage, Schwann #ig(z £ 5 Wb 3 MRIEE £
TH (. ZOBICRV L O TR 2 B H R
0 &5 TER A & B L T EREHENE AT 515 25,
% {13 4 BHROBIIC L > TRIEHESIIcE 13
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pm {02 EElIFEO A TH S (Fig. 6-A),
e 6 ~10 38 © 2 OEFHO TR~ E
~ SR A R It AT T T 4 R
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FErAXFESashizhot,
it 8 ~10:8T, MO MEEE IFIZERT
A, Tiabb, HiEGHIRE 44T 4 perineurial cell
ICHENT, B EHoMFEEGEY o s, #MFE

Fig. 6 A: Four weeks postoperatively. distal segment.
The regenerated axons penetrated through the
proximal and distal suture line, and can be

observed in the distal segment. The un-
myelinated axons (—) are supported by redu-
plicating Schwann cells (S).
B: Eight weeks postoperatively, distal segment.
The same regenerating process as graft seg-
ment have been progressing.

MIZIZZ D neurotuble Aidh D, FEHFHOBA
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Fig. 7 A: Fifteen weeks postoperatively, graft segment, B: Fifteen weeks postoperatively, distal segment, C: Fifteen
weeks postoperatively of fresh autograft, graft segment, D: Fifteen weeks postoperatively of fresh autograft,

distal segment.

Regeneration of the lyophilized dry nerve graft was almost completed by 10-15 weeks

postoperatively, but the regenerating axons are less in diameter compared to that of the fresh autografts.
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Experimental Studies on Fresh Nerve Xenografts

Shigeru Masuyama, et al.

Department of Orthopaedic Surgery, School of Medicine,
Kanazawa University

The fate of fresh nerve xenografts transplanted to immunologically tolerant mice and the ability
of the host axons to grow through the grafts were investigated.

First, a 3-cm segment of rabbit peroneal nerve was grafted to the sciatic nerve of a “nude”
mouse. In this procedure only the proximal host and distal graft ends were sutured. The xenografts
were histologically studied after hematoxylin-eosin or silver nerve staining.

Soon after the grafting, the nerve fibers in the graft revealed the changes that were characteristic
of Wallerian degeneration, but there was no rejection of the graft. The host axons passed the suture
line into the graft approximately 2 weeks after the operation, and regenerated through the entire
3-cm length of the graft 6 weeks after surgery. One week after the grafting, the increase of Schwann
cells was observed in the graft. Later, they aligned within the endoneurial tubes of the graft to make
the columns of Schwann cells. These results indicate that when the immune response of the host is
suppressed fresh nerve xenografts survive and host nerve fibers can regenerate through the grafts,

Next, a 4-cm segment of guinea-pig sciatic nerve was inserted into the mice which were
immunosuppressed with anti-thymocyte serum (ATS) or nontreated ones. In ATS-treated mice,
host axons could regenerate through the graft 6 weeks after surgery, and the rejection of the graft
was not observed. Meanwhile, there were definite cell infiltration and necrosis of the Schwann cells
in the nontreated mice. Host axons regenerated into only 1 em of the graft. These findings suggest
that ATS may be an available immunosuppressive agent.

Finally, the changes in the xenografts were determined when the tolerance was abolished. The
administration of ATS was discontinued at 6 weeks after the transplantation. As a result, cell
infiltration was observed around the epineurial and perineurial vessels at 2 weeks after the cessation,
but regenerating host axons were not damaged. Four weeks after the discontinuation of ATS,
Schwann cells in the graft underwent coagulative necrosis and host axons degenerated. These
experimental findings lead us to the conclusion that the origins of Schwann cells in the graft were
xenogenic ones and the immune suppression may be required permanently for the fresh nerve

xenografts,
HEMEBMEIL, 20EnHED o BRIEL { BE S A L [EEEE i SRR ORI R PREARED
HIFE R TWS, Lanl, fSRofEs i s 2 BTHD,
L THRTALELH D, HITE 2 MBI AL (EfR) MERETIEEMAED TR RAD
HEGE, REbLETA, LT, Z0X34K HETH, —MCREHRIAE L L Tiz()donor ]

Key words: fresh nerve xenografts, nude mouse, anti-thymocyte serum
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2. Anti-thymocyte serum O fF®  Kubista et al.
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Fig. | Schematic representation of nerve grafting.
Only the proximal host and distal graft ends
were sutured.

G, Grafted nerve.
peroneal nerve was used for a nude mouse. A
dem graft of guinea-pig sciatic nerve was trans-
planted to RAMTS-treated mice and nontreated
ones.

S, Suture site.
twao 100 nvlon sutures,

A dem segment of rabbit

The nerve ends were joined by

i+ fl

T kAR IclEO R, ML aRELL2. Jhi
RAMTS (Rabbit-Anti-Mouse-Thymocyte Serum)
=,

3. EEAE D ERITIER, FROMETHE3IomE
F— e ADg gt Ic BAERES L, BiEE R
Bt free = L THWFHEEFIoME L (Fig. 1), %E&
(20Tt RAMTS 0.05ml/day % £ 2 Wi~ 2 (23
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® B & W
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% L OEIEMAERIZEGEL 72 (Fig. 2),

H-E #&i2 £ 28R T, donor i #® Schwann
e RERE R 1M R R A R L, PO AR
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EHEMASELCT,MREEMIELAY AR o1,
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HMemBLBETPICEALL —ABERR TR
donor Hemi# i Waller Z40& 42007, 18
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Eloiaiiiy # 8l 2, 128 3R MEcET 2
WEO, Ks b sFHIHEMNL Tui,

H-E #@(0 L 20 BT, I @ iEo BERIE
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%ﬁm:&ﬁ&zﬁri ﬁim#ﬁ—%ﬁﬁﬁf
L7z, L « 12 R LEEGETL D 10 mm
flilfs L Al J\L& iz,
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Feri L Ttz (Fig, 3).
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Fig. 2 Diagram of fresh nerve xenografts in nude mice.
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Fig. 3 Diagrammatic

representation

of fresh nerve xenografts in RAMTS-treated mice and untreated ones.
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Fig. 4 Changes in the xenografts after the discontinuation of RAMTS,
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Nerve Graft
Chen, Z. W. (China)

From 1978 to 1983 nerve graft was performed on 27 nerves in 15 cases. The defect of them ranged from
5 cm up to 18 cm in length. There were three types of graft namely ; (1) Interfascicular nerve graft for
brachial plexus injury in 2, other traumatic upper limb nerve defects in 5, nerve defects after tumor resection
in 3 ; (2) Superficial radial nerve vascularized pedicle graft for long segment loss of radial nerve in 2,
vascularized sural nerve free graft for 12 cm loss of common peroneal nerve after resection of extensive
neurofibroma in one ; (3) Non vascularized vagus nerve pedicle graft for defect of recurrent laryngeal nerve
in 2. Interesting case was illustrated in each type of the graft. Author feel the treatment of long segment
nerve defect vascularized graft is the method of choice and the result is quite acceptable.
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Nerve Grafting
Dr. Biemer, E. (West Germany)

It was clearly demonstrated that a nerve suture under tension had to be avoided, because of damage of
the axons. Even secondary tension can lead to necrosis of the already spread out axons,

The answer to this situation is nerve grafting.

Primary nerve grafting is rarely indicated. Mostly it is a secondary procedure, but in any instances it
has to be done as early as possible.

Due to the interchanging of axons, fascicles it becomes more difficult to localize the motor and sensitive
fibres in mixed nerves if the defect becomes longer.

Stimulation or histological staining may be of help to solve these problems.

In long defects the result depends also upon the revascularisation of the graft. Therefore healthy and
well vascularised surrounding tissue is essential for a good result. A new solution seems to be a vascularised
nerve graft. But the benefit has not been proven absolutely.

As transplants we are using primarily the nervous suralis and secondary sensitive nerves of the upper leg
or the lower arm, especially of the radial side.

Because of side branches we are normally using these grafts in a reverse manner.

In nerve grafting we normally have no tension at the suture side. Therefore nerve gluing with fibrinogen
and thrombin seems to have great benefit. The disadvantage up to now is the necessity of an inhibition of
the fibrinolysis, which is normally increased in the area of fibrin deposites. These are clearly shown in
experimental work which was done at our department. Investigations with resorbable suturematerial
showed no benefit, because the absorption of this material takes longer than the outgrowing axons passing
the suture line.
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A Consideration of the Pathogenesis of Kienbitick Disease

Naotsune Miyaji

Department of Orthopedics and Rehabilitation Medicine,
National Sanatorium Hospital Utsunomiya
3337 Komanyu Utsunomiva Tochigi Japan (320)

It has been believed that the pathogenesis of Kienbock's disease is the aseptic necrosis of the
lunate bone of the hand. In early stages, Kienbock's disease showed similar symptomes and X-Ray
changes to those of stressed hands. Symptomes were pain and swelling, decreased power and the
restricted motion of the wrist joint. Stress is equivalent to repetitive loads on the central row of the
wrist joint. Those loads were often oriented from the capitate bone. The lunate bone is located
on the center of this mechanism. Retrospectively, patients of Kienbock's were followed. The distal
surface of the lunate reacted to stress, showing osteosclerosis and Gradually, bone structures were
changed. This could cause the disturbance of circulation not by primar vascular distress. Stiffness
of the hand alters the movent of the lunate bone biomechnically and bone structure becomes fragile.
The lunate bone is more susceptible to stress. Deformity and malalignment progress. Cracks and
fracture developed and Kienbock's disease was established. Ratios of the deformity of the lunate

bone were calculated and compared with those of stressed hands. Histological sections were also
studied. The fragmented bone is hardly healed together naturally.

= Gl

Kienbock @ik Ix, FO HRTOBEETEDHRIE
THAHALLI RN RN TH S, KEMEDOEE %
R E T 205, BB LD, BB BE0RE
T, 20ROV LDDEEATHLOH, TOKA
2L TIHERL %, Y Kienbock O ¥ iR+ 2
BOED, LiMaEsSE, PULFIDA FLRIZES
FORBO TN LIBELE(LEAZ LM EL, Zh
SOFN—T et THET 3 &, VIHRE(RE,
BEE & OPME, ke D, MEHE L OBF L
HHEL L, LVERCHEHES S FOREIZ 2w T
Wl

IEM & & UgEd

EMRAECLD, IHGRELS252LDTE:

Kienbick B E D &b o, EFEIT 25 2495 &,
WOHEY TH B,

fEFIL. SN, 42 F B+, HEESRMEITI.
(Fig. 1-a)

2EFMLD, #10ke OEBHEIBS 2 RS EEIHE
LTz, ¥BES »HAlZ 2 L0 EFMEOER> #
OEEER ORISR T 5, HECTHEREL S O, B
®EHMFREEMFE L2 Tz, Fig la FB
DUMRBIISROLOT, AREREEE L ET2H
i TOZEHEE {, BELR, MRAMoRIbLr 2,
RENCHEREL2ZHLAUELSVWOT, Skike
i, Fig.1.a FTEIt 8 » HEO L OT, ARBOEEE
ORI X AT L, MR TR S Ei e A S R,
Kienbiick 5§ & 2 24072,

EWe2, T.S. 26F%BF, TE (Fig. 1-b)
TIAF v 7 DHHE L STWS, ¥HE, EFT

Key words : Kienbiick disease, early signs, pathogenesis, stressed hands
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Kienbiick

case 1 42v/o (M) Automobile manuel
worker

He had been working and handing
auto parts (10 Kg) for two vears before
his first visit to us.
Above ; X-ray taken
privious to the visit
changes of the lunatocapitate joint(L-C).
Below ; X-ray on his first visit shows
deterioration in the joint. The lateral
view shows fracture and fragmentation,

Fig. 1-a

months
minor

eight
shows

which we diagnosed as Kienbock dis-

edse.

i,

L THEEES0T

=7z, Fig. 1-b [EFv = 2rp)
FIREERLE -
Wiz, ZAEEoEEHE

. BHETZ

BEETH I

L

%

Ctalginoafz, EKBE6 n ARIZA L

PO T e

=7l
DR PR L

rx, Fig. l-c LEyGE»#m

g, EEE—L

WHED LR T,

D1 B0 LOTHS, HI2EROWL,
TOMEEZ{EAF L, 20

HROWEEL 2F

57

case 2 26y /o (M) Industrial labourer
He complained pain of his left wrist
joint one vear previously and had been

1-b

Fig.

diagnosed as CTS,

Above ; X-ray narrowing
space of the L-C joint Sclerosis and
cystic changes in the lunate can been
Seen.

shows the

lunate bone was flattened
We diagnosed typical

the
and fragmented.
Kienboch disease.

Below ;

CORTFELET

Tl g, FEOEEe 27 R L, Kienbick §#

ThiheEzont:, BEGETORFELSS,
fEW) 4, T.T. 42FF¥y, TE (Fig. 1-d)

ve—f{T 3 I LS ho ., HFEEMOE
FEMERA S D, FHEEILE - FELEE
Ao L §5 4503,

it *

Fig. 1-d £ Th

B o iEh

4. RINEBoEEEmE, i, Beeagon
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A.S. MFHBET, HE¥E (Fig le)
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(2, BikE, padrochn, REELT, Bif
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case 3 52v/0 (M) Office worker

He became a golf addict six months
before his initial visit Lo us.
Above : He had pain and swelling in his
right wrist two months later and was
X-ray

Sclerosis

Fig. 1-¢

diagnosed as tendinitis. shows
narrowing of the L-C joint.
and cystic changes can been seen

X-ray taken on his hrst
flattened

Below ; visit
shows

deteriorated.

the lunate bone and

case 4 Manuel labourer

12v /o (M)
He was working at factory with heavy hammers.

Fig. 1-d

Right ; X-ray shows the lunate bone is flattened
and collapsed. On the radial and scaphoid side.
changes are remarkable.

Left; four months previously, he had pain is his

right wrist. Sclerosis and disrupted tubrecles of the
lunate bone can be seen.

Ly /o (M) Proffessional man
He was a goll addict and practised on
the hard surface. Gradually pain devel
oped in his left wrist. A local doctor
noted disrupted bone tubercles in the
lunate. but the shape was not deformed.

Fig. 1-e case b

Left ; on his initial visit to us. the lunate
bone was collapsed.

Right : three months previously., X-ray
the lunate

fractures were seen,

showed was flattened and

Fig. 1-f Housewife

She fell down inthe snow and hit her right hand.
Right ; complained schoulder arm syndrome for
a long while. X-ray showed
deformed lunate on her initial visit to us.
Left ; three months later, the lunate was collapsed
and fragmentation was seen.

case b 62v/o (F)

fractures and the

7L, Kienbick #¥

i (Fig. 1-f)

HY, HFBICHET
VA T EERvp = e YLe
LF#2L w9, Fig {5540 L0 TH

4, Bitdgoda BlTOHA kLR,

A » BE{L A

~# 1, Kienbick 505 E %

W3, Eflor
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Bz, RELIZRRETL, FilizMiTLT, #hH
EMEL, EEEMEELL, CokHcEERLD,
Kienbtck i@ ¥ £ ol kpg Il BRK L TA S &, fiE
e LT REMEOEmRCER, MiTEgoE T2
wERE, BHEI0ELTWA I bl Vg
gk, AETEARLSOPLIIA L AICLS E
Bhhaffbezdul kL, MBSO PIMEse, BEE
T oEElL, BEEOEELEnASIE, ZOEL
FE{gELTaZVE, RTJT2hsbT, BEAE
PFREERFELVOIRBETRORL I EHE L,
Fig. 2L TZehTaE, BECH, JESEND
KREC b, FHHRIC OB TERLAEXHMLH2. Y
E&filli o, FRCHTE VRGO AREONERIE 8 L
DEEREEERETOCENTSH -1, Kigenbick
FOYILE : BEROE:. PLFIO A b AFE Ak
Ty, LIFLIEEET S, HEOLY, 20K &0
Kotz th, Sk~Fini:BEORL S, FHEOESL »

Fig. 2 Early stages of Kjenbiick’s disease

1) Clinical manifestations ; pain, swelling, restricted
ROM and weakness.

2)  Initialdiagnosis ;tenosynovitis, CTS, arthritis, sprain
ete.

3} X-ray signs and tomograph show fine details ; narr-
owing space of the lunato-capitate joint, sub-
chondral bone sclerosis, disrupted bone tubecles and
(hair line) fractures, deformed lunate bone and
malalignment.

4)  Causes; jobs, traumas and sports.

In many cases, soft tissue symptoms initiate to

changes of the lunate bone, Kienbiick's disease is

diagnosed when the lunate bone is collapsed.

RbOEILHUY, JIIHET S,

B, S K 2F¥BF, F4£ (Fig 3-a)
RET=AZLTw2, AFIb2EELT2EE
EBEFTHL, HEPCEHAL T, EFMEEEITL
T s, WMESOER-TE8EHOETHAH 0, FH 55,
M 25, BHEE 33, £23, LiR& T, Fig. 3:AF
BoZr<, AKRE, FEBEOBELSA5N, B
H#MOME, MEE T OFEl, FOETFTTOE
Boilh, @B asNS,

fEW 2, Y.K. 28 Fi&F, Bk (Fig 3-b)
PR, S —FR—nELTWw5, Fig.3-b LIz ¥
HUG, POYOBETIRESREAL, 2B HOH
KHdHsH, TROEE-GRTE, FHEEH, MR
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Fig. 3-a case 1 22y/o (M) Medical student

He played tennis with both hands.
Pain in his left wrist, restricted ROM and
weakness developed.
Below ; X-ray showes narrowing space
of the L-C joint subchondral sclerosis
and disrupted tubercles (hair line frac-
ture by tomogram) can be seen.

L /

Fig. 3-b

28y /o (F)

She had been played volley ball for a long time.
Above; plain X-ray, Below ; tomogranm.
Disrupted tubercles and cystic changes can be seen
on the volar side of the lunate.

Nurse



Fig. 3-¢ case 3iM) Truck driver
Left ; he fell down and complained pain
and stiffness in his left \\'l'i‘il
Right ; narrowing of the L-C joint space,
sclerosis of the subchondral bone and
racdiolucent area on the volar can be
seen.

Fig. 3-d case 4 60y /o (F) Fish shop worker

Above; she has been using a hochd
(heavy knife) for processing fishes. She
had complained stiffness and pain in her
right wrist.

Below ; irregular bone tubercles and
subchondral bone thickness can be seen.
The shape of the lunate remains.

Ii?tiu“-?:lzfj\.ft. it T o EEL,
SHHGHH 0D, OS5l

j.‘r-'.f»?l,::;_ T.H. 25 FHF,
3-¢)

Fig. 3-e case 5 28y/o (F) Musician

She played marimba and percussed
frequently,
Abaove; plain X-ray shows minimum
changes,
Below ; tomogram shows irregular
tubercles and cystic changes. Micro-
fracture and repairing are thought to be
repeated,

il % MO A A o g, PHET AT EN L D (E T
s 0, Fig. 3cHElizvEET, EEEFETO]
b, MEsEO#ME, BBOALR, HEkEA, &

HlTIzD > TR &5,

e 4. H.H. 60 i,

e R [FI.;,!: 3-d)

BOFEXATTLLUD EE
= T Y EALLIZ

T &7, Fig. 3-4 EEBo X 52, BETAI 8
TR LBURT, f"luP“rJ—_E’ {«"”ﬁ

MEE T oEElL, BROEALD b, FH'J':'.:




Fig. 3-1

Fig. 3-g case 7
Leit ;
ROM of her wrist.

Kienbiick #§ =

case 6
Above ;

17v/o  schoolgirl

she recognized pain and swell-
ing on the dorsum of her right wrist. She
had played piano but had no history of
trauma. The swelling seemed to be
synovial thickness.

Below ; X-rayv shows subchondral scle
rosis and disrupted bone tubercles in the
lunate.

73v/o (F) Retired farmer
she complained pain and restricted

Right ; cystic changes can be seen on the
ulner side. These erosions do not cause
Kienbiick disease by themselves but tend
to be stressed and deformed. Among
cases, occasionally erosions accompany
with distressed hands. (Fig. 1-g & Fig.

T DR

3-h)
Silica A bV AEFTT, BIRBONE TR
FEEEC ORZL TR LD EEZ NS,

— 61

Fig. 3-h case 8 (F) 76v/0 Retired farmer

She had occasionally shoulder arm
syndrome and complained pain in her
right wrist and paresthesia on her ulner
side of the hand after falling down on the
street.
Above ; plain X-ray. Below ; tomogram.
Disrupted tubercles (hair line fractures)
can be seen with erosions on the ulner
side.

AER 6 E.A. 17 ¥4+ (Fig 3-f)

E7 /2EELT, RLICA > THFEEOER -
RERRIZS TV otz, wIBHEE &R, FHERC BIREEIC
HLT, UEAOEIRYMA S, Fig. 3-f TEIL#

OFBLiRETH L, HiEE - OMEREBEORMES
wFOBEl, SRoEhLrASNS,
fFEF T, T.M. 73 F4M, B¥ (Fig 3-g2)

T FBAMT D - WA IR T R,
i, Bminl#iE oy b 5

15 F AT
. Fig. 3-g CE) 2 4%

T, REMICEMROM 2 ERGHBISmmIZH 2.
HE AR LMEEL LS. EF2, A8

#T, ELICBESHRORBRE I, ZOEMD L
S REESS
Ef 8, Y.K. 76 Fi4ctE, JTEE¥E (Fig. 3-h)
TERTHTHD, HoHEERES
%?E@Lf.ﬁ%bth.uﬂ :
THEEBICHEREYM S -, Fig. 3-hit, #0082 »
AOM@LrETH 2, diflo L5, REQORER

FEEOMEGEELYH S, fi“i‘f"’ﬁ'ﬂ’l%l A>T
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Fig. 5-a

Fig. 3-b

Fig, 5-a; the cadavor shows two strong extensors
on the dorsum of the wrist, They control and force
carpal bones. which centeralize to the lunate bone.
Fig. 3-b; the relation between the capitate and the
lunate in rather tight. If stress is initiated from the
capitate side, direct shock would be avoided by the
radial surface because of radial angle, cartilage
structure and the shape on the lunate.

Fig. 4-a The ratio of the deformity of the lunate bone

W

alT

LI

'd’ is the lenglh of the lunate and joint space.

Fig. 4-b Values of the ratio

Kienbéick disease stressed hands control
RA (- RA(+)
rt (14)8.91 rt (24)6.06  rt(4)7.63 rt(195.23
1t(3)11.84 1t(7)6.20 le(------ ) It(18)4.75

Values of the ratio are calculated by the method shown
as RA stands for RA tes.

Fractures and dislocations of the wrist are not included.
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Fig. 6-a 4ly/o (M) Carpenter
Above ; plain X-ray. Left; Kienbick
disease of his right wrist. Right; left
wrist,
Below ; X-ray shows maximum power
hand grip. The ulna moves above the
level of the radius on his left wrist. The
ulna does not rise on his right wrist. In
this case, minus varient is the result of
distressed lunate bone.

b, BEIFRGE & REFIREE 22 OER AR E &
Th, FHEOIZFCR LD EA2THE, #UA
M DOAR, Cheniick DEEBICELSI,
BitgoEs = AA-0 2 &, FHEETOES) & (3
AfEE b, TORO, EECL sdlbR, SEE
OIS TPPHEBELLESUTSH L bl Ty
A VRFRENES, Bl FASHEZRAEBETH
5, ZOREBLZPLIGEOA LV AZEHEBE
OHRT, RkLEESEY, Fig. 5bit EuoEESH»
S, BOoTREAME L THEEBE LIET 2 BRIREOR6
HOMEERLZOT, FEE»SODA LRSS
FR-ARER, BEETRPRIESE->T, LovbiE
BEaLLTwT, PLAROANTERZXEALD
FTAIEY, BISsHTNS, Tk, ZoME
wERF s TV, RLIIAROA b L AR
HansbldThs, AWELFE-ND,

xiz, BEOFHEEIZOLT, BAFECEY, B
KENTOWEI AT » A E2RT LV EERT L T4
£, Fig. 6-a TERO Z L, BUFREHR P 0HBEN

REICYLWTO—EER 817

o, IEMFREERRREEICEREL 2485 RE 0
HE~OF<DMLICEY, REELD/ T AL
DHLEADEELERE->TVLE, ERMBRETH A,
REFOZEROL-HICREOT <ML LT +5T,
BhbHcHERY, COLHEREOBIHEAS
NAERY, BRAOAUARAOERBELEZTL L
s, BEELICEELLATHS, AREUFEREOH
T, MBExRHuNoNOARREREELD, Sl
AEDLTw3E, ARENEREPEMRLTVWSE,
ZOEO LT HFICREOBEBLHERT, HREL
TRA+A 777> b (EREOEBHEEAADE
g CMEnsfEELOMELRIELLEZOND,
IOZEREY 7 EAGT, FRE(BEFREM
) OREZREL T, FHEEL, EHRshiHNE
(Fig. 6-b) 12 BEREENC L D &A@ TL, AR
Kz Az R e 1 BRI L 23S T 4 [ERRO
IRy — R L, Zhid, Fig. 1-b iR 2 o8& T
H, HER—EOXKS S ST 00t
T lb, KEndHaFEETr, I8SEshT,
ﬂw%«wxrpzmeu @M:ﬁhPLT.E
ELTEECPRESPFRELONICALLTD
. ECHGE SRR L L, BRLTHN
o TL B, LIA-T, APLAEDLIZDOLOD

;—1‘3 Tw 3

Fig. 6-b Hyvdrokinetic pressure of the wrist joint
1) Maximum passive extention and
flexion
2)  Maximum active extention
3) maximum active flexion

Lu||||'i||.

26v /o(M) Automobile worker
Maximum pressure inside the wrist joint
was messured by polygraph(Sanei el. co)
In maximum passive extention and
flexion, maximum active extention and
flexion, pressures show the same pattern.
Stresses over the limit would be
absorbed by intercarpal structure, whose
center is in the lunate bone,
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DDENTWAEDT, TOhEIcH L FHEHEND Y
LTl bduE, AL AZWMNT 88 E 40 (Fig.

ShER) 2 EXEALHERE L TOELMNALNS,

BEINTO A b L RIZ b i
HOHREIZEOLSZIENSTH
HEHOBERRL 208 THEL
WE, EhZ0L5% I'i".féftf}'ﬁj_ [
A b b AND LD IR S SRR R L OERET AR O TEAR
LT, FRT O R IR i OB T &£ 1o

ﬁﬁflﬂllz B

R,

RE gl oo FAR A R i iy
2L TS, BHOETI
HET B OBEEE o R
v AF £ Kienbock §if & LT

oL
2‘}. "

TICA b

DEGELH L.

EWEZ T ER L EE s, HRBOERE(R)
D ak#A 7z (Fig. 4-a), 3> b U—wwi'-t_ HHEfiE 41\‘“:'.

TR (R) A 8.25(BF), 6.12(XF) i 8L H

Carpenter
Above left ; plain X-ray. Above right | cintigram.
Below left ; bone tissue from the lunate. Below
right ; synovial tissue.

Necrotised bone tissue and fibrous granulation with
mimimum regeneration can be seen. Synovium
shows chronic inflamation,

Keinbiick disease 42y/o (M)

Fig. T

i
Fig. 8 Kienbock disease 41y/o (M) Carpenter
Above ; plain X-ray shows depormed lunate bone
with fracture.

Below ; dorsal synovium shows chronic reactive
synovitis can be seenz

Dorsal fragment reveals fracture and repairing
with arthrosis
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5, Fig. 4-b o411 <, Kienbiick
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Kienbock f§OHEIZ DT, O T L 3Hc 185
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sl E5s, #2035, ERELEZL, @
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BN AT, Lid, KELNHTERNETT A5
GhHdpn, BEAT, BEEA,SELE
FOBELERLLD, Ao ERELELLESY

BIKEER-T

®RIIT,

Fig. 9 X-ray shows the lunate bone tend to have
stresses from many sides, A) the capital
side, B) the triquetrum C) the radial and
scaphoid side, and D) the radius.

Among them, central row stresses can be
seen most frequently in the early stage of
Kienbock disease by tomogram.

— 65 —

Anith, Fig 9 dgtkoafodbt, Bikdaew
5HAMT, FHICRLFAIOA Ly ACHIGL TWS 2

The relation between Kienbich disease and pre-

Kienbiich conditions
Pre-Kienbiick conditions
Kienbiick disease

.
dlspos itidny *\ traumas

arthrosis

Fig. 10  Disposition does not mean simple struc-
tural abnormality, but inclination of
having stresses and distortion such as
workers' hands. (32giE™)
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& 5B
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EMOARIIHELERTLOTH S,
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Ty HNEFl Rabbit- Anti-Mouse-Thymocyte Serum
BE5 T B U % FifREmRERE O

SRAFELHEUAEERE (501 5N 8D
oW 53

Experimental Studies on Fresh Nerve Xenografts by the Administration of
Rabbit-Anti-Mouse- Thymocyte Serum

Shigeru Masuyama

Department of Orthopaedic Surgery, School of Medicine,
Kanazawa University

The fate of fresh nerve xenografts transplanted to mice immunosuppressed with rabbit-anti-
mouse-thymocyte serum (RAMTS), and the ability of the host axons to regenerate through the
xenograft were investigated.

A 4cm segment of guinea-pig sciatic nerve was grafted into the sciatic nerve of a mouse
immunosuppressed with RAMTS. In this procedure, only the proximal host and distal graft ends
were joined. The xenografts were histologically studied after hematoxylin-eosin, myelin sheath or
silver nerve staining.

Soon after the, transplantation, the axons in the donor nerve revealed changes that were
characteristic of Wallerian degeneration, and there was no rejection of the graft. The host axons
passed the suture line into the graft 2 weeks after surgery, and regenerated through the entire 4 cm
length of the graft 6 weeks after the transplantation. At one week after the operation, an increase
of Schwann cells was observed in the graft. Later, they aligned within the endoneurial tubes of the
graft to make columns of Schwann cells (Biingner bands). At 12 weeks after surgery, regenerated
host axons were myelinated in the middle portion of the xenograft.

On the other hand, there were stormy cell infiltrations in the xenograft at one week after grafting
to untreated mice. Schwann cells in the graft underwent coagulative necrosis. Host axons had
regenerated to pass the suture line by 2 weeks after the operation, but they grew only 1 cm into the
proximal end of the graft by 12 weeks after surgery.

These results indicate that RAMTS may be an available immunosuppressive agent, and that the
fresh nerve xenograft survives to help lead in the host axons.

Then, the changes in the xenografts after the cessation of immunosuppression were determined.
The administration of RAMTS was discontinued at 6 weeks after the transplantation.

As a result, cell infiltration was observed around the epineurial and perineurial vessls at 2 weeks
after the cessation, but regenerating host axons were not damaged. At 4 weeks after discontinua-
tion, Schwann cells in the graft underwent coagulative necrosis and host axons showed degeneration.
These findings lead us to the conclusion that the origins of Schwann cells in the xenograft were
xenogenic ones, and immune suppression may be required permanently for fresh nerve xenografts.

Key words : fresh nerve xenograft, immunosuppression, anti-thymocyte serum, regeneration of host axons
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TR IC i, R, BEs L CEEREY S D,
295 h HRBENTLRAEL (BRI ERERAENT
VWa, EIAT, BEMBEORIUC 2 OFBs S
Lz, FAfiH L EEEHEOFNBEIAGL0EL
S, WRONREL-THa, LnLihis, RfE
HaHvEREREO IR L, EEREIC LERMIZ Y
MET~EHHNRESATOHRLOMERTTHS,

Medawar (1944)* (z & 2 BHIGE OB O T &
BRORLCK, RS £ CREBERThO# Y BERED
e 2 Z balBiahban, s L FREERE
Bz BWTLARBOEZ 26, BHERIGE A
f+ 20 MBETHS, —MHIC FE RIS L AR

T, donor OFURTEAE T 2 # 3 /i £ recipient
DRIERIC2IMEF 5 FEAEIF s 5, [ gSBHE
T, donor MiHHALHT recipient DR TEFELET
HILHPFARETH LY, WERBHETIESMES
7 guiding path & L TOHRMEES 20 TR,
Bt EFOLEEH LG, ] v d Marmor
(196410 5 OF R L12A- T, FEH 2 iz Sl
BB TIAREEEE LT, MEOAET LR
TR 2 LEMRAE T 5 AR S N T 2 7208, Fd
FMETRELOLFLZAL,

EHoERkL ), BFMERROESELRER
A3z v i A 0 o, BHEEER MAH £ Vb 4L 5 Schwann
HifamEFELTwa i THS LT 556 (1975)%
OFACIHL T, WIERBERER, SttcRES -
IR B BB O B, T4 b5 recipi-
ent ORIERIGAMEIT 5 FRABHOTER%{T-T
27,

Sl hEF® 3, RUEMHIENES T2 817 % HiEEEfR
RO IEREEE £ 171, ATS (Anti-Thymocyte
Serum) OREENTHDOEFEM.EH|E L, HE I,
RARTS (Rabbit-Anti-Rat-Thymocyte Serum) %
O T HT R R M ERR A 1T, BAER O host P94
FICHES Ao ont, BE#SMBEOBBICHKIIL .
WLTHIY IE, R—F2 Y AL TERSTL, ]
Fli iR F 12 host MM THETFEL, host OFEHFEL
FHLFH ZLRAMALL, £ ZTHEFEEIE, ATS
D55 REMFNTASTH -7 RARTS ofniz
RAMTS (Rabbit-Anti-Mouse-Thymocyte Serum)
#HOGTHERRMMERBMER 21Ty, FFBERD
BF L WIFOBEIZD {0z, 235, Marmor®™?® (1

P

RIEHNFIFHE SR o T, T EHEE I EA LGS
FTOEMBTE (, gD s { BRI
FETHETHS | LT 5, HFEEEDLSE
WIS R O, L T RS IR A Marmor
DS TR L EBBT LGRS Az, B
FO B G RSS2 E T 2 ER A
1o, BRIAE L RO e mat L,

RERMIEL E B

I. RAMTS offMn s RS ik

Kubista et al. (1967)'® & fjikizHEL T, 4 2.8
0 ddy R~ 7 A O A BEEFIC L L, #iTIL 60
¥ — ) stainless steel wire mesh TiEL 724
Hanks 7 2 Bl L, B Hanks iS4 70,
Z ORI 5~10 X 10° H £ (A &E 2~3 kg AEFER
OEBIRICES L, 2 85 ICES O B % E e
HEL 20 1 EEICFRRRER L D EEMICHL,
Mm%l 7o, Mmigid Millex filter (FLEE 0.45 gm)
T L 7o, 56'C 30 SHEE- @ L. Zh
#=200C THASEEL, ERCMELR W, 48
RAMTS O#EHICEBLTRERGOHFEM 8L T
cytotoxic test %7\, cytotoxic index 70 % LA Eo
LoaEMHERL .

fes5 Y d, B E ddy R~ ACER 208
L0 RAMTS @ 0.05 ml #@H NSRS L, &
% 3 M ENC HE R A 2 Ty, RAMTS {855
% T AR £ T, RAMTS 3 5.  HE Tl B L
WERABMEeREEMT 20 E T, BH RAMTS
S,

., (EFE&E L S I EE ik

donor £ LT, (Kl 250 g §iiED/— L —RiliE
E o b 132 PR L, recipient & L T, 48 38,
fRHE 10~15 g @ ddy Flfi= v A 264 L& R L 7,

2T, EAEY FOBEIEL om 2MENICBHE
FeLTHRLLE, Rz, =9 A% ether FBFF, %
FEl L 0 KB ENZ AT 5 mm O/hEVIE AN, F
RSEMSR T IC A B 2 S, a0
PPPRBTUIML, ZOPRECELEY X DR
L 2B OB 10~0 71 o RICT 248
#8672 (perineurial suture), $54& L /-8B O—%
it free L L, EEHETICHEELAISMLUL. AER
D EF S EENE, BEMEEEN A host O F ERhZE A5G
LEBZ2psRETZ LIch 20T, Bl OXKER
@S L s ot (Fig 1),
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Fig. 1 Schematic representation of nerve graft-
ing.
A fresh nerve xenograft was transplanted
in a reverse manner, and only the proximal
host and distal graft ends were sutured,
G, Grafted nerve, A 4-cm segment of
guinea-pig sciatic nerve was grafted.
S, Suture site. The nerve ends were joined
by two 10-0 nylon sutures,

m, WEGE

1. REMHFES T T OSSR
BAE% 1, 2, 4, 6, 8, 12:8EIc RAMTS {58,
FIBEE (GRS OR WIF ORI ML, A%
Wz,

2, FEAEGREEO RENE I IEERE  RAMTS
BEHCBLWTHEAMEBEA2R2EET 500
(Fofifith 6 )12 RAMTS #5%duk L, ik, 2,4,
6, 8 EE I 10 U+ DD H L, EAERE{T- 1,

LB, 77 AFy 7 mRMERICEE
LT, ROBBEELES LU Hematoxylin-Eosin
gufs, HEIBIAEREL .

1) &EhRikmEk

SEEREEREY (S L DEE, R0k, ol drE
L, 10~12 pm O BRI ARA 2 ER L 72, @
FRFEHRacu L EBEICRE N, TOMOERZ
wEmE 2L, HECORIRTEETH A, & TR
FEEEMF IS OTIIRRECE S, #IET 54
EHT 3,

2) Hematoxylin-Eosin ik L (P8RS en L

HAw ) »EEE, IB4EICLDEEL, 4~6um
OHEET 8 L ORI R 2 F8 L, HE #$fs L Uf

Kliiver-Barrera #f1i%i- & 5 BEsH & £ FEfTL 7=,
£ B B M

A. RAMTS 5 Fio s 4 i B e 58

1) EFERERERCLLFR

a, RAMTS #58¢

(il 18 H) §EEE L DIT{Io host OFEHEEILH
THEEOReR L, BEMETEETE VW (Fig. 2),
—%, Bk OBz EENICELEL, L2AaL25
AR OUBAAZRD 5, (BAEE 2 EH) REET
i3, host OFEERTIRD & LEOM I EEMFES S
L, BIRICAELL Tva, —Eiasivil 2 TR
Fiz#AL, $#95mm Kz THEL TV 2 (Fig. 3).
donor B R F MR Waller Zt@AERL T
L2 4 (Fig. 4),

(Bl 4 BB RS ESHOFEUTESHIZK
rRLAHNSEEEL, BHERFRIEAL TS, —4,
donor HIHEOENE X MBI ET L, FERO S
MEDHEE L T a, 2OPEEOFEMFREIED,
BHEESEDH IO 2 X TELTWE,

(Befatk 6 B E) BAEE @ funiculus AICIZ SO
R EMA EICET L (Fig. 5), SR RAEIIZ &
i D OEE»NA R, —EEFEERE TEREL T,
% (Fig. 6),

(P 8, 12 ME)FEFFICHZEL T &, B
FRA2ETT2HAEMBEOESBAL, BiER £#Fc
FICHET L L3043, BEAKRERCEES 28
OB LML T (Fig. 7).

Fig. 2 Longitudinal section of the suture site a
week after the transplantation. On the left
side of the suture line, retrograde Waller-
ian degeneration of the recipient nerve
fibers is seen. On the right, donor axons
are undergoing Wallerian degeneration.
(Silver stain, x 100)
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Fig. 3

Longitudinal section of the suture site 2
weeks after xenografting to a RAMTS.
treated mouse. Many regenerating axons
are outgrowing from the axon stumps, and
some axons are growing into the graft,
(Silver stain, x 5

Fig. 6 Distal end of the graft 6 weeks after sur-

gery on a RAMTS-treated mouse. The
fibers with small diameters are regenerat-
ing through the axon debris of the graft.
(Silver stain, x 200)

Fig. 4

Fig. 5

Midportion of the xenograft 2 weeks after
surgery on a RAMTS-treated mouse.
Typical Wallerian degeneration of the
donor axons is seen, (Silver stain, x 500)

Midportion of the xenograft 6 weeks after
transplanting to a RAMTS-treated mouse.
Many regenerated host axons are passing
through the graft. (Silver stain, = 50)

Distal end of the graft 12 weeks after trans-
planting to a RAMTS-treated mouse, A lot
of regenerated fibers are penetrating the
entire 4cm of the xenograft. (Silver
stain, % 20)

THEREE
(fefiitk 1 :8H) MEHORIE RAMTS 58 1

HWEHOmR LERRTH S, BiiFATIL, donor ©3#k
DI LG,

(foffite 2:EH) BRASTIE host DEIE L D £

HMEHFESEEL T, YHOBHISBERFICEALT

V14 (Fig. 8),

—%, BiEE MO donor BEDEED

%, BEoBRELLTAaASNS,

(Bl 4 @ H) S HTBER A2 RO 8T

MLTLaA, BEEEL D 5~6 mm KFSLTHE
T OEITEGEICHA L, EESEIEL TnE,

(Bffitz 6, 8, 12:8E) B ICEAT 2HEME
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O, FE LEERRICEINL Ty < A5, B 12 M
BLTHRSHED#IOmm FHEITLAEELT
v (Fig, 9),

Fig. 8 The suture site of the graft 2 weeks after
surgery on an untreated mouse. Host
axons are growing into the graft. (Silver
stain, x 50)

Fig. 9 Proximal portion of the xenograft 6 weeks
after operation in an untreated mouse.
Only a few fibers are seen. (Silver stain, x
200)

2) H-E #+«fikic k 2FFR

a, RAMTS #55

(AT ORFR) B 1EE, 845EEs &
R E perineurium (22 EFRER, U Bk B b
TAREMEEHE D 2, BEEIE, WL 0 EE
L-HRRE I L DR s ke L T b, Folfifk 28
(20F, Wl ERE L, AR R i Al
L /- Schwann #iffa# 4+ 3e 2, B 4 8%, 3
{&&6 = perineurium (2% O EMME £ 2 Ll

famfEiEiE L A EiEshin,

(Fefi e EE SO M7 ) B % LEHE 121X Schwann
iR L, ME NI AN ER & 3
& % (Fig. 10), EEHIZ (L BHIME HEUEL Ty 525,
AR S, BT 2. E 1212 Schwann
Hikg o e bz & 5 12#ITL Tw 2 (Fig. 11), —
Ji, Schwann #8400 L, endoneurial tube A
TEKICEFIL T3, Bk 4 BELEICE, Bin-
gner band 7 ICTER X LT 5, A3, BEE 1204
Ho®BEA h ol T, fmmsiThn
Tw iR E#S 7 (Fig 12),

Fig. 10 Midportion of the xenograft in a
RAMTS-treated mouse a week after sur-
gery. There are few cell infiltrations in
the graft. (H-E stain, x 50)

Fig. 11 Midportion of the graft 2 weeks after
surgery on a RAMTS-treated mouse. In
the upper half of the figure, there are
vacuolated Schwann cells in the en-
doneurial tubes. In the lower half of the
figure, there is only a mild cell infiltration
around the capillaries in the perineurium.
(H-E stain, x 200)



of the

Fig. 12 Midportion
RAMTS-treated mouse 12 weeks after

xenograft in a

operation, Many axons are mvelinated
over a long distance. (Kliiver-Barrera
myelin stain, x 200)

b, GiEERE

(heEERfrimopr ) e LNEC R, SEHE
[ & U REE O perineurium O IAT % (gL
i %38 2 (Fig. 13), host @ igkBiss o if
Schwann lf@»H&RH L, BB~ EAL Twa,
il 2 B iR 2 Sl (a D, 448
MM L BEL Twve 5, 4B E TR I i
AL Tl 1205 THRL SIS,

(FeflahiR EEH O T R Bl 108 B Rl kg
EY oML, perineurium (ZLEF A 2 IEE
CRETHDS, EEES LA D Schwann #fif
HIREAFENZETIL Ty 548, pyknotic 284 R 2
5, k2 EE, #EEL 0 2~3 mm £T,
host {8425 8HE L 7- £ 8415 Schwann flfagnii2e0
SilA, FAEDERMER T, Schwann #ilaiiz
pyknotic % L OHGINT 5, Bk 4 8H, EXEE
{5+ 4 Schwann #IFHE#ESE LD 4~6 mm £ TH
Hoh s, FLDRMOMBERNTE en
doneurial tube OIS IZEGE 2 4L T A48, Schwann
il A L Bt L T s, Cofic i e
firsET, BHMMmME E~S40F, coagulative ne-
crosis D& TH A (Fig, 14). il Schwann #fd
& = coagulative necrosis S0 R (i kR & 22
W, ByEHitaL Ao s, A5 6 ML, MHEE
B ERBR o aan¥, BIIZH - 5
TIZEORS L LTHEL Tys, BiE 12 8HIC
i+, host ¥ M Schwann il BHIS ~DMEA B
DAL 3 EEEZD Schwann #fI2E) 10 mm Aj#E: T
L, #HoO necrosis =AM A HE R &£ TERLL T

=1

L

%, Bl endoneurial tube HEEITZF, BB
vodfb Ak LT s (Fig 15),

EL

Fig. 13 Mononuclear

cells show intense
infiltration around the vessel in the
epineurium 2 weeks after grafting to an
untreated mouse, (H-E stain, » 200

Longitudinal section of the xenograft at
week 4 in the untreated mouse. The
perineurium is infiltrated with many
mononuclear cells. The endoneurial tubes
are well preserved, but normal Schwann
cells aren’t seen at all. (H-E stain, = 200}

The structure of the endoneurial tubes

shows the occlusion or destruction at
week 12 after surgery on an untreated
mouse, There is a lack of cells in the
endoneurium. (H-E stain, » 200)
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}X:"&!‘b RAMTS - treated mice

grafring

e ® , Cell infiltration

Untreated mice

JCoagulative
necrosis

1

Fig. 16 Diagrammatic representation of fresh nerve xenografts in RAMTS treated mice and untreated

Ones.

3 R

BlEowgdimea, HERGOOMEL £ L0 5 & Fig
16 @2 L4THH, RAMTS 58T Mk
24k = 41, donor H#@D Schwann #3856
Waa = =7 L T, Biinguer band @R ASTH
MzEfT T 5, #Oh% host HEOFERE Y, B
%2 MRS AR T CHEAL, BiER6
Wiz eREcEHEL, 0k RIFLERESR
L7z, —%, RAMTS 50T, BfffRI0L 0
3L iR A 4 L, donor A% Schwann #iiE
1+ coagulative necrosis - TL £, 2Dz
host #vo O FF R (TR 2 BIC 3 BAR I I HEA
TAHLOO, OERIEEEECHL, B2
R L T LREGERE DA 10 mm A LBk L A
B. PMAMZES GO QR LR

1) #@hRFmRIz LSRR

(bt 1:8E) BEERBRER R 2B ICHEL
THD, BEMBECE S It EH LT ARER
iy,

(dhib 28E) ik ERORE £ I3 IZERT,

AN T A RO, i LA 1LEE X DM
iz H 4 (Fig. 17),

(dhubf% 4 EE BRI SRS L PRI TIE S8
OAFEHGEITTL T, Lo LB OEAEN T,
FAHOEESBEAEICETL, SO EERC
imkL, #oRMEHITERROMBEEERERLTY
2, EAEFEE, SEHL 0T 25.4 mm KFBEET
ZHRICH - Tt

(k% 6 B ) A QTR T, PR L SR
e, WETTL, rdke D, FOREMENLER
, R OSEENGOMEBEET S, OB
Hid, SE&EIE D TH6.Tmm RIEEL T THEy e h
7= (Fig. 18),

(b 8 8B RS D TP 8.6 mm KIHET
PR 2580, JubkiE 6 MICH b aic L T
W, FuL 0 EGEIC I, RO HEDETEL
Thvd,

2) H-E Rtk L3R

(thub# 1EE) #55akdl (25 6E) » £-7:
< [ LT FL T epineurium, perineurium (21 £ - 72 <
S % s s (Fig. 19),

— 73 —
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# 5, karvorrhexis ¥ H T 285 ~BITL,
Schwann HI A EFEIZ[B 2@ 2 A H 22 2 4,
coagulative necrosis DR &2+ 2,

(k82 6:8H) 82&%TiE, Schwann #iffid L ¢
TIcifniiEr s 2 o i3, BN @ perineurium @
M (AR NIIR CTEB L TH D, skt
EAYASILR, F7z, perineurium (2 (3 HARTEY
AEANTE L T D, BAiEED endoneurium 0ff

T, &5 L U 6 mm KMH £ T2, Schwann
HREEANERGRELTHONE, Linl, Z20OKGE
Fig. 17 Many regenerated fibers are seen in the iR e ED, TORMIE Schwann il

distal portion of the xenograft 2 weeks #% pyknotic LA E T2 L O BEEGETRT
after discontinuing the immunosuppres- DNEBTFLTLAARS #5405 (Fig. 21), 252
sion with RAMTS. (Silver stain, x 50) N
R TIE, EHEEEETAMIEE < TEDSH
#°, coagulative necrosis R TH D, BHMEL £ -
fz L BEahiz v (Fig 22),

(fhibt% 8 EH) #EHOMBERHEIBgEL TV,
Bl perineurium OffZRELEEL T2,
Schwann fila3 EREA L D T~8 mm FigHT, 2
HICHIEEATEATL THIR 2R ABLTH2, B
i endoneurium (214, FEEMEZICIE - 2-dBE A S
L, BHMEILEEL Tvr 2, endoneurial tube @
iz, MAEL (BT 2 EROEES Kb, |
HhEE(T, ABEREE LR Y OEELRBREELT
w3 (Fig. 22),

Fig. 18 Regenerated host axons undergo
degeneration at about 6 mm distal from
the suture site by 6 weeks after stopping
RAMTS. (Silver stain, x 200)

(k8 2 MEH) BiEH @ perineurium Ot/ mE
CRMEBENEE STV ARERD S, en-
doneurium MWiZixE-A < RBMLTESF, £,
endoneurium NOBHIME (LFUEREEET 5 4, /)
PRI TR 7 s,

(spubf 4 EB) RS E Tz, BASOMmE £ $i

ERAAGFOhER, U iR RO ME A A, Fig. 19 Perineurium and intrafascicular portions
BoAli A 00 perineurium 17 (3% o /s ISR A3 12 are free of cell infitration, Biingner bands

X . . are well preserved a week after the cessa-
LTwa, Lavl, REMRIEE S perineurium (2[H tion of immunosuppression. (H-E
ks 2k <z, endoneurium PUCIEERE L Tuaig stain, x 50)

\s (Fig. 20),

endoneurium OFFE T3, B 2RO 3 50
? £ Tit Schwann fIlEFEORECELIZTED S0,
FiL L DR TIZOUEIC pyknotic i EFE T 2845
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Fig. 20 Midportion of the xenograft at 4 weeks
after stopping RAMTS. A large number
of mononuclear cells is infiltrating the

Fig. 23 Midportion of the graft 8 weeks after
stopping RAMTS. Cellular infiltration is
seen in the perineurium. The structure of

the endoneurial tubes is occluded or des-
troyed. (H-E stain, x 50)

perineurium (lower half of the figure).
Columns of Schwann cells are kept almost
completely in the endoneurium (upper half
of the figure). (H-E stain, x 200)

ks . . .
oy Histological evaluation

slopping . ——
RAMTS |@®, Cell infiltration ;1 |, Coagulative necrosis

1

Fig. 21 Proximal part of the graft 6 weeks after
discontinuing RAMTS. Perineurium, P, is
infiltrated bv a large number of cells.
Proximal portion has intact Schwann
cells, S, but they change over, into a 4 =
picture of coagulative necrosis, C. (H-E =
stain, % 50)

Fig. 24 Diagram of changes in the xenografts
after the cessation of immunosuppression
with RAMTS.

Fig. 22 Magnified view of the endoneurium in the
midportion of the exnograft 6 weeks after
discontinuing the immunosuppression.
Schwann cell nuclei show a necrotic pat-
tern. (H-E stain. x 200)
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3 A &

Bk, RAMTS #5tEoRARFET2 L,
Fig 28 {Thd. Tixbb, fk#28zTit
RAMTS OFBRASHEFEL T &2 ahian, 41
Pl siaindasta £ 0, dik-#: 4 BE 214 perineur-
CEAcHEREEE L, BRSO
Schwann #lfg# % coagulative necrosis 12— T L
F£3. ZAUSHEY, host HIROFHATE L EMHGEE
T4, thik# 68T, coagulative necrosis + F&
e ORERITEEEE L 08 6 mm RAfIZH A, duk
%8BI DBREEEE L U8 mm A
1, Fi LD EEO endoneurial tube (2 (L[ .
PHEE(R L3R 5,

ium

1 =

HEMESMTECHME L2201, BEESOE
EHAMEARE L LTI 4 2010, FRETEE
Rz LHNLE, BECLELRSVES 2
34 2 PR AT W R MR IR AR ) mER IS A 5
PAMBT 22 E0HTHE, 2T, ZORELEF
fravEfiE G REMEOF LG »oiEH
L, e T &z, L 2345 Albert (1885)" (285
HEFEMAZEBEERS L ORI A, Gluck
(1880)'" 2065 5 EFR M BAMEEEY 11, w¥hy
LRI L ST LD, BERE O
A S TR, R ST,

L, Medawar (1944%%, 1945™) (- & 2 s
FIGo B OFEEE, Bunnell (1959, Seddon (1963)%
SIZL ZAMS L RS B 2 fEIE O
DB OSRFLIE, R £ 10 AR O I,
B SIERIG A L I BRI 2o v o T
Lid,

—fiz, BEE 2 50T 0 2 BRI R 2 4 5
A5k, donor OREMAET s €5 Kk,
recipient {B]@ R RIGC & E] T 4 Hikic KRl &k
I, BoroMaREeHARMECE T, BEs
17082 £ 7 (L 4HEY recipient DR THFET 5 2
EHENTHLEIALY, TXTHEODFEINTH
WTwh, £ ZAM, RIFMHEFRE /I RERED
9812 - 7, Marmor (1964)*%, 388 o (1971)% #1
BEEL L D TR L R 0, RMMER
MizsuTRBEFEZOMEILTLLEETHS
DB ¢, BHERE B recipient O AR~ E
LuwhmEIz&EE+ 2 guiding path & L ToOEHE2HE

L

3
L] LGOI HRICIML T, EoRiEO ik,
THOBBME AUEREL TFORRESE T 2
SHIEDWENEREZL T35,

MEREAEELTIE, L0k i
BT o — LR, ) LSRR, W
FERAF, MBS IRE R Y e YR A s e,
WSDORETHRERIEAIIFEI S 31314, T
TEEDZVAGREL Lo, BETIE Afanas-
sieff (19671 512 &£ & Cialit #if##&iE, Campbell &
(1963)'", Marmor®* [= L 2 HiSesh | - B ffi B 1278
THUALERT 2 fikst donor OB % 4 534mE| - 2
£ 2 A0S, HERIYIZ, £ EEIC L% oBEy
Hettr 241, o 2iE Pinner-Poole (1966)*7, Lewis &
(19697 o & 912, HFRMEERAEIZH o i = #E
LTudLdenad, Lol s Bucko 5 (1973)7
DFEEETIZ 125 PlORERHOEET, 24|14 rein-
nervation AR S of 2 OGS, Marmor
(1972 DERRFITO % L D RMPIOREL L, 1FE
AXOBHAPITHET~EFRESHTORGOER
THD, FITHEES QTP O L3, BiEKoMm
) & TIHBE RGO MBI 5Tt 24 £, host fild
FREERIEIMR O LB A3 BEE L b,

L 15T, BiEmEO &8Iz o v TiE, Marmor (3,
WA Al tube & L To#E (F4hH 5 endoneurial
tube D) 2 A HIULR, L L THEMEOZH
EIREIO S 2B Ty, JHUCHL, B (19719,
1975 (A AR O REENN 2 @ 2 2553 Tu s, T
s, BRAMERCEEESE ERCGES T 200
IZ=oofal, T4+ 5 endoneurial tube - 3%
HiE% &2 Schwann #REALETHS L, i
Schwann fifgo @ 2 ic @S A BTV A, FEEE M
BEETIHIRERICHEC L WIETTEL, 57
Schwann HIfuOER - RFEFENFFHTE2 4
T, BEARAEHIDIR L BIFROTHS S Ll T3,
Gye & (19720, Marmor (1972)%7 & 04, s Hostis
s f R Imuran AR L T, FEGE
EEINCIIEIL 22 b b & F, # ORI
WRIZ¥b S, 4 %7 Schwann HIOEEE %
BEHLLZLCERTIELEZSNS,

PlEoBldins, BEATES-> T A2BHEOH
2T s 45 AikionL T, #5513, recipient
Bl S R A 4 L TRERE R % %35 =+, Schwann
HloMBEFETEL L O FEATEZ 451, HX
i L FEORMSEB s s0TREVLHLHE
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A, BEPRENEEMOEREAIT-TEL, Z0BS
[RE & 4 2 Ok, 8112, recipient O FZE 5%
TILUERM OISR L EFELRIT 200, 212,
REMEER AEFE LS L LT, recipient 250
EHiFEsBEE PR LEs O, BETLE, B
fEf g Schwann Ml BEMFLFELEZ20
W, THO, Zhe®iHTL0ELNDS,

BEOMIL (1982)" X —F =7 A EHWAFEER
FEAF IR 1T, 1) recipient 0 RIEFIEH
sEEicilfl = diivid, BREEETFELEL Z L, 2)
host O FFEEE LT BN O Bl Schwann #fig1c
BHENEL I RUHLE, A-Fe Y ARERN
Chalg AL e TH 0, HEBEERCEEE
ThHaH, BRICUICETTRETHS, 00, B
RIEHEEEL T, Ho4fEilfslzBu - EE%x
fFon¥hes,

SIENEIE X, B2 O LOHBRE, ERELTED,
B4 o ARSI T O R 0
DRFTHS, LoL, BELEASNTVLIEIFE
v £ >, Azathioprine, 6-MP, Cyclophos-
phamide, Actinomycin-C % ¥ T3, Waller £z &
1+ % Schwann #IiE O BREHHNE] = 4172 0 (McColl &
(1953)**, Thomas & (1954)**"), host o fiEEda &k
HHAERES LIEIT 5700, BAEEESNEL Sk
% (lkeda (1966)'*, Chung = (1974)'V) = ki
ANTHED, 2HCELETRIFHOES LHE- T,
fEFE REAR I R L G, SEICRER (1978) ' 14, il
Bk mis ATS T# 4 RARTS (Rabbit-Anti-Rat-
Thymocyte Serum) % s 7 #efEREBAMO B2/ E
B ATl ATS oEh - 0iEilRsRE = |E L 2. &
(M (1981)* 12, AL < RARTS 5 T Fisgs
AR ER £ 17 - 124558, RARTS @ 5% MiE%h
R, FEEEOEBICGEMERRL D, kR
HifdEE R A% recipient WTHFE LEEG 2 22 o ghEA
fedpnots, ZOBEHIZOEHHIE, 1) RARTS 38
FEfEE o0+ SRR SR IC 2 B < M % 28,
MR L 2 1ER SIS 20T RS TH
474, 2) RARTS %2{FBL 7-h & B R 2 E L
-ENHERE (52F) O7-w, recipient (Fw k) @
RPICRROMEF IS T 5 ks EE S h, 20
MHE RS OFRERMMRE OO L TERL, Bl
DEFELFE L LOEERL TS, 227, 40
FHEE, M E2FRT 50 (FR) B+
W42 (Erey ) £5#: L T, RAMTS

{Rabbit-Anti-Mouse-Thymocyte Serum) % F L 7= 37
R A R EE 21T, RAMTS o SR 6E
B, BFosE0EE L BEARFEOTIEEL LA
~7s.

RIEIREIRIC 2T, oEEEE GERSE T
FERif 1 HE L neEEieRAE @ perineurium &
FHO M & ol iz L v PHEHIRERM = 2e,  Ref
R L 2ot L, RAMTS S 58T B
IZIEEROHMEEMARED 2 L OO S HTilE 21
THED, 4EBLE - CHlEEEEEY Lo
7=

RICBHE OEBIZO2WTIE, RAMTS 58Tz
Folitif: 188 £ v Schwann HIlE A58 L CiEIcHE
#¢ Biingner band 2R+ 2 EAfE i 2 1 i,
Bk hoagasnEFLETF O Ll
5. FducxtlL, oHEEETIIEEA BROMER T I
FHIL D coagulative necrosis [>T L £\, en-
doneurial tube O & JEEIC AR s 1 2 B A
Sil, RAMTS 588 & (300 o @At A s i,

—#ic ATS (ZhIfR#iiE< T $iaog + 2 fisis
B E R L CRERA MR 1 S BTG £
TAEEEZSNT LA, Monaco 5 (1966)*, Lance
5 (19700 12 ATS 125 4 FEHE ORI e ims zh R
DL EERLTED, SEEZFOMVG: RAMTS
FRIFERIIRERIGEHNFHL Tubn LEL SN
5. ZOfEHR RAMTS & 58T R MR
EaEfELiBs 2 EnfE a4 DTH 5,

i, BHEMEOMRIIOVWTAS E, WEETIR
2 EE RS L D BEE AR R
fiR+5 600, REMEMAL TLESH,2S 10 mm
AL EEL 2ot —F, RAMTS 58 Ti2
FERFEIERICBEAN s SRBEL:, ZOEE
i3, HgEEy RO Schwann S 2 155
SEERBLTVS, LEode, HFuoR—F=y
ALBU2EBEAROERTHL, £, BEEOE
ERTIEE oI, Bl 12 s v TBEE o R
EEE CHEETZ A S EEY S i1, Schwann #llgs B il
DEHEIC LW AR LIES C Latmans, host @
B EED Schwann #if3iz L nFM s, 2
SICHEMIEE L S 2 HEL, BFHEBMHIIBIT2
MEEELRUBFCESHTED, REmER 2
SEETHNERME - I REMEREETEEY H 2
ZENFFEE A,

Wiz, RENHAES M E BRS04 7
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RAMTS 550 iR - 228+ 5, B4 -0l
PHERBE T, Bl s - Est recipient
DENTEFLFTS Z LHRINTHD, 2R
b 2 RERR O ELLEL 2hThwa, —
F Marmor & (2 LA E, mEEFENE T2 B EhdE A Bl
B %255+ 4 % T ORHIRIO 2 e Mk 340 B,
LEZSNTEL, ZOMICEL Aguayo & (1977,
1980") |+ Anti-Lymphocyte Serum THRIEEH| L 7:
TUAILE PR ERAL, REHE sk L o
BT, Bl ICIHBEREIENE L, HEBEOL (D
#3it Schwann #E % i 7 SRR (128 4L,
gz {2hiE Waller Z 24U 600, {0
R B S GRS R AL T W A TR 23l
FEIIHIEEEMOATESTHL LIEHL T3,
Livl, o0FEBRTIE5mm OBEFE2HA0LTns
IEICEEAL S LEAH D, BHOEETILHERE
EELWTLREEE LD 10 mm FRELEITOBEENA
Stz 2Tk, Seddon (19751 & piaiER KiEA 3 om &
BTS2 TUEETAZLAHNES
DT, 3 em LUF OMER R FEER (L EH 20 Laliasz
BEMEALLENSS, SEEHEIBEMEORS
4 em kL TERET, RSN EBoE s
WEL
FEOFEERRE T, thEE 2 8 L 0 B O per-
ineurium A OIME QR O ICFdE, U > B APl
LIRS £ 0, ki 438 AR SR R
@ Schwann #i#dif coagulative necrosis IZfG 0,
ELTHBFEITRTERELTED, Aguayo OFE
BEEHA o RS, foridhiltk 68 (R AL
BFemm FTHEMESEOOSNIZILELD,
Aguayvo @ 5 mm OB TORTRE, fizifii D
FATHEEASEBE LAy, BEORRIEED
L2, RAMTS 5.2 & 0Bt EmiE g
FLEY, BEMF2»FLAL IO EMD
Schwann #iflTH - LARFIH L LDOTHS,
PLE £ D, Marmor o hifafE (50 EEEHETO
FUEMEFR S 2EEN TRV L E 2 L 0IEEY T,
RUEINE 2 Uk g, B ICIERRIELE L, £
DFEE donor @ Schwann iAW L, #-2<
ELEFEOERCKHLOT, MERHEOBMO Y
CEREEICh D SEm s S LESR S Z e A
HEAL 7=,

MRS B LTI, EHmCEEEs LETzni
EMFEFIEER T <2 TiEgv T35 Ducker 5

3

(19700 R & 555, FEEFERR 2 72 13 RIGERS
WO ER L E8 T L, SR oML B R 45
DOWES, DT RIEIIRZI R 2 (, BIMEMs D
CRIEIRIF A B L, BEEEIRL 2 2o AR R R
MEEBMICRL DBERCICH S AL MRS
%,

& i

1, SEid# RAMTS (Rabbit-Anti-Mouse-
Thymocyte Serum) £5.F (2, ddy Rih#E~ 7 A D4
HHEE AL, ZORRURCHRMELE Y P ORE
R 4 em 2 PRERMERMH & L THEL, BlEA0
i EFEOFEC O ST REL . 2O
B, UToReEs.

1) RAMTS &5 TF T, HitE St s 1
FEIZIf S = b S EFELREG A, —H, FEESETE
TR 12 8 1C coagulative necrosis [Z[fi—7:.

2) RAMTS 5T T, HASRIBME 28T
HEGHAMEL, BTN SRS AL 1,
~h, WEREFTIEBEEL 2 ETRATSERT S L0
O, 128Z8. TLEHE#MFEOMSEH 0 mm 2k
Ed oz

3 BLEE D, RIS T T e RS R
(TE1F L, recipient DB Ell#H BAlio) Schwann i
fIAmM s s Z AL 22,

2, RAMTS 585 THEME/ B4
E#tE T 5%E 6 ME 1, RAMTS 5 %4
L. BHEH = EWEOEHIZSHA, ROBmE
= A

U b 2 iz BRI 0 perineurium o ffi
Zunl kRIS £ 5 (R4 D, 4T IEBRA
11 coagulative necrosis 1Z[fi— 7z,

2) HAMEFC PR EE TEEEA L, 4
Hiz it i i MEA R A s i, 638B
RN T R TOMENEE L.

30 LR b, RAMTS #5iC &k 0 Fffi Schwann
A L L Tuaie 2 &, recipient O A4l H AR
) Schwann #IfIZFEE 2 4L T s Z LA S
LI, WEEEE £ 2o BRI T, REAIC
ok & SRR BE A 2 b AL 7,

MEfz 510k, HBEEL2EIEE & @M%
B5i0 0 % L7 BTSSR 080 & 0 P 2 R
AL ET, FLBEHEE CEHS 2 EEL
7o M BL—RIGAAT, IR BB
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L3,

LB, KMFREE T BEEROFHARFEE Ry
ANZTRRELL

£, AL CTE R RROBNEZ L
DHTHD,

3 ik
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Simulataneous Dislocation of the Proximal and the Distal
Interphalangeal Joint in Right Little Finger
—Report of a Case

Kikuo Kondo, Yoshitake Kino, Yorikazu Hattori, Takao Hiraishi, Yoshiro Sato,
Mototsune Murakami, Toshihiko Imaeda, Shiro Urata and Yuzi Hayashi

Nagoya Ekisaikai Hospital

This is to report the simultaneous dislocation of both interphalangeal joints which is rarely
observed but we have just very rarely experienced.

The case is a man of 42 vears old who was injured on the right little finger in catching a short
bound ball when he was playing softball. Suffered from wound of lem on the volar aspect of the
finger and stepladder-like deformity, he visited our hospital.

Since roentgenographically the simultaneous dislocation of both proximal and distal inter-
phalangeal joints was found, we scrubbed and easily reduced the finger by longitudinal traction.
Then we found the rupture of the radial collateral ligament of PIP joint by stress reentgenogram, and
we provided the finger with an operation for restoration and wound-closure,

In the 7Tth week after the operation, the patient could resumed his job, and now after 2 years
passed, he has no trouble with ADL and job.

Since Bartels reported the simultaneous dislocation of both interphalangeal joints in a finger in
1874, there are more than 10 cases reported. Most of them were caused by ball, and in the right little
finger. Among of those reports, Freitag, Espinosa reported that in simultaneous dislocation, first DIP
joint dislocates and then PIP joint dislocates, We agree with them on the process of finger
dislocation. We are of the opinion that the simultaneous dislocation should be caused by the strength
and direction of force applied gradually with the passage of time. Further, we have referred to the
reason why the DIP dislocation preceded the PIP dislocation.
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Fig. 1 X-ray photo of lateral view of injured right
little finger

Fig. 2 Extension and flexion of right little finger two
yvears after injury.
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Table 1 Case report of simultaneous dislocation

Reporter Year Cause Injured finger

Bartels, M. 1874 | fall
Scholle, W.# 1931 | fall
Schisrcher, .19 | 1932 | fall

right little finger
right ring finger
right little finger

Stock, -J.H.MY | 1974 | soccer right little finger
Ikpeme, O.1. 1977 | ericket right little finger
Freitag, P. 1977 | baseball right little finger

Espinosa, H.R. | 1978 | handball
Weseley, S.NLI¥ | 1978 | baseball

left ring finger
right ring finger

Levey, M.# 1979 | foothall right thumb
Cleak, K.D. 1981 | fall right thumb
Watson, MLF.12 | 1983 | volleyball | right little finger
Ron, D# 1983 | tabletennis | right middle finger
Kondo, K. 1983 | softball right little finger
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