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Autonomic Nerve Fibers to the Hand

—Distribution of the neurons to the hand in stellate ganglion—

Toshiyuki Tsuruta, Hideo Watanabe and Kanae Nakayama

Division of Orthopedic Surgery, Department of Surgery, Saga Medical School
Sadahiko Masuko
Department of Anatomy, Saga Medical School

Summary

In order to study the origin of nerve fibers distributing in the hand, the distribution and neuron
type of retrogradely labelled cells were examined by fluorescence immunohistochemistry after
application of a fluorescent tracer to the radial, median or ulnar nerves at wrist region of the dog.

Sensory neurons labelled from each nerve were distributed segmentally in the dorsal root ganglia
(C, for radial, Cs for median and Th, for ulnar nerve). Labelled postganglionic sympathetic neurons
were restricted to the stellate ganglion and also distributed segmentally (cranial part for radial,
middle region for median and more caudally for ulnar nerve).

Approximately 309 of labelled sensory neurons from each nerve were CGRP and SP-immuno-
reactive (IR). In the labelled sympathetic neurons, the proportions of non-catecholaminergic VIP-IR
and catecholaminergic TH-IR neurons were different among the peripheral nerves. The ratios of
VIP-IR cell to TH-IR cell were approximately 25:75 for radial, 45:55 for median and 40: 60 for

ulnar nerve.
Introduction

We have previously reported that the median and radial nerves of the dog hand contain nerve
fibers immunoreactive to tyrosine hydroxylase (TH), neuropeptide Y (NPY), vasoactive intestinal
peptide (VIP), calcitonine gene-related peptide (CGRP) or substance P (SP), and that the proportion
of these immunoreactive fibers is different between the median and radial nerves, reflecting the
differnce in their target tissues which recieve innervation of these immunoreactive fibers'®. How-
ever, the origin of these immunoreactive fibers has not yet been demonstrated. In the present study,
to clarify the origin and localization of these immunoreactive nerve fibers, the distribution, number
and immunoreactivity of retrogradely labelled cell bodies in the sensory as wéll as sympathetic
ganglia from the radial, median or ulnar nerves were examined by use of first blue (FB), a fluorescent
tracer of the axonal transport, and fluorescence immunohistochemistry.

Materials and methods

Nine mongrel dogs of both sexes (5-7 kg) were anesthetized by intraperitoneal injection of

Key words : autonomic nerve, stellate ganglion, hand, dog, immunohistochemistry.
Address for reprints: Toshiyuki Tsuruta, M. D., Division of Orthopedic Surgery, Department of Surgery, Saga
Medical School, 5-1-1 Nabeshima, Saga, 849, Japan.
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sodium pentobarbital (50 mg/kg), and 0.5% FB was injected to one of the radial (n=3), median (n=
3), and ulnar (n=3) nerves. Two weeks after the operation, animals were deeply anesthetized with
sodium pentobarbital as described above and perfused through the ascending aorta with 4000 ml of
a fixative containing 49 paraformaldehyde and 159 saturated picric acid in 0.1 M phosphate buffer
(pH 7.4). The dorsal root ganglia (Cs-Th;) and sympathetic ganglia (from the superior cervical
ganglion to 5th thoracic ganglion) were removed and immersed in 30% sucrose phosphate-buffered
solution for over night at 4°C.

Frozen sections (20 m thick) were made serially and stored in a phosphate-bufferd saline. Some
sections were processed for indirect fluorescence immunohistochemistry according to Coons?. In
brief, the sections were incubated at 4°C for 12 hours with rabbit anti-CGRP (Cambridge Research
Biochemicals, dilution 1:2000), anti-VIP (Immuno Nuclear Co., 1:2000), anti-NPY (Peninsula
Laboratories, RAS 7172, already diluted), rat monoclonal anti-SP (Sera-lab, 1:100) and mouse
monoclonal anti-TH (Hatanaka and Arimatsu 1984%, 1:200). After being rinsed, the sections were
incubated at room temperature for 2 hours with fluorescein isothiocyanate (FITC)-conjugated goat
anti-rabbit antibodies (Cappel, 1:400) and with rhodamine isothiocyanate (RITC)-conjugated goat
anti-rat or-mouse antibodies (Cappel, 1:200). The specificity of the immunoreaction was tested by
preabsorption of the antisera with synthetic peptides (1 to 100xg/u! diluted antisera).

The sections were examined using either a Zeiss or Nikon epifluorescence microscope equipped
selective filters for visualization of each of the FB, FITC and RITC fluorophores individually.

Results

1. Distributions of retrogradely labelled cells

Retrogradely labelled sensory neurons with FB which had been applied to the radial, median or
ulnar nerves at the wrist region were found in the dorsal root ganglia of C;-Th,. Although the
labelled cells from each peripheral nerve were distributed in several ganglia, their maximum was
located one or two adjacent ganglia (Fig. I). The highest number of labelled cells from the radial
nerve was found in the segment C,. Labelled cells from the median nerve had their maximum in Cs.
Labelled neurons from the ulnar nerve occured in large numbers either in Cg and Th, (maximum in
Th,). Thus, segmental distributions of sensory neurons projecting to each peripheral nerve were
demonstrated.

In the sympathetic ganglia, most, if not all, labelled neurons were located in the steliate ganglion,
and any labelled cells could not be found in the superior and middle cervical ganglia as well as Th,-Ths
thoracic ganglia. Although, virtually all sympathetic neurons sending their axons to the radial,
median and ulnar nerves were restricted to the stellate ganglion, the segmental distributions of
labelled cells from each peripheral nerve were found within the ganglion (Fig. 2). The sympathetic
neurons labelled from the radial nerve were localized at the most cranial part of the stellate ganglion,
labelled cells from the median nerve were mainly distributed at middle region of the ganglion and
those from the ulnar nerves tended to occur more caudal region of the ganglion.

2. Neuron types of the labelled cells

In both the sensory and sympathetic ganglia, neuron types of retrogradely labelled cells and their
proportions were examined by combining fluorescence immunohistochemistry with the fluorescent
tracer technique. In the dorsal root ganglia (C,-Th,), all types of sensory neurons with small,
medium and large sizes were labelled with FB. Many small to medium and some large neurons were
CGRP-IR. However, SP-immunoreactivity was found only in small to medium sized cells, and the
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double immunostaining showed that most SP-IR cells were also CGRP-IR (Fig. 3a-c). A quantita-
tive analysis of these sections revealed that both CGRP and SP-IR (CGRP/SP) cells form ablut 30%
of all retrogradely labelled sensory neurons (Table1l). There were no significant differences in
proportions of the CGRP/SP-IR cells among the labelled cells from different peripheral nerves.

In the sympathetic ganglia, labelled cells showed immunoreactivity to either TH or VIP, and
there were no labelled cells immunoreactive to both TH and VIP (Fig. 3d-f). This result indicated
that sympathetic postganglionic neurons projecting to the wrist and hand were composed of TH-IR
catecholaminergic cells and VIP-1R non-catecholaminergic cells. In order to estimate the ratios of
VIP-IR cells to TH-IR ones, the numbers of VIP-IR and VIP-negative cells which had been labelled
from each peripheral nerve were counted. These analysis demonstrated differences in the propor-
tions of VIP-IR cells among neurons labelled from each peripheral nerve (Table1l). The labelled
cells from the median nerve had the highest proportion of VIP-IR cells (46.5%) and those from the
radial nerve showed the lowest value (26.3%). Although, neurons labelled from the ulnar nerve took
a relatively high proportion of VIP-IR cells (41.2%), the value was lower than that of median nerve.
The double immunostaining revealed that about 709 of TH-IR cells were also immunoreactive to
NPY, about 90% of VIP-IR cells were immunoreative to SP and approximately 75% of SP-IR cells
were also CGRP-IR.
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Fig.3 Fluorescence micrographs showing fast blue (FB) labelled cells and their immunoreactivity to CGRP ,SP,
VIP and TH.
a-c: Cells in C; dorsal root ganglion labelled from the radial nerve. Arrowheads indicate FB labelled
cells with SP and CGRP immunoreactivity.
d-f: Cells in the stellate ganglion labelled from the radial nerve. Arrowhead indicates FB labelled TH-IR
cell and arrow indicates FB labelled VIP-IR cells. Bar=50um.

Tahble 1 9% of FB labelled immunoreactive cells
DRG STG
CGRP/SP VIP
| Radial Nerve | 35.7 (n=412) | 26.3 (n=599)
| 31.2 (n=500) | 46.5 (n=811)
Ulnar Nerve | 35.7 (n=652) | 41.2 (n=1303)

E: Fast Blue, DﬁG: Dorsal Root Ganglion,
STG: Stellate Ganglion

Median Nerve 31.

Discussion

The present study demonstrated the segmental distributions of sensory cell bodies sending their
axons to the radial, median and ulnar nerves at wrist region of the dog. The maximum segment of
retrogradely labelled cells was C, from radial nerve, C; from median nerve and Th, from ulnar nerve.
Although, ranges of the distribution are somewhat different, the segmental organization is similar to
that of human being. [t has been known that in the human sympathetic system, neurons in the middle
cervical and stellate ganglia project to the upper extremity®. However, the present study revealed
that all sympathetic somata labelled retrogradely from peripheral nerves of the dog wrist were
restricted to the stellate ganglion. Within the ganglion, the labelled cells from each peripheral nerve
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showed a segmental distribution, in which the most cranial part for radial nerve, middle region for
median nerve and more caudal region for ulnar nerve. Although, this segmental pattern is similar
to that of sensory neurons, the main segments of sympathetic somata seems to be one segment
caudally than those of sensory neurons, since the cranial, middle and caudal regions of the dog stellate
ganglion are usually correspondintg to the levels of Cs, Th, and Th,_s, respectively. This is in
contrast to the situations in the cat and rat hindlimbs, where the segmental organization of sympa-
thetic postganglionic neurons to skin and skeletal muscle is nearly same or one segment cranially
than that of the sensory system'V!?,

The present immunohistochemical study revealed that approximately 309 of total sensory
neurons projecting to peripheral regions of the wrist and hand were CGRP/SP-IR. Coexistence of
CGRP and SP in a certain proportion of the small diameter sensory fibers have been reported® and
SP-IR sensory neurons have been suggested to be involved in pain transmission®. As a peripheral
effect of these peptides, it has been known that SP induces vasodilation and an increase in vascular
permeability®®, and that CGRP is also a vasodilating agent in various tissues”. In the forepaw of
dog, we have previously demonstrated that CGRP-IR and SP-IR fibers show a similar distribution in
dermis and in association with blood vessels!®. Thus, the retrogradely labelled CGRP/SP-IR
sensory neurons may contribute these CGRP-IR and SP-IR fibers in the dog hand and be involved in
the physiological roles as described above. It should be emphasized that although the total numbers
of labelled cells from each peripheral nerve were different, the proportions of the labelled CGRP/
SP-IR cells were not different among the peripheral nerves in the wrist. This result suggests that
at least of the CGRP/SP-IR fiber, the composition of sensory fibers in the radial, median and ulnar
nerves is similar to one another.

In contrast to the sensory system, the ratio of VIP-IR to TH-IR postganglionic sympathetic
neurons labelled from each nerve was different. Since all labelled cells in the stellate ganglion were
immunoreactive to VIP or TH, an approximate VIP-IR (non-catecolaminergic) cell: TH-IR (cate-
cholaminergic) cell ratio of labelled cells from each nerve can be estimated from Table 1 as follows ;
25 : 75 for radial nerve, 45 : 55 for median nerve and 40 : 60 for ulnar nerve. Our previous analysis of
fiber types within the dog radial and median nerves have shown a similar result of VIP-IR: TH-IR
ratio to the result of present study'®. As this and previous studies'® have shown, most VIP-IR
neurons are immunoreactive to CGRP and SP, and a large number of TH-IR neurons are also NPY-
IR in the dog stellate ganglion. In the dog forepaw, VIP-IR, CGRP-IR and SP-IR fibers in the sweat
glands as well as in the walls of blood vessels, TH-IR fibers in the hair muscles, and TH-IR and NP
Y- IR fibers around the blood vessels have been found'®. Since in the dog paws, sweat glands are
present only in palmar side and hair muscles are predominant in dorsal side, non-catecholaminergic
sympathetic VIP/CGRP/SP-IR fibers may distribute mainly in palmar side and catecholaminergic
TH-IR fibers predominantly distribute in dorsal side of the paw. Thus, it can be concluded that the
difference in the VIP: TH ratio in the postganglionic neurons labelled from each nerve is reflected
on the difference in their target tissues.

Conclusion

Sensory and postganglionic sympathetic neurons sending their axons to the radial, median and
ulnar nerve at wrist region of the dog are segmentally distributed in the dorsal root ganglia (C, for
radial, Cy for median and Th, for ulnar nerve) and within the stellate ganglion (C, for ulnar, Th, for
median and Th, for ulnar nerve), respectively. Sensory fibers in each peripheral nerve contain a
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similar proportion (approximalely 30%) of CGRP/SP-IR fibers. In contrast to this, sympathetic
fibers in each nerve contain VIP-IR and TH-IR fibers in different ratios (25 : 75 for radial, 45: 55 for
median, and 40 : 60 for ulnar nerve in VIP: TH ratio).
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Experimental Study of Free Fat Graft in Nerve Repairs

Hideki Sakanaka, et al.
Department of Orthopaedic Surgery, Osaka City University Medical School

Peripheral nerve injuries are treated with nerve sutures such as end-to-end suture or nerve graft.
However when there is a large amount of scar around the injured nerve, scar invasion and adhesion
occur at the suture site. In those cases, constriction of the peripheral nerve by the scar tissue
disturbs the nerve regeneration.

In order to avoid scar formation and adhesion around the suture line, the nerve is wrapped in free
fat with fiblin glue.

In this study, 22 adult male rabbits were used as experimental animal. The sciatic nerve was
exposed and the tibial nerve was cutted above the motor branch leading to the gastrocnemius muscle.
We prepared models consisting of an end-to-end suture group and a nerve graft group. On the
control side no protection was provided for the nerve while on the experimental side the nerves were
protected with a free fat graft. The experimental rabbits were sacrificed three months after the
operation and an electrophysiolosical study and histological study were performed.

The electrophysiological study showed that the experimental group treated with free fat grafts
was experiencing a better effect while the histological study indicated that free fat grafts prevented
the perineural invasion by scar tissue and that suture line neuroma was kept to a minimum.

These experiments seem to imply that wrapping the nerve with free fat offers some protection
against scar proliferation and decreases the adhesion to the surrounding tissue. The grafted fats
never disturbed the nerve regeneration. Therefore the technique of free fat grafts used in nerve
repair may also be useful in human clinical cases.
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Address for reprints: Hideki Sakanaka, M.D., Department of Orthopaedic Surgery, Osaka City University
Medical School, 1-5-7 Asahimachi, Abeno-ku, Osaka, 545, Japan.



TEEAR ST I B 1) 5 RS AR O RERHIRFFE 9

FERALL, LEHEEEAL, BHEHEOMMER
BETFL, KB, BHEMmE & B 05K
O TYIMtE, FROEEE, 10-0+-4 0 i THE
PRI R FER S 1T o 1. AR O B AR
T 57280, BEENAR=—F ATV —5—1
THEA LT, BEEWE, v FHKOT7 4 TV =4
VERWET 47 R ES TEETEAAL, B
TR fmE# U7z, 20L& Lz, 3BEO¥F7A
FEE 21T 7. IHMARETE & Ak BB EERE b B
L7z (Fig. 1), #MREOBXELTZFEBbs3 2R
®i, EREBEN, HBRFRICRNEIT o 7.

¥ ES

BEMERET 2 £, BWBEES b o B
BT, BEWE 2 0BROEENV L & WL,
HB R TH Y, TOREWEFLE LT, A
FOREMSEAER L CTve, IBIBEE T, "Ik
BEELTWILO0, REOEBEREL, iz
STH-Te,

T, IRIERESEE LU, MEBEEOZIAZTH
LT, BHERS R & T 2RRGUKNRE ST
Vv, ZOREAKE B L gL (Fig.2), %
T, WIRBAHIEBLT, MEORXIEER, B
TEEEO A PIEBMEE L D bR E o7z, FRTELER
b, BHEECBSLTREOHERLED 5, BEEOH

Nerve graft

End-to-end suture

Gastrocunemius M.

Muscle branch

¢ Calcaneal tendon

Amplitude
M-wave

—-I Latency 1-—

Fig.2 Electrophysiological study

AOEELS LY BIFTH2  ESFRB 3N, BES
WEIZBWT Y, RFEOERBR S (Fig.3), L
LS5, MEE bRHZEMCEREZERVIELE
oz,
RIHBERTETH 505, BEIBEE S 2 i
DOREHOMTE T3, HELBEOEENZEL L, %
ORMREE EESABTHEILTSY, $-FRAL
OfFELELSN, PIREELREHERNED s,
IRIZHLT, BIFBMEEORE BT, MR
FEOIEEZMG s TE Y, AEHAR: OFE LR
ETHo T BB EEORESTORKEIC BV T,
HE B Rk T A EE R, lRFEEE AL T,

Fig.1 Operation methods
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B: group with free fat grafts (Kliver-Barrera’s stain)
C & D longitudinal section in group with free fat grafts (Azan-Mallory stain)
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Time-dependent Changes of Somatomedin C Content
in Peripheral Nerve after Transection

Mitsuo Ochi, et al.
Depertment of Orthopaedic Surgery, Hiroshima University School of Medicine

Growth factors such as nerve growth factor are supposed to relate to the degeneration and
regeneration process after transection of peripheral nerve. Although Somatomedin C has been
demonstrated to be one of the important neurotrophic factors, Somatomedin C content in peripheral
nerve has not been investigated. In the present study, we aimed to investigate the time-dependent
change of Somatomedin C content in peripheral nerve after transection.

Materials and Methods: 70 adult male Wister rats weighing about 200 gr were used. Under
general anesthesia, the left sciatic nerve was transected as proximally as possible. 1, 3, 7, 14 and 28
days after tfansection, rats were killed and the distal sciatic nerves were cut into 3 segments of 1-cm
in length each (P(proximal), M (middle) and D (distal)) and the 3 segments of the tibial nerve were
collected separately. After mesuring the weight, the frozen nerve segments were homogenized.
Somatomedin C content in the 3 segment on thé each period after transection was investigated using
McAb and PcAb radioimmunoassay.

Results and discussion : Sm-C level gradually increased after transection and reached 4-fold of
the control in each segment. The initial rapid increase was not observed in the P segment. It was
reported that the level of NGF content at the distal site to transection exhibits an initial rapid
increase which is supposed to relate to retrograde axonal flow from target organs. Thus the
time-course of the content is different between Sm-C and NGF, indicating that the increase of Sm-
C after transection might be mainly due to local synthesis.

BBV, AR~ NGF a5
THL. Ho TRHMBUHBOERERE BT 2
Somatomedin C (Sm-C) XM DT HEL NTF 0% E|RHRE 3 NGF DB RNOSHER THE
7 BES T AMERERT (NTF) 0128 L0 Wy iLoFENZ, Lo, NTFOTXTORF
FErEEEED TV 5, NTF 1243 nerve growth factor 75, NGF L B ERBNBES 2T 2 3£ 2
(NGF) Ut ic b 800 0RFHBEFEET 545, RAER v, 2 I TRBHEFETHEO Sm-C OF&E 1T,

&

Key words : somatomedin C, nerve degeneration, time-course.
Address for reprints: Mitsuo Ochi, M.D., Department of Orthopaedic Surgery, Hiroshima University School
Medicine, 1-2-3 Kasumi, Minami-Ku, Hiroshima, Japan, 734.
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] *

OFHEBRELT Y4 RS —RHET Y P10 LDY
HEL BB WEE 77—V L, ZOMN 600 mg  wet %
HITABEREYFAF—%FHNT, Assay buffer 2
ml CHREVFHA XL, 851, ZOFREYVER— MK
% assay buffer T 20 ml (30 mgwet/ml), EUNE, E
BEES I UBEERR I B, Fg L vl
LAIEL 7.

RIERREY 32— M 0.75 ml WIESEEE 2 EIOL, BT
EORFIH- THIEL, ENEERD. DO
ERINAE X 0,4.17,8.33,16.67,33.33,66.67, 133.33,
BLU266.67ng/g wet & LTz, - EBEEIZEM
BE 0, 16.67, 133.33ng/g wet DEENT DV TS

Peripheral nerve
| homogenized in the assay buffer
| 30 mg wet/ml
Peripheral nerve homogenate
1N HCI
1 30 min. at room temperature
1 centerifuged (2700 rpm. 10 min)
1 ml supernatant
!
Sep-pac Cis
| Washed with 10 ml 4% acetic acid
Eluted with 4 ml methanol
| dried under N, gas
Solbulized with 0.4 ml assay buffer
! centrifuged (1000 rpm. 1 min)
Sample for RIA
I
Sample for RIA 100 !
Assay buffer 400 ul
Polyclonal anti-Sm-C antibodies
100 w1

0.75 ml
0.75ml

or
Monoclonal anti-Sm-C antibodies
100 ul
1251-Sm-C 100 1
| over night at 4°C
Rabbit serum 100 !
Rabbit y-globulin antibodies
100 ul
5% Polyethylene glycol 6000
900 g1
| 2~3hrat 4C
| centrifuged (3000 rpm. 3 min)
Pellet
Measured by y-counter (2 min)
Fig. 1 Radioimmunoassay

L.

QEERK200gr O Y4 AT =59+ VEE BV
7o, BB T WA B R % 1] Ry TUINT L,
PG & B A TH O REIE L KEL, FiEE» S5 OR
EHEDBERREIRCRAT SERHILEL 2, ik
H, 38, 7H, 14 H, 28 HTRE&L, FBHLOKE
MERK L cm IFFERLU, REBELTYHL W
ZOIEEREMER bEROIM £ L 72, &4 3
F iU ER & v KM 5@, Proximal segment, Mid-
dle segment, Distal segment ¥ U7z, E&EEEIR
Fig. 1 2 vs, A0 Sm-C e ORBE s
RYzo—F Nk s Sm-CE/ 7 u—+ Vi
k% BT, radioimmunoassay & THIZEL 72,

& S

OFMHRE 7y PEABHERT Y 32— PHRE

Sm-C &ML B DEUREE 72.7% % & 112.7%F
$91.1%, £ -R—HWEARATO 3 EAIERKIT
4.63~12 A% FEWI IR E R IZEBEINEERE2E
7o, REMRBETHWL 7 RIA B8 R 5 130042 40 4
30 mg wet W 23E (22.5 mgewt B4 E % Sep-
pakCis i #¥AM) 8ng/g wet Th -7z,
@R rERN Sm-C OERZE L, £ Sm-Cx ./~
u—FAHAEE L AAEBRITO TR0, wih
D segment I B T HREPRR 8 ng/g wet AT
Hotz. UTFRY 7 o—F Ve k 2 fIEGRCD
ERAND,

Proximal Segment IE&EE&@EEE (HHE) ©® Sm-C
WEE30.7ng/gwet THD, YK 1 BET65.9ng/
gwet L2 ZwHgiml, 3HBIIC 86.4ng/g wet, 7
HEC105.6ng/g wet & FR L, 4BHICERKHE
125.1ng/g wet LD 4 B E L. Y1828 8
Hizld, 85.9ng/g wet ifET L2b D0, RBMBED
K2 5BOER#RL T (Fig. 2),

Middle segment XD Sm-CiBE i 23.5ng/g
wet THY, YK 1 BB 57.9ng/g wet E#72.5%
wERL, 3ABICIERAE 104.3 ng/g wet i2EL 7z
2, ZOERHBOW4ETH- ., BT HBRIE
71.2ng/g wet, 14 HEW X 77.3ng/g wet, 28 BE
WiE 37.1ng/g wet & TFREL 7248, it 28 HEH OSm-
CRELXNEBOW1.5EBOETH -, (Fig. 2),

Distal segment XBEODEE X 16.5ng/g wet TH
Y, U 1 BB 28.3ng/g wet, 3 HE 80.3 ng/
g wet, LNBOMSBOMEIEL L, Z0%7HE
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56.8ng, 14 BB 60.0ng/g wet, 28 HE 21.9ng/g
wet & FREL 7 (Fig.2),

% 2

FEOBRIRHEHETNNIC L RO Sm-C
REEERCRECELT 2EERLA. Sm-C i
B peak I proximal segment i B Wik 14 HE,
middle, distal segment iz Wik 3 HE & peak @
B ZE D500, HEO 4~5BOWRE I L
7z, 3segment iZ 1) 2 XM D Sm-C #E O 1%, &
fiic & 2FEMEME (v 27 VRS EBESERE) &
%, WEEEFOENIEROZCLIZ2 Db L
iy, Tns 3FE0OFEESm-CEEL23.5ng/g

wet THY, T v P Sm-C EENEBAS I Ll
1372 ng/ml TH 41L& b, EEFREHEF T O Sm-C
WE I O 1/50 VN ThH BEEHH| - 729,

Sm-CENTF D 1fETH 5 LI MEMTERR,
BB R>T &7z, Fellows sk hid, 7 v Mg
RO DA & MBS Sm-C IZELBE L TWw
%Y, Hansson & @YK L 727 v b B O %
vVarFa—TACEAL, BEMEL, vVav
F 2 —7 P D Sm-C @ immunoreactivity O BI{% %,
FEHB L A TCHALY, v arFa—TH
D Sm-C OIFEM M 28T peak iE L, st
HEERR ALl 2O SM-CldFE iy a7 vilg TR s
N30 LHE L. Nachemson & & FiHEDOE
e Sm-CHEM E OEWEDL D 2 L 729,
Sidberg 5127 v M AREHEITH 15 mm O R
Bragea L, osmotic pump % VT REER I & REILEE
D om-C EHi L, BEESRS S HEEEA N EHULHE
E & Sm-C BB DOBf% %~ 7", Osmotic pump i
D Sm-C WEHIEG VIR, BEMBOMUIEELEHF
3w R 58, Sm-C #% neurotrophic activity %
ETE8EL
Z OBk, Sm-C i NGF [l NTF 0—&TH 5 27,
REHEAFANO NTF OEE i3E— NGF O & 535 it
ARETH BT L, RBHETMEBEOMBERN
NGF #2510 B L ¢ Heumann & & #i - O#&E»s
HBM, HSO/REE AL TIIL W, YINKE
DR b FHRER R (FAE D Proximal segment &
WhHred) wBWT, YIER 1 HE CNGF#E &
peak WE L L OBREME CRAB TH-7:, 2D
BB B ILHATEMRE R L D, NGF 2351
BI2RE & DN, PIREMEL I &1k 5 TR
LizbDEERENTWS,

L LRABHZEIN %, NTF + X T OB F 55, NGF
ER—DFEE LA DD ETE ZHVv, Lundborg 5
IR DI, ERTES & O H T 2 AR,
¥AIE O neurotrophic activititiy 8 ¥ 5 HF % R
& LAY, B OEE, R, EEME T 2/
EE, VIRORRIEKFEL Cui, $4bs, 4
BRI L TR YIS 3 B, EEME I L T,
3H, RREMZBNL T 1 BB OMESEHR b EN
EHL Tz, 2O, RIGHZERNO NTF l1E
BEELLBERF TR 20D -7, S|
Sm-C E A b, NGFBEEEB—7T% »iiy
- 7z, 12, proximal segment 2 B W T, YK 1 H
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Ho FHERE, thoEsF O LAF LED 53, NGF
ORI MITHIREXE O S D <, RRERS EiE
TREZVNEEZ SR,
NGF#ETL»HEL 2 22> NTF OBEE
P ZOBHE SM-CRE» S HEREMZ 55N
"RE L o7z,
BRICAER GV 72w BEIRER S E5A
S, RARFEERMFHEH AR CER L ET,

X B

1) Fellows, R.etal. IGF-1 supports survival and
differentiation of fetal rat brain neurons in serum-
free hormone-free defined medium, Soc. Neurosci.
Abstr. 13: 1615, 1987.

2) Hansson, H. A, et al.: Evidence indicating tro-
phic importance of IGF- I inregenerating peripheral
nerves. Acta Phys. Scand. Scand., 126: 609-614,
1986.

3) Heumann, R., etal.: Changes of nerve growth
factor synthesis in nonneural cells in response to
sciatic nerve transection. J. Cell Biol. 104: 1623-
1631, 1987.

4)  HESEA L REEGEGROBERR I B S
RRET (NGF) o#jft, H¥SE64 1 612-622, 1990,

5) Lundborg G, et al.: Nerve regeneration model
and neuronotrophic factors in vivo. Brain Research
232: 157-161, 1982.

6) Nachemson, H. A, et al.: Neurotropism in nerve
regeneration : an immunohistochemical study. Acta
Phys. Scand., 133, 139-148, 1988.

7) Sjoberg J. et al.: Insulin-Like growth factor T
(IGF-1) as a stimulator of regeneration in the
freeze-injured rat sciatic nerve. Brain Research, 485,
102-108, 1989.

8) #AKEE i Radioimmunoassay (RIA) ikiz L 5
1M IGF— I /Somatomedin-C O#IE. &L E v LE
PR Vol. 35 No. 7853-858, 1987.

g M BT OB K &

7 @ Proximal, middle, distal 3 D & segment

T Sm-C OREHREZTILCEN D DI »

B & IREREREINE BE Kk

Proximal segment 5 middle segment, ¥ X Uf dis-
tal segment & FFOBEEE{LE RS 2o/ BH
X, FEBTH %, L» L Proximal segment OSm- C
»% anterograde axonal flow T distal cfia iz &
EZBEEZRTON, FEHETHTHS, Lrl,
A#p & kb retrograde axonal flow OB S IZ4 72 \»
ERbh3,

2 M NEERIKEREAR Bl &

MR BERM OS> by v P AY CRET L
TWwWaIE, VYR IMAVVEPEREDOEERERE Lo L
BLAEWIEDSEZDE, INREFOY 27 v
JMTEB N bDTIRZL, BICFMEEC LM
FOYe AP UR—BEC R LI EBEZ SR
Bidp,

| % LEBRFREAR BE kX

Sm-CIE IR 2B ETETT 20, va
T rHHWITREFRIREEAO Sm-C B h 2 RE -
Fynid, Sm-CELEZEERFSLT200b LAk
v,

2 M FERAFERNAE &5 S
Somatomedin-C M3 L UMEHE (subtyro) i, &
B s AR B ONIRTELRH L TL & 5 .,

| % LREREREFIAR BT Nk

WIHEAT L 2w EEBZ T BERTHS, Lal,
NV o ORE W I nE, 5 funicles &SGR R
{L3EIZ B T reactivity 2880 72 2 & iR~ T
Zuidi kD, Sm-C i universal factor b L+
A
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Experimental Study of Selective Motor
and Sensory Nerve Regeneration (Part 4)

Yutaka Maki, et al.
Niigata Hand Surgery Foundation

In our previous experiments, motor axons have not shown preferential regeneration into motor
branches but sensory axons have shown preferential regeneration into sensory branch. This result
was different from Brushart’s study.

The present experiment examine the fate of motor axons which regenerate into sensory
Schwann tubes, the fate of sensory axons which regenerate into different receptor’s Schwann tubes
and the fate of excessive sensory regenerated axons whose number is larger than that of original
sensory Schwann tube of sensory branch.

We used femoral nerve model of 300 g Wister male rat and made two models as Fig. 1. Group
A had proximal motor branch and group B had proximal sensory branch. We measured the total
myelinated axon number regenerated into distal motor and sensory branches at 1, 2, 3 and 6 months
after anastomosis using thin section which was enbeded by Epon and stained by toluidine blue. The
specimen was magnified by light microscope and the picture was directly input to image processor
by TV camera.

Result shown as Fig. 2 and Fig. 3. In group A (proximal motor model) the significantly larger
number of regenerated myelinated axons of distal sensory branch at 2 and 6 months showed that
motor and sensory axons which contained in the motor branch preferencially regenerated into
sensory branches rather than motor branches. This result was suported by part 2 and 3 of our
previous experiment. And no significant change of regenerated myelinated axon’s number of distal
sensory branch between 2, 3 and 6 months showed no reduction of misdirected motor and sensory
axons which were originally contained in the proximal motor branch. In group B (proximal sensory
model), the significantly large number of regenerated myelinated axons of distal sensory branch at
1, 2, 3 and 6 months, show sensory axon’s preferential regeneration into sensory branch. And no
significant change of the regenerated axon’s number between 2, 3 and 6 months in each two distal
branchs show no reduction of excessive regenerated sensory axons in the sensory branch and
misdirected sensory axons in the motor branch.

Key words: selective regeneration, neurotropism, neurotrophism, peripheral nerve
Address for reprints: Yutaka Maki, M. D, Niigata Hand Surgery Foundation 1-18 Shinko-cho, Niigata 950,
Japan
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CONCLUSION

Motor axons misdirected into sensory branch, sensory axons misdirected into different receptor’
s Schwann tubes and excessive regenerated sensory axons in the sensory branch were not reduced

within 6 months.

=| )

RIEHEE OES), MRBEOBIRWELE I DN T
Brushart i1, IR FHEOFE X at random TH Y, &
7o BB M O A I OTHA I 1 at random 7748, BIREY
W EE) Schwann BICHE T 55, R 3HKIRE
A U7 #2428 neurotrophism i & 2 BIREZ T T
EEED EBRTWEY, Zhied U TR B BE
3 E T, MEBREELE I neurotropism i & 2 &
E 2 oN BB D 2 2%, EHENRHEE £ OZRM
DWW at random D, FOHEBH L E L TH
I Schwann BEOHF M FHEINWTLE D Ol
THARE & DR FRE L TE Y,

SEGEIREBCERRDO 6 » ARBBIZ b &
w, OB 4% # & # & Brushart @ v» 3 neurotro-
phism iz & 2B & v, EH) Schwann Bz HEL
b DODAEEED, ME Schwann B HE LR
HIHEET 200, QBEHEHECDVT, FKD
40 Schwann B LW EA L LTRSS, R
Fog@EEr ¥ HIZtlE b OREST 500, @FkK
O receptor & Bz 5 HIE Schwann B2 B4 L 7241
BB FOLEEFT 00, D3AERE L

7 *

300 g Wister 2 v ~ O KREEMESE, V74 WH
DENLC B EBIR & R MR % & TIERC 7305
T BERALTHERT L 7o, A BT DY BRI BB R T L B i
&, HE, MERERMENEE—FAETICE S Z
THEE U, Bo bAEEGEM MR IEEERLTY 71
BT REEER L. Z OSBRIy YE
TR, EMKED > OBEREENSITIZR &M
TOEUMEERIRTESL L2 WHBCEELZLOD
TH5. BETRMEECEMEN LBH), MEEEA
Brim s E— AT 252 TREL:. Bo/E
B e A B RERCRETR L, V7 A ST
B L7,

ZZTER U T BB BN T & CoSIBI AR 0 S

Group A

Inguinal lig.
N

prox. sensory branch

Quadriceps
dist. sensory branch

N

prox. motor branc!

Group B
/

Inguinat lig.
dist. motor branch A

Quadriceps dist. sensory branch

Fig.1 Three branches were anastomosed in the
same prarell direction.
The number of regenerated myelinated
axons of each two distal branches was
measured at 3mm distal to the anas-
tomosed site at 1, 2, 3 and 6 months after
anastomosis. Specimen was enbeded by
Epon and stained by toluidine blue. In
myelinated axons of motor branch, 40%
are motor axons and 60% are sensory
axons which were connected with muscle
spindle or others: Myelinated axon num-
ber of sensory branch is 1.4 times larger
than that of motor branch. Myelinated
axon area of motor branch is 1.5 times
wider than that of sensory branch.

BT <R 0% IR ME TR D @ 60% 1%
BfESE T ¥ X OENE receptor ST AHIEHET
H5H, EMRAEEE AR 5D L BEHBRR
HEIHER K 1. 4 EB5 00, HEMERNERE HES
K239 1.5 v,

woe»relaA, 228, 328, 62A%k, &
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SEl, MEEOREE»S Imm OEAL T LY —
NV, AR I AEEEE, Epon &, toluidine blue #
BEEAEZEY, AR BEEZATIIC DWW T, EALEE),
MR HE L o BREMREC: LEE A & HEE
TV 4 A7 %@L TEBITERE (£ ) /¢, SPIC
CAY ARG L7, BUBRTOZRSN 2 OB
BHER O, Wilcoxon BEMIBEMRE % H W T
BEAREERT, BAOER E 2 XAERO&HBEO
TSSO E Y, Wilcoxon IEMFIMRTE & AT
HEERE¥To . BEAEWESKE LT

i S

ABETR, 1»AL3» ABIENES, HMHEEM
WABERZP-72b0D, 228X 6 % ABTllx
MHIERCHAE LRSS ERCE pote, 1
2#H, 3xH, 6»ALEMIB NEEZzATH
OBFEABHERC IR AMTERLRBREED k2>
7z,

BT, 1»A»56»AE CORFHAT, @

Group A
(proximal motor model)

motor branch

myelinated Ml sensory branch

axons

i

2000

1000 4

n oM M oM
n=9 n=9 n=7 n=8

Fig. 2 Regenerated axon’s number of distal sen-

sory branch was significantly larger than
that of distal motor branch at 2 and 6
months. (P <0.05) No significant change
of regenerated axon's number was found
beween 2, 3 and 6 months in each two
distal branches.

% -l

Group B
(proximal sensory model)

motor branch

myelinated M sensory branch
s

axon

2000 1

1000+

lﬁ 21 éﬂ oM
n=8 n=6 n=12 n=1

Fig.3 Regenerated axon’s number of distal sen-

sory branch was significantly larger than
that of distal motor branch at 1, 2, 3 and 6
months. (P <0.05) No significant change
of regenerated axon’s number was found
between 2, 3 and 6 months in each two
distal branches.

MIBRENC FIA U 7oARMERDS, B N TH
B otz FIRADEE), HAERINhEND2
ALUZBOBLABHERC RS RETER R 2 -
7z,

% =

A FDORERT, RSB TH - T WAIHIE R
CHEREBR» S o BB EL TR, E3TLA
~NIE D, MENERAE W D A Schwann B & 7 OB
MEROKR S HEEHIC S CHET 2EARH S
L, BLHMOBRO L I, HERAOMIIRED
% 72 RA D receptor (X84 5 MERAIE K BE
T5:0, JOBEED MEHHOSEHE L TOR
E RSB S o e £ E 2 T,

Brushart ¥, 2 #8480 dye % AEE & [6 UEillEL
EHIBRY S ITHEER T A FIA L TR s &, KR
RIS SR OES MR o 5 5 ERE
fToTwad, FERILES, MEWE»S 2 MO dye
TIHICEE GRS ERICE RS L, E
W OLH» 5G4 E MIEEERINCNT 5L &k
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D, EE Schwann ERNCBEL, R EBEE LB
B 45 % O & neurotrophism 2 & D £ 2 ® 0, &HE
Schwann W w FLE U /BB I EE T 5 L MR
L.

L LSBT ED ABOERTIE, 22 B55
6 # B eFBLTHHEEROBEREROFE LR
LIRS T, T EERAIOHTE Schwann iz b %
CEELTWwRTHA I EMREORD 2HD 2o
Jz. 2D i3 Brushart OfER L Bk D, 1 AKOuE)
BHELMESC sprouting L THET 388, - THE
Schwann iz Ao T b, 7 DM IIRRECERT 5
EWHTHERDECED 6 2 AFTHRZVLI & REK
LTwd, COLIERZSIEREZ 2D
W, Brushart O AF T, MHEME, MBS %Ml
LT % Dfigy» 5 dye 2RI S 2700, RN
#160% % 5 & 2 E01E Schwann & 28 > THE4& L7238
Bhigit s, SCELLFEELLLbOETFMMLTLES
KREZRADBDH S Z L L, HEMREESZ T 2REC L
Tw30T, EEZOMMEH»IC sprouting L TH O
2B S h TuinwZ EnkiFahn s,

BEOBERIZIDWTI, b LAEREOTLEH at
random THh L, :BH), HE %&b+ 7z Schwann &
BMWER O L WEESKMANOBFESE B 51ET7
2, 1 2BELY $CRHAERAANDOBEIBR IS
<, 2 » BUBEMES), MEE~OBEEBLERBM
HEACERCS W FHOBRNSR VLI LE, 82
MOBRLERT S &, IEREFE AT Schwann
B, BEERE bR S MBS EEYIRC
(FHah, ZOFEEFINLETI208RYTH
%5 % e AREOHE Schwann FHUT L, & 5i1c%
OMIEFHENEELTED, 1 EKOME Schwann
BRBEROBHELEEL WL EEZONE, Z1L
T* OHEBES T N TEED receptor X EST 5

D>, FDD BAFDOEITT DS receptor LIEET B D
DT TH 543, 6 » A& TOREMIT receptor &
BT E Lo AR ER S BB BRI Lt n
SRR m oYz, FIEBE N OME Schwann &
WCHEELCHIEARMEE, B D receptor iIWHAE LD
LW B3, £ W Z D& D misdirection i2 & - T
LB T L END o,

E3 & 5]

1. %1% Schwann B W R CHEAE L 7o # B 7 #
3, Pl bEE®R6 »BE TRBKRENBEET S
Z kidisus,

2. AEOHKE Schwann B L H <HELL
HIEERKES, B7e 5 receptor O Schwann F i - T
B4 USSR, RE®6 A orEltksn
G T B I = S~ B

(EEEBICHER L - EEBo—WMEMAICH ) ARE
EEIRRS OB 2.

X B

1) Brushart, T., et al.: Selective Reinnervation of
Distal Motor Stumps by Peripheral Motor Axons.
Experimental Neurology, 97 : 289-300, 1987.

2) Brushart, T, et al.: Preferential Reinnervation of
Motor Nerves by Regenerating Motor Axons. ].
Neuroscience, 8: 1026-1031, 1988.

3) Brushart, T.: Preferential motor reinnervation:
a sequential double-labeling study. Restrative Neu-
rology and Neuroscience, 1: 281-287, 1990.

4) B W b RIBMR B 38, MERKEOMR
RNBAEICE S 2 REIIR (B 2 k). BFSE, 7!
975-978, 1991.

5) W ), AR O BRI BT A
EEROIWIS (B 340, BEREE, 64(8) 1 S 1025, 1990.
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& & X Al-&XM ¥ Lk
¥ ReXK A R

Louisville Hand Surgery

Werren Breidenbach

Functional, Electrophysiological and Morphological Comparison of
Vascularized Versus Nonvascularized Nerve Grafting

Fuminori Kanaya, et al.
Department of Orthopedic Surgery, University of Ryukyus

Vascularized nerve graft (VNG) may improve the functional recovery when the recipient bed is
badly scarred or when the nerve defect is extremely long. However, controversy still exists about
the superiority of the VNG over the nonvascularised nerve graft (NNG) in a normal bed.

We compared the functional, electrophysiological and morphological results of VNG and NNG
groups. The left sciatic nerve of the rat was used as the experimental model. A 2.5 cm segment of
the sciatic nerve is isolated except the vascular pedicle (VNG), cutting the pedicle vessels resulting
NNG.

12 weeks after surgery, gait was analyzed and sciatic function index (SFI) was calculated after
de Medinaceli. Both sciatic nerve and tibial nerve were exposed and compound action potentials
were recorded from sciatic nerve proximal to the graft by tibial nerve stimulation. Nerve conduc-
tion velocity (NCV), peak action potential (PAP), compound action potential area (CAPA) were
calculated. Contraction force of the anterior tibial muscle (CF) was recorded by proximal sciatic
nerve stimulation. After these procedures, bilateral anterior tibial muscle were harvested and
weighed (MW). Tibial nerves distal to the nerve graft were harvested and processed histologicaly
including axon count, nerve diameter and myelin axon ratio. Electrophysiological parameters and
MW were expressed as a percentage of contralateral side.

Rats with VNG (SFI, —68+12) showed significantly better functional recovery than rats with
NNG (—94+15) (p<0.01). Electrophysiological parameters, including %NCV, %PAP, %CAPA and
%CF, and nerve diameter and myelin axon ratio showed significantly better recovery in VNG group
than in NNG group. %muscle weight and axon count did not show significant difference between
VNG and NNG. These results imply that VNG showed better functional recovery than NNG in a
normal bed.

Key words: vascularized nerve graft, sciatic function index, gait analysis, functional recovery

Address for reprints: Fuminori Kanaya, M. D., Department of Orthopaedic Surgery, University of Ryukyus, 207

Uehara, Nishihara, Okinawa, 903-01, Japan
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@ L & (&

MER EEBEER VL 2 2L D EEOHER
BETREESTEE STV 5 EBERIBEHLD
DM KIEFI OBAEOE % RIFWC TS RN H
30 LopLEDIEEBER TOEREC D WTEE
HipS LI, ZOEEE LTI TR > L ERE
FEBRW, EFNThER-BRAEERNE
WIIBEE ST A ¥ — 2 AL THERELTHEL T3 2
EMHT 5N B, SELNDIIGMEHT S R
NEEBHERIC B THEMEMEREIC LT RIF
BEHEERT P EI BB T 2 EHE T, de
Medinaceli® #3482 B R OHEE % ERANCTHEL 5 2
L #74: L7- Sciatic Function Index (SFI) & &4
2898 & U RBERFHT 2 F v ClEE O [E1E % Ll
ENROR A

X & HE

R EH 250 g DI Sprague-Dawley % F v b 57 T
PRV, FLEHELERAE UAAENBE Lk,
29VED 7 v b TRITERM S B (VNG) % 1E
W 2ANTHLEHRORXDOHORWCH:52.5
cm OLESERER UL, BRIXBEHFHKRL DO
MEWD A EBT LI E & AHEMER Jg, L%
DOBTEMET 12 10-0 nylon % % B v T EALE I # %
REXITo,. 2TRO 7y THRENEMER
(NNG) B2 E89 2 BA9C VNG 8 & FEERIc i %
UM, L, BELUERCIMEREUREL /2. fiEHE
FERThT 7y MR EHAER S ¥, 28 12832
THITHEAT 21T\ SFL 2RI 7o BT 13—
FEMGEREL, ThCbl 10 0B I REL 21D
TRELLZZAFy 780 10Xx10 X100 cm O EER
BEALL, 79 M ECOQEFRO—IHICB 205
3EOME Dk, HETTICHHBECETEEST S, &
4% (D 76 Kodak black and white film) % &0
KICE T B EBRE (Kodak polycontrast RC-3)
u&&%ﬁbtivbﬁ*ﬁéﬁét#ﬁ%uﬁwﬁ
Bons, LOBKHEEET S LWL DBEEDE
BLRAKE 7V rB3EoND, 2O7) Vs de
Medinaceli M 778G V> BT AT % 17> SFI % 58
Uz, itk 12 8 SFI 2 EHAIE, BERA Y 75—
FRER (40 mg/kg) Tz oA o> s 4eAE & AT i et %
BHLA M A 7 =Yk AW TBEER X D0
ABRRERIBIC & 0 BB IS (CF) 285 U .

Z O, BB MU REBIEER X DR OLE
DS BN OB SMRESBM L L. Th
X O R EREEE (NCV), BAIFE (PAP), MiE
EELIFETE (CAPA) %#5EILZ. BRI v M8
ik, BERTESE L MEBAEE & 0RO OLEHE
B UHEIO#F NG T 2 LB R s LA, 2
N DEEEHEELE (MW) 25HRIL, MEN %S
WE— T IFE FRE, *RUEBETHIETIIA
EE UEEERE, SRER, MEEEEAEL
) VB EE L, BRAEFN I A —
BB IMEE 2 L TR oNAl E OFSETEL,
RSS2 7 — REEZEL VRO TEREH S
SESHTEEHOEBOZEFRE L.

& ES

SFIE X T A] ¢35 228, HEUTHEE % 1k iy
—103+10 & de Medinaceli D& U /-IERE 0, &
Bt tTEi e — 100 & B —8 L 7o, Tk 2 8 TR
Hr b SFIEOEREBERR SN Lo 2085k 4 81
7% % & SFLE I VNGBET—83=14 S EIE Lo,
—96+15 FEEX R W NNGEIZLEREEC R
FREWE %R L 72 (p<0.05), VNG B o EE i 6
BT bt E L1208 T3 VNG BE—64+11,
NNG#—-104217TH D VNGEE I 6 BUBSES

wks

2 4 6 8 10 12
SFI
—— VNG
------ NNG
-50
- 100

Fig.1 Mean sciatic function index (SFI+SD)
measured every 2 weeks up to 12 weeks in
rats after a wvascularized nerve graft
(VNG) or a nonvascularized nerve graft
(NNG).

A significant difference was seen at 4
weeks after surgery (p<0.05) and there-
after up to 12 weeks (p<0.001).

— 9] —
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TNNGH TR RFZEELRL I (p<
0.001, Fig. 1), VNG 829t 5 5 6 1L, NNG g 27
PED S % 9 PCiz self-mutilation (2 & 2 BERIEHSE S
M, SFIMEHRAIT &R » I OEBNR L DRIL 72,

self-mutilation DFEERFMBETCERR oo
o, BERABERNG A TEBNCV, BPAP, %
CAPA, %CF & & VNGH I NNCHWKILRTEE
R EIERRL 12 (p<0.01, Tablel), FEEEH
SRl TREEERE, S CEERE VNG E D
NNGEICHRTERCRFZEEY R L7 (p<
0.01). %MW, BEWZER, WREEHEHCEEA
Shiroie (Table2),

% -3

REROFER L 0 MERHFT & B EERHEK
BT b EMEMRERAE I L~ T RIF S HEEREE
ERLIGEEZLOND,

7y M OB RELELED, S L BMERER
LEBEMEEERF CH I EEZONT WS, LrL
Goldberg T BMEREHZ 8y ARBLTH I v b
HRHESITEELSFIERFH-80 LEETH- 2
B, MR EEERE LE AL O BRI R G EEE & F
BEsTEEL TV E0s, SFIEQEIE & EH
FEREBEOFR R OMCBES R o L RELT
WEY, bNbUOLUFTOERTS 7 v M LEHFESE
S 12BTRAHOEEBER2RLZLDIE% {,SFI{&E

X AUl

LT3 L MRV E R L REEREE S RL
TWRBEFRETHZ 0 L @dbFEdehz@EERL
122, ZDZEMST Y MTBWLT b A SRR % IR
T5E, MERERTH> THBREOTSL2BEEE 1T
BohnweEzoni,

SET G B MR OBEE % SATRET & B\ TE A
Tl 2 FETH D AN BEEREY R T3
EBbnha, gRE—7 v F OEEEZEFNCEE T
BRHR0H S, L LAEMREOBIESL TREED
BERE L U TRHI L T 2 7o S B MR VIR Tid, #
iz & 5 AE] R 7 2 BE AT R0 BB ES D38 0 7o o AL B
BOREESER L T SFLIc R fLip LT 5etE 8
HbH, FERTH VNG B0 SFI B 0 E1E 1 A& 4
DOHIRLIED 5% 6 BLIEIZIZ 7 F—tEL T
HEomEERSN G » %, —H, GHUERERZED
BREEZORECHBFOIRE LT EHED mis-
direction % FF{li T & 3°, AU b Z ORI A FEAE R
HWTH2 I erSEMARBEEE YRL THizne
REMED B 5. 5% L D EEN L HEEEOFmEDE
EVLETHAD,

SEOLNHOhORBRERTHSFIOMcHRE
BEER ST A —RWFEE, ) VERETHE
AT & MR R M TR R I BB R
FoEfE xR L7, —h, HER, BEWMERZLT
HREETRENAONE > Tz, HREOERECM
B EEPMB B oORE c T 5 &

Table 1 Results of electrophysiological studies
% NCV % PAP % CAPA % CF
VNG 46.2+7.7* 6.5+3.3* 10.8+5.0" 59.2+11.9*
NNG 36.8x4.3 3.0+1.7 5.7+3.3 42.5+14.0
NCV  :nerve conduction velosity
PAP  :peak action potential
CAPA :compound action potential area
CF . contraction force of anterior tibial muscle
Values are expressed as a percentage of contralateral side
*P<0.02
Table 2 Results of morphological studies
Nerve diameter | Axon diameter | Myelin/axon Axon count | % MW
VNG | 3.88x0.22° 2.34+0.19 0.37+£0.03* 727041190 | 60.0+6.1
NNG \ 3.60+0.24 2.45%+0.17 0.25+0.04 81382112 ‘ 55.9+8.0

Muscle weight (MW) is expressed as a percentage of contralateral side
Nerve and axon diameter are expressed in exact value (xm)

*p<0.01
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wEEN T, L UBHEBERIHROBHER SO
BRI b S8 O REERD & O LRz LY
BB ORIE R EHET B LTRTES L EZ 51
7z, EEAMERRIER OL RO
FEH6580 T H B Dz L VNG E 7270, NNG #
8138 LWIEE: bHEMOEEHBE LD ZWI L b,
BEMEROZL LI LS I WHEERERRL TW L
BEZWw», MEERE ) VIR VNG B
TRESHFERIMPBTEN R I LB VNGET
BENNGRhRTEEMEDO S ) UBEWwI &
FRLTW3D, VNG NNG B NEQERY
BT A7 —DEIED BIF TH- i DiE, myelina-
tion WRFThHoeled LEZ i,

E4 & &

1. 7y P B ENRE L TIVERN SR
HE & 9 (8 SRR T O BEBER B11E & FLIRIREY L 72,

2. IMEW & HERE R EEBERC BT HE
MBS I LA TEE R REF2BRNEE 2R L
7z,
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m % RERAEEBAE £5 XA
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EHEEATLE.
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Anatomical study for the dorsal branch of digital nerve
and the digital dorsal nerve

Hiroyuki Hayashi, et al.

Department of Plastic and Reconstructive Surgery, The Jikei University School of Medicine

Various kinds of sensory flaps have been invented to reconstruct the finger tip with soft tissue
defect.

Innervated cross finger flap, the sensate reverse digital island flap and the dorsal middle
phalangeal finger flap are used in our institute for functional reconstruction of the amputated finger
pulp.

In order to make the best of these flaps thorough understanding of the run of sensory nerve
branchs in fingers is required, although there have been very few reports concerning this study.
Anatomical study for the dorsal branch of digital nerve and dorsal digital nerve was performed.
Varations of the branchs were examinated in 80 fingers by cadaver dissection.

Relationships volar and dorsal digital nerves were classified into four types.

Type 1: One large dorsal branch of the digital nerve and long dorsal digital nerve.
Type 2: Two large dorsal branches of the digital nerve and short dorsal digital nerve.
Type 3: One large dorsal branch of the digital nerve and short dorsal digital nerve.
Type 4: No dorsal branches of the digital nerve identified.

Type 1 was most common in radial side of the index finger.

Typel and 2 were most common in ulner side of the index finger.

Type 3 was most common in the middle and ring fingers.

Type 4 was most common in the little finger.

The results of this study can be very helpful when flaps are clinically applied.

DFHED L H»T  innervated cross finger flap?,

BoL e BAEEE R WITHEIIREIRE FH ® dorsal  mid-

FEER, & ITHRMESHBURICN L THRE RO dle phalangeal finger flap” 7 S I3 O M H R
EREASLATL DA N TV 3, bhbhidiEE FHOLLDOTHS, ¥ I THEBEICHETE 21
OHBHEDDWHEL OFEET->Tw3, Ths BRERET 5 BHTRIE» S/MEEHOMEDETIZ

Key words: anatomy, digital nerve, dorsal branch, dorsal digital nerve
Address for reprints: Hiroyuki Hayashi,M.D.. Department of Plastic and Reconstructive Surgery, The Jikei
University School of Medicine, 3-25-8 Nishi-Shimbashi, Minato-ku Tokye 105, Japan.
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DT DEHFEIREZIT - 20T, XEHIEL &N
AHRET D,

# &

BREIREMUNFEERREHNRREE AW, %
DRRIE, 20F, HI0F, £ 10F, =ELS/IMER
T, T FIRNEBEBT OHNECHoN:, ES I
18~95F, EESTI.5F, B6 &, L 4BThH- 12,
fEEERIE D S/ MP BB O R & 0 #55K 8 &
TEER L CERlORRERYI RN, B RECES
7 ZIHEERR S L UEHRRRHEOSE S X UET
FoHE % EIRTEMSE (Zeiss OMPI 99 M) FTCHEHZEL
7z, Efiz, Tablel WRTHBEK DWTITH 7.

& S

ErE A, RIEEAR SBRIERAE T2flic
Rosnt, FUHOERKIIEMHED 5 ST 5L
& iz MP B & O 4% 19 mm 2 & MP 3 #ii D K48 25
mm 2 ATz, NMETI 20 59, BRITI 448,
REITE 3HEOHCERREEZRD, €02 HTH
L MPEAET L DFRETH > 7 (Table2-a), Z 0¥
DIFHEERR DD F - BEIV AL THD &, 3
HiEEMI 1/3 THARL T3 0BFLELALN
7o, T8 & < EEAITCIE MP BIES & 0 SRR T 438
b0 6flic s SNz (Table2-b). 2 1 HAKLD

Tablel  Measurement
The index finger ~ little finger (bilateral side)

A) The length from MPjoint to finger tip [mm]
B) The dorsal branch of digital nerve

1) Distance from MPjoint to first branch
fmm] and location at the bone and joint
level
2) Number
3) Diameter of the first branch [mm]
4) Relation to the digital artery
5) Anastomosis with the dorsal digital nerve

first branch: the nerve which divided at first
and reached to the dorsal side
C) The dorsal digital nerve

1) Number of branch at MPjoint and P[Pjoint

2) The lenght of terminal branch from MRjoint
[mm]

3) Diameter at MPjoint and PIPjoint [mm]

FIXE/AN0.3mm, &K 1.5 mm T, O 3P
BlTRb AL 1. 10mm, i dHv s 0 R/MERMAIT
0.53mm T o, FRKOEIL 1 A»S §ELTT
RIBEAINRELE T 2.6 K, VR VLDII/INME
REITHEH 0.2 XK TH o7 (Table2-a), FEHZEER
B & SRR L OYS I, 80 TR 103812 A S h, T
EHAS & UBHERElC 2 h #h 35 L £ v, FEHNE
L & EDIR & OBFE, DI L 7S 3 &1E
MPREIE X 09 12.2mm s 19.5mm KB T, 15
BIROIEPED ST U EIMAAF» > Ttz — 5,
LRSI DL T A S L, MP B ECREEEM©
22 9K, BHEREITO R FEY 13K TH-
Fo. ROBOATIEEEMIT52.9mm £ B <, BIEHAIT
37.0mm L B Tt JHALHEOE I MP
PR [ TRIEHAIATEY 1 6 mm &K<, HiEEAIT
E0.7mm & —FM < > Tz (Table3),
bhbhik, EERTAEE TREMEOBEE MR
% 420 Type w44 L 72 (Fig. 1), Tabled @ &k 5
R Type 1 93% < (Fig. 2-A), R{Hl& Type
1+3% s, FHE-BYHETHE - REIL b Type3 2%
¢ (Fig. 2-C), DwT Type?2 #3% » - 7= (Fig. 2-B),
INBI3EE - RED Typed 8% -7 (Fig. 2-D).

% =

BT 2O DOTOEBED/ Y — i
IETE SR S T S, FEME % 4B R variation
WOLTOWEGRY ., IBTOMEDS - FfTE
variation DF#l #4012 2 &£ BIETOEHFOFM, &
CKHREEADFMISWLTHETH 3,

1975 4, Wallace” {$EH5 RIE DB ORE 217
v, 7EE 25 18 S0 MIDIEFMEE AR I D v TRy, R
FEOIRHRE AR &R OB ERFRE 6 DD/
=R L 0B, ML T8, ERCHE
TLOBERMTHSZ, £ T, bhbidaidL 7z &
2420 Type l4HHIL 7.

1988 £, Biichler & {3 dorsal middle phalangeal
finger flap DIEIER KB~ DGR EHME L, 10 FEDE
RS OBHEIIRE 21T > 2. ST 2T
DWLTHE, &Y 1/3 05238, BEERM /3051
18, MPRHEiAS 548, T 2HTH D LB Tw 5,
bNbNORE»S b, &L bEHFIAMN /3 TH
5 % b OHEFRIICS <, BEIEY waliis Ty
B5ERE D X2 0P THR L T b 2 Ediby
5, 2O X BBIRIC IR & O - MR
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Table 2 The dorsal branch of digital nerve
a)
20 fingers
first branch of dorsal branch
finger side - — - number of dorsal branch
ger distance 'from MPjoint standard d.lameter standard mean {min~max.)
mean (min.~max.)[mm]| deviation |mean(min~max)[mm] | deviation
radial 8 (—19 ~20.5) 10.4 1.04 (0.5~1.5) 0.26 2.6 (1~7)
index 1 1
| ulnar 7 (=10 ~10 ) 5.5 0.89 (0.3~1.2) 0.26 2.0 (1~4)
\ ‘ radial 8 (— 2.5~10.5) 4.7 1.10 (0.4~1.5) 0.33 1.8 (1~6)
ong | 1
ulnar | 8.1 (0 ~25 ) 7.3 1.09 (0.6~1.5) 0.27 2.0 (1~4)
) radial 10 1( 3.2~22.5) 6.2 0.93 (0.5~1.3) 0.36 1.7 (1~5)
ring ] N v
ulnar 9 (- ~22.5) 9.5 0.72 (0.8~1.5) 0.35 2.3 (1~8)
4 fingers in 20 fingers 20 fingers
Jittle | radial 140 ( 4 ~28 ) [ 9.9 0.67 (0.4~1.00 [ o021 | [ 04 (0~3)
3 fingers in 20 fingers 20 fingers
lile | wmar 103 ( 0 ~19 ) | 7.9 0.5 0.4~0.0 [ 012 ][ 02 ~n
b) Location of the first dorsal branch at bone-joint level
20 fingers
proximal phalanx
finger side palm MPjoint pre—————— - -
proximal 1/3 T middle 1/3 distal 1/3
radial 4 2 12 | 2 0
index |- = T
ulnar 3 1 16 0 | 0
radial 1 2 17 0 ' 0
long |— 1= 1
ulnar 0 2 18 0 0
radial 0 0 19 | 1 0
ring |
ulnar 1 1 17 ‘ 1 0
4 fingers in 20 fingers
littte | radial | 0 | 0 | i | 0 | 0 |

3 fingers in 20 fingers

little ulnar B | 0 | 1

A volar advancement flap? # 3 2 §&, @R
FHREGT LI LB ELTEZIERTRBL T2,
£, L EE TOEBREFMzSwL, EHETAE
BT 5 C LDl o 7o I e8I DEE R EMT
Twnbd,

£, e, SRS - RAIOEMETAOZR X
0.72mm~1.10mm TW§Fh b BERES ITEETDH
H, innervated cross finger flap BT & 3 Z &8
hbdd,

bhbhdafEL Iz Type 5ITH, $H8-RIETRYE

{E' RSB RIS & THUY, BHREAROZE
CBAIHEETREITHE 00, $4hbb Type 3
i)i‘% <HsNTz, b HPigE - REAB L UBRISHEA
132461 H 4 <, dorsal middle phalangeal finger flap
% innervated cross finger flap @ donor site iz ¥5f#
BEAREAFIBT OB THSL LWL B,

—4, bhvbh OBI¥ L 7> reverse digital artery
island flap®® W ERAIF £ - B ERHBELSD T
sensate flap” &3 3354813, IEgHE - A, BiSER
THHARL D L HFAREREESD 08I L EE L

— 2% —
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Table 3 The dorsal digital nerve

20 fingers
number of the branch a: finger tip b: MPjoint~ b/a | diameter (mm)
finger | side > terminal o
MP joint PIP joint ~MPjoint (mm) branch (mm) | (%) MP PIP
radial 2.9 1.3 82.4 52.9 64 1.6 1.0
index
ulnar 2.1 0.7 82.4 37.7 46 1.2 0.9
radial 1.9 0.2 92.5 37.3 40 0.7 /
long E
ulnar 1.7 0.6 92.5 37.4 40 1.1 /
) radial 1.3 0.6 87.0 37.0 43 1.0 /
rin
2 [ ulnar 1.7 1.4 87.0 50.3 58 | 1.1 | 0.9
radial 2.1 1.0 65.7 46.9 71 1.2 1.0
little
ulnar 2.2 1.2 65.7 50.6 77 1.5 1.0
Type 1 3, INBEAEBEROKE DI > PEEHETLE
Vs th, T8E O M ICEIE O recepter % <, &1
,/\> ) Bt > TENTHS L EZ 305 THD, ERE,

ZO2ODOMERHALBHE R LT 5 L B HfEH
BEESDLFHEOAVMEEERENLTHRY, 77,
EFIBD 2, BBRELEV Y, SHEFARERT
KETL 720,

k3 & 9]

80 FEDEEL S/AME DB E AR & HHEHE
DETEHE, &, T D TR RE 21T 2.
COBRERBEEDBRBE LS, TOBRLDELD
HERAEITIZOOEETNEL, FIATREHE
DBRZ EWDOBTEEL 72,

Type 3

Type 4

Fig.1 Classification of the nerves in the dorsum
aspect of fingers
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volar side dorsal side volar side dorsal side
A Typel index finger B Type 2 long finger

volar side dorsal side volar side dorsal side
C Type3 ring finger D Type 4 little finger

Fig.2 The anatomical cases

08 —
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Index fioger(n=20) Long finger(n=20)

Type 1
1(5%)

Radial side

13(65%)

Ulnar side

Little finger(n=20)
Type 2 L(5%)

Type 3 >/

3(15%)

Type 3 w Hlype 4
18(90%) type 1 O BEW

Type 1

Ring finger(n=20)

e

Table4 Variations of the nerves in the dorsum aspect of fingers

X 73

1) Biichler U, et al.: The dorsal middle phalangeal
finger flap. Handchir ., 51-A: 1264~1268, 1988.

2) FEikt— {8 : Innervated cross finger flap i A%I
DREs. BFESFE, 7 1 831~836, 1990,

3) FEfME— fib © Sensate reverse vascular pedicle
digital island flap -2 DD FEDHMEDOERIZDW
T. FEEHEL GRERERSS).

4) BFHZE) OERAEREF, 218K, ELE, B
1588, 1932,

5) REBH fh FHEEMKEBA~OMERMEKE
DIGA. BFSEE, 3 1 350~354, 1986,

6) Kojima T. et al.: Reverse vascular pedicle digital
island flap. Brit . J. Plast. Surg ., 43: 290~295, 1990.

7y REEHE  EREY BREdirar), HESE,
7 :935~940, 1991,

8) LR F TORRELER, WEI2KR, &FH,
AR 1 234, 1985,

9) Wallace W.A,, et al.: Variations in the nerves of
the thumb and index finger. J. Bone Joint Surg., 57-
B: 491~494, 1975.

B M FEoHE/IRERERAE ek #
O/MEO#E - RN 4 Type 4 234 > O TRI— 1%
TXEENZEEIT Typed B 20h EBW0E L
BIERANE Typed SR 63TLbE L RWVWED
T, RRERENCERNEHAVETTLLID?
@ Typel & Type3 DEREDOREHESH»LZDOT
Lxom?

B & REEESERAFEAAS #  #z

OFRFERAEATIEF MR & KRB OB REER
T, Varient KCEATWE T, FA-RFWICOLTIR
PR kb D ¥ A,

@O HEHENEER {, BMREERAIR L overlap
Lzt D% Type 1, HBRAFEMENE C, BT AL
WAL, BEHKETTVLEH0% Typed ELEL
7.
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Experimental Study of the Cubital Tunnel Syndrome
—Measurement of Extraneural Pressure Using Pressure Sensor—

Kazuhiko Kishi, et al.

Department of Orthopaedic Surgery, Hiroshima University School of Medicine

1. We examined extraneural pressure of ulnar nerve in 7 patients who had cubital tunnel
syndrome. 4 cases were definite cubital tunnel syndrome, a case was with ganglion, a case was
cubitus varus, and a case had a epitrochleoanconeus muscle. When the flexion angle was maximum,
maximum extraneural pressure was recorded. In 6 cases except the last case, higher pressure were
recorded under arcuate ligament than at postcondylar groove. In the last case (epitrochleoanconeus
muscle) high pressure was recorded under the muscle, but, was not recorded under the arcuate
ligament.

2. Using 19 cadaveric cubitus, we examined extraneural pressure of ulnar nerve as the same
way. Moreover, we performed cubitus valgus by osteotomy at supracondyle, and, obseved the change
of the pressure. In those cases, there was no constriction band. Both at postcondylar groove and
under arcuate ligament, the pressure increased according to increasing flexion angle. At the other
hand, the pressure increased significantly at postcondylar groove according to increasing valgus
angle, however, no increasing under arcuate ligament.

Base on these result, we consider that at the case of definite cubital tunnel syndrome the important
point is placed under arcuate ligament, at the other hand, at case of cubitus valgus, important point

is placed at postcondylar groove.

@ L & (&

FEREEREEE, BB B 10 3R %FHN entrapment
neuropathy OV ED2TH Y, FOREDAH =X A
WBL TidEa ki e h, ERLW R4 TH S, LoL,
WHYAREORTEERE BT, TOXELLE
RIERBIFRERH O LHE - REEOZFMC X5

arcuate ligament Wk 2t wbhTw3, O
i, RO LY, NELE: NEMORESED
WREELT LS D REHE% AR I8 <
BT Ewbh T3, Lal, Ml 0RE
ODEAVHEZCNMOL 2 LE 20T OHRE I L
LI SE, Fal, MEEEEETHoFEMmcEL
T, REMZIIND 55E % MEEH = Hdh - HRLZ

Key words : cubital tunnel syndrome, extraneural pressure, ulnar nerve

Address for reprints:

Kazuhiko Kishi, M. D., Department of Orthopaedic Surgery, Hiroshima University School

of Medecine, 2-3 Kasumi 1 Chome Minami-ku. Hiroshima 734, Japan.
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DBOREL 72, &7z, 11 R 19 B % Av> TRFRC R
SEDORTE &, SR TOMRINEDHIE %17 - 7.

B OE F &

SERECE, OTAEAF (PSL1K, PSL2K,
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Fig.2 Extraneural Pressure of the Ulnar Nerve
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Fig.5 Extraneural Pressure of the Ulnar Nerve (Cadaver)
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An Experimental Study on the Effects of Nerve Compression
on the Neuromuscular Junction; 2nd Report
—The Pathology of the Nerve Related to Motor Nerve Conduction Velocity
and Neuromuscular Transmission—

Hitoshi Yokozawa, et al.
Department of Orthopaedic Surgery, Sapporo Medical College

Introduction

We previously reported the effects of nerve compression on neuromuscular transmission. Motor
Nerve Conduction Velocity (MCV) was delayed between points on either side of a clamp, but between
points distal to the clamp, it was similar to that in control. On the other hand neuromuscular
transmission increased in the 14 and 21 day compression groups, and then recovered to the control
level in groups with more than 21 days of compression. This time we studied the pathology of the
nerve related to MCV and neuromuscular transmission to clarify this mechanism.

Material and methods

The sciatic nerve was compressed with a clamp in 19 male Wistar rats. After clamping the
sciatic nerve for 1 to 4 weeks, the following investigations were carried out on our experimental
model : (1) MCV, (2) Mean quantum content, (3) Relative number of myelinated fibers, (4) The
rate of large myelinated fibers.

Results

(1) MCV became slow in proportion to the decrease in the rate of large myeiinated fibers in the
1, 2 and 4 week compression groups.

(2) Relative values of mean quantum content increased in proportion to the decrease in the rate
of large myelinated fibers in the 2 week compression group, but was unchanged in 1 and 4 week

Key words : neuromuscular junction, entrapment neuropathy, nerve compression, end-plate potential, experimen-
tal model

Address for reprints: Hitoshi Yokozawa, M. D., Department of Orthopaedic Surgery, Sapporo Medical College,
Minami 1 Nishi 16, Chuo-ku, Sapporo 060, Japan.
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groups. This suggested that the change of mean quantum content was related to the number of large

myelinated fibers in the 2 week compression group, but it might be influenced by any additional

factors in 4 week compression group.

F LU & (<

BATHEREE S BRI B L, 7 ORI
EMCRRLIAR IS L, L LHEEROE 8054
B SRESMO BB EEREE I R TRE LRI L5
FTFEAERY, BRRIET v F OBBHEZE~NDOES
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MR R % 2~3 BB —FAEL -0
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7o DI HER O BENRIL L MCY, WEHTER
BEDERERZSL & DR U0 72 5 BEEMEDS H % b % 5>
.

M#s LUHE
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7o, BRER T W5 A4 B 1% % micro-tube-clamp (clamp)
WEDEBL, FEEEfIEEEE LY, B8], 2, 4
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1. E#E SRR

Clamp #3&& L7- % &, EBH%2&0 2 AMEB LU
FEBEALD 2 S TRE L 7.
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Fig.1-a MCV was delayed between points on either
side of the clamp (@), but between points
distal to the clamp (O), it was similar to that
in control.
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Fig.1-b  Relative value of mean quantum content was
unchanged in 1 and 4 week rats, but it in-
creased in 2 week rats.

relative number of myelinated fibers

compression period (weeks)

Fig. 2-a  Relative number of myelinated fibers was
almost unchanged in | and 4 week rat, hut it
decreased in 2 week rats.

large myelinated fibers (%)

compression period (weeks)
Fig. 2-b  There was a progressive decrease in the rate
of large myelinated fibers with compression
periods.
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Fig.3 MCV became slow in proportion to the
decrease in the rate of large myelinated fibers
in 1,2 and 4 week rats. A: lw B: 2w C: 4w
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Fig.4 Relative value of mean quantum content in-
creased in proportion to the decrease in the
rate of large myelinated fibers in 2 week rats,
but it was unchanged in I and 4 week rats. A :
lw B: 2w C: 4w
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Experimental Study of Normothermic or Cold Ischemia :
Ultrastructural Observation of Nerves in Transected Extremities

Isao Koshima, et al.

Department of Plastic and Reconstructive Surgery, Kawasaki Medical School

To confirm the effect of normothermic or cold ischemia on the peripheral nerve, an experimental
study was carried out in which the morphological changes of axonal cytoskeletons, Schwann cells
and myelin sheathes in nerves were observed.

A total of 32 rat sciatic nerves were used in this study. After transecting the legs, half of them
were kept in room temperature and the other half were kept under 4°C as the cold ischemic group.
Nerve specimens were obtained from the legs at 4 hour intervals during the period of 4 to 32 hours
after surgery. The specimens were fixed in osmium, and embedded in epoxy resin. Tissue sections
were then examined for the morphological changes of nerves with light and electron microscopes.

With the normothermic ischemic group, after the degeneration of mitochondrias and axonal
cytoskeletons up to 4 hours after surgery, some degenerated Schwann cells disappeared by 12 hours.
At 20 hours after surgery, being preserved myelin sheathes, the cytoskeletons were lost in all axons.
There were irregular myelin structures, complete absorption of degenerated Schwann cells and
cytoskeletons up to 32 hours. Meanwhile, in the cold ischemic group, microrganelli in axons started
to degenerate after 12 hours after surgery, though, the other components maintained their structures
for up to 20 hours. At 24 hours after surgery, the arrangement of cytoskeletons in axons began to
become irregular, and also the cytoplasmic membrane of Schwann cells expanded. Even at 32 hours,
regardless of complete absorption of the cytoskeletons, the structure of some Schwann cells and
myelin sheathes still remained.

These results suggest that the critical times of normothermic ischemic nerve degeneration can
be retarded by about two to six times in cold atmosphere, and each cells in a nerve needs a different
period of time when undergoing ischemic degeneration. Also, it was found that under these condi-
tions the microrganelli break down first, followed by axonal cytoskeletons, Schwann cells and finally
myelin sheathes.

FERD OFF AT OBEETH KRR, ERARAQ L BRI OOV T, BEORBHIRBEOBRTIE, 418
BHERWEFOFMBEORERIEREH» S, 2-3KH el D BELIN CHHRE A 13 FE AT i DBEBEIM LB B Z &
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Key words: ischemia, normothermic ischemia, cool ischemia, axonal cytoskeleton
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Experimental Study on Difference in the Proximal Nerve Segment
in Those with and without Regeneration

Hiroko Narisawa, et al.
Department of Orthopedic Surgery, Tsubame Rousai Hospital

The purpose of this study is to compair the proximal nerve segment in those with and without

regeneration.

26 Wister rats were used. Left femoral nerve was severed or sutuered at the inguinal band level.
One, two, four and six months after surgery, bilateral femoral nerve were harvested . At posterior
root ganglion level which comprises motor and sensory nerve fiber area, and distal to the sutured
level, light microscopic study was done. With the particle size analizer (Olympus SPICCA), histo-
gram of myelinated fiber diameter was made and counted the fiber numbers of each area.

The histogram of motor fibers showed minimum difference between regenerated group and non
-regenerated group. But sensory nerve was different. In non-regenerated group, the histogram
markedly shifted to the smaller side. In regenerated group, these changes were not so much, i. e.
proximal segments of severed sensory nerve were preserved when they were in regeneration.

T L &

T S Wl RigE O RIRBEH OHERE DR
EEET5RTE UMM RO EBLHT
EEZSN D, FAE YIS B ORRFAIZE
BB LZ0EESHE 29 B8 L E 2 AHFES
BELL, TobbRIBMZE LN T 2 & T Ol
BRSNS OER IR BN T B, SRR
HEEHMBEMERE L CRFOEBEL DEIETCRE

EOFB/NPHBEHEROEMIBETHA 2 DI LE
FHTIRYINBEZEEE L BUNL 2RI BRI IEE
ah, FRFRANEEESHIAL TS A LI FER
ThHh-7k.

IO & D w Ik ORI TR DL oSE
B AR & MR TR E (BB Z 3
BRL 7z,

SEEHGRO & 5 BN RHREELE T S hi
JeDWE LT b OPBIYI a0 TCH&ETIE

Key words : retrograde degeneration, peripheral nerve

Address for reprints : Hiroko Narisawa M. D., Department of Orthopedic Surgery, Tsubame Rousai Hospital, 633
Sawatari, Tsubame-city, Niigata, 959-12, Japan.
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{LTH 202 %AS DT 5 BAYTYIMHUETE & VIl
BB UHE S ¥R 2 ER U LLERE L
7.

MEE L UHE (Tablel) (Fig. 1)

Wister & rat 26 P D KRR % Alv> 7o, JERmAERE

TIERIOARERRE % FEPR O TN L 12 %
& ORAE & U AR RRARME 1 A SRR L 72,
BARTIIRE CUIBHRE b I epineural sutuer % Jif
L.

1, 2, 4, (6) » ABHAIOKRMGE % 2 DE7
BILIRMEHIL ~L (L 3) b &@AMER & T—HICHRX
Lo, SRR ENRIR S L CRAEMIEYID B L
Je 7NV — AT NATER, AR TLARBEE, R
vEBEITo T, BREUR RFRL A FL T

Table 1  Number of used rats in two groups.

IM | 2M | 4M | &M
non-regenerate 2 4 2
regenerate 3 | 5 5 5

Inguinal band
severed or sutured

Fig.1 Schematic drawing of experimental study.
Left femoral nerve was severed or sutuer-
ed immediate after severance. Nerve
specimens were harvested at two levels.

T

—gufi USEEEI TR L 7,

émm%%tudcﬁLMW%ﬁﬁﬁﬁtm """ RS
BT B L OF AR 2 KBV 5 2 E BEHETH
% (Fig.2), # 27T 100 KGR % ERIFITER (4
Y v 8234 SPICCA) W AJT L AT 2 BB OB
BREZEOE A7 2 2R UT, 19827 —
g av b o— LR TS B 2 S O MR ME IR
FEHRIL 7.
MEBEMITOEBCE A N7 7 20E M E B Z
Ko,

posterior

Sensory area

Motor area

¥ -.}q“'-.r
Fig.2 Schematic drawing and specimens of cross

section at the level pf posterior root gan-
glion.

Moter nerve area and sensory nerve area
were separated each other.
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o 2 2 e LANEECREE T BEAS RSN, EED

MBS L EE Y B 2 M B R U e STl
A, EBEEBHCB Y ATTHMTEEDO LR 7T 4 BAVERNCBEI LYIN 4 » ATRZOELIEEL <
DAL d~5pu iz — 27 k¥ L EEER LU (Fig 3).
EEOERHEE TREE~6u BL U 14~15u K2 B, BEHKBU 2EWHMBEREQ LA M T T LD
E—2% b0 2 ETR L. YIREBOEA NS T A %1
Motor % Sensory
15

normal

M

2M

4aM

Fig.3 Histogram of myelinated nerve fiber diameter at the level of posterior root ganglion
after its severance of femoral nerve. (non-regenerated grouop)
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EHHETRYFERE® L 22 ATCE AN T 4L DEED/Y — V3B S -7 (Fig. 4),
R/ NERICFEEI L 725 4, 6 B TIRIEE I @R C. L 3 iR i A S i e 1R 4
L7, 4 » BRGBHNC D W CGEBIEMEE & SIE e,
HIBEME T 1, 22 A T/MNEBHEOEIS 3REmML 72 DETHHRBHRE AL 72, EBFEIEDHRET
MIEE /Y - WZH 5N S 10 u EHEDE— 7 i3 13 10~20% DN A3 A & A EHEL T 1 40~50% D

&R Tni, 4, 6 BTREEERSRL BN &A 6N, BERTIHETERIC RS RTLIE

Motor 0 1 Sensory

0

m w0 W AD @0 W

Fig.4 Histogram of myelinated nerve fiber diameter at the level of posterior root ganglion
after its sutuer immediate after severance of femoral nerve. (regenarated group)
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Table 2 Total number of myelinated fibers at distal to the posterior root ganglion at four months after surgery.

Non-regenerated group

| Motor Sensory

Right Left L/R Right Left L/R

1 1131 1287 1.138 2565 3516 1.371

2 1272 1563 1.229 2681 3940 1.470

Regenerated group

Motor Sensory

| Right | Left L/R |  Right Left L/R

1 1058 1262 1.193 2598 3081 1.186

2 1856 1797 0.969 3090 3251 1.052

3 1470 1254 0.853 1681 2062 1.227

BCHAREMBTL~20%DOEMIC L ¥ Eoe
(Table 2),

D. AR iEl

FEEER TIRUINE 2 » ARG CRLICMAEMEREH
B OKBRHEIER LB 2 L/AMEBREE O G A
Shi:, BERTIE—MOREGMH CEEEOE L
BB NI DR GET L 788 12 7 MBS
DEEG LA ih ot (Fig.5),

E. 883 UB~OFERESHET 2 BHTRS
FENEIOER IR L E R N7 T ADERETT - 72,
BE6 5 BTRERICHWIKEEZEE L 72 (Fig. 6).

% 2

KERREVIRNTE, FEREELETIE W B 258G
HEEROEA NS T L 2BH Y — 2 EE 50
BRI DT /MR BB L 7., BERTIR,
2 BT/INERAINDRRENE R LUz 4, 6% B TREE
wBRLTn IS S EMMREIORBE L0
EBEMIND I LWL 2EHUIRBEOERL-E L5
i, B EHALZEHFECERRLZVWLOLED
N5, ThbdbEFEERLE DTN YIRHERA &
DOFEEDERZEEI NI WEEZONE, ZOE
H & U GEBHR DS efferent fiber TH2 2 &, #E
B SUIMERNL & COEMSMERRIHE LR &
B EDHEI AN D DB S H TR,

IHhEH LABEME CREFAERTCLHEERTY
1, 2» BRINEBREOEISVENL TH2 I ehs
HIERHE TR THRRBE - OFEERE N
B EEMBANZ G AEEIRECDDOEEDRS, L

Fig.5 A Sensory area of non-regenarated group
(2 months later.)

B: Sensory area of regenarated group (2
months later.)

HLESBETREBOREA N LD —OF
{LIBE TR D BT 2R TR D ad - 72,
T b b BAE TR RE TR & LAY BV siREE
BHFFEhsEEZSNE, COERE L TRYAT
IIYIHRAIE O Schwann F W BHEBESHEL T
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normail

5L F - A

6M

Fig. 6 Histoghram of myelinated nerve fiber diameter and specimen of femoral nerve at distal

to the sutuer site. (6 months later)
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k3 & &
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2. EWMIE CRFFFER EBARN L TRERER
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t#EzZehl,

. HMIHMETHIEBER CEEREEZOE 2 b
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7z,
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An Expefimental Study on the Transplantation of
the Dorsal Root Ganglion to Prevent Peripheral Neural
and Muscular Degeneration : Part II

Syouzui Takemoto, et al.

Department of Orthopaedic Surgery, Hiroshima University School of Medicine

It is essential to minimize the consequent degeneration of the distal segment of injured nerve and
target organ to get satisfactory functional rccovery after peripheral nerve injury. We have reported
possitive influence to delay the denervation process of the muscle by the transplantation of DRG on
the distal segment of injured nerve in the previous paper. As a next step, we performed nerve graft
between the proximal stump and the distal stump of the peroneal nerve in order to ascertain whether
or not the recovery rate of the muscle was promoted following the transplantation of DRG.

Material and Methods

Twenty eight Lewis rats weighing about 200g were used. Eight were for transplant group and
the same number were for control group. Left sciatic nerves of both groups were initialy resected.
And, each groups received the following treatments.

Transplant group. This group was transplanted DRG from other Lewis rats on the distal stump
of the peroneal nerve. 4 weeks later, this group was grafted nerve from other Lewis rats between
the proximal stump and the distal stump of the peroneal nerve.

Control group. This group had left the sciatic nerve resected and was grafted nerve in the same
way 4 weeks later.

After 10 weeks from initial operation the animals were killed. The Tibialis Anterior (TA)
muscles and peroneal nerves are resected. And the degree of recovery of the nerve and muscle was
assessed.

Results

Wet weight of TA had significantly recovered in the transplant group compared with the control
group (p<0.01) (see Fig. 3).

Although in both groups SDH activity was still low and the diameter of muscle fiber was small
compared with the normal muscle, the degree of recovery was greater in the tranplant group than in
the control group (see Fig. 4 & 5).

Key words : nerve injury, dorsal root ganglion, transplantation, nerve graft, regeneration
Address for reprints: Syouzui Takemoto, M. D, Department of Orthopaedic Surgery, Hiroshima Unjversity
School of Medicine, 1-2-3 Kasumi, Minamiku, Hiroshima, Japan.
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On histological investigation of the distal segment of the peroneal nerve, the number of the
myelinated axons was greater in the transplant group than in the control group (see Fig. 6).

T L »

TR 72 ¥ AR B 1 A R MRS T
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EB DR, BHEOFEI DWTERL O TRE T
5,

# A

KERIZ 200g WA AT v b 28 ICR{ER L, FEEmE
BIRGHERE, WEE LU TTod, Bl LTIk
@ recipient 7 v b OAHIRE, KE, BHEHE*—50
ELTYIRRL 7205, SEFMERRYIMNG * &%, X
I USSP EG U 7s. iz donor T v b 4 IR
oo BHEH AL L, Z Rk recipient 3 v D
BB IS R IR AE L 7o (Fig 1), —AxEE
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S
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& L> .
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resection of sciatic nerve
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[

Q

:

DRG’\ .
I

WARTw P QIERFERL, SLEEHES LU0
AR & RIS YIRR LA U 72, 4 BlfE1#R 51 D 250
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B3 & OOIERE & b IR U 2o MR R R e R L
72 (Fig. 2).
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nerve graft
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Fig.1 Operation method
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(&) DRG graft

Percent of normal muscle weight

(%)

(B) 4 weeks post op

Fig.2 DRG graft

50+

451 transplant ( nerve graft) %44.8
40 P<0.01
354 control ( nerve graft ) §35.5
30+

transplant ® 26.0

25
20 control 0221

154
104

5

0 —

10 weeks

Post operative periods
Fig.3 Wet Weight of TA
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B (X 200)
A) Normal
C) Control

C (X 200)
Fig.4 Tibialis Anterior Muscle (SDH Stein)

B) Transplant
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% recovery

Fig.5 Diameter of TA Muscle Fiber
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A) Normal
C) Control

X 18

1) KPS BB ORI & 5 R & OB
BOEMTFIEORAA, HFESEE, 7 0 79-83, 1990,

2)  BPRRE OSRHSMEEE A X A BEEERT I v T
BpeaEL, 17 1 85-92, 1966.

B H BUCERRERBAE R KRE

C (X 400)

Peroneal Nerve (Toluidin Blue Stein)

B) Transplant

@DS-tuhe M2 DRG & U7z axon BSA D, #
OFEE# L T2 LD BRI, 4TBong T
B, (BB EERT)

@fftk 6 W T X400 OHEIEA display SR T ¥
2, bV LU EEETS-tube EIENHD E LI
TLxHp?

®@®DRG H3E o muscle trophic factor &£ EhH i3 b
D3, DRG M€ D axon MEFHiHRCEE T 5 LT S-

— 54 —



R IR ORARC & 2 ML L BIMOEHTE (20 2) 55

tube ¥ & T, target fiber iEITHI/ERBL T3 &
EBIZTCELALLOTL & D,

B % LEREERAR 1R Ei
OB EEONRRBEOBEEL TR
FERBEEEERX CABRISBREL TBY 725, BiEH
TRETLI,

@4 E i Schmann OB ERIBEEL T g ¥

A

factor SR EN B DD EEZ TV E T,

"H M BREEBRFERAR W =

WA O SDH #Z:fT fiber type grouping M4 531
ol WHERTTY, HAOHKEE T X TEH
BLCEZ OB 2DTLEIH?

BB & LERFERNAR TR EH

BELr T 2EOMEE B 3. SEE Total 10
BEETHRELTwETH, bIPUBREREEEST
NS type grouping AR 2 o o DT b HE
ZLET.

" M NSERIAER SR e B
OFBHEEBEEOBIIZ YW, HOESFH L
DULABEEEL VI ZERDOTL & 3
OHEMEOTETHOEESFH T % 28 A,
QOB R M BT T AN L HIE 2 B,

O H I EI3E L 72855 T, myotrophic

@R BEE, MEBEOMEBEL NI BT 2R
BT BRELOTL & 5,

B % IRERZFERHAR X IER

OEBHHRZHBEO BN ENRRER TOME, o
ROEMEHFS I ZHV ET. ZOMRBEDVLTIE
EBEAHFETHEREAT, BEREENZ 60T
327, SEIORBROBRBERAZEAOERESD
T, EHHEEEHEBEL 2B S o B EITY,
FLBCBRLEREPBONILEHDLIERHD &
7.

@INF 2 DDOEAVBEZ SNET. 1 DIFEH
HERHI» SBET ZREIHEFEREETTOT, B
PIAEA L X end plate BB L VAL, HER¥
BT b MBI F 8 A, RhEheE, RS, TS
12437 L Cus B afferent fiber ~NB4 U -1 EE# D
BAOES LB bDEEnEY, $b5 1
SOEMA L LT Danis (1981 Canada)s b#ELTH
N 908, HIRESHEO DA & 50 myotrophic fac-
tor BELL, IADBFAREFFRICHILDEER,
¥ 9., 7272, Danis @ FEE id sciatic nerve & 5
extract L7cbDERAVTWE TH 5, EHEHHE -4
BHEDOEL G EDEBESRL T hidbh) ¥
A,

QFEMILTRAFDEMRE L TBRIETHEEE L
7z,

@5 ERERADBREZII—IM LT T 2
ADS, HEDVEEROBEISCEbREL,



HF45 (J. Jpn. Soc. Surg. Hand), #£8% %15 56-59, 1991

Ya U UK EE LB L S
Z v etk ERE PC 12 o491tk

FRBTRRAE AR RE

A R B-F B £ N

BB A B

B R F M

BB AT REEY
Z-8 H ©32

AN
/A

Differentiation of PC 12 Pheochromocytoma cells induced
by conditioned medium of Schwann cell line

Satoshi Hitomi, et al.
Department of Orthopaedic Surgery, Kyoto Prefectural University of Medicine

Purpose

Schwann cells play important roles in nerve regeneration. We previously established Schwann
cell lines by oncogene transfer. One of the cell lines, RSN-mos, produced a differentiation factor for
PC12 cells. The present study characterized the neurotrophic molecule in the conditioned medium
(CM) of RSN-mos.

Method

The CM was prepared from semi-confluent culture of RSN-mos with serum free a-MEM
medium. To detect promoting neurite outgrowth activities of RSN-mos CM, PC 12 pheo-
chromocytoma cells were used. The activity of CM to promote neurite outgrowth in PC12 cells was
determined in the presence of anti-NGF, anti-laminin antibody and thrombin. PCI12 cells treated
with RSN-mos CM or NGF were immunocytochemically stained with antibodies against neurope-
ptides according to the ABC procedure.

Results

Neurite outgrowth in PC12 cells was detected as early as 24 hours after the treatment with RSN-
mos CM. The effects of NGF was observed only 48 hours later. The activity of RSn-mos CM was
not inhibited by the treatment with anti-NGF antibody, anti-laminin antibody or thrombin.
Substance P and NPY were induced in PC12 cells by the treatment with CM from RSN-mos but not
by that with NGF.

Conclusion

RSN-mos CM induced neuronal differentiation of PC12 pheochromocytoma cells. The activity

Key words : Schwann cell, Nerve growth factor, PC12 Pheochromocytoma cell, Neurite outgrowth, Neuropeptide
Address for Reprints: Satoshi Hitomi M. D., Department of Orthopaedic Surgery, Kyoto Prefectural University
of Medicine, Kawaramachi-Hirokoji Kamigyo-ku Kyoto, Japan 602
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of CM appears to be due to a neurotrophic factor other than NGF, laminin or Nexin- |

B :g]

Va7 IR EEREOBEBEERBCB L TE
EHoREEROLINATWEY, bhbhizy a7y
HBROBEEC B L TEBEETFHEACL Y2 T V8
OB ET>TERY, SE, vV OO
RBEREND, ¥ 27 VHHEROMERER T MK
T DaREME R RRET L 72,

bhbh OB LIy a7 v Hifakd 1> (RSN-
mos) H¥ITHE LE SRS LET A THE T Y
MEEMIEE PC 12 w3 2 L FHEEE T L, 20
EHSEMORTE (NGF, 3=, 2%v 1) &
B 2MEEBD-OTHE T 5,

¥ &

VaU Mfatke U TREECHRE LV 4 RAY—%
Zv b (R) ofgmig (SN) X 0By a2y Vil
Zv-mos #HEFEEAL THE-MlEtk RSN-mos %
AL,

Semi-confluent MfRED RSN-mos % RBS (—)
TEEE, ME2S 2V o-MEM EHKICEREL
72 REREEER L Je, C OEMEME HIgE W% 7000 .
p.m. T 30 FRHELE, 0.45um D7 4 V¥ — T
L, conditioned medium (RSN-mos CM) ¥ L 7-.

Sy b BEMBREPC2 s B REHES VP
5X10%ells/well DEBE T %, 24 BFE% 1 RNA-
mos CM % 2% 4B R ME % & 0 a-MEM 5EH ¢
FRLUTEMU 72, 48 BrBS S, (EZEME X
LR ENELERI L, 85K NGF, 8=y,
FuFT7—¥AFL L OHET 57912 RSN-mos
CM 12Hi NGF #ifk, 17 3 = v HEEHEML 726D
S HIEHY, Poly Llysine 1z 4°C 16 #¥RIHE S & 7>
BOSCFHENE, AF¥F U] OBAEAMEERTH S
oy E VRN & BIEME R RRETL v,

PC12 % 75cm? 7 7 X 232 1 X 10°%ells/flask d
ETE & 48 Bri%% I RSN-mos CM, NGF, 7 v &
KSR Rat-2 522 [ Rat-2 CM 2 S &%
L 7 BB To 2, MR N ) Y
BYA PAEVEITo . Y7 A AP (SubP),
AFxyv by, FovrokEgei® (TH), ma—ow~
F54 R Y(NPY), V7L yvy, by b=l

GFBE~TF K (CGRP), AFF =z o757 )
v (Met-Enk), oA v >x>4 7 7Y (Leu-Enk),
MEEEMERRE R R7F N (VIP), Koy, 4
Ty T AP EERL ABC BBV RmEE
b2 2T W HBRE L 7,

#® ES

1. RSN-mos CM ¥RANEE T 24 ByfEl ik i 222 (F
EBBEEah:, L L NGF T 48 Rtz L
ETEREEVPEDshE»r o7z (Figl A B, C).

2. RSN-mos CM % NGF fiifg, fi7 s =1
ECRIAMBEREML T DEERBERIEEIL
oz,

3. RSN-mos CM % polyLlysin& a—+ L 72
dish TIREH PC 12 i Nl T b ERMHEL A
X 1

4, RSN-mos CM % h o> & 4B LT HEME
EixRD ooz,

5, SRt ECEa vy bO—LEHBLT
NGF T3 svV' vy &y, Leu-Enk, VIP, 5=
DB % o feDickb~, RSN-mos CM T3 k&R
Nz T Sub P, NPY p3S@@M &k o 7z, £ OMERTF
F&HY Y — v OFEVHER S (Tablel),

% B®

Aguayo 5137 v MEMEE UL A BHERE T
HZERLVHERENTED SN EHRELTED,
BT v N OERE & FHOM Y ARLFHEBE TR
BLIEES, ROUBBEEESTDONIEHREL T
29, %7 Kromer 6 357 v OFREFEER ¥
SEBICEBL, TOIMEEY 2V Vil BE
L7z 22377 Y aBEL 58 LB L THg
BHEOHEAEERD I EREL TR, 2O LI in
vivo DEBZ TR Y 27 Vs EE T B
SELTw3EIEDBRENT VS,

bhbhOBI Ly 27 YHifagkd 1 > (RSN-
mos) DI FiFFMEMROMEET LV E L TEL
FERsh5 7y MEEMEE PC 12 Wil 2 &, M
BreRBREE 2D 7., ThETya Y Vo
REgMERTE L CHIRRECELET % L1/Ng-
CAM, N-cadherin, integrin 7z ¥ OfifgEEHR T,
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Fig.1 Phase-contrast microscopy of PC 12 Pheochromocytoma cells
PC 12 have round shape and little neurite under normal condition (A). In contarst, 50ng/
m] NGF (B) and RSN-mos C. M. induce morphological change of PC 12, neuriteoutgr-
owth, square form and enlargement of cell. The effects of RSN-mos C. M. occur after
24 hours earliar than effcts of NGF.
Table 1 Induction of neuropeptide in PC12 Pheochromocytoma cells
When PCI2 cells were treated with NGF, vasopressin, Leu-enkephalin, Vasoactive intestinal
peptide, andgalanin were increased in comparison with conditioned medium of Rat2, rat
fibroblast cells and control. Furthermore RSN-mos C.M. induced substance P and Neur-
opeptide Y in addition to these peptides.
RSN-mos NGF Rat 2 Control
Substance P + E- = -
Oxytocin | — — — —
TH + !- + +
Neuropeptide Y i + = - —
Vasopressin + + - -
CGRP - - - —
Met-Enkephalin + + + +
Leu-Enkephalin + -+ - —
Bombesin - - = -
VIP + + = =
Galanin + + - -
YAV VHRTEESRDON TSI =0 ED EETE5.

#HiRaS = b ) v 7 A%, NGF 7 ¥ OB #RA T %
ZB6NTWV3, 22T, TRSOEAOHME L Z D
RSN-mos CM O M HRRAT &£ DER ZHRET L
Tz, 9 LB L AAEERR T, O
M8 NGR RS s = o L nEEx AL
ot TOIEILD, 73 =, NGF OATgEM

Monard 57 v F C6 7V 4 — <k FER LD
WEFMEEORE IR T AEFERRILLY,
OARFRY 27V HilEr o b FWEh TS I L HHE
Zah, 7oFT7—¥AFv U EEUMETHS S
EOHEEL 72V, CTORTFRIPOVE I DBRY
WhEExNSE, #ZTRSN-mosCM » tov vk
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i PCL2 wwEgsipL 7228, M EE I 2 » 572, &
DIEEDAFy | EREDEEZOND,
NGF &7 v rgffilREEELEtos 53,
BAR7F P OFEERR I UHEHEEOE 2R
L EBHoNTWA?, 2T RSN-mos CM To
WERTF N OFE ERRETL 72, RSN-mos CM T3,
NGF 23 h, SubP, NPY 2 &FEH L7, “hs
DFER RSN-mos CM thiz NGF, 3=, 2% v
[ LB 2YEOGFEENE 2 6 NIERRET - T
5.

i & &

Va7 UHIRRESER A R 2 v M EAIEE
PCI12 O EHHEIERLBRED SN, £ F, TOEH
ik, MEEERFRI Iy, 2F v EER S
EFHRTTH B I EDHES TR - Tz,

X 73
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= M JNSERKZERZEIE HiE B
@ mos BIZFEADEH. RSN fMgn & A+
S Ob, F T2 mos k RO EI DVT,

@ poly-L-lysin k& b o> B vz &k 2iEHRE
EOER, S0 HMET2EAE2RATT L,

B % FEHEFIERAEREREAE AR 0=
mos MEFLUA DERIFFI 2, FHRFORKR
DEBROBENO D, IR EREEERT 20 RHE
WThHD.
bovEYEAFY Y IIRNTAEERTHD
poly-L lysin i35 3 = v 2 RET A M E2FHO5ED
EBRCIRIOEBEERILAL .,

WEIZ10%DERBME & 0SS ETEELT
VW MRS TR T2 BEE B2 5 s g7 7R
TEDRBPNTL B8R L EMEEEIRT-> T
2% 429




HTF£E (J. Jpn. Soc. Surg. Hand), 8% ®H 1% 60-63, 1991
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Effect of Somatomedin C on peripheral nerve regeneration

Takehiko Yamanaka, et al.
Department of Orthopaedic Surgery, Hiroshima University School of Medicine

Recent studies suggest that Somatomedin-C (Sm-C) possess neurotrophic activities. Hansson et
al. reported that Sm-C accumulated in the rat sciatic nerve after transection and suggested that Sm-
C could be involved in peripheral nerve regeneration. So we studied whether Sm-C promote nerve
regeneration of peripheral nerve or not.

material and method

Wister rats weighing approximately 200 g were used. Nerve segments 4 cm long were excised
from both sciatic nerves of donor rats. And the segments were treated 5 times by repetitive freezing
and fhawing to kill the Schwann cells. There were divided into three groups by treatment, nerve
segments were putted into saline solution with Sm-C (100ug/ml) in Group A, Sm-C (10xg/ml) in
Group B and saline solution without Sm-C in Group-C. Right sciatic nerves of recipient rats were
cut at the knee joint level and left sciatic nerve were cut as proximaly as possible. The nerve
segments of three types were grafted between the proximal and the distal stumps (Fig. 1). 6 weeks
after operation, the animals were killed and the grfted nerves were removed. The removed nerves
were embedded into epon, and the cross section of the middle portion were cut and stained with
toluidine blue and examined by light microscopy and the total number of myelinated axsons were
counted and compared.

result and conclusion

Total numbers of myelinated axons were ranging from 0 to 172 (average 58.2) in Group A,
ranging from 17 to 623 (average 359.3), and ranging from 0 to 189 (average56.3)(Table 1). The number
of axons in Group B were significantly large than that of Group A (P<0.05) and Group C (P<(.05).
Thus we concluded that Sm-C appropriate concentratlon can promote peripheral nerve regeneration.

Somatomedin-C (LAF Sm-C) &, NGF & [Ek BL, Sm-C OFRBHEEBE~NORELIRFTLIOT
HEL K EREF (neurotrophic factor: NTF) & L T3k RET L,
BHEOHECEELRERS X T 5 I LoSREE
sk o0bhb, FITSELNbLNIE, HEitL
ML RORLEEEDA L LTy MEEME RS B3 Wister R rat 27 IR AL, %3, donor

MHE Y HE

Key words : Somatomedin-C, nerve regeneration, neurotrophic factor
Adress for reprints: Takehiko Yamanaka, M. D., Department of Orthopaedic Surgery, Hiroshima University
School of Medicine, Kasumi 1-2-3, Minami-ku, Hiroshima 734, Japan.
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rat QFEIOLBHEL D, 4cm OFMEHE I L
EEBEOAXDOBEMRE T2, HiE, BfEriT-
7o, BAREC 1, —40°C T 3 SIS, T 0% 5 40
REfE% 5 [ VIR LITo 7o, EEEE, A, B, Co3
BLL, SEOILYDFH 18 E Uiz, A B 100 ng/
ml, B #1310 xug/ml O Sm-C mEHEHFHA %, C B
RhfERE I EEAEADAEFER L control & L7z,

BHEE, dcm ORSOBHEARF 2 FRACBET 2 2k
WEETH 2 0, ELEWHRIIREET, Hegm
BRI TYM LE» SENOREBEE L
To. o B, MRS IEMSEEATIZ10-0 71 ok
R (Fig. 1),

BEL D 6BEBCERL, HBENCHREILL. #
Beagkshid, SHEERE LR EIBO%, TREET
Thbhiigs D 2 cm QLA OBETER 2 ER L,
MvA v TNV —REEITY, BEBRBRER R
L& N — 7RI THRETZRICHRET L 72,

o ES

ABICBY 5, BEMBOTREE LD 2 cm OB
WBYAELEEHHEROFERA T, 0-172 (B
58.2+65.9) Thot:. %72, BHHMERDOIZD oL
Poleb O 2/6 H Y EBENCHERBRIFTRETH-
7z, BETR, BHEMEEEDRF2HESHENS
<, BEOE DLW Do, BEGHM
BT 17-623 (49 359.34256.6) TH -7, Sm-C
FPHERLUEDo - CEIEBWTIE, 2/6 TAE LA
KHEEORD SR LHESH D, HEEHEGER

0-189 (F¥#956.3+£72.2) TH-7- (Tablel).

AR BEMSLIUBE, CHET, tRECIVH
BRI U ESR, BRICBLTERREP<0.05 THE
CEBMEREEOREENED S, B, AR CE
BoOBECRBEEERED SN T,

BREMEOTERE LD 2cm @ 81 2 B REE
WHEORELEE T 2L, BECBLTRBHEHED
EHH2RCEESED >N 5 MENE (BEXML
7 (Fig.3), AR, CEEUBWLW T, WEEKEO—
W DHLPFED SR nEnE L (Fig.2,4), B
EHRENEACEERESRD s g, C
B 1MERDoN0ATH > (Tablel),

% =

NGF 23R 2 LI REHEREmL, #EOMH
BE(UE LA e RO s METHE NTFTH 5 C
ERRMOBEETH B, BEOWFIZL D Sm-C 23,
NTFDO—2THHZEBHLMIETETE
na9 1986 &, Hansson? &3, T v b OAFHEY]
Bz Sm-C 2SEML, Uitk 2,.BTE—2o i s
ERHEEBMCFER R BETIHFAL, 202 L&Y
Sm-C BNKRBEEZOHEES L THWE I 2RBL
7z, %77, 1988 4, Nachemson® & 3 pseudomesoth-
erial chamber B\ T, Sm-C 2R E 4 T {BER
W TWAZEERLE, Zhs0pfe s h Sm-C
EERT LI LI D RMEOHEERRET 5L
DEETEHRVL» EEZ, SHOEREB Ik,
RS T - LEEE, W, fERE

DONOR RECIPIENT
© . FREEZING
5 times
Sciatic nerve \ ot

7\

THAWING = [/

Fig.1 operation method
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Table 1
Group A | Group B | Group C

RO,

|
Sm~C 100 e g/ml Sa-C 10 wg/ml ‘ Control
|

number of myelinated axsons

Fig.4 Group C: toluidine blue stainning

DIRLTEHEBOA E LIHBEBHEETI 2k

D, &0 Sm-COEEPEECHET 20 TE R
D, FRSRA ATHE E L RS ERENSE 2
SRR T 2D THS.

LK O A OISR EE, 1988 F, GulatiV % 40
mm OB T 20 mm & CHEHSEET S I L EFREGR
LTBD, 2ERIOER BT H CEED 66. 7% HE
BsEDSNT, ABCBITAHEE R CEERELT,
20mm ¥ TOFEERS L UVHEAHEMRRCERD
. - ) FEIIRD R o 7285, BEICB W TRBESEDT N
Fig.3 Group B: toluidine blue stainning TwHERED O, EBRBEOELELETOES
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o TEEIND I LR a NI,

A g (Sm-CI8E 100 pg/ml) THEHEOFE
BEand, BE(Sm-C|E 100 xg/ml) TlRES 1
RPERRBTHTH 22, bhbnOBERB LV
Nachemson® &2 & % Y-shaped chamber %{#f L
7o EER T, Sm-C B 250 pg/m] TIIEIRE & HMERE
Ehizsd, Sm-C¥E 1000 vg/ml THEE S h
Do LERE D, MFEHEWBY 5 Sm-C ORHERE
PEFEET SRS TR E NS,

E3 & &

1. B, BEEEVERL, EEEOLOHERMHE
2HETL, Sm-C ORMBHEEANOEHE LRI L2,

2, Sm-C 10 ug/ml N B RIE/K % BUAEEF 12
THILI LD (BE), BHEROBENTERCRE
ahe,

3. Sm-C 100 pg/ml fnsE B ARk % BhfgEs 1 i A
LB E&WE (AR, BlMREOoBLREES R
ol b LY, Sm-C OREREDFESRE SN
7z,

X 23
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Effects of Vascularized Epineurium on Regeneration
of Rat Sciatic Nerve through Silicon Tube (Part 2)
—Result of Early Nerve Regeneration—

Reiko Nakano, et al.
Department of Orthopedic Surgery, Asahikawa Medical College

The present study was carried out to examine the effect of vascularized scaffold at nerve conduit
in early stage of peripheral nerve regeneration. For this purpose we made an animal model of the
vascularized nerve conduit using a sciatic nerve of rat. The sciatic nerve was transected at midthigh
level, and a 10 mm segment of nerve was removed. We divided the animals into 3 groups to make
different conditions for nerve repair.

Group A (Silicone tube implantation group (n=14)): each nerve stumps were sutured with a
silicone tube, 12 mm long, 2 mm inner diameter, to yield a final gap length of 10 mm.

Group B (Epineurium & silicone tube implantation group (n=20)): only epineurium of sciatic
nerve was kept in, continuity, after nerve fibers was transected and removed. Similar repairs as
group A were performed, but tube was incised longitudinally to leave the epineurium inside.

Group C (Ligated epineurium & silicone tube implantation group (n=5)) Identical to group B but
epineurium was ligated at four regions with 10-0 nylon to intercept circulation.

Two, three, four weeks after surgery, the nerve regeneration was evaluated by histological
examination.

At two weeks, nerve regeneration could be examined in group B, but not in group A because of
fragility of regenerated tissue.

At three weeks, nerve regeneration could be examined in all groups except one case of group A.
Formation of myeline sheath was best in group B. At four weeks, difference of regeneration between
group A and B was less. From these results we concluded that the epineurium in silicone tube might
work mainly at the early stage of nerve regeneration and support to stabilize nerve regeneration.

Key words: nerve regeneration, silicone implant, sciatic nerve
Address for reprints: Reiko Nakano, M. D, Department of Orthopaedic Surgery, Asahikawa Medical College,
Nishikagura 4-5, 3-11, Asahikawa 078, Japan.
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4, AOXFETVERVUNER4BETCOR

PR REORBEERE L O THRET 5.
* *E

& 8 250~300 g ® Sprague-Dawley % 7 v b (28
) 2R L, £BEEE 10 mm IR silicone tube
R, EEAOKRESRZ ZUT 3IHRERL
BRAR % LR U F2,

@© silicone tube fflfE (LAT T BAER) @ RE2
mm, £ 12 mm @ silicone tube iz H¥iE % 1 mm
3| #;A A 10-0 nylon sk & A& L, tube Mz 10
mm O gap #{ERL, tube RIEPZEE Lz,

@ Epineurium \87E8 (T EREE) | V%
[z epineurium % &) & MW IEBTE, 2N B HEE L 7> sil-
icone tube WIZHiA, fibiz TREH L AHOFET
W0mm O gap # fERK § %, #HEE L 72 tube 12 10-0
nylon kTHEE, S5 2 2&mLAILS
WIEEL -

@ Epineurium iR &% (LT E &%H) ERE
B EISROFETIER T 455, 10-0 nylon %% s 4
HEHER LT R L e (Fig 1), BiE%2:8, 3
#, GAORATHREBEESBET Y, 2, 4HT
HERO®EME A TBERN L EREHORE
PEMICEE, 3ATHE, A—7 vy i, TREN:

ERGFE, o, ERTEHL EEREL2ERICE
LI EREE L7 (Fig. 2)., 8% 2EHTIRE 2
9, 3BT THBERL ERTEHOBEEYE6E, E
R ERBREOME YR S, 4 BT T BER
6 F, EBEHTHEEDWITERL . BiEE2, 3,
4 BTHYE B, BEMErARTEER, X
TBEP VA DT N—RET, BEMERREOBAR
BELARERVERNITS 2,

i £

1. BiE%2E TEBEHTR BEESREIEDS
NEBFEEANT, —HE L THRS L VBEESTHE
T BBBTRTHo .. EREHTEIBRERN
TV THAMBRTIEE TH > 72, iRTE L 7z epineurium
O FABH i SRR OB A 2 3R o S ERIBTE L 1A R 72
m-o7: (Fig. 4,5).

2. BauEIA TBEEC 1R E2HlTK
ERCHERESR D, BRERET, TBEETE
151 %5 S BEGE IEBRENETH 5 10, EiR
28, EERHTRBE ORI Y 5 ni: (Fig.
4,5,6). FIBERWEEHELE, THER L EREM
DLEET W, AT T 336, HR& T 312 EXTBIL 7225,
THBERTRBEINZVLLOLLE L OBEHGH
FROHHOFTCHEEBOES DEPERICKECE

Epineurium & silicone tube implantation
group: A.2weeks after surgery B. 3
weeks C. 4 weeks Ligated epineurium &
silicone tube implantation

group : D. 3 weeks, Silicone tube implanta-
tion

group: E. 3 weeks F. 4 weeks

Fig.4 The middle of the regenerate nerve. (X 40)
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Fig.5 The middle of the regenerate nerve. (X 160)
Epineurium & silicone tube implantation group:
A. 2 weeks after surgery B. 3 weeks
Silicone tube implantation group:
C. 3 weeks after surgery D. 4 weeks

Fig. 6 The middle of the regenerate nerve. (X 16, 000)
Case 6 (Fig. 3A) A: Silicone tube implantation group
B: Epineurium & silicone tube implantation group
Case 4 (Fig.3B) A Ligated epineurium & silicone tube implantation group
B: Epineurium & silicone tube implantation group
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BEREERBERAERNETRLE (E>0.05). EiBfE
& ERBEEEOLB TR, Al 1229, HEH 632 T,
B D% BRI S -7z (Fig. 3). BEBEDOF
BWED 12 ERERE T 0.244 mm?, E#EKEET0.158
mm? r FEICHIES K E» oz (P<0.05).

3. BHE® 48 T BAER, EEERE b ICHRR
B HROBELRRD, BRHERETH BRIF 2B
RERD ., FHBERHEER S, THRERTI
2549, EBEE T3 2398 Th - 7=, BAMEOF N
ER L T BEET 0.142 mm?, E B &R T 0.297 mm?
THECBEDSKEP- 7 (P<0.01),

Z -

BRI AT L R R DM EIIA /A E LT
Epineurium #BF L 72 € 7V AT, REEHRE
ENOBEREB L. EENIFEDRE ORI
BE4L WO WT, Le Beau 519 |3, Sprague-Dawley
%o v b (fAE 180~200g) T, BHEER L LT sili-
cone tube & FW 72 10 mm ORIBREDHF S, 10 mm @
AR T 3 RERTE 2128 HE T, AR BEMEOH
R CHEERPIETT 2L H/EL T2, SEOT
BHEBEOERD Zh IZIEFEET, BHE 2B TIE
Fany, BETEHEIEROEEERDDE 6
Bk 5 B, BEFETZEL L 6 Bl 4 Bl B 72, EIRERET
BBEE ETCEEMEE L CHEERN, 3BTRS
PLCHBGE L TRD . o DRER L D ERERT
I 2 B CEEMR ORS00 s AR
VBHL I EBERIND, F-EERBORMEED
BEEEOETEHT B L E2 5208, Bk
3@ B A E—{AEOmARKTE S Y, EREHO
HREFERI RS HIT, THERLD LETLTY
br#&Ez, S5 EREHL ERRETOTORE
W2k BEE R L0, BiEE JARNSOBERR,
EBFR - EYBEFHRERS S WIEEBH Y, F
EADOEBEIMITEH > 1IEI LD KENEHEL
T3,

SRIOEE L RAEDE FNERWTT- i 4
BB OBERED S, BEFRHORENRR 2 HE
LT, SEORRBIAEFELEbo, B
EEOBF DLW TIIRATH 343, HEGLgE
T AEENRER LD b, vascularized scaffold & L
THEAERGH IO 2 TR ORI L XRHEBRE
DRI & 2 TR RREHEL T3,

o
Bl

F - ft

E3 & -y

1. Epineurium BEE 7NV 2B EEMET 4
DFBEEEL /2,

2. BEAVFEDBE LY b EHCHEESROR
WS RD s, BECHL TREERLHE
WEZ b,

X fir

1) Le Beau, J. M. et al.: Node of Ranvier form ation
along fibers regenerating through silicone tube
implants : a freeze-fracture and thin-section elec-
tron microscopic study. J. Neurocytology 16: 347-
358, 1987.

2) Le Beau, J. M. et al: Extracellular fluid condi-
tioned during peripheral nerve regeneration stimu-
lates Schwann cell adhesion, migration and prolifer-
ation. Brain Rese arch, 459: 93-104, 1988.

3) hEHSF g Silicone tube NOAEFHEREL I B
1} % Epineurium BT O#EE, HFLEE, 7(1) : 33-37,
1990,

4) Peters, et al.: The Fine Structure of the Nervous
System: The Neurons and Suppoting Cells. Ist ed.,
W. B. Saunders Company, Philadelphia, London and
Tronto,186-200, 1976.

5) Suematsu N.: Tubulation for peripheral nerve
gap: Its history and possibility. Microsurgery 10:
71-74, 1989.

H M BRERLREERIE R &E

(D Scaffold 3EH 2 5, 5D LEMECB2H
4 axon DOFHEMED 35> TH L LD T s,

QERFEH: ERFERHTHE VEFNEL A
SN E BN,

| % JEINERIREER IR FF &F

@B L 7z epineurium 2 Y B & 5 2 HAFRE
B, BREPES o TERERY 230, SEESE
L7z2W,3W, s W DERTIR, REMLRED 5%
EEZTWET,

OffEfED L B T, MITORBIHELIW, &
BEREEFRIICE T AT, ERAKED
¥ATLYR, LoL, BEEHEEN, EREEDR
2, EWERBEDHEEEZTHET,

" M NSERREREBAE g &
QEREHL TRBEHROMMER A2 L EHT
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HEMBRLHSCREE A 5N 50, Chi
Epineurium 2B U 7223 L THIRERS B U2 Lk
D,
Om%3AD THHEE CHELMB LRI D&
DB WORREETL & 52,

B % JENERIKEREBAE S ST
OB EIE D W2 T, epineurium %R D BEF D

FHEwiz) 4, TBHOBRETREEROEBYE
EEBTEOOSNET. ZOREKDWT, Scaffold &
L 7z epineurium QA & 2 HBOE, BEEE
OERARAOER L EBERE L CasEENH 3 L E
ZTWETY, RFPZELLTHERA.

@FEMCE, FRIRDShEBATLRZDT,
EFEEC LD DEEZTBY T,
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7y MBI OF AR LB RIRHEIZ O v T
—JEH - BEE AT & B EHA—

ERERE R A RIS B E
F OB B—-E-fA ® IE X

o B OEKER
& s R SR
K B & —
EST A AR R
]oH ot

Histological Assessment of Nerve Regeneration in the Rat
and Its Spontaneous Regeneration Capacity

Soichiro Ito, et al.

Department of Orthopaedic Surgery, Faculty of Medicine,
Tokyo Medical and Dental University

A study was conducted to evaluate the capacity for spontaneous regeneration of the rat sciatic
nerve, the propriety of the morphometric analysis by light microscopy and the possibility of using a
Gore-Tex tube for tubulization. Twenty Wistar rats weighing 250-300 g were used. The sciatic
nerve was exposed through a posterior incision. After resection of a 20-mm segment, a 25-mm gap
was created on the right side and a 20-mm gap on the left side was bridged with a 25-mm Gore-Tex
tube graft. Twenty weeks later, the gluteal region was re-exposed, and the central parts of each 5-
mm segment of the regenerating nerve on the right side or the grafted tube on the left side were
removed and embedded in Epon. The mean axon diameter, myelin sheath width and density of the
regenerating myelinated axons were measured by light microscopy (LM) at x 800 magnification, or
by electron microscopic mapping (EM) at x 3000 magnification.

The mean axon diameter calculated by EM was 1.3 times larger than that determined by LM,
but there was a tendency for the mean density of the regenerating axons calculated by LM to be
higher than that determined by EM. This may have been due to erroneous identification of fibroblast
or Schwann cell nuclei as myelinated axons by LM. The width of the myelin sheath and the density
of regenerating axons did not change so much in the 0-10 mm region on the gap-formation side, with
a maximum regenerating capacity of about 10 mm. Although the length that regenerating axons
reached was longer and the axon diameter calculated by EM was larger on the tube-graft side than
on the gap-formation side, the maximum limit for axon regeneration on the tube-graft side was
about 15 mm when a long tube was implanted. From this result, it is concluded that when the rat
sciatic nerve is selected as a graft model, the length of the graft conduit should be at least 15-20 mm.

Key words : nerve regeneration, myelinated axon diameter, myelinated axon density, myelin sheath width, Gore-

Tex tube.

Address for reprints: Soichiro Ito,M.D. Department of Orthopaedic Surgery, Faculty of Medicine, Tokyo

Medical and Dental University, 1-5-45 Yushima, Bunkyo-ku, Tokyo, Japan.
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FRABHER A OARBFZRIFE I 13RI & 2 A itEh
B - BREOFHSThORTWS, LHLIDHFET
WEROEKXRER - EHCRELDH Y, TERLER
DESNIARELSKE L, £z, KEHEEOBHEE
B rat QB BHEEAVIBES IV, JO%E
HEOBEHSTER - OBEFORSPEE L &
3, % 2T, KB X AERIORBE B L U rat L BME
DFLEFES R TS 5 £ & b iz, Gore-Tex tube i1z &
LEMBEOTHESE 2 RE T 5 DU TOEBR 1T -
7.

v *

20 FTo> Wistar rat % fvy, FiAI48 5 184 & KBRS
T 20 mm §IRR L 7o, ARG & 10-0 4 1>k
THBEKCEE L22mmO Fey T BEEL L

(Fvv7BERAD. E&IIZE & 25 mm @ Gore-
Tex tube £FHE L 7> (tube BAEAD), R4 208 T
BRL, AYLBMRIIHEEREORIRERER &5
BltR, SEIFERCEETASE & TR L 7. ELEH
1E b THME tube DR R EREBEEAN L 72, SREVEA LS
mm R TBEOBOOFR2mm ¥ EK & LT,
Fyy PHEAOBEMEIIGEMN L D R1-5, BiH
tube i L1-5 £ BEESWFL, Ay —Nn-F AT A
BREFERIRBELT, MV DT N—RBL T
HEUEARONEE I % 100 £ Tl 800 itk L
THBEE L, tube BAERIOBIZRERE & & CEAUEHEY
720 OEFRH HEEE) 2FEIL . AEEREH
RKOBETF 2150 X0 v 2DV y R XAy Y2 il
D YIE O B/MEF 2 £ 1000 (S TBRESHE ¢ i
U7z, mapping L7225 EH % 3000 53K L THEEE
&L, tube BHEMA & ¥ v v FERBIOBEERHME O
R CHBES L UHEEE AL,

& ES

0@EAEFCErat 1D S 5, 8L D EFEH4L
HSTIREN o Tr, BEEEF v v VTERBIOBE £ MR
o) ERREEKRBEIANLES D, PIRAIC LR
BRROEWDLOTH 15 mm & Tz rat 5 1 T
HBT Eghode, KE-BEEL T 2CHRI &
T, 6H R2 FTEEWMBELZED. —F, tube
HEHNE B & ORZSD 4, B tube BEOIME
HELRFE -7 MEEETIH 2B LI 2T, 41T
HL2ET, a5 2EALIET, £-BEEETI
ATEH L2 T, o) 4 VEHs L3 & CHEMENED &

niz.

tube BHEROKXES L CEIEEHATED LR

HREFEOFHMIL L, 2, 3 & bEHISHEED 1.3
BTHy, tREFTOELIIEEREAEL1 Y, L2
BEA¥ES % CEBFNIESLIGHAEL D REWwE
E % 5 (Fig 1A). ¥, MEREOVHELESE
BLOREWERIE D75, tRECREREZEHED
o i: (Fig. 1B).

tube B4R & ¥ v v THRMOBHAER I & 5 LER
REEROFHERZ LL, 283BOBDRL, 201.2
EThHD, tREETI LHEAES %L1 R &
NKEWEEALDLW, L2 L RROBEERFED Lo
7z (Fig. 2A). F7:, BRI OFIGME I R1, 2 253
ZEL<, Fro P BEAOBBED L3 2 TR 8
HHIER - T w7z (Fig. 2B), fESE I L1 & R1 28
FITEL L, 7R, 2BEREM, LHL,

Myelinated Axon Diameter
of the Tube-Graft Side

O R e T PR

_ ) Oem
fAm

Segment 1  Segment 2 Segment 3

Fig. 1A

Myelinated Axon Density
of the Tube-Graft Side

Seg. 2 Seg. 3
0.172 0.085 0.150 0.085 (mm?)

Fig. 1B

Calculated Area 0.132 0.085
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Fig. 2A

Myelin Sheath Width

(um) @

O Tube-Graft
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Myelinated Axon Density

ment) b - e e e .
10000
O Tube-Grafy
Side
5000 1" o B Gap-Formation
Side
Seg. 2 Seg. 3
Calculated Area  (.132 O 154 0.172 0.061 0.150 (mm?)
Fig. 2C

tube BEARENE L2, 3107 3 & BB HERE IR L

7z (Fig. 2C).
Z 3

FFH & WFOFAMBE* 3 5 L, BREXENE
HBEHEL DAE O, THICHDRRR I NEEIZEL D,
FRHEEFHIAT S Schwann MR OB EHUE L8R- T
s h iz eEZ 5D (Fig 3A), Lids->T,

tLézgaﬂ ¢ &ﬂj

Fig. 3 Histology under electron microscope

x 3000. (A Tube-graft side. The fibrob-
last or Schwann cell nuclei resemble
myelinated axons. (B) Gap-formation side.
Both transverse and vertical sections of
the myelinated axon are seen.

MA : myelinated axon, S: Schwann cell,
F: fibroblast, V: vessel.

HEETANE R T T 2 5 & 4 TRB L i L THU

LLENH D,

Fy oy PEEAOMBEEIE R TP
DO, HEEHELEREEIEIRL 2 CEEAEELLY
Ve, E Tz, —HOMIAE R CHEIE OMRICE L -
THHOHWER»EE N5 (Fig. 3B), Zhid, T
Wi 2 U 72 mushrooming 20 & FAEMNE SRR A
Do CEMBFENAEV S e EEZ Sh, BEBRD
RG22 DB T 308, Z0ECMEERENF 10
mm BESRATH 5.

£ & 10 mm ) Gore-Tex tube % A\ 7> A EE
T, BFL2MBERERBESRESNTWLAY, Ly

L, E® & 5 % £ tube O B 4E i3 neurotrophic
factor DEZEELSA 72D, 15 mm LU OMREE 13
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EWHiginoT, FNTH, tube BEROHHF v v 7
TR & 0 BARROMRER IR {, MEREZELKR
ENIEDS, X vl OB THNIFGore-
Tex tube BHEEEKRN I bRAATCROAETEE
%3,

rat HEMRRYIME OMEF LR B L TIZER
4% ¢, Mackinnon 5135 » A% OB 4EIERH Ty
23.7TmmicbELZLREL T2, LrLESED
EED S 1L, rat BEMEOHFENPEIL > THET
HbrrwHHEREELNT, BEFORS % 15~20
mm B3 hE rat AEERIIEAN R WRELE D
EEeTvicndEEIONRD,

X ik

1) Cuadros, C. L., et al.: Nerve regeneration through
a systemic microporous tube. Microsurgery, 8: 41-
46, 1987.

2) Mackinnon, S. E,, et al.: Histologic Assessment of
Nerve Regeneration in the Rat. Plast. Reconstr.
Surg., 75 384-388, 1985.

M MBNERKZEERSR +5F &F

@ Gore-Tex tube & 71T, AR OMEIEH
BANED SN2 L2V, HUERTHEEKD
WTREDEIREZ TS L 0L TWIzE
TRIEETT,

@ Gore-Tex tube DEHNEEOHEE LR &,
EEAOEE (FZ2) PEBEC DL TEERRITLT
WAARES R DD EFTTL & 5,

B % HAEREEAZERAE FEE—EE
@ Gore-Tex tube FEMENNORFREMEA %55
E, HERBIEOMU 2 BB R T 2 A THEER

BFCE < », tube AW BREERO®E, BEAD(
EEREETAERIIR L, Bvtube TOMEEE
PEREIZEREER B OMRENICHEI N2 06 & &
zZond,

QMBI HEEAEREFRSE 2 & TSN
5HRNHEBEVHATE 2 AVRL, FZER» S
~ neurotrophic factor BF|HLTLE 3 Z L3R A
&% %, Gore-Tex tube i 2D & 5 BBENELET S
NESHITETH S, £z, tube B—FDK & R2E
BETHs L0 bBRONEBEDEEHETH S HH, &
D ARSI FE Ly,

' M LERFERNE B2 Ak

Gore Tex tube T ¥ neurotrophic factor #3 tube
ST 20 D, tube S & 0 B 5 T IR AT
ALTL B, —A, ¥YVarFa—7@REALTRED
BIORWRETTHL, ALMRELTE, wTh
WERTH B D,

| & HRERERRZEEIAE FEEE—EL

Gore-Tex tube W 2D & D BBUELE 20 E 5 »
Bh»bkkwn, ThidtelLsd, YV a—-rFa—7
TIEES D & A EME DMRA T & 2 W»WhiGore-
Tex tube TRBATIRER 1 O ERRADIITS BRIFT
5 ET, Gore-Tex tube O HMEN T3,

" M NEERRFRIZAR XK W
KR THREENNS CEIE ST S HE R ASFEH
2D,

\ & REERERRFEENAR (FRER—A
ZROVIH DE S =L,
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RIS A B 3 % EBRAIHTSE
— A KRV tube T O laminin QR KE{EEIER I DWT —

BB A SRR OV B
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W AR

Experimental Study on Peripheral Nerve Regeneration
— Effect of Laminin on Promoting Regeneration of
Peripheral Nerves in Collagen Tubes —

Takeru Arai, et al.
Department of Orthopedic Surgery, School of Medicine, Keio University

Purpose

Many attempts have been made to promote the regeneration of a severed peripheral nerve by
bridging between both stumps with tubes of various synthetic biodegraded materials which may
induce any inflamatory reaction in association with the process of resorption. Atelocollagen,
produced from collagen via digestion of its major antigen determinants by protease, has been proved
lower immunological acitvity and induced lesser inflamatory reaction. On the other hand, laminin
has been proved the promoting activity for axonal regeneration in vitro and recently in vivo. We
used a laminin-absorbed atelocollagen tube as a nerve guide, and attempted to induce a regenerating
nerve to pass through a 12 mm interstump gap which has been difficult for rat’s nerve to traverse.

Materials and Methods

The sciatic nerves of 46 Wister strain rats were resected 8 mm long at midthigh. Both stumps
of the nerve were sutured into a atelocollagen tube (length, 15 mm ; inner diameter, 1.2 mm ; thick-
ness, 0.4 mm) to obtain a final nerve gap of 12 mm. The collagen tubes were processed by HMDIC
(hexamethylene diisocyanate) to elongate the absorption time. The following two kinds of tubes
were used as nerve guides ; (1) Laminin (4) tube: laminin solution was absorbed into the wall of a
collagen tube, (2) Laminin (—) tube: only solvent of laminin solution was absorbed into the wall of
a collagen tube.

At 5 and 10 weeks after operation, regenerated nerves were evaluated by morphological,
electrophysiological and histological studies.

Results

Each lumen of collagen tubes was preserved at 5 weeks after operation and the collagen wall of
each tube was almost absorbed at 10 weeks both macroscopically and histlogically. There were no
obvious inflamation and little scar formation in the surrouding tissue. At 10 weeks after operation,

Key words: laminin, peripheral nerve regeneration, collagen tube, biodegraded materials, atelocollagen
Address for reprints: Takeru Arai, M.D., Department of Orthopaedic Surgery, School of Medicine, Keio
University, 35 Shinano-machi, Shinju-ku, Tokyo 160, Japan
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in the laminin (+) tubes developed neural bridges were observed in all cases but in the laminin (—)

tubes neural bridges were observed in only 2/3 cases. In 93% of the rats using laminin (+) tubes and

in 329% of laminin (—) tubes, evoked M-waves were observed. In the each neural bridge within the
laminin (4) tubes, numerous mylinated axons were observed in the distal section at 10 weeks after

operation.

Conclusions

Laminin-absorbed atelocollagen tube promoted the regeneration of a severed peripheral nerve
and developed a neuronal bridge through a 12 mm interstump gap. This tubular nerve guide may be
used clinically in the future after some improvement.

Laminin &, Schwann $ifa7% & OEER > #A8 T
2 #REZ4: matrix OOk DT, in vitro OFFLYET neur-
ite REREERZET A FHO AT ERTY
331990 SRR IZ, YIMT L - HE ORI % laminin
FA{FH0L 7 silicone tube THEHE L, silicone tube @ &
T3 12 mm D gap 2B Z 1R OFE R A7z
Z &, invivo [ B S laminin OMERREEEER
FEEEHL 727,

S [E, tube DA E & L TsiliconeD b H iz
atelocollagen % FH vy, Z 2 laminin 2RIV & & %
DFRICDWTHRET L 72,

MEE LUHE

K E#250g @ Wister irat 4605 2 {# B L,
pentobarbital @ i 2 YRR B T 10 2 KER 7R L3R % BB
B, LFEEETREFRETCH 8 mmEIERL -, R
T, MRS 22K 15 mm O collagen tube NEEIZ # 1L
Fhl.5mm$TOEAL,gap 3 12mm iz s k35
10-0F7 4 2% TE&2eEBEEEL /2. Collagen
tube X, F4EDOEKF % Fitk & L7z atelocollagen (&
L) #NR 1.2 mm, BEOEX 400 xum O tube JRic
T L, HMDIC (hexamethylene diisocyanate) i
£ 35 FHRBLETRIGRE R ER LD RE
B L7 (Fig. 3A), & 512, laminin {58 & L TEHM
F# mouse i laminin (500 yg/ml)%}fﬁ W, UTFD
2 B O tube & fEH L 72, (1) Laminin(+)tube :
laminin YA % V) > BRAEHER T 50 pg/ml W HIR L,
LEED tube ABEICHEI L, PEELSTRINEEIZH O,
(2) Laminin(—)tube : laminin % & % 7¢ V> laminin
¥ (50 mM Tris - Hel 150 mM NaCl pH7.4) %
U VBB THERL, BRRO T E TR S # 2 b 0,
Laminin(+)tube ZHv>72 % @ % laminin(+) &, B
Wiho b 0% laminin(—)EE e L7z (Table 1),

e 58, 10 B TEREBFEHIREET > OBEBR
L, WIRAJEE LARPAIRE LT o /2. AIRNERE
TR T 2 BAEMEOREEMOLLE THF
fliL 7z, 50~100% Db D% (#), 25~50%% (H),
1~25%%(+), BEHREOL LSNP b D%
(=)Ll BEREEFARTE, FET AL
LA TRERREERBLUAREH» 5 ERT
M DO 2R AT, HBFEIRER, FTRELL
HAEMERE ) VBEERV ) VRTEZEL, /85
7 4 YOEE, RoOTHEER»SENZTh 2mm A
flB & Uk 3 H PO FER L, H-EH
&, Bodian #ifs, LFB Zi@ 4 AWLCEEL 7.

& ES

1. tube OEFFZL,

a) ARKFTR

53T tube DEREIIFR - LT W28, tube BRI
LU Twiz (Fig. 1A). 108wk 3 L IR
WWIARESHEEL, AABOY VIRYE P EGHEBEE
BHEbTLEAEFEL T DA TH- - (Fig 1B),

b) REMHBEEIRTR

5@ TIE, tube B2 collagen [P Hr & IME Y8R

Table 1 Number of rats in each group

Sw 0w
Jaminin (+) group? 7 14 21
laminin (—) group? 9 16 25
total 16 30 46

1) The rats of laminin (+) group were implanted
laminin-ahsorbed atelocollagen tubes.

2) The rats of laminin (—) group were implanted
atelocollagen tubes into which only solvent of the
laminin solution was absorbed.
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Lanfehs, ) ok, KEMROREIE, collagen [E
WICh # ORAHEBCBIFEAERD -7z, 10:8
T, collagen [BI3FEEIL L, ZEMBHEM % HICE YD B
ATWi, TORBEIEHEB TS B b, REHRS
PHEEEIZIZEAERD Mo (Fig. 2AB).

2. HREOE4LE

a) PHRAYRTR (Fig. 3BCD)

58T, g1k L7z collagen tube H3HAMHF DA
o> TwT, RIRNGHEZTETH 72, 108
T, laminin(+)HO 2B BB R 5Nz DX
L, laminin(=)#ETH2/3KBENA SN DA T
H-o7z (Table?),

b) FEHHEN

58T laminin(F)BED & 7 BId 4§ (57%) &
M#EBPED &N, 10814k 2 & laminin(+) BT 14
Bl H 1361 (93%), laminin(—)E T 16§ & 5 £l

(32%) W MEPEHTET,

c) FEEMZHETR

ZENOBEMZE, ARKNCKWEERALNS
bDIZ RO, KL LWBFLHBEFEEIED
51, laminin(+)HEORRM (#), (+) DbDT
RFEMAIOYIKE T L EROBHRE*AD 72 (Fig.
4AB),

Fig.1 Macroscopic appearance of regenerated

nerve.

A At5weeks after operation. The col-
lagen wall of the tube was observed.

B: At 10 weeks after operation. The col-
lagen wall almost disappeared and the
neural bridge was observed in the gel-like
substance.

#® -

% =

Laminin %, Schwann #ii9, SRk, B4RER&EL 2
OEEBRY*#BN T 25 FREAL0FOBEERT, 1990
FE(hEE X, laminin 2{Fh0L 7 silicone tube % Ay,
in vivo i 1) % laminin R R{EEVER % 5FHE
L7:%, SEbib i, BRICANOEBHFZRD D
Dk LT, laminin 2WRIY & & 7 EEBIE O tube
EEORBEME L LCERL, ERERLshTE
7z 12mm O gap R 1 HEFLESFHTEL»T
D»ERRETL 72,

AR tube i3, FEN, £4H5YE, S8KG

s

Fig. 2 Microscopic findings of the tube wall and
its peripheral tissue.
A At5weeks after operation (HE x200).
The collagen of the tube wall was preser-
ved. No obvious inflamatory appearance
was observed.
B: At 10 weeks after operation (HE x200).
The collagen of the tube wall almost
disappeared. There were no obvious in-
flamation and little scar formation.
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Fig.3 Macroscopic appearance of the nerve
guide and regenerated neura) bridge at 10
weeks after operation.

A: The atelocollagen tube. B: Regener-
ated neural bridge in a laminin (+) tube,
evaluated as #. C:In a laminin (+)
tube, evaluated as #. D: In a laminin
(=) tube evaluated as +.

In laminin-absorbed tubes well developed
neural bridges were observed.

Table 2 Evaluation of regenerated nerve at 10
weeks after operation.

development of
neural bridge M-wave
H # + -
laminin (+) group | 5 6 3 0 13
(n=14) (93%)
laminin (=) group | 1 3 6 6 5
(n=16) (32%)

Fig.4 Microscopic findings of neural bridge at 10
weeks after operation.
A Distal section of laminin (+) group
(Bodian X 400)
B: Distal section of laminin (+) group
(LFB+HE +400)
Many myelinated regenerating axons were
observed in the distal section of neural
bridges within laminin tubes.

HEHME < > OMEE AR I TS S REET D 2
EMIREGETH B,

Collagen i3, 4 FFitE D telopeptides = F Hi R
FEENBFEET 5720, protease * AT Z &2 HLY]
WL, PURSEZETEEZZE0TES, 23 LTE
k& hiz atelocollagen I34£HKAN TEYRIEHD A
HHEBE OB BN T WD, &, TBEETH
58, ¥ OIRITEE CFEE b, S FEEBOBRE Lo
TaAVha—T 252 EHBFRETHSEY, SH, tube O
#E & L T atelocollagen & By, & & ICWRINEFR %
MEsE 578, HMDIC 12 & 2 5 FHEEEBLE %
1T 7z, Laminin 1%, ¥ OB % tube D & Bk
IR &+ 57K T tube i AL 72, #ERIE tube o & %
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Experimental study on peripheral nerve regeneration
—Exogenous laminin allows axonal regeneration across a 20 mm gap
between sectioned ends of rat sciatic nerve within silicone tubes—

Yasushi Nakao, et al.
Department of Orthopedic Surgery, School of Medicine, Keio University

Purpose

In entubation repair, regeneration of severed sciatic nerves in rats is not successful across
interstump gaps exceeding 10 mm. The purpose of this study was to investigate the ability of
laminin-treated nerve guides to support regeneration across a 20 mm gap.

Materials and Methods

A total of 40 nerve guides were implanted into Wister strain rats. The sciatic nerves were
transected at midthigh level and both nerve stumps were sutured into the ends of a nerve guide,
leaving a 20 mm interstump gap. Four types of nerve guides were made with a silicone tube (length,
23 mm ; inner diameter, 1.47 mm) and rats were divided into the following 4 groups: 1) L-coat
group (n=10): a plasma electric discharged silicone tube was soaked in laminin solution (100 g/ml)
and laminin was plated onto the inside of the tube, 2) L-gel group (n=10): laminin was mixed with
a collagen gel (type 1) and the lumen of the silicone tube was filled with the laminin-containing gel
(50ug/ml), 3) C-gel group (n=10): the lumen of the silicone tube was filled with only a collagen gel
(type 1), 4) E-tube group (n=10): an empty silicone tube without any treatment.

At 10 weeks after operation, the sciatic nerve was stimulated proximal to the nerve guide and
the evoked M-wave was recorded from the anterior tibial muscle. If the regenerated nerve occupied
50~1009% of the sagittal section of the nerve guide lumen it was scored as+ + +, 256~509% as++, 1
~25% as+, and absence of the regenerated nerve as—. In addition, electron microscopic study was
done to observe regenerated axons.

Results

1) L-coat group: In 80%, a well-developed neural bridge was formed ; transverse sections of
the neural bridge demonstrated numerous myelinated and unmyelinated axons. In 60%, an evoked
M- wave was observed. 2) L-gel group: In 70%, a thin neural bridge was formed; transverse

Key words : laminin, nerve regeneration, neurotrophic factor, nerve graft, entubation repair
Address for reprints: Yasushi Nakao, M. D., Department of Orthopedic Surgery, School of Medicine, Keio
University, 35 Shinano-machi, Shinjuku-ku, Tokyo 160, Japan.
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sections of the neural bridge demonstrated only unmyelinated axons and no evoked M-wave was
observed. 3) C-gel group: In all cases no neural bridge was formed. 4) E-tube group: In all cases

no neural bridge was formed.

Conclusion

Laminin enhances peripheral nerve regeneration and the maximum distance that axons can

regenerate through a tubular nerve guide. Laminin coating is superior to filling the tube with a

laminin gel.

B ]

1982 £ Lundborg i, 7 v + OSBRI %,
MEHIE T o B silicone tube 2 AWTEE I ® 5 =
EWEIIL, REHEOBEICH LB EREBL
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laminin %3, in vitro O#IFEHIIEES# T neurite OfHE
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HEOREREET D 2 & RIAIAL T E DY,

4[Ei%, 20 laminin %5 L7z silicone tube %
WT, SETCAAFEE SN TET v MBEHED 20
mm OXBENEHFEN S 20BrEEEL, SEO
SKAEHRIEIE 12 817 % entubation repair O AJEEME W
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WHELUHE

HEH 250g O Wister £5 v b 40 LRFER L 72,
Nembutal BERENFREY T, ARRBRPRIERHFLLEF
FEE & %9 16 mm §JER U T, W#i % nerve guide i %
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L T 10-0 nylon % 7% 2 #1#E&EE L 2 (Fig. 1),

nerve guide i, BN FHEMERMREOW N T
4 REEEREBIL, BT O4#ERE LR, (D
L-coat £ : silicone tube i 77 A< £ A, Z
% 100 ug/ml @ laminin BHEEICE L TEML &
laminin coating tube % F \» 7z, (2)L-gel # :
laminin % Type 1 collagen gel W & ¥ 50 g/
ml ¥ EE O laminin gel #{E Y, 1 % silicone tube 2
FEH L CTHERLL 7> laminin gel tube Z w7z, (3)C-
gel B : collagen gel M &% silicone tube [ FHL T
YEBIL 77 collagen gel tube % fva7z, (4)E-tube B
Al b B %1T > T empty tube 2 flvie, k¥

silicone tube X, Dow Corning o silastic &5 B
tube (% 1.47 mm, SMF 1.96 mm, £ & 23mm) %
ERL.

T, W88 108 TITo o, MAEHEHRFE I,
guide DT THABZE & MR L, FIRED IR
AU ERD S MO 25HA 7, NIRRT
i, guide DFEMBE CHEMZED 5 ® 5 HE»
50~100%D b D % (#), 25~50%D L D% (4),
1~25% Db D% (+), BEEABOASNEhoTzb
OF (—) & LTz, HEBEHMTE IR, guide BIiRdL 0
3mm ARIEOBEMABE 2% 7V —L T AT R
THEH TR G, #EUR 2R L TETEM
BCHBELI.

HRPI B E L 72 nerve guide @ laminin Bz
RTINS Jz 12, tube i coating L 72 laminin 31

40 Wister rats
(weight / about 250g)

&P

sciatic nerve

<—20mm —

Fig. 1 The sciatic nerves of 40 Wister strain rats
were transected at midthigh and both
nerve stumps were sutured into a nerve
guide tube for a 20-mm final nerve gap.
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laminin FifE % B BRIEERBE T, gel Ric L T
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#E (Tablel)
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HROBFLEWBESERE S, BHEEHELSETED SN
7z (Fig. 3A), BEXEEEHIRFE T, ¥HL e M
gosdt an iz (Fig. 4), (2)L-gel B © ZB1EER TP
B ETA LN, HEME XD { guide PRET
Wiz DML o Twie (Fig. 2), SR E T,
HEBOT Schwann #iig &L BEME £ 580 7285,
WL MERECHERLEASh R » o7 (Fig
3B). BRABFMRETE, Hobh MERIH
nadpote, (3)C-gel B 1 20T, BEMRBOLRSE
B S otz (4)E-tube B 1 £F17C, BEBRBOLE
BExAronizhroie,

7¢ 3 tube I coating L 7> laminin %, 74 4~538
BEE L Tt gelfRic LT tube AW D& 7
laminin i3, #if% 2~3 B E CLOBEEFEERERTER
»o iz,

1 &=

FEHE BT S N5 &, ZOFRBEEES L Uh
WRIO—EIE, #RB L BB OEETH 5 Waller
DL L, Schwann ifig & Z R BUERBROE W
& % Schwann tube 8% S h 5, HERS OHERE
T & o THIBTIR 2 85 U BRI iE, T @ Schwann
tube BHFRIE S BEMBIHERE T 2O DOEEL

laminin coating tube

[ 160 T Y S U O O I A O A

laminin gel tube

——

prox _ dist
[ I TN I I Y O I B N
Fig.2 Macroscopic appearance of nerve guides
and contents at 10 weeks after implanta-
tion of the nerve guide for a 20-mm gap.
The neural bridges were the most devel-
oped in the laminin coating tube.

Table 1 Evaluation of regenerated nerves at 10 weeks after implantation
of the nerve guide for a 20-mm gap.

development of neural bridge axonal
. M-wave
# + + - bridge
#1 0000 [ 1 ] [ 1 ]
laminin coating ( 1} 8 6
tube (n=10)
#2 0000 000
Jaminin gel tube [T 1] 7 0
(n=10)
0000
| collagen gel 0000
tube (n=10) o0
0000
‘ empty tube 0000
(n=10) o0

#1) silicone tube
— plasma electric discharge
(60 W, 10 min)
— laminin (100 zg/ml) in PBS
37°C, 2 hrs.

#2) Cell Matrix Type 1-A (3mg/ml): 4

Hepes (200 mM, PH7.4): 1
2.25 xMEM : 4
laminin (500 zg/ml): 1 (ratio)
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Electron microscopy findings of the neural bridge at 10 weeks after implantation of the
nerve guide for a 20-mm gap. Many myelinated axons were observed in the laminin
coating tube (A): only unmyelinated axons were observed in the laminin gel tube (B) (x
1500, Scale bar=5gm).
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M-wave

2.0my

2ms

Fig.4 The sciatic nerve was stimulated proximal
to the nerve guide.
In 60% of the rats with the laminin coating
tube, the evoked M-wave was recorded
from the anterior tibial muscle.
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The Effect of Apolipoprotein E on Regeneration
of Peripheral Nerves in Rabbits

Yoji Mikami, et al.
Department of Orthopaedic Surgery, Faculty of Medicene, University of Tokyo

Apolipoprotein E {(molecular weight =35,000) is one of almost a dozen protein constituents of
plasma lipoproteins, playing an important role in lipids transport by binding to LDL (low density
lipoprotein) receptors on cell surface. Although the role of Apolipoprotein E on nerve regeneration
has been investigated by several authors, its effect on the regeneration in vivo has been obscure. The
purpose of this study is to examine the effect of Apolipoprotein E on axonal regeneration in
peripheral nerves of WHHL rabbits (Watanabe Heritable Hyperlipidemic rabbits), which are
genetically deficient in LDL receptors.

Regenerated distance and the number of regenerated axons after cutting and suturing the
common peroneal nerve were histologically examined by using anti-neurofilament antibodies (anti-
NF antibodies) in 9 WHHL rabbits (group W) and 9 Japanese white rabbits as a control (group C).
Histological findings were examined from the suture site to the distal end of the common peroneal
nerves at each 10 mm section with anti-NF antibodies under light microscope at 4, 5 and 7 weeks
after the epineurial suture.

At 4 weeks, both the regenerated distance and the number of regenerated axons in group W were
significantly less than those in group C (P<0.05). At 5 weeks, the number of the axons in group W
was significantly less than that in group C (P <0.05). Although the distance in group W was shorter
than that in group C at 5 weeks, the difference was not significant. At 7 weeks, any differences were
not found between two groups on the distance or the number of the axons.

In conclusion, axonal regenaration in WHHL rabbits, which are LDL receptor deficient rabbits,
was not so vigourous as that in normal rabbits at 4 and 5weeks after nerve suture. Our results
suggests that Apolipoprotein E, which delivers lipids to cells by binding to LDL receptors, promotes
axonal regeneration during an early phase of peripheral nerve regeneration.

BBKD DMFHEBETY REEAERHWR T 2EODOV &
S>THY, 4T LDL v+ 7% —(LDL: low den-
7HRYKEBE (LUF ApoE £88T) 1, SFHH sity lipoprotein) &f5& L CERAL, BERBHCESE

& L & (£

Key words: apolipoprotein E, WHHLrabbit, regeneration of nerve, neurofilament, immunohistochemistry
Address for reprints: Yoji Mikami, M. D., Department of Orthopaedic Surgery, Faculty of medicine, University
of Tokyo, 7-3-1, Hongo, Bunkyou-ku, Tokyo, 113, Japan.
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Fig.1 Scheme showing the role of ApoE and
LDL receptor in lipid transport.
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Fig.2 Scheme showing the role of LDL receptor in uptake of ApoE-lipid complex
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Fig.3 Histological grading with NF stain. (X400)
A Normal B:Grade3 C:Grade2 D:Gradel E:Grade?

¥ R
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72 (Fig. 4), SiZMEREE, 4BTIR W s CEICIEL
BEH->Twi, (P<0.05; two sample t-test).
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* P<0.05, two sample t-test

NS : not significant
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Fig.5 Histological grading at each section, using
anti-NF antibodies.

Fig.6 40 mm distal section from the suture site at
4 weeks after the suture.
(NF stain, X400)
A Control, Grade 2
B : WHHL rabbit Gradel
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A Study of the Influence of End Organ on the Sensory
Nerve Regeneration at Early Stage

Yuji Takahashi, et al.
Department of orthopedic surgery, Tochio-go Hospital

We have reported the selective regeneration of sensory nerve fibers. The purpose of this
experiment is to assess the influence of sensory end organ on the sensory nerve regeneration at early
stage.

Material and method: The sensory branch of femoral nerve of Wister rats weighed 300 g was
exposed and split into two funicular groups. One of their proxmal stump was introduced into the
proxmal channel of a silicone Y chamber. The distal stump that was connected with sensory end
organ and free nerve segment were inserted into remaining channels of the Y chamber (Fig.1).
After 6 weeks, the number of total myelinated axon in the distal nerves were counted by digital
analyser.

Results : When the funicular area of distal two nerve stumps were almost equal, the myelinated
axon counts of the distal nerve with end organ was significantly larger than that of free nerve
segment (Table 1). On the other hand,when the funicular area of free nerve segment was significantly
larger than that of the nerve with end organ, regenerated axon had tendancy to connect with free
nerve segment. However, there was no statistical difference (Table 2).

Conclusion : In the sensory nerve regeneration at early stage, 1) the influence of end organ, 2)
the size of distal nerve stump area must be considered.
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Key words : neurotropism, nerve regeneration, end organ
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Schematic diagram to show the experi-
mental model.
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The sensory branch of bilateral femoral
nerves were exposed and split into two
funicular groups. After severence they

were inserted into silicone Y chamber.

3

=

BUCHEEOE W o T, i, ME{THEER &k
R ORI EEER R » 5 e,

L L Z 2T, &AL 2channel WA L 72 40E O 4
REERENTENAEATASZ L, AR ERIEBIZRAILCK
L7l dThshs, EBICE»EDDESDENH-
7z, AL 2 channel 12 8\ T, #REBE 1R S OWT
HE%Z 100 & LG 0 0mERr OF i, 46.3
2620l 3BLATED, Inorno L LT
BT &R\ EE R o, F 7z, MRS RN Y
R ERERISEZRAIL TR Y, EE L TE
AT 558 RFERAE L k510, SEITMHEEER
EREE % WL THRET L 7z,

BUECHEMELL 70-130 Db D2 IFIZEFE L E L, A, B
BHoofMH U TRELTAS L, Tablel Dk 3 g
Bz, $hbb, Y FEOEM 2 channel WA
L 7o MR 2T IZE L Vigsic i3, Ba
BHHRERBRIRRBENOAVBEE IS - 72, Fig
2 13 No.3 OFEMIEOHE TH 33, BERBEMLD
TSR & I BERRBEEN D,

—7%, A, B BEOREKERHL 1IN EObD, 0
D HEER OADEERSEH S MK EVFAE, B
ARSI B SO EEY D - 7208, HETER
CEEEBEER o/ (Table?2),

% =

A B, BEEE L WRYIOKET TEN 2 channel )
B4 HEMBERICEEEN ko LBARORRAZ, &
{i7 2 channel (XA L 7o MR REBHER IS D &M

Table 1  Axon counts of the distal nerves when
the funicular area of distal two nerve
stumps were almost equal.

Nerve with Free nerve

No.

End organ Fragment
1 505 > 133
2 696 > 535
3 609 > 129
4 509 2 445
5 806 > 225
6 1131 > 241
7 306 < 643
8 800 > 267
9 943 > 143
10 720 > 49
| 11 279 < 894

Significantly more axons were counted in the nerve
with end organ. (P=0.05)
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Fig. 2
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o,

Transverse section of distal regenerated

nerve,

A: Free nerve fragment,

B: Nerve connecting to the end organ.
More axons were counted in B than A.

Table 2 Axon counts of the distal nerves when
the funicular area of free nerve fragment

was significantly larger.

No Nerve with Free nerve
’ End organ Fragment
1 299 < 365
2 423 < 859
3 374 < 887
4 415 = 440
5 539 < 646
6 31 < 582
7 865 ES 883
3 1068 > 145
9 598 > 462
10 611 < 788
11 416 < 568
12 384 = 417

More axons were counted in free fragment but there
was no statistical difference.
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Loss of Sensation and Operative Indication after
Unilateral Proper Digital Nerve Laceration

Haruo Imai et al.
Department of Orthopaedic Surgery, Omotemati Hospital

In order to diagnose the case of unilateral proper digital nerve laceration definetely, we evaluat-
ed the sensibility of the finger-pulp at injured side using Semmes-Weinstein monofilament (SW) and
static 2 PD tests. First, 70 normal volunteers were evaluated whose ages ranged from 12 to 85 to
know normal value of SW and s-2 PD. Next, we operated the cases of finger laceration who had
abnormal SW and 2 PD value at the injured side of finger pulp. Consequently, we recognized 32
finger (29 cases) of complete unilateral proper digital nerve laceration and analysed preoperative SW
and 2 PD value of these cases. Moreover, 8 fingers (7 cases) who had partial or total laceration of
unilateral proper digital nerve at distal segment were followed without nerve suture.

Results ;

1. Normal threshold value of SW over the age of 30 years was not green but from green to blue.
2. In7 cases lacerated at distal segment and in 10 cases over the age of 35 years lacerated at middle
and proximal segments, SW value was red and 2PD was more than 15 mm. As compared with this
result, for 15 cases below 35 years old lacerated at middle and proximal segments, 13 cases had SW
value of purple and 3 cases had 2PD value of less than 15 mm.

3. 5 young cases at distal segment who were performed only skin suture had good sensory recovery
within 3 to 4 months.

Conclusion
The cases of unilateral proper digital nerve Jaceration below about 35 years old should be carefully
diagnosed, because those have a pretty good sensation. We recognized necessity of re-examination
in normal value of SW.
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Key words: digital nerve laceration, Semmes-Weinstein monofilament,
Address for reprints: Haruo Imai, M. D., Department of Orthopaedic Surgery, Omotemati Hospital, 3-2-13
Omotemati, Nagaoka-shi Niigata 940, Japan.
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Fig.1 Normal value of Semmes-Weinstein monofilament (S. W.) test examined by 70 normal

bolunteers was not green but from green to blue in cases above 30 years old.

Almost

all of cases below 30 years old showed S. W. value of green, but arrow case who was

a carpenter and had thickened skin showed S. W. value of blue.
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Fig.2 S.W. value of finger pulp at injured side in cases of unilateral proper digital nerve
laceration at the site of middle and proximal segments. Though all 10 cases above 35
years old had SW value of red, 13 out of 15 cases below 35 years old had SW value of
purple.
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Fig.3 Static two-point discrimination of finger pulp at injured side in cases of unilateral

proper digital nerve laceration at the site of proximal and middle segments. In cases
below 35 years old, 3 out of 15 ones showed less than 15 mm.
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Fig.4 S . W. value of finger pulp at injured side in cases of unilateral proper digital nerve
laceration at the site of dista) segment. All cases has SW value of red. This result
was worse than that in cases of unilateral laceration at proximal and middle segments.
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Fig.5 8 fingers (7 cases) who had total or partial laceration of unilateral proper digital nerve

were followed only with skin suture. Younger cases had not been needed to repair
digital nerve because those S. W. value showed good recovery within 2 to 3 months after

injury.

— 96



FRBEGREMERAOBRFME L, FAEG 97

HUEDZ Etms, SW Cred 7243 2PD T 15 mm
bR s FRIESEMIOTSWMBMEBH TE, L
» L, 35FFkimD DIP BAI & O hECOMA Tt
SW T purple DHIERE T 2 L% <, 2PDTH 15
mm BROEERTHINH 2 - L2 +2ERL, B
TELBEBDH T,

3. i, BN E D& EITo 72 DIP B o 188
thgr L ~v O FEERME O T 0w LRSI 7
T, 10~20FRO 5% (95 3EIHERE 5T
SRR L HHTE ) 2~3 A ATEIREE[EE TH
BL, FHROZLER ok, UL, 40FD2
B IERIE I TEE 08 - 2 (Fig. 5),

% =

1. SW OEHE, 66k green &3 Tinxizn?,
SE DO TIE 30 FLUE F 7o 3 B MR8 D va - Tk
DAk blue ETRIEH & 2% 27, Zhidmse
& B ML E MEREHROROBAY 72 £ OB
Ezohtz, 7230 FRWTH, carpenter RIK{EH
DEBIRZEDO N2 E RN ORI 25128,

blue WEEEE 2 2GEBALNI, 2O L6
Z5E, SWE—DDEHE L | 7z HFSHERB AN
RERZF O grading CFFETRT L LD, Fipk
ZRICANSE D, BnE 5 Tblue B EH T 207k E
OMEFETH O LBbh,

2. &z, DIP BAfi & b g o s IR O
SW ffi (Fig.2) T, HFEVERE CHATHR
DEERMESE S, 2 SWOIERETRS
hicE (Fig. ) DLEOETH > 2. ZOEBITREAN
HHEflEn I FERELT, bEDLBAEMELSD
FEME R UM EEET - RETCOMIERT IR ER E B BRI
HEFig 20k BEREND D, EEFICREERD
FEHRRIC 7 /N8 NT, KEREE L >TERNED S
bDeBbhi,

%72, DIP WEERCOWMBI, Zh LD R Tol
BEOENMETH- 7208, HIGEER - D~V
DRI & DIEtEA Y L 2REEREZ TR
kbl EBEbni.

UEDZ &hs, FREEEHRIA 2T 218,
BESET2SW Tred & 721 2PD ¢ 15 mm L L
EIREEE S CRERIEETH % 43, 35 FERID DIP
BEET & D hARE T DML T Id SW T purple DAIHE %
BT en% <, 2PDTH 15 mm UUINDESRT

EWHBEE, B Lo 0EE T AMLENSL LR
koY (WA

3. %7, DIP B8 & #BIEFHR L~V OFREZITR
BHBERE L LD LB TH L8, PixlEdb

EE TR % clean cut 8l 5 £ FDLERR
Wixolz, IHEHE R O KB O
0P, HBEERR LA HERE»RT LI L
R, BETRMFHERENIBEAL Z Lm X5 LI
iz,

k4 & &

L. ARSI C I, WiZYEILS SW T red,
7213 2PD Ciz 15 mm Bl B2 5 ReMBEEB D
WicEs, Lal, 35 KD DIP BE L D hKOK
AT, SW Tt purple DRIRENES 2 0% <, F
72 2PD & 15 mm LINOERRT Z L3 b7, %
OZWICTAEREYET 2 EBbhk,

2. DIP g & v KB TOFRIBE L, SEFEFIE
DALV OEERTEROH, P ELEELS
HREEOLEEZ2ZWHDEEDbAT.

3. 30 F DAL SW DIEH{# 1k green Tl <,
green~blue & ¥~ & & Bbii,

X )

1) Bolton C. F, et. al: A quantitative study of
Meissner corpuscles in man. Neurology 16: 1-9,
1966.

2) FHHEXE fh: #EEAEC 80 2 BRI
FEHI¥ATRE, BFESE, 3:0129-132, 1986.

3) Werner, J. L., et.al: Evaluating Cutaneous Pres-
sure Sensation of the Hand, Am. J. Occup. Ther., 24 :
347-356, 1970.

g M WERKZFEESAR &5 XA

fHIFER T REFH O AEFRHRIT R I EROL
B EDI L TTY, WMRHRIECORRE T
BEHRTO T EREHERE? L AL ERng
THLLITL & 5,

m % KITREEBHE SH B
DIP & 1 hfK R 2 ld & CH@a L T g9,
DIP LLE DWZNS, BEIZH9 b gl 0B #asd
Bz, Mg L GEFETHEBNEESRIFE Z

LB, BEDLBEEIRVEEZTWET,



AT« (J. Jon. Soc. Surg. Hand), % 8% %15 98-103, 1991

I AP RERAE RS ATE 0D 12 e

LIS S R S4B

BAAR | ERME & DERIRBI LTS

+ H — R I S I
R A% H B *
wWoa F M

Vascularized Versus Nonvascularized Sural Nerve Graft.
Clinical Comparative Studies.

Kazuteru Doi, et al.

Department of Orthopaedic Surgery, Yamaguchi University School of Medicine

Abstract

A randomized series of 27 free vascularized and 22 conventional sural nerve grafts used to repair
upper extremity injuries is reported. Speed of recovery and outcome 24 months postoperatively of
the two types of graft were compared in patients with a comparable degree of injury. Recovery
speed and outcome depended on whether or not there was an overlying skin defect, how the defect
was closed, the length of the nerve gap and which nerve was injured and at what level. Generally,
a vascularized nerve graft is indicated when the nerve gap is more than 6 cm and is associated with
a massive skin defect or is performed after reimplantation or when the nerve gap is more than 10 cm
under any condition. Otherwise results using a conventional graft are equally good. The indica-
tions for vascularized nerve graft are broader than is presently acknowledged. Vascularized nerve
graft provides earlier, more reliable and complete recovery than conventional graft.
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Table 1 Demographics and Results of Patients with Axillary Nerve Lesion
Undergoing Nerve Grafting
. Time to EMG Strength of
| : :
No. Name Age I\aerve Krl:g of S;}'Vlf\;al of Reinnervation shoulder ABD*
gap & Skin tiap to Deltoid 24 mos postyy vy

1. Kl 19 gcm  FVNGS§ yes 3 mos 44
2. TO 19 6 FVNG ves 4 4
3. TY 24 5 FVNG no flap** 7 5
4. MH 21 7 FVNG no flap 12 3
5. MH 17 6 FVNG no flap 4 5

Mean + SD 6 + 0.63® 6+ 3.29Q 4.2 £ 0.750
1. KY 18 3 CN*»* — 3 4
2. AK 21 5 CN - 4 5
3. KT 17 6 CN - 5 4

Mean = SD 4.7 + 1.25Q 4+ 0.820Q 4.3 £ 0470

*ABC: 60’abduction, v¥¥r post: postoperatively, §§ FVNG: free vascularized sural nerve graft,
**no flap: no skin flap to monitor graft circulation was elevated.
***CN: conventional nerve graft.
@, @, @ : Differences were not statistically significant.

Table 2 Demographics and Clinical Results of Patients with Low Median Nerve Leisons

Undergoing Nerve Grafting

No. N A Skin Kind of Length of Survival of Speed of Time to Time to Final Results
RO Name A8C pofect graft nerve gap skin flap Tinel” S, EMG(APBsy)  Motor Sensory
1. NK 18+ FVNG§ 5 cm ves 2.2mm/day 14 wks 6 mos M 3 S3
2. GO 50 + FVNG 6 yes 1.5 18 8.5 M2 S3
3. TM 45 - FVNG 5 ves 2.0 17 7.0 M3 S3
4. TY 50 - FVNG 5 ves 1.6 18 8.0 M2 S3
Mean+SD 5.25+0.43 % 1.83+0.24 16.75x1.64# 7.38%20.96% 2.5%£0.5%
304
1. MK 31 - CN§§ 5 - 0.5 24 11 M2 S3
2. HU 21+ CN 10 - 0.5 26 14 M1 S2
3. TT 50 + CN 7 - 0.5 42 none MO S2
Mean i+ SD 7.3x2.056 X 0.5+ # 30.67:8.064 12.5x1.5# 1£0.81#
2.33+0.474

*Distance Tinel’s sign advanced during the first three months, §FVNG : free vascularized sural nerve graft, §§ CN:
vwAPB: abductor pollicis brevis

conventional nerve graft.
% . no statistical significant difference

#: P<0.05
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Table 3 Demographics and Clinical Results of Patients with High Ulnar nerve Lesions

Undergoing Nerve Grafting

No. Name A Skin Length of Kind of Survival of Speed of Time to Time to Final Results
o-frame Age Defect nerve gap graft of flap Tinel S2 EMG (ADM)* Motor Sensory

1. HM 30 - 7 cm FVNG** vyes 2.2 mm/day 14 mos 20 mos M3 S2

1. KI 18 - 8 CN§ —~ 0.5 non 39 M1 S1

*ADM : abductor digiti minimi, **FVNG: free vascularized sural nerve graft, § CN: conventional nerve graft

Table 4 Demographics and Clinical Results of Patients with Low Ulnar Nerve Lesions

Undergoing Nerve Grafting

Skin Length of Kind of Survival of Speed of Time to Time to Final Results
No. Name Age . .
Defect nerve gap graft of flap Tinel 52 EMG(ADM) Motor Sensory
1. HK 31 - 5 cm FVNG§ vyes 2 mm/day 4 mos 4 M3 53
2. 0G 20 - 6 FVNG vyes 2 5 5 M3 S3
3. ST 12 - 6 FVNG vyes 2 4 4 M4 S3
4. KN 49 - 7 FVNG none 0.5 none 12 M1 S1
Mean+SD 5.67+0.47D 1.6320.65@# 4.33:0.47Q# M3.33%20.47G4
6.25+3.34 @ S3+0®
1. NT 47 = 5 CN§§ - 0.7 6 8 M2 S2
2. 0T 22 - 4 CN — 0.5 7 9 M2 S2
3. GO 3B = 4 CN — 0.6 7 none MO S2
Mean=SD 4.33%+0.47Q® 0.6+0.8Q 6.67 £0.47Q MG
8.5£0.5@ S2 ®
*ADM : abductor digiti minimi, §FVNG : free vascularized sural nerve graft, §§CN : conventional nerve graft,
# : Case No. 4 is excluded because of skin flap necrosis.
O-® : P<0.05
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Table 5 Demographics and Clinical Results of Patients with High Radial Nerve Lesions

Undergoing Nerve Grafting

No.N A Skin Length of Kind of Survival Speed of Time to Final Results
0. Name ge Defect nerve gap graft of flap Tinel EMG (EDC)* Motor

1. HF 18 none 8§ cm FVNG§ vyes 2mm/day 4 mos M4

2. FS 50 none 14 FVNG  yes 2 8 M3
Mean+SD 11+3Q® 2@ 6+2® M3.5+0.5@

1. MW 34 none 10 CN§§ - none none MO

2. SK 32 none 8 CN — 0.5 12 M 2

3. KN 22 none 11 CN — 0.6 10 M1
Mean+SD 9.67x1.24@® 0.55+0.6@ M1£0.82®

11+1®

*EDC : extensor digiti cominus,
@ : no significant difference

@—-@ @ P<0.05

Table 6 Demographics and Clinical Results of Patients with Low Radial Nerve Lesions

Undergoing Nerve Grafting

No.Name  Age Skin Length of Kind of Survival Time to Final
’ g Defect nerve gap graft of flap EMG (EPL)* na
1. KW 50 none 5 cm FVNG ves 5 M4
2. ST 50 none 5 FVNG yes 5.5 M 4
MeanxSD 5 @ 5.25+0.25 @ M4 @
1. KF 37 none 5 CN - 5 M4
2. YM 45 none 4 CN - 6 M2
Mean=SD 4.5+0.5 @D 5.5+0.5 @ M3 ®

*EPL : extensor pollicis longs,
@—® : not statistically significant
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Table 7
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Demographics and Clinical Results of Patients with Digital Nerve Lesions

Undergoing Nerve Grafting

vNo. Niz«ime Age Skin length of Kind of Survival Speed of Time to Final Results
Defect nerve gap graft of flap Tinel S2 Sensory  Semmens-*  Moving**
weinstein 2PD
. 2. 0mm/

1. HT 50 none 6 cm FVNG yes day 3 mos S2 4.17 none
2. HH 19 6 FVNG yes 1.2 3 S3 3.61 8 mm
3. HK 32  none 6 FVNG partial 0.8 6 S2 4.17 none
4. TK 42 none 6 FVNG vyes 1.2 4 Sq 2.83 4
5. KS 46 yes 5 FVNG vyes 3.0 3 S3 3.61 10
6. KM 42 none 5 FVNG vyes 2.0 4 S¢ 2.83 6
7. KY 36 none 5 FVNG vyes 2.0 4 S3 3.61 10

Mean+SD 5.57+0.49(® 1.74£0.68®@

3.8620.99® 3.35+0.53@

1. KS 46  none 5 CN 0.5 13 S2 4.17 none
2. Sl 50 none 4 CN - 0.7 12 S3 3.61 12
3. HK 45 none 7 CN = 0.4 3 S2 4.17 none
4. MK 24 yes 6 CN 0.6 8 S3 3.61 8
5. MN 32 yes 6 CN 0.5 none none — none
6. KN 49 yes 6 CN — 0.5 16 S2 4.17 none

Mean+SD 5.67+0.94 @ 0.53+0.09®@

11.4+3.07® 3.37+0.49@

*Semmes-Weinstein : Semmes-Weinstein monofilament test, **Moving 2 PD: Moving two-point discrimination,

@O @ :
®, ©:

No significant difference
P<0.05
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The Effect of the Speed for the Joint Motion
of the Index Finger with one Joint Fixed

Kanji Akiyama, et al.

Department of Orthopaedic Surgery and Institute for Clinical Research,
Nagasaki Chuo National Hospital. 2-1001-1, Kubara, Omura 856, Japan.

The objective of this investigation was to estimate the effect of the speed and fixation for the
motion of the finger.

We studied the joint of the right index finger with electrogoniometers on fifteen volunteers.

In the beginnig the subjects performed 0.5 Hz cyclic flexion and extension of index finger without
resistance. Following this test, DIP joint was fixed at 0 and 45 degrees flexion, and the subjects
performed finger motion.

In the same way, the tests were carried out with PIP and MP joint fixation. These tests were
repeated in 1 and 2 Hz cyclic motions.

The movement of the three joints were recorded in the Pen Recorder and the Data Recorder.

Result: In PIP 0 degree fixation, the range of DIP flexion was less than that of no fixation.

When PIP joint was fixed at 45 degrees flexion, the subjects moved their DIP joint to flexion
more easily. In DIP 45 degrees fixation, the movement to extension of PIP joint was more difficult
than that in DIP non-fixation. This phenomenon was more clearly in proportion to the speed.

We refer to the oblique retinacular ligament for the factor that corelates the movement of DIP
and PIP joints. The MP joint, however, showed independent movement while other joint was fixed.
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Key words: finger motion
Address for reprint: Kanji Akiyama, M.D. Department of Orthopaedic Surgery and Institute for Clinical
Research, Nagasaki Chuo National Hospital, 2-1001-1, Kubara, Omura 856, Japan.
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Fig.1 An electrogoniometer
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2. PIP EmaIEis ot (Fig. 3)
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Fig.2 The change of ROM in DIP joint when other joint was fixed
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Fig.3 The change of ROM in PIP joint when other joint was fixed
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DFTRIL, BE, Wt L LT DIP & PIP %3+
% Oblique Retinacular Ligament (AT ORL »#g9)
OHEE2ZFT2HDOTH- T2,
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PIP extension
taut, ORL

prevented DIP flexion

PIP flexion
released ORL

easily DIP flexed

- DIP flexion

taut‘ORL
prevented PI’> extension

Fig.5 Oblique retinacular ligament
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2 £ X B
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5:1295-298, 1988,

2) Landsmeer, J. M. F.: The coordination of Finger-
Joint Motions. J. Bone Joint Surg., 45-A : 1654-1661,
1963.

3) Long, C. H.: Intrinsic-Extrinsic Muscle Control of
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Cineradiographic study of the wrist motion
—The 6th report : Flexion-extension movement of the proximal carpal
row during radial-ulnar movement of the wrist—

Masataka Kusunoki, et al.
Department of Orthopedic Surgery, Osaka City University Medical School

Since we reported the motion analysis of the normal wrist joints in 1986, we have presented the
reports of the analytical results of various diseases of the wrist. In this paper we dealt with the
flexion-extension movement of the proximal carpal row during radial-ulnar movement of the wrist.

Thirty wrists of 15 healthy male volunteers averaged 31 years old with a range of 26 to 45 years
old were used as materials.

Cineradiograph of the wrist was taken by 30 frames/second in lateral view during active radial-
ulnar movement of the wrist maintaining neutral position in not only flexion-extension of the wrist
but pronation-supination of the forearm. Intercarpal angles, such as radiolunate (R-L), radiosca-
phoid (R-S) and scapholunate (S-L) angle were measured with cineradiographic pictures and changes
of individual intercarpal angles accompanying the wrist motion were represented graphically.

During the wrist moved from 20 degrees of the radial deviation to 30 degrees of the ulnar
deviation, the R-L angle changed from 13 degrees to minus 21 degrees and the R-S angle changed
from 68 degrees to 31 degrees. As these two intercarpal angles changed coincidentally, the S-L
angle showed a constant value even if the wrist was in any position. We should attach importance
to the S-L angle in diagnosing the carpal instability using the plain X-ray films taken in not
standardized position. '

FREOBRREERCH > T, BMFIRVIVEEE VAT T 74— 2B GEMFRS O F B ETE
E#}EFT LRI TRHSNATWSY, £FCBY HETo .
LEHETORERIERTH S, bhbhid, Y45

Key words : wrist, motion analysis, cineradiography
Address for reprint: Masataka Kusunoki, M. D., Department of Orthopedic Surgery, Osaka City University
Medical School, 1-5-7, Asahimachi, Abenoku, Osaka city, 545 Japan
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1)
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Fig.1 The flexion-extention movement of the
proximal carpal bones during radial-ulnar
movement of the wrist.
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Table 1 The relation between the radioulnar deviation of
the wrist and the carpal angles.
Radioulnar Radiolunate Radioscaphoid Scapholunate
deviation () angle (°) angle (*) angle (7)
R.D. 20 13+ 8 666 54+6
15 12+ 8 65+6 54=£7
10 10+10 637 53x7
5 610 608 54+8
Neutral 3+11 56+8 54£8
U.D. 5 —2+12 52x8 54+8
10 —6x10 478 53+7
15 —10=10 4247 53+7
20 —15% 9 387 53+6
25 —18% 8 33zx7 51£5
30 =21+ b 31£6 51t6
{(Mean+SD)
Carpal angle (%)
70 (Mean£SD}
0
50 Scapholunate.angle
40+
30 Radioscaphoid angle
20
]0J '|'
radial deviation (°} » 1 o o 3 % ulnar deviation (%)
_lo_
20 Radiofunate angle
-30

Fig.2 The relation between the radioulnar deviation of the wrist and the carpal angles.
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Joint Contact Area and Stress in the Elbow Joint
by Radial Shortening

Masakazu Murai, et al.
Department of Orthopaedic Surgery, Osaka University School of Medicine

Radial shortening was studied concerning the contact area and stress of the elbow joint.

Two human cadaveric specimens were used. Both of two cadavers were amputated at middle
of upper arm and stored frozen-35 degrees. With elbow joint intact, the muscles and tendons were
dissected, leaving the interosseous membrane and the joint capsule. The distal end was disarticulat-
ed at the metacarpophalangeal joint, and fixed second metacarpal bone with intramedullary pinning
by cement fixation. The radial shortening ostetomy was performed between distal one-fourth and
fixed with mini Hoffman external fixator. The humerus was fixed to a loading jig with specially
designed C-shaped clamp. The elbow was flexed 90 degrees and the wrist was positioned in neutral
flexion/extension and radial deviation/ulnar deviation. When the forearm was positioned in
neutral pronation/supination, a load of 100 newton (N) was applied by load-cell (Shimadzu S-500- C
), and radial shortening was varied 0 mm, 2 mm, 4 mm and 6 mm. Then, the forearm was studied in
pronation and full supination. The pressure in the elbow joint was measured with Fuji film prescale
(Super low film and Low film) and a microcomputer-based digitizing and analyzing system (FDP301
and FDP303). The contact area was measured with silicon gel (RTV501), molding the elbow joint.

When the forearm was positioned in neutral, stress and contact area of the radiohumeral joint
was decreased with radial shortening. The ulnohumeral joint stress and contact area was increased
with radial shortening in the same position. When the forearm was positioned in pronation, radial
shortening did not affect the radiohumeral joint stress and contact area. But as for the ulnohumeral
joint, joint stress and contact area was increased with radial shortening. When forearm was
positioned in supination, the radiohumeral joint had no contact area with silicon molding and radial
shortening did not affect stress and contact area of the elbow joint.

B RNFT I DWTRETL 72,

B )
. N v *
BEEEOETIVEED, WETEBWITEHEOHE
BEHREIE OGN B X UBIMiEMERic YD L 5 BA LBV 2 B % 35 ETAERELZLD

Key words: joint stress, joint contact area, radial shortening, elbow joint, interosseous membrane
Address for reprint : Masakazu Murai, M. D., Department of Orthopaedic Surgery, Osaka University School of
Medicine, 1-1-50 Hukushima, Hukushima-ku, Osaka 553, Japan
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Cadaver 1, Neutra! position

maximurm stress MPa

Fig.1 Joint stress of the elbow joint
* R-H: radiohumeral joint
+ + U-H: ulnohumeral joint
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(Fig. 3).

BRI T oBaER i, BEERERSRLCT

Cadaver 1, Neutral position

9sa W U-H*

100 150

mm?2

R-H *

. U-H **

—
o] 50 100 150

contact area mm?2
Fig.2 Contact area of the elbow joint
» R-H: radiohumeral joint
* * U-H: ulnohumeral joint
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Joint Stress of The Radiochumeral Joint
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Fig.3 Joint stress of the elbow joint by pro-
supination.
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Contact Area of The Radio-Humeral Joint
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Fig.4 Joint contact area of the elbow joint by
pro-supination.

Supination

Fig.5 Contact portion of the elbow joint by pro-
supination. Radial shortening was 0 mm.
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Results and Problems of Wrist Synovectomies
in the Rheumatoid Hand

Junnosuke Ryu, et al.
Department of Orthopaedic Surgery, Nihon University School of Medicine

From 1971 to 1990, 45 patients with rheumatoid arthritis had 55 dorsal wrist synovectomies with
Darrach procedure. Twenty-two patients with 29 wrist were more 5 years after surgery, were
followed-up average 8 years 8month, with range from 5 to 19 years. Pain was diminished in all but
4 wrists (25%) and synovitis recurred in 6 wrists (21%).

Motion were decreased all wrists and 15 wrists (52%) revealed bony ankylosis, motions of
remaining 14 wrists were an average of 38 degrees in dorsal flexion and 22 degrees in palmar flexion.
X ray evidence of progressive bony changes in 19 wrists. Although many patients had contracture
and ankylosis in their wrists after surgery, they satisfied post operative conditions with painless and

stable their wrists.
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FEGIE 1990 & & Tz, Ykl TfT - 7o FRIEEEY]
Bk 45 9 55 BAETH, S FELLEREL, BEBE LB,
22 129 BAETTH 5. Z0ME 19 BB 3 I, FAERFES
19 S 72 FTEE 55.4 oF, follow-up BARIIE 5
FELDI9ET, FHBER » H, FiiR, XELD
Steinbrocker 12 & 2 stage 5% T i3 stage 1. 6
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Key words : rheumatoid arthritis, synovectomy, wrist joint, Darrach’s procedure.
Address for reprint: Junnosuke Ryu, M. D., Department of Orthopaedic Surgery, Nihon University School of
Medicine, 30-1, Oyaguchi Kami-machi, Itabashi-ku, Tokyo 173, Japan.
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FifiEr L, BREEFOLVR LD stage DT
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stage [VA L ET LTz (Table),

Table Stages of wrist joint at operation and
follow-up time
STAGE (at op. and follow up)
at follwo up

1 I [ w [ v ] Tota
1| 2 3 1 6
5l 2 6 8
= m 12 12
v 3 3
Total | 0 2 5 22 29

P

PR ES » ABL ZBEAT, FMBE, FEFEM
BleOvBEOBEOLES IR >&To7, #
DR, follow-up BE D VR EOELE, FHEL JE
FMEEDTETLTBY 8HAW DT HELGE R
<, EFEMC LD, BECOETENZ 5 & L i2EH
EHHREL .

Z B
F R B IRR T 1, (HEAR OB BEYTER D i3 b,

radio-ulnar, radio-carpal, inter-carpal ®
synovectomy % &4, BricBEEMELE LT3, &
@ 3 & inter-carpal @ synovectomy X I & 12 B ##
T, ZOWOKFEMEBBOI DR 23, FEMEEY
BRI T BEOET R LD 2 2 TSR LEEE
£z o6n3'"(Fig. 1),

Synovectony of rheumatoid wrist

Method

1) extensor tenosynovectomy
2) excision of distal ulnar end
3) radio-ulnar synovectomy
4) radio-carpal synovectomy
5) intercarpal synovectomy

6) tendon repair

Fig.1 Method of synovectomy for rheumatoid
wrist.
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REGEMHOFBEEOERIKET 3, X R LD stage 28
HEAFICHHELSH Y, FIoEUBERBEEmICBY S
BEE O erosion TH 5 scallop sign 35 2158, 455
BBOBRES TH 70, BEVIRNEEE T~
& T 5 (Fig. 2). ’

REBERMRVIRM OB, EBREORR, Ak
EEDHEE, +43 BB, HHEREMOTHET
H5.

AEOMESIE, FHMOFRLENE, REVBRD
HRITEEN, REBL, FIREORARM, REF
IR ORRERE, REVBROBERIC X 2 BE,
EF OB ETHBTY,

BA?Y 1X Darrach i 8{E %1772, 14 B> 47
i, B & UMIERO LV EEHRIE1T > 72, £ OFEE, CURD
ThEOLEFIREORURM S EE U2 ERICH D, =
OfF[ I, FHEEVIRIIC SV TBEOLTH > 7,
Fhig, FERBEYIRS) Darrach BEE1T 5 B4,
%A SDOUE R TOEIRE O REWRADERS < LB
HBEIEL T3, FTHY 1 Darrach BE%24To 72
L RAIFREESEO—I % RAVIBRRCEE T 51
RER L 7z, £ OfER, BERES, REYRIEO
ZEABEON, BRATHh>E LT3, AP
Darrach 8fE %47 - 7028, JEFMBNCILL CFIBE
ORMBEHSEC 2 Z LR REL 2, 2D, Dar-

) ¢

Fig. 2 Dorsal dislocation of ulnar distal end and
scallop sign of radio-ulnar joint.
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SEO, EH T, 261 Darrach BE£1T 5 7248,
stage DFE W HZ, carpal bone @ ulnar shift %4 U
LAEME A Hote. L d L, stage D # A 77 late
synovectomy Tk, FEEEUC T oiz,
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Tuberculosis of the Hand and Wrist: A Study of Ten Cases

Akio Nakano, et al.
Department of Orthopaedic Surgery, Kinki University School of Medicine

The incidence of tuberculous disease is declining and average age of patients is higher recently.
Over the past 10 years we have encountered 10 cases of tuberculosis of the hand and wrist. The
most striking feature of these disease was time-lag between the onset of symptoms and the correct
diagnosis. Many patients had a diagnosis of rheumatoid arthritis or nonspecific synovitis prior to the
diagnosis of tuberculosis. We would like to stress that tuberculous disease should be doubted and
tuberculin reaction should be performed to the patients with chronic course of arthritis and/or

tenosynovitis.

Mainly, we discussed about the age, sex, side of incidence, treatment and result of 10 cases of

hand tuberculosis.

Treatments performed radical operation and antituberculous drugs after the operation.
All patients had good prognosis without recurrence of symptoms.

& L & (<

FIoRET oERIERE L, BEREmA G, UE
BHIRLTFHEZDHEZC LD TORERD LD
FNREFREEAPT L, »OBREHY v F R
CRERFERBLAHLUEMBHSEND I LMD
%, bhibid, BaEI0f 5 REMNE S D Tk
ISR D 7 HlE & UL FREHIL O 3 Bt T 10
Bl EEBRL O TEFOXMUEE ZIMA THRE S
5.

x4 2
R AOES I THITH Y, FHESIE59.5

F (4TF~80F) T, BESHI, ik Bl, BBIAL
WEFS G, EF 21 THEAIFIEED shxh o,
7R 6 B, R L BICEAS < B o,
B DI 3, MBOBEE I 2 Bz s h e,
Vv 7 ) v RIG SRR R S R 4 03 gD
N 58, ABBATo R 2B TH Y, £
RIEDHOHEEZH S DL I CEHIZH»AREL. B
BT il T 220 T W izBE % b DFERA Y 2
Bl s iz,

EEMERIMIA 50, 63F, T3FD3IFlOLED
EFITHY, BEPUILFEFTHY, MELOR
FE 1HRCEED 120, SMEOBRE RS 5 s 7o,
V2 ) RIS KRR LB, AR 2 Fl

Key words : tuberuculous tenosynovitis, joint tuberuculosis, hand,
Address for reprints: Akio Nakano, M.D., Department of Orthopaedic Surgery, Kinki University School of
Medicine, 377-2, Ohno-Higashi, Osaka-Sayama, Osaka 589, Japan.
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ToTWwaMBIBIELBHETHD, RE»SHER
BOKETHFHI 65 BRBEL T, &2, 16113
B TUABTIC A RIIEREZ T T 2 BREAITH - 12
(Table 1),

L R 8 E f§l

fEBI 1. 58, B,

5/ EFER» SERBIC LY TOERS L U5
BhiReE

R B3 EHL VI FERL (AEFES
JEAE, EBFFESHIRT L, TOFEHEL Tz
2, R ER ERRESERIECE TRATE ]
DLEEFZ L.

BLAERE o 3 FRRCALIEM A,

KR | BEIEG T,

E - APERUFES I ER Y ED, BEORR,
JRFETEAR, EE, EEr@oshni: (Fig 1),
RERTR - AR 5900, Mt 1 BFRSE 20 mm, CRP
1+ Thotz, YRAVZ Y YR 15X15mm T, &
HERETCHBBAREROF — VA VE Vi, &

Table 1 Our cases
Tuberculosis Joint
tenosynovitis  tuberculosis

7 cases 3 cases
Age 47-80 yr 50-73 yr
(average) (59.5 yr) (62 yr)
Sex M:5
F:2 F:3
Site R:5 R:2
L:2 L:1
F:6
E:1l
Past history of
. 3 1
tuberculosis
Past history of
.. 2 (—)
injury
Tuberculin reac- 100% 1000
tion positive rate ° 00%
Onset~ 3~ 2~
Diagnosis 18 Ms 18 Ms
(average) (9.3 Ms) (9.6 Ms)
Recurrent case 2 1
R: Right hand,
L: Left hand,
E: Externsor side,
F: Flexor side

SFEE TEGKEVRES R, XBFIRTRBCE
FRED oo T,

FWAR  APIEERGROBBS U £ A CER
L, BN A EDORE 60 HORIELRED 51
fo. KEIRRREL L, BEBELAIRECUERL, &
ELIBHREHBEL .

REASR . 7 v/ AEME, EEEMiEy
HoAFBBOBK ERD, B IEEEEELT
Hoitz,

Witk 8 » ARLERERTTY, MR 1E3 » AOR
EBHRLZEBRIEFTH S,

fEBI2. 63, &,

T EFEEHBER, ZO00 & D AROZER
BOEIR B & UFF HHHEEEE.

BRE B2 E 1 AL D RCEREZ S EFH
BRI R, EEOHBEL TWwicds, 20X EK
B L Cvaie, BBFD 55 EHE & b iz TR Y v~
FORKIOTWATuA FOFELR EEXZTEAHE
LT/ BB 62 £ 9 AE & D FEOBERLE U HIE
L, ZOHEDOKRKESHRZITHEAL, EFEEHED
BB LHBLTE o LURIBB ok,

Fig.1 Case 1. 58-year-old man right middel finger

is swollen.
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FMFRR | REDBE T AR RIS E
BrrhE L eBFEL, PREBOXREIED

Y

Fig.2 A: Radio-carpal and [-IV CM joint spaces
are narrow. Many erosive foci at distal
ulna, scaphoid, lunate and triquetrum were
noticed.

B: Arthrodesis of wrist joint was perfor-

med.
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A clinicopathological study of 97cases
of enchondromas of the hand

Kinnosuke Iijima, et al.
Department of Orthopedic Surgery, Keio University, Faculty of Medicine

Clinical, radiological and histopathological assessments have been made of 105 lesions in 97 cases
of enchondroma of the hand, on whom diagnosis became definite histopathologically by performing
operation for ldyears from 1975 to 1988. )

The patients’ ages at the time of operation ranged from 4 to 74, averaging 35.4. As the site of
the occurrence, the proximal phalanx was the largest in number followed by middle phalanx, distal
phalanx and metacarpus in the order. There was no case in whom the lesion occurred in the carpal
bone. Pathological fracture was observed in 18 cases.

As operative method, curettage and bone graft were performed on the cases in the early days,
but the frequency of filling hydroxyapatite has increased recently. On the other hand, a method
which performs only curettage but not bone grafe has become made, and favorable results are being
obtained.

No recurrence or the symptom becoming malignant has been observed so far.

A comparative assessment has been made regarding enchondroma, ecchondroma and chon-
drosarcoma at the histopathological investigation made.

L7zDTHRET 5.
& U &

- . iE il
WIEERFHCFRET 2 RIEOEEH TH %25,

33 @A L TIRE L - FOBHERERE 464 51T, 1975 &35 1988 £ 14 Mz, BREXEHES &
AEMIIEEE 3BT ITHERLE L, BEED U~ B8R CFEM 1TV, REMABERI R
72% % EH TP, &6, Zh 6 OESIC DWW TRE WEE L7z, FRAELLE OB E 97 Bl 105 FR 8 £ R

Key words : enchondroma, ecchondroma, bone tumor, finger, hand
Address for reprints : Kinnosuke Iijima, M.D., Department of Orthopedic Surgery, Faculty of Medicine, Keio
University, 35 Shinano-machi Shinjuku-ku, Tokyo 160, Japan.
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Location of Enchondromas
Fig. 1

EM Type
48cases (59.3 %)

D Type
26 (32.1)

EMD Type
7 (8.6)
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ZRRel, THEOEY, BEXAD, RTHRA
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BWTFEET 2 EMD &IA 751 (8.6%) TH - 72 (Fig.
2-a),
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FRTH LM, S§E, #AERLHIH 184 (22%)
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Centric Type Eccentric Type
33cases (40.7 %) 48 (59.3)

Fig.2 Classification of enchondromas
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bl
a b
Fig.3 a. A male aged 20. Proximal phalanx in
the right index finger. A type in which

the lesion grows outward the site of its
occurrence.

b. The tumor was extirpated as a mass,
and a bone block was transplanted. No
internal fixation was made. By this
method, early exercise becomes possible,
and favorable synostosis can be obtained.

Bz 52 fI 116 (21%) @D sy, Mgk
TEDBEGRIR» o, G X BOE, BN
BROMICIE, AS»REERRD 21,

# =

HEOKBEBE N T 2HEMEEIRFROTEE L b
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Ecchondroma Enchondroma Chondrosarcoma

Fig.4 Comparison between characteristic fea-
tures of radiograms and those of his-
topathology in ecchondroma, enchon-
droma, and chondrosarcoma
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Reconstruction of Finger Tip Deformity
with Reverse Digital Artery Island Flap

Shogo Kaji, et al.

Department of Plastic and Reconstructive Surgery, Nagasaki University School of Medicine.

There are some methods, which have been apllied to covering of finger tip defect depend on it’s
severity.

Recentry, for the reconstruction of large defect on the volar site, we have used the reverse digital
artery island flap, which was reported by Kojima et al, on 1986.

We report here the secondary finger tip deformity reconstructed with this flap, and good result
of function and contour was obtained.

These are 6 cases 7 fingers of parrot beak deformity of nail, 1 case of atrophic tip, 1 case of
shortening of tip, and 1 case of deformity due to inflammatory change.

The patients ranged in age from 8 to 64 y.o. and the size of flap ranged from 1.3x0.9~2.3x%x1.7
cm was made.

Compared to the former method, this method has many advantages, not only in application to
the parrot beak deformity of nail, but also other deformity.

This flap showed slightly bulky shape intially, however, which became appropriate contour for
finger tip.

The advantages of flap is that, @ the sufficient tissue can be transferred to fingertips without
tension, @ it show good colour match and texture match, @) be used in one stage surgery, @ it
has relatively good recovery of sensation.

These suggest that this flap may be also the useful methods for reconstruction of fingertip
deformity.

Tk, 1986 ERE Y QS L T IHIEBRS K
FEROTEEN, BEMNCRFRERERTHS,
FIERHETOMBIAR I+ 2 BEE R, TOXH SE, &krFEREOXELIOBEIEM L RiFL
OEE L VELXOFENERINTE R, ibh HEREBILOTHRET 5.
b, REEREOLEHA & 2 EHXIER IR L

@ LU & (<

Key words: finger tip deformity, digital artery, reverse flap
Address for reprints: Shogo Kaji, M. D., Department of Plastic and Reconstructive Surgery, Nagasaki Univer-
sity School of Medicine, 7-1, Sakamoto-machi, Nagasaki, Nagasaki, Japan.
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FilFER (Fig. 1)

K FRE B 3 MARERMAOBRY S B OFE
DEREEZLTBY, —BOEMREE L LT
EREHELTELETE 5, REMOFER I IZHEH
ERORMEI 1/3 EET 2SR BETL L %
BRI & T 5, KA SEERER O PREN 8V T/INMERS
THRAW 7Y L, BERSEAFOFRCAS L
SR 5. BB EIEEIR L 0 FIRLEE T 5 28,
B EHTOESROFBCIERL, BHESET T
D I b, REGROLER % Bk U 7218 OMEMKIE
R EBET 52, PRHICRET S, FREER
i, £5% 720 DK 21TV tie-over BE & ¥
%,

~ -~
a

Fig.1 a: Reverse digital artery island flap is

elevated to the pivot point.

b: Flap is transferred to the defect of the

finger tip. Free skin grafting is done to

the donor site from the pedal region.

Defect
Flap
Pivot point =
. -
< Fl
: ap U —
k F.S.G.

b

fiEf (Table 1)

Ak @A L FRERBERENE, N oparrot-
beak deformity 6 7 #§, FKETOERHER 1§, R
OEHE 1B, REBORIEC L 5KREER 1 HlOEE9
BlI0IETH D, EFE8~64F, FRrOoKEsR
1.3%0.9cm~2.3x1.7cm T2flzzeER L.

EG 1 0 8 FZIRT 3 FREOERBIERLIERIC &
DMOBELZER 2B L -0 BR22 LIk (Fig 2-
a), JNRZHIEES LU, KIBHCHEYT 2 Ffir B
WMREN 74 >~ LiEBR*ZE L UTE L (Fig 2-
b), BT BBLBMEL 72 (Fig. 3-2), i3 »A
DRETH I BMOERIZEIEES N, FELMOWER
BiFkir-7: (Fig. 3-b),

a b
Fig.2 a: Severe parrot beak deformity of the
nail.
b: Reverse digital artery island flap is
elevated.

Table 1
Case Age sex Involved finger Status of finger tip Size of flap {cm)

1 64 M | It long parrot beak deformity 2.2%1.8
2 22 M| It long parrot beak deformity 2.0%x1.5
3 18 F_ rt long parrot beak deformity 1.5x1.1
’ rt ring parrot beak deformity 1.3%0.9

4 [ 1—9— F_ rt little deformity of finger tip 1.8%1.3 |
B J 28 ‘ M It ring parrot beak deformity 2.0x1.8
6 % | M It ring deformity of finger tip 2.0x1.5
7 63 F rt index deformityﬂof‘fi_nger tip 1.7X1.5
8 8 F rt index parrot beak deformity 1.3%X1.1
9 61 M rt index parrot beak cgf;rmity 2.3X1.7
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fEH 2 1 63 F LT, 5 4 BHEl 7 7 DEBAERIE
LWHIAL, #OBBEEE UCRENEREZTTY
T SERE TEBEN SN, RIS L RRED
Foicicod, REBEHECEL 2D MOLERHED
shte (Fig.4). F7 V) —ReriTw, KB
AHREMRE A EBE L2, TR 2 » BORETH S
25, RIERERIETER UBIBBASHL 7o, £ 72480
HELREFET-o (Fig.h).

Z &
: . FIEARHOER i, BER, BEMCHEL LY,
a b R OBEEREPZER SN T & /o, BERESR I, 1978
Fig.3 a: Flap is transferred to the defect of the 4E Weeks, et al.® » PIP B 0EHIL M xBOEE
finger tip. CHFTHEDBIREH & AL, 1983 4F Rose® 3FE 10 8
b: View 3 months after surgery. R — . e
Contour of finger tip is good. (%2 5{%@17)@%& cfuB{LL’\@J[[EHj 'ﬁ@EJ"kgzﬁbL & E)ﬁ

BEHRE L1, 1986 FRE S I3, #fTHEEAZ{EE
HOBFEZACKEERRHEILL Y, SERAE M
MREERBICERA L 72435, /LD parrot  beak
deformity 7 & RCOEFIC RIF 2 BHEBEENES
hiz, BEOHAE, Y OHLEBEERERLE
HTE 5L 0ERTOFEL ISBETES L
color match, texture match MRWZ b, —HIFEE
DURER &, EELEUR SR TEINI ERE
BEFSND, ELEAOMEIZOOTI, itk 104
A& L il e, S-2PD7mm, m-2PD6mm,
Semmes- Weinstein-Test T 3.61 (No 6) %fhénl,
EBPRFEEZ SN, Rk, BER 1 22T
KB e THBH, HEETLUNER EITRE
BFEUREBDLONAFERFNIIZ . EREHEOEHL
BRI, FRAL LTS T0o0EDIE~E
JEER 51T o> T 3 832fl4E L, EHREREOME
BEEEN2 »AMKZ 2 1H0ERL R B> R
oz,

JI\O parrot beak deformity wBL T b, B2 DOF
BENH LY N, PPERMEALLONS BN, K
RS I BERERERCSECEBZEBECEL L
&, ERKOAELII TN TREDEEZ B,

ik, FEMCIEEFE LRICEMELBET S
BRSNS CREHTH 08, BN TL S LHEBNES T
HD, ERAREERZMERICHS R HERIKERE
HABEIR, BERAFHALET 2, PR3 -ME
ERTIENBL, L UBcaEL 2ty 3HHE
digital artery island flap. WD HELEET 5. KA ORI L & 5 RHE L,
Contour of the finger tip is good. R2REHBHE V- DMEL P bulky &k B3 H

Fig.4 Deformity of the finger tip due to long
term inflammtion.

Fig.5 View 2 months after transfer of the reverse
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B, 2~3x BRIAT 5 LIFRELEab L WEELE
7Y, ZIRBEELEL LW,

4 & &

FiERIERFOBEL, WTHESRERER %
HAL, REZEESESNIOTHRE L,

X s

1) B EBEF M WTHEBRSKER X 2 FHEER
moBEE, B4, 10 1 808-821, 1990,

2) REEHE b FEEEKEAOMERT R E S
DOGA. BFSE, 3 1 350-354, 1986,

3) REEME fi: REIEC X 5 MEROKRR. B
£l 31:142-149, 1988,

4) Kojima, T, et al.: Reverse vascular pedicle digi-
tal island flap. Br. J. Plast. Surg., 43 290-295, 1990.

5) Rose, E. H.: Local arterialized island flap cover-
age of difficult hand defects preserving donor digit
sensibility. Plast. Reconstr. Surg., 72 : 848-858, 1983.

6) Weeks, P. M,, et al.: Management of acute hand
injuries. 2nd Ed. St Louis. Mosby, 183-186, 1978.

B M WAURESKEFEREBEAR B @17
donor ZE skin W XN THEBEF 2 52D ?
F, BIE TR0 A TEIFREREE TR v»»n ?

m & RIFERFERESE B BE

donor W IIHEE %172, (FWWEEARBEI (5% 3)

DEFERNS,)

B M RLRFEREEESE ik FE
IEEHOME R, BETHLH, IEHEDHK
TRENT B DD 5,

Bl & RIEXFEENE 8 @ EE
AT Sensory flap & L CTidwizs,

B BEEAEESNE RE B

1) L CREMCERMERED 5 IS
BErEDTMEERLE L TWET.

2) claw nall EOBRIKXHEOREOEE I
B LEVET, BREODEBENAKZINE, BRE
WHBEEEZ ET,

B M BE EHE EH
BREOHZPIT, FRIBELEZ O, BELL
W ERIIIC ST OMER R 23 b,

g % RRAERESNE B EF
BREIBNOMEL H 0, KETHEEZERY
W ARED 28, BAET> T,
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Twin Flap 1z & % Degloving Injury MG

HRERAS RIS HE
B oA ow e E OLo# M
g X BN OH M OB
R A R
I S G S

The Immediate Restoration of the Degloved hand with the Twin Flaps.

Katsueki Watanabe, et al.

Department of Plastic and Reconstructive Surgery, Tokyo Medical College

It is known that the thin skin flaps can be made at the levels of the superficial fascia. The recent
works on the deep fascial circulation systems show the possibility of using the adipo-fascial flap. We
made twin flaps, the thin groin flap and the adipo-fascial flap, at the same groin area. These twin
flaps were able to cover a wide area of body surface with a relatively small donor site. And we
treated the two cases of the degloving injury with the twin flaps combined with free skin graft. This
procedure requires two stage operations, but the raw surfaces of the hand will be closed at the first
operation. After the second operation early exercises of the fingers were performed and it kept up
good hand functions.

In this method the palm was covered with the split skin graft and the thin adipo-fascial flap of
the external oblique muscle. But no trouble was found for the palmal skin even 10 years into the
procedure and the limitation of movement of the palm skin was good for the grip function. The
sensational recovery of the new palm needs a long period of time, but at 5 years after the operation
patient had recovered some protective sensation already. The thin groin flap of the dorsum of the
hand has good appearance and needs no cprrection throughout the procedure.

xF L »

degloving injury @ & > W FELAHERE - BT
BN BT 2 BEOBRETE, BHURE - By
DESHEBEEEH RN - FTHETES» I E
ILENHL, Lirl, BESOLFHREFEDOL %
REH 2 R - K THETHES OED T
BT, BROFMC L - THHRICEE OBEERE
EET I EHEL,

b ix degloving injury OEHEICEE L, groin
OB % & A 12K +A % thin flap & adipo-fascial
flap L DI bl TH# ERBET 3 & AR HHHE
FERGERT 2 2 & TAE*—HMICHEHT 2 Twin
Flap &% BF L, 10 FHOZEEHE I L DBREN, B
BFRNCENTEREHER L O TRET 5.

F it *
S E SR * BB A EBIR % & A 72 adipo-fascial

Key words : skin flap, subcutaneous flap, degloving injury
Address for reprints: Katsueki Watanabe, M. D., Department of Plastic and Reconstructive Surgery, Tokyo
Medical College Hospital, 6-7-1 Nishishinjuku, Shinjuku-ku, Tokyo, 160 Japan.
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flap & thin groin flap ¥ D ZBics o TR Mg -
%55 (M 1), WIEFM T adipo-fascial flap O I{T
PHERZLOETALDICEERLZILT, FIRER
DERFWZBVZ220cmBEOE S THT» 5K
7y MRCHBET 2. BHA L SHEOR OHBEER W x5
[ERER % inlay graft DESETHEAE L, row surface %
BAgHT A L L Hic, ZODEFAT degloving ahi-F
RE S, BAYIHEE T~10 AT, BA®LD
MPJ O BEIHE 2 B BRS 2 (M2 2, b),
EFIL. 37F B BHELT

S
=y
......

—— ~_ muscle — =
- ———

Fig.1 The skin flap was divided at the superfi-
cial layer into two flaps, the thin skin flap

and the adipofascial flap.

thin skin flap

raw hand T \\‘ adipo-fascial flap

I———— skin graft = fascia

Fig.2 The hand placed in the pocket between the
thin groin flap and the adipo-fascial flap.
The raw surface, the abdominal donor site
and the adipofascial flap on the muscle
side, were covered with a split-skin graft.

u—2 =k 2%, TEPEMEOE L FHF
LI T O % FE D72, 4 H, H/IEO debridement %
1Tot2t, 45 groin#o Twin  flap g% Fv> T deg-
loving EN7-FEEZHE L7, 1 BEBIZERFOYID
HEL & HHES MR 1TV, BRECBIT U . MHREA
BIEFAT, 25%6 » A CEBRETORBERL ..
FRERE 1 FTHBEREE COARREZIZIREAL
RonTtwiznbon, fEERTTIEZIERT O/ 80%
FTCEEL, H¥EERBLTLETPEREE (B
F) 2HwaRY, TEHHOF L Ikhol E7,
M1k 5 F O S T adipo-fascial flap ic & > THBEL
7> F I T 4 protective sensation ¥ TOHIEEIE ¥
WRTE:, 10 FROREFEX LOFREHITEL, 1
BHLFEOLHFEHTIZ2 PDLM 2PD b 3ecm T
EEL T3,

EF2., 34F B BEENERKOME

oo —7— (180 F) o & 3%, AFORE~R
f51X proximal finger crease L~ & KIgHS deg-
loving injury % 3 i, PEILITFERYrI T,
RN R EATRBEEEZ 5 LHENOT,
EHRIBE—FOL IRy v MK E IEY, BER
PRI E LeARICEL L ETTBSEIL CEREE
BoOXEHCBEAEL /2. #ii, adipo-fascial flap 55i%
RO /NEEFRIRZE % 4 72 72 8 2 3B 0 5 A YB3l
BEEE OB EIT o o, ik, ESBEREL 2V
FERBOCERL, 1 E¥ERAET 500, BERRS
NTHE,

z g

degloving injury OBEEII T TIIE L OWEHH
BV T h e @SBRI S NS EEE TR R
BERINT, BERERD L HIIEEMDTbNRS,

BAEREIRFSIC IROTH 505, KEREHE
#2 Z 3 & donor side OEHELYK & <, BF 4 BT
D7z K\ D defatting #BIEEIT I LESH 5.

ZhiKL, BERNRER, TeeBdHLrR,
BEREMOWBIETEY, #HETETLEHORER
EREEEYVRT R EDKREALRD 5,

FTHRE>»HEL 2R K EBHE %175 crane
principle” &b % 5 23, BIDMAHIET T % £ TOE
FHEP R FHEBELZREILRTVWORKREATDH
5.

bhb L OFEEWIE OFEMER I, FRA % EHEY
T4 = 4818 o adipo-fascial flap DA b TH
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AL, FWRIIE CHRALH & 0 thin flap THRI T 5 72
&b, FWEE— TR BRI T B AR
THEIZENTES, D, FHD donor side 138l
DEFOHTHHTH B, Livb 2 BB OYIEFHRE
IRHEEIDOMEBET LT3, FHEL DER
ME AT E, MHOMERED o IIER K
MTH o7,

Mgt % & #¢ & adipo-fascial flap & w3 T{EMAT
5% 7 1%, 1986 4E Thatte 5% 2 &k BEPIRE S H 3,
PNSOHFEREEHOFE £ E
flap £ 2 OEDAERE DEL> flap # B 5 7z & defat-
ting BEEE L, EREEET OO ORI B b &
T,

Zhi S ERRR G R T x 2 5T
Thatte &5 DF kL O EN S, MHERTE 2 AV 258
DRk, 59 adipo-fascial flap QMIITHEE %
Brik 3 2 7o & E by T BIEThE IR & SR o S T &
EF 2 550050, 180 & oMihae 5 MITREER
LT3 THE, ODEbhbhid, 8160

AW ATHE 1 I T AR AR DR R YD &
. JIDOWEBBL LR S ITAERIE BT
BAERry MREHBT 20BROBVEZZTY
b, ZOAETE, FHO 3 HRUIEY $FICEG s &
7o g £ HIBEL, BEBT 3 inlay graft &, S
NADRT Y MCEFHEHRAT S, ZoL5Th
W adipo-fascial flap ® thin flap @7 % HE &
BFTE, LybYIDEELICEEL Ciddelay Th¥2 3
TEEBHCEI ML TH FHROMTIIERZ {, F
MHBFBHTDH 5,

A T—HFRIC R U 72 F 13 mitten hand TH Y
BOSHFNETET 25, ATHCR—EBmC B
SHEL T HEESHS EEZ T 3,

Ll E, EF% thin cutaneous flap & adipo-fascial
flap L ZJb5MER T 5 & CILME OB KIS
EDROTEREBIC Lo TIRAETH S Z &, BE U,
Z OF W degloving injury lBERO & 5w B
WERMOHLEFEAVLELETA2HGN R ELOTEH
AThs I e RERABE L VHEEL D Tl
L7z,

A 12 adipo-fascial

X i
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R F HESERNREREEAE ek

degloving injury 2R REICE & B4  2IH O
H5frap PEEEBWET, LRI DL S 2fliciz
radial forearm frap 2{#->TH D, 15X 18cm i ¢
WEERETIRIFEA AR O T L 3aEe T,

m % HRERMKEERAR B
forearm frap 4 —F T H 25, bbb O&E#HFH
BOTHRTHS.

= WETFONBMENT HE #Eth
KEL 2T 5L &2 L flap © margin
Do TnbEDm,

g & RAERREREAR ®T 7
Ry b B KL PR TR flap (L Tu
7.

B M R EE M
FEOME R L 2~ L D,

| & HHERKRERRAE i i
Thin flap i 3% FHE~FTK, adipo-fascial flap
W EERBTEEIRESD g 7.

" M FrEy R A el 4
adipo-fascial flap @ EHEICX 3 5 Spotty necroses
HEETEIRELTL L D ».
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B % REAEBRAFEEAR BZ =k ot L LEEREL T5 L, MEMBEES
EF1 DESEHAD I AEAEHRLTITS &, ME N20T, dressing WIIFEXET 3,
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FRAFSEORERICB T AI5HICDWT

Clinical Application of Wrist Arthroscopy

Shinji Nishikawa, et al.
Department of Orthopaedic Surgery , Hirosaki University School of Medicine, Hirosaki

Since 1987, we have used wrist arthroscopy in 90 cases (92 joints) for diagnosis and trearment of
wrist disorders. We will report here on arthroscopic operation of four wrist disorders: triangular

fibrocartilage (TFC) injury, osteoarthrosis, distal radial intraarticular fracture, ulnocarpal abutment

syndrome.

We have found arthroscopic operation is an effective therapeutic method. The arthroscopic
operation has been applied to the partial excision of TFC, débridement of the degenerative cartilage
of osteoarthrosis and ulnocarpal abutment syndrome, reconstruction of the bending fracture of the
intraarticular distal end, and favorable result have been obtaind until now. The attempt of the
arthroscopic operation was reported even though sufficient result was not obtained because there are
less cases and short progress. This procedure will be further studied in the future.

& L &

bhvbiid 1987 £ & D EREEH 2 FREELEDZ
Wi E AT A LS T 90 B (92 ) T L
7z, S[E, FRSISHR T M T L oot =R
HEECERGS, B AL AT, 400 T RAEGE,
Ulnocarpal abutment syndrome i1z D v T &

. BIRET T E UTERIL 72 TFC @ Débridement,
gﬁé'iﬂ?ﬁﬁé]ﬂlm{ & Ulnocarpal abutment syndrome
TOLEMENCE O Débridement, B4 miGrIERAEIN G IF
OBEEIAERIEIC & WIGE L, BIFARETERD

Twa, ZIHEFIBDR {EBHEV 2O RATIC DU
T OWMEBTA53 Tl D 3 B FHEMBIHR TERORL
ELTHREL, 58, SR LTY &0,

B 3]

NBETEE O FE W HL T RS I TFRBREDR
M- e RSN LS wk ), e gERGAN
HHonTwbd, B =MRKERE (TFC L 1) it

iR 1.1;;:,5; LARRLAY. bhbnd 1987 &£

& DAHERR I FRIMSIEEA L T, BWEE T fIc
AT L 72, BIEE TOFREHSRES THMERTF

Key words : wirst arthroscopy, triangular fibrocartilage, osteoarthrosis, ulnocarpal abutment syndrome, arthros-

copic surgery.

Address for reprints: Shinji Nishikawa, M. D., Department of Orthopedic Surgery, Hirosaki University, School

of Medicine Zaihu-cho

5, Hirosaki 036, Japan
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HERET L 7EBN D W TRET L, FRIMSHR T FMr
DB DD TEE L DOTHRET 5.

FHEBLUXNR

FHMEFE LB R - IVB X U1V - V extensor
compatment [ X 0 /MBI R FIA L, SIREBREZI
LB TEE T a—7, SrF&28ELTH
FE B o Y, ER AN TEC 18545 17 6, 2%
HFEBEEE 7 6, BEERMIKESANER 44, UL

nocarpal abutment syndrome 2 5| C#H 5.
6] 3

1. TFCE#E

8D F R R EAEES CFHEEM R AR %
RENRBRERCEAVERS L, BEEEEICT
TFCWwREDH APN T2 L TREME 1T L Tw
3" (Fig. 1),

A BEMEFMMAEOMAKME [ SR T FHE
EEH L T ISR R BB ARERH5 [#H 2 fllid
L, 5l 5 TFC 2 FRT B AYIFR L 72, WEE T
12 W GIB e T LT REHIME 2 » B~34x A T
12RO TREZERTH 2. TEHNE—FERD
BR L7208, —BMEBICERBERELLWMER2 »AD
FICHREFTH S,

B, REZEREEMTELTCOWA . 2 FIRERL -
B 1 U TR T w B 88 % Débridement U ¢
BAEIA L D #H 2 REEUENCHE L TRE L7, BE
M2 » ATy )FTHS (Fig.2),

C. zoto TFCMZ  BERMMEITRICEKE

L 7 FBA M- EUBR /N BT B ETERHR w T TFC
KT R G D BAHR 24 U Cwv 5 OHFE
RBTE, FESETUERT 2 2 & CHET ICER
qAgEThove (Fig. 3)., %7, FHEEREIO7 )=y
7 xRS BAEBEFRO TFCHIHEF 2 flizxs L
BHETICHEN L2 2 TFC WA 2 FER LRI £ 005k 3
B L THIEAIRETH - 2.

2. BT RETE

12 D3RI 2 8% X, H#iL 42 T Ulnocarpal
joint [ D BIEERRZE (L33 FIC T U CEAESRT
Débridement #JE{TL Tv> 5,

BEFE L7 TFC L A OB HIRE &L EE%E

Ulnar Deviation & Axial Compression Test

Ulnar Axial

Deviation Compression

Supination & Ulnar Deviation Test

N
LN

Supination Ulnar A2
Deviation

Fig.1 Stress Tests for TFC Injury

//N,eedle

- & TFC
3-0 Nylon

Fig. 2 Arthroscopic Suture of the TFC (Ulnar side tear)
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Débridement 33 & & T ADL [BEE & iz o FegiVEA
BEE L, P 3EEOSN I & DEEFEL 2 TFC
W RSN o e T DI BRI LI b E 2
SnBHbHo7. LrL, Starting pain 2@ 0&E
By CREEEEELONLBEAHERTFL 2.

3. BEEMmEEHNER

TEC «% Radius

Lunate L

e Supination was limited

*’L Synovium

H O£y

FEFRIECAINEERE T b BIEIE ORE I HEE L 4
el e, SIETWCEBELRBITL:. Fu—7TH
HiE DB &R LT CEIRE OB 2 mm LA
LA rHw LTHEE L, BEERELSE»S
DE= V7 TEREEELR. VL alignment B
FT, MEEARFTHS.

Lunate

eAfter Débridement of the TFC.

by valve-like TFC tear.

Fig. 3

Fibritlation of Lunate

39y. Female (Rt.)

12 y. Male. Rt. TFC perforation.

Subchondral bone of Lunate

28y. Female (Lt.)

Fig.4 Ulnocarpal abutment Synd.
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4, Ulnocarpal abutment syndrome
F R R AEREE) B A58 Vs Ulnar plus variant # Tear Of TFC
CHfER T TFC Wi e A3, ARE-ZHEH
DB DREEERD, BHIFHIR K CREORE DL
57> 2 Fliz #E @ Débridement 28472, 2 i
ELMRIOREA TS L 7208, FREEEAMS 11 A
E3HAEAVOTSBRLERBESLETH S
(Fig. 4).

Z %=

bbb FRIEE COKB LD, TFC B DB
F LT THBAGIRET > T 5, SRR Ulna
TREE|#» D D TFC #2441 0> Débridement
PESHTH o Z k&, $EERO TFC HEE <=
BECRBw TECHAH» o2 wI £ &0 (Fig 5-
A), FRWTRER & [H5 TRBWCE o 285 2 kR L
Tw3 (Fig.5-B). ZoO5#» D kESMNFED TFC 0
Rk RBHEOW L ABOMHNHZEROBR &2
Tw5(Fig.6). ©E, TFC S\ Tz, HE - -
BT\ BEHE TR O T bHWE L, BES T Suplnatlon
ORBr 5 1. TFC o RAWTEMKZE Y L T8
FET RS 2TORERBRERLZY, FRARESZT

LI

Pronation Supination

Fig.6 Relations between Ulna & Torn TFC

TFC Ulna
e TFC TFC

A. TFC perforation of B. Traumatic TFC Perforation
asymptomatic wrist

Fig.5 Movement of the ulnar head on pro-supination.
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FRBHCHAT2FETH A, 2. BEERMIHMTRN
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Ultrasound Examination of the Hand

Eiji Kitagawa, et al.
Department of Orthopaedic Surgery, Shinshu University School of Medicine

An ultrasound study was performed for diagnosis or postoperative observation in 15 cases
consisting of ganglions (5cases), adhesion of flexor tendon (lcase), flexor tendon lacerations (4cases),
silicon rod implants (3cases), and grafted tendon (2cases). The findings in ultrasound study were
compared with those of opposite side and were confirmed later by surgical explorations.

Informations as to the size and location were obtained in details in all cases of ganglion. A
diffuse echogenicity was found at the affected site in a case of flexor tendon adhesion. Severe
subcutaneous scar found during the surgery appeared to be the cause of diffuse echogenicity. In this
case, it was difficult in ultrasound examination to diagnose whether the tendon had a continuity or
not, because differentiation the scar tissue from adhered tendon was almost impossible in the images
of ultrasound. Implantated silastic rod was visualized as a pair of pallarel echogenic lines with a
low echo zone between them. [t was easy to observe its course and gliding condition. The tendons
after tenolysis and grafting showed fibrillar echo pattern, and their courses were away in a distance
from bone surface of phalanx, which indicated the “bowstringing” of the tendon. A dynamic
examination revealed smooth gliding of the tendon.

Ultrasound examination appeared to be useful not only in diagnosing ganglion and tendon
laceration but also in assessing the function and gliding after tenolysis, grafting, or silastic rod
implantation.
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Key words : ultrasonography, tendon injury, post-operative examination
Address for reprints: Eiji Kitagawa, M. D., Department of Orthopaedic Surgery, Shinshu University School of
Medicine, 3-1-1 Asahi, Matsumoto, Nagano, 390 Japan.
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Fig.1 Longitudinal sonogram of the dorsal
aspect of the wrist.
R : Radius, L : Lunate, C: Capitate, G :
Ganglion, E ! Extensor tendon
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MPJ PLPJ d PIPJ

Fig. 2 a) Longitudinal sonogram of right index finger.

Diffuse echo was found at adhered site.

b) Tenolysis was performed and a pulley was reconstructed with the distal part of EDS
(Arrow).

¢) Longitudinal sonogram of left index finger.
Tendons show low echogenicity and run along the phalanx.

d) Longitudinal sonogram of right index finger 6 months after tenolysis
Tendon shows fibrillar pattern echo and bowstringing.
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Fig.3 FDP tendon rupture of little finger with hook of the hamate fracture
a) Left and middle sonograms show FDFP tendon continuity at its insertion.Passive
movement of DIPJ revealed tendon motion.Right sonogram shows that the tendon
motion by passive.DIP] movement was found in MPJ and more proximal level.
b) Old fracture of the hook of hamate (H) and FDP (V) rupture (T) were confirmed by
surgery.

Fig.4 Tendon replacement implant

Silastic rod was visualized as a pair of
parallel echogenic lines with low
echogenic zone between them.
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Ultrasonographic application for normal
peripheral nerve of upper extremity

Satoru Funami, et al.
Department of Orthopaedic Surgery, Nihon University Hospital

It has been almost impossible to show the peripheral nerves in image form. However, the recent
development of ultrasonography has enabled us to visualize some regions of the peripheral nerve.
This paper is a report of our examination of images of upper extremity peripheral nerves in normal
subjects.

The subjects were 40 normal, healthy volunteers, with whom ultrasonic images of median, ulnar
and radial nerves were produced and examined longitudinally and transversely. Probes with fre-
quencies of 7.5MHz and 10 MHz were used.

With ultrasonic examination, normal peripheral nerves in certain regions could be identified by
dynamic observation. The longitudinal images often displayed a funicular structure with a hyper-
echoic line echo on the inside, while transverse images presented an elliptical cross section of the
echo. The widths of the nerve trunks were approximately 2 mm, and no significant difference was
seen between the left and right sides. There was a statistically significant difference between the
sexes, with wider trunks in males.

The regions which could be represented as images were from the part just after passing through
the pronator teres muscle up to the carpal tunnel in the median nerve, from the cubital tunnel to the
central part of the forearm in the ulnar nerve, and from the elbow to the proximal one-third part of
the forearm in the radial nerve. In regions such as the carpal tunnel and the cubital tunnel where
the nerve trunks are located superficially, the echo level displayed a hypoechoic tubular structure.
A probe with a frequency of 10 MHz could display images of the nerve trunks in greater detail, and
produced better images of the nerve trunks in the carpal tunnel than those obtained with a frequency
of 7.5 MHz.
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Key words : ultrasonogram, peripheral nerve, normal subjects,
Address for reprints: Satoru Funami, M. D., Department of Orthopaedic Surgery, Nihon University Hospital, 1-
8-13 Kanda, Surugadai, Chiyoda-ku, Tokyo 101, Japan.
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Fig.6 A probe with a frequency of 10 MHz could
display images of the nerve trunks in
greater detail.

Arrowheads indicate the nerve trunks.
A [ longitudinal view. B ! transverse view.

Twb, Fiz, FAHET IHEROBHGRCBLTY
7.5MHz OFfFICHE T 2 L RAELEZTHIM
& THIETIRE T H - 7z (Fig. 6B) . 8 iz Mg i 1k
BOFET 2HMUARET 258113, 7.5 MHz £ 9
10 MHz O#FMTF OB H % QEHREAR IO STk 5 2
WK EE- Tz, L, MEESHOFET22E80E
BT 51213 7.5 MHz T 23ER T V7,

1 =

FRAE TR BRI T 2 BT RREE DGR Y
DIEFLE DL, FOEERBRGCET 2 7R
bHE— % ATV RLORERTH B, 19855F
Solbiati” ik, KI§H & 38T HRE %K T hypo-
echoic & & LTHHT 5 Z L A[RECTH -T2 &
WEL T 5D, ZTOHOEEB OSSR & D hyper-
echoic ZRHEMORE L LTERBEIN B 2 £ 08% <
%o T & T3, 1988 £E12 13 Fornage", JTjE> & M1
HRARMHEROBF ML L 2iHGcoOnT
#HEL T B P, FhF fechogenic fibrillar
echotoxture, T I —& Z# DRHRICEHLEREL T

— 148 —



LR A T 5 B HRE R OISR 149

wa, SEOLNONOENTY, KGR IR
6 T 13N ER i hyperechoic KR T2 — % -7
REL LTl E s 2% oz, L, #
DX I —UVREELD U RERIK L > THELDE
LB D SNz, D O HERSHENCEET 51
17T, hyperechoic %2Rk & L THiH & h % 23, FRE
PHEED & 5 ICHRBVEREH OHBROESICEEL
POBEBOEET 5 & 5 BB T, &L 5 hypoe-
choic e x LCHE S sz, Z 0B & LT IRER
FDT7 5 —AADRBRBFRL R F 2 FHER L artifact
BHEELTWwBELOEEZLONE, Thbb EIRULE
&R IZT.5MHz OB FORAETRTHOL
2, SEE L DEEET SR T OB IR
ERbh 10 MHz Q# T & 2 RO b
Rt FOFER 10 MHz QBT IEEL H SEBWLIE
NMEBEET 2HEROHHEIC BT 7.5 MHz Ok
FEDLHLSMIIENT L, X 5K ZF DY RESE
Hlww #5355 & hyperechoic 2 k& * B L4LE
i3 epineurium % N B i3 funiculus #fEH L T W3 O
Tk bhbhid#HHE L Tw3,

7.5 MHz O#fiFic & 2 HEH OHBEHBTRETH
LWEOBE TS 2 b kb, BEERERIC T
BRERET IR, 20MESR»E—FERICE
L TEITT AU TR NSHEEPEHTH S 2 &
Bholz, FuEINEHERNZIRITHRETO
2% B EL T RAEEMR O I TIHETH B 2
REHR OB I ER cHECh o 7o, —7H, RHE
BRI B A BB OEE, W2mmTHD, ¥
e X DBFETHHS RRETT 5 2 L0 & D IBRIEAR
WREOETEFBE LRI ESEREN, DL
WIEERARBHZEOBSHERFBET LR, K
WHEREE* 2 2 5EE, I EMBEEEE,
B, RIEEREE LS wAER AT 3B EET
b5,

E & )

E% 7% ERGRMBREER G, BFERESCTR—F

WEWTESZONBMUTRIBEMSTTEETHY, *
D R 13 R hyperechoic 2k = o — % -
TERRNEERE TSI e oz, UL, ZO
HGREHERPIPBERCFELET SHMACRELA
hypoechoic %R & L T 3 21, 10 MHz O #f+o®
7565 7.5 MHz OEEMLT & 0 b HEB OSSO
BETH- T,

X [z

1) Fornage, B,D,. et al.: Peripheral nerves of the
exstremities : Imaging with US. Radiology., 167:
179-182, 1988.

2) fE & fi MEREER T 2 EE 2
— 2 KA L MO H A ERIc oW T — ¥
¥ - SESEL 30 0 841-846, 1990

3) AR fh RIBCRISEER OBE EAE, 553
H ARHBE I B Al AR EE © 643-644, 1988,

4) Solbiati,L,. et al.: High-resolution sonography of
the recurrent laryngeal nerve anatomic and path-
ologic consideration. AJR., 145: 989-993, 1985.

= FEOFIRRER SR ITTEHTAER

Eh#E 2 BUiA I 2 U 7B, echogenicity
PETIHEBEATL & 5.

70 BT AHIE—FLTWAETL & 5,

| & HAKZFERISNE Bk =

Bilssic Bk U, carpal tunnel T3 eecho level 23
ETFLET., *O8FE LT, EEAG B
BB I AV THRPECHAS L THE LR
b E T, o0 echolevel BT BEALIL, ([EfEE
BHVEER L LD TT.

BMES HAXRFERAR M F

10 MHz % £ OB BBEMTOERIZ & D, g
D&Y MRS £ T &, entrapment neuro-
pathy SHEHG 2 CERGATETT

— 149 —



AF£3 (J. Jpn. Soc. Surg. Hand), # 8% =18 150-153, 1991

FIREERERFRICB T 2 EEE2H

KIER AR

¥ 2 it EFOE = M
B R BE-REIN M I
INEPR B (3

Ultrasonographic Diagnosis of the Carpal Tunnel Syndrome

Jun Nonomura, et al.
Department of Orthopedic Surgery, Osaka Medical College

Present study was performed to evaluate the usefulness of ultrasonography for diagnosis of
carpal tunnel syndrome (CTS).

The ultrasonographic findings of the median nerve in the carpal tunnel region were examined on
200 hands (100 persons) which were considered to be normal and 12 hands (9 patients) which were
diagnosed as CTS.

The median nerve at the longitudinal section was imaged using Toshiba SSA-250A with 7.5
MHz probe at the neutral position of wrist joint (Fig.1). The parameters were as follows,: 1)
identification of the median nerve images, 2) maximum anterior-posterior thickness of the median
nerve, 3) morphological findings of the median nerve.

Identification of the median nerve images was classified into 5 groups (Fig. 2): in A, the border
of the median nerve was clearly identified, in B, the border of the median nerve was identified nearly
70~809% of the whole extent, in C, the border of the median nerve was identified about 509 of the
whole length, in D, the border was identified less than 509 of the whole length, in E, the median nerve
was not identified.

In normal cases, median nerve images of female were identified more clearly than that of male,
and in the cases of more than 40 years of age, images of the median nerve were more clearly
identified, compared to the images in the cases of less than 39 years old (Table 1).

Identification of the median nerve images in CTS cases was almost same degree as images in
normal cases at the identical decades.

In normal cases, maximum anterior-posterior thickness of the median nerve was not different
between right and left hands, male and female, and among each decades from third to seventh. There
was no statistical correlation between maximum anterior-posterior thickness of the median nerve
images and the body height of each patients (FFig. 3).

Maximum anterior-posterior thickness of the median nerve images on CTS cases (2. 46+0. 59
mm) was thicker than that in normal cases (1.97+0.45mm). This result is considered to be
influenced by the formation of the pseudoneuroma in the median nerve.

In images of normal cases, the anterior-poterior thickness of the median nerve became gradually
thinner from the proximal towards the distal part of the carpal tunnel. On the other hand, in the
cases of CTS, the anterior-posterior thickness of the median nerve became suddenly thin at the
region between capitate and the transverse carpal ligament (Fig.4). These findings corresponded

Key words: ultrasonography, diagnosis, carpal tunnel syndrome
Address for reprints: Jun Nonomura, M. D., Department of Orthopaedic Surgery, Osaka Medical College, 2-7
Daigaku-cho, Takatsuki-shi, Osaka, Japan.
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with the operative findings.
These results indicate that ultrasonography is considered to be useful diagnostic tool in examin-

ing CTS.
Table 1 Age, Sex and Identification of the
Cpi L& RA . median nerve images
cdit : Median nerve (Normal group>
' L—J—J‘-_N. age sex A B C D E A+B(%)
:/r‘—- ' M 75 440 60
: 29 F 3 9 8 0 0 60
LUNATB RADIUS 3'0 M 3 9 6 0 2 60
: CAPITATB H . 39 F 7 10 3 0 0 85
1 ' —s
: H 40 M 4 11 3 1 1 75
.4—— area Of. examination'—", 4'9 F 8 11 1 0 0 95
Fig.1 Anteror-posterior thickness of the median 50 M 4 11 4 1 0 75
nerve were measured at the four points 5|9 F . g ) 0 0 %
shown on the black arrow e
6|0 0 14 3 3 0 70
69 F 10 9 1 0 0 95

M : male, F: female
<(CTS group)

A B C D E A+B(%)

number 2 8 2 0 0 83
Meximum
(ua) A-P thickness o
25_ . e . . .
zﬂ- . ® Ses0e ¢ eevoe s NS evas . .

r=—0.0086 (n 198)
145 150 155 160 165 170 175 1su {cm)

HEIGHT
E Fig.3 Correlation between maximum anterior-
Fig.2 The classification of the images of the posterior thickness of the median nerve
median nerve and body height.

{Normal case> (CTS case>
Fig.4 The images of the median nerve in normal and CTS case.
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FIREEREE (CTS) mzliid, KRB X CERE
REBIAEHEZREC L D RNBSTH 2. Ly
L, MATCERHEORBEHE£EZ 5 2 L BERET
Hot:, BEGIE CTS flickd LEBEERRER{TV,
BEM B S EhRMROMEORE L, CTSHITI
R EP RO BESIEZ on 2o E ) 02k
HLIOTHRET 5,

X4 B FH Ik

FRITEEZMERN E LT, 20 FR5 6 60 F i
Wiz WWERZ L 0Bz 104 &t 100 4 200 F
&, FiiEfTo7: CTSEHSHI2FTH 2. Fiifl
DRRBBEHE2HI3F, ZH6HIFTHY, FHiE
34X ~69F, FH54.3FTH B, CTS HlIM+F D8
FERESHBITL, METORERR & OEKRE %
To7z.

B2 WEE L, T2 SSA-250 A & Av, Bk
Fld7.5MHz BRI EFERL 2, EEEEELT
Sonojelly % Bz,

AR I FAREI L D L0 fil» 5, FRER
AR g CE L, FEEMEITE P REGC T RE TRE
L7z, EHAIEIEER b 0, WO 4 S L TIERREOH
HBERERAIL - (Fig. 1).

R & BEEAR O S RIEE OTEH A

L & ARBOEQIELDIEM

Cog : HHEBED 2 >OBEMERD D bEMEIOTE

=1

Cd&  BEBO 2 DOHBIEALD S 5 EABIOTE

J=4

BoNLEEREUTOIHFCDOTHRE LA, 1.
TEPRZ O, 2, ERHRORARIERE, 3. E
TR DR RE

¥ e

HBEETCOERHMEOHE K, FMEL TR
hypoechoic 2t & L it s viz, — 54, REOESH
BB, B & % £ % hyperechoic iR %
BT 3000% ot EPHELE UCEED echoic
G ERTAHETY, BAREs Y TN AEEY
THIELD, EhEs: OBHBARETH 70, T
whb, BOBES L CERHREOH X d/hawn
ETCERITE T,

1. IEPHEEOR#EORE

EPHEORHOBER*UTOSEHICHEL

(Fig. 2).
AU TEHEEE - FERE E 0BRSS, AR L O
B IERHEE & BPHARR: & OB, T0~80%LL E
R 7% & 0D

C: EdmE & RS & OB RS, 50%LL -BHIK
SN0

D [ IErp e & B PRERMS & OB RI13, S0%LIT Ly
BRI T s, EPMRERAETEL LD

E @ EhE o FEESEE R b O

RENKIC BT 2598 L UM & EREofs
OBE ORI, Tablel DL THD, T4b
B, HAITRBMELO bt BT sBESREFTH
D, EFTHI0FHRUTLD & 40 FLULDITHBRITF
Thote, —H, CTS BETHEES OB L I131TE
CTh-oie.

2. ESMHEOEKETHRE

1) BENEREOHEE

a) EAEAE I KELYE0.46mm, A 1.97+0,47
mm ThY, HREECTh»o 7.

by MERIZE B 1.9940.43 mm, ZofE1.94+0,
47mm THY, BLEwEHEZZR R h-> 0,

c) HE A Eb D20 £ 1,900, 36 mm, 30 4% 1.
8940, 48 mm, 40X 2,00+0,48 mm, 50 {8 2. 05+0.
38mm, 60f%2.00£0,47mm THDH, IS LFE
FHZEORIREEDPPEL L A ERIC H o 12h3, KE
RECEXEECRE» -2,

d) BRIOMFEBEREBANBE: OMiIzR
B o o ABER I A s s 2o 7 (Fig. 3).

2) xBEEEr CTS Bk

BRI 1,97+0.45 mm TH Y, CTS Bid 2. 46+
0.59mm TH - Jz, ERHEORAFHE T CTS #
DF I L D ERE IRLUT CHEREICE» - 72,

3) CTS BEOATRET & i o Eegs

P OBEHRAIC £ 5 PR DR KRIRE
2.62x0. 73mm THY, MEIOMEHL PRE»-
7o, THEFREABRKRL, ChHE0E el
Fele & B, ZOEREETIRE» -,

3. IEfHgoRiE

EFHROBEOHG EOBMETRL 2, R
D4EDS B, R ATORIHRES 100%E L, R g
w35 L, Cp g, Cd ZothrxEH LT,

H90%THO, CTS BeBr sz L £90%, Cp
R 66%, CdEas57%Thole, Tiabb, EEMERN

— 152 —



FIREEBR B 2 BEEZMH 153

TR, AR SEMALT T 2 PrEIRES
BT, CTS BT Cp A THIZREXR &8I
DL T, FROEMECEEID S OEESHE b O
W mote (Fig 4).

WHhBEEERECB LT, ERBEOERIIHTE]
CREELCbLOBHF LN, Zhic X DINEIRE TS
ShTGHs, B2 ETRSERHRETH S 2 & R
T&I,

% =

BEREFFIC BT 5 EREEORMELS, 30 FHRUT
LY 40 FRULDOANREFTH - Ie D, Iz &
DREMBH L LD Ebh, BELID LM DIIES
25, e HCHEESRIFE DS 2 8, FESEY
BEicLs CTS REFEQEHCHENlLEE2E
®iE, AREVRERTH S,

ERHEOBEARTERER, BrAXDOFITIE R A
tTcEosh-bOTH S, £ L TCHEBRICE~NT
CTSHOAPERCE»> 22 i, TR TIO
i BIEESEEL Tl L =B L T,

BEEEHRLE CTS BT, EhEEIEgcs
DEBENRBICRY LT iz, Zhid, FBEo0
FOLER CEENE A 5 oM R E—BL Tz, &
Sz, FETEHID S OEBERLIESDE, F DR
FHREIAKEEELTWELDEBbR3, T
5V RFEAREEAR O AIORE, MFRIT &

1/30BLEWEHELTWE, LT, @60
BERTCFRENES LR L, ERHEEHL LR
BB L 25 BEE, MPRWEOR L EVWELT 1/3 %
TEMI D EBahb e EBbhd, UEDC
XD, BERREIFREERBECB VLT, fiTFc
EFHEOEEREY, FEREMCEET 2 2 057
BETHD, FlkmiihetvBreEbnsd, L
ML, 2 EFHEOMBBFETIIZ, 20K
RO & S5 2 & I HREED R W2 EBE 0K
LEBTHS,

3 73

D WWTFCE A SR s o s FIREEREOFHR
Bz 0w T, PEEKEE, 31 1851-1852, 1988,

2) ZREHL L BISAREROBET R L 2R 8
4% 32 645-654, 1981,

B M ARAKEREEAR BE &
E4w & RS OBEEOZELIR, synovitis 255
BLTHWBREEZ TS 5L250TL LD,

B % KIRERKRZFEZAR Bar &

FEMR D CTS B & 3HEEE & O CIESFHZ O E
FEICERT NI X LD, synovitis £ D bHEH 2 1
ARBABEACISRK E2EERH DO TRELLE
EZTWET.
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FRET Digital Subtraction Arthrography 122D T

KIRFERE A IS8R
K& F BA-F & 5= B
+t B X B-8 # 8
NEFFS B fE

N

Digital Subtraction Arthrography of the Wrist

Yoshiaki Osaka, et al.
Department of Orthopedic Surgery, Osaka Medical College

In the present study we performed digital subtraction arthrography (DSA) on patients with
chronic wrist pain and compared our findings using this method and conventional wrist arthrogram.
Subjects

Since February, 1990, we have conducted DSA on 21 patients (40 wrists) who complained of
chronic wrist pain.

Methods

We used a Shimazu DAR 1200 DSA. The contrast medium consisted of a 1: 1 mixture of 60%
Urografin and 1% Xylocaine, and we slowly injected 2-3 ml into the radiocarpal joint.

Results

1) When DSA was performed in patients with ulnar wrist pain, contrast medium inflow was
delayed on the ulnar side. In the course of these examinations we classified the images into 4 types
(Fig. 1-4, Table 1).

2) In the cases of DSA of scaphoid non-union, a delay of contrast medium inflow was observed
on the radial side (Fig. 7).

3) It is considered that communication pathway from radiocarpal joint into adjacent joints is
more clearly identified with the images obtained from DSA, compared to conventional wrist
arthrograms.

& U ® X %
FRMTERR S T 2RO F B £ B TRENERE D 1990 4 2 H & 0 FRAHESRE £ 8% 2 2 =G 21 Bl it
HRABR T CERE? ShTWVWBEI5TH5HY, LT, BE%E& s 40 FHAEI DSA 2 KT L 72, A6l
Digital Subtraction Arthrography”® (LT DSA) ONRFFHHRAUERE 76, BEMEGY v F
KOWTORILCOHRERA STV, SEbhbA (RA) 74, FERBEIR3IB, -2~y riE2H,
MBI OB L DSA £HEfTL, 0 ZOM2BITH 5Tz,

B{ERICRET EINZ 7 D THRET 5.

Key words : wrist, digital subtruction arthrography (DSA) , arthrography, chronic wrist pain, ulnar wrist pain
Address for reprints: Yoshiaki Osaka, M. D Department of Orthopedic Surgery, Osaka Medical College, 2-7
Daigaku-cho, Takatuki, Osaka, Japan.
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V] b3

BEtlErrs! DAR1200S DSA 2#ERL .. &%
#11x 60% Urografin & 1% Xylocaine % 1:1 D%l
ETRELTHERL, EHEII236 ORREOED
a0 B> TRV, SRR FEsEA L U,
FEET I FESHEEM CEBEFREH~FIA, BF
B 2~3ml @R EA L, |EREEH 08T
11 A&y b ZEERIT L.

BRELUEE

1. FRER T OEEH OB

a, FRAHEINAERE

FRESRASCESOD B THEMDOERS X V2D

), 5113 FEf I DSA 2HE{TL, 7 OB %
LUF o 4 B3 L Tz,
Type I :radial bursa (RB) & prestyloid recess
(PR) W EEABZEAMICRAT S S
OT, EECHELR (Fig 1),

Type Il : RB & PR pZIZEIRICER SN B,
distal radioulnar joint (DRUJ) & ®
communication #BAash 5 b D (Fig
2).

Typell : RB & 3 BEERA TR L 8

Fig.2 Typell
Contrast medium

PR Mg s N3, +4hbbREANDER
KomABLEBA NS b O (Fig. 3),

TypeV : MIOFTRH Y »> DRUJ & D com-
munication 23& 615 b D (Fig. 4).

REEE O WES] (BHED & type IT211T, RE

~NDEEFORABENASNDL S DT LhoT

(Tablel), REEELET 2ES (EBED 3 1H%

& typelll» NV THh-o 7z, ulnar variance & type

Fig.1 Typel
Contrast medium has filled throughout
radiocarpal joint at the same time.

extends into the

radiocarpal joint immediately after injec-
tion (a), three seconds later, the medium
extends into distal radioulnar joint (b).
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& DOEFE R R~ 2, null B id plus variance 0 PRI ECED, ERVIPIMET 270 EEZ S

THET type 1, ITH 3 DO, null variance T Nz, RO b O CBEEAEE S & 5 Eb

type LIDF S H D ulnar variance & i3H x 1 H{#EH ni.

b o Bbht: (Fig.5). ulnar variance & OB b. RA

RITS S FEFBRER L TERE LV, FRITTEHIEBORERE T 2 12Dl E S
REI~OEEH ORABEDFER K, REAEBORE WL (Fig. 6), Z0koEEH OB RN

Fig.3 Type I
Contrast medium extends into radial bursa
(a), and then into prestyloid recess (b).
This means a delay of the filling in ulnar

side of the joint.

!
!
¢
!
i
1
{
;

Fig.4 Type IV
Contrast medium extends into radial bursa
(a), and then into prestyloid recess and
distal radioulnar joint (b).
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Table 1 Types and pain with or without ulnar

pain.
| Cases with uluar | Cases without ulnar

wrist pain wrist pain
Type 1 1 3
Type 11 0 3
Type lil 4 0
Type IV 2 | 0
Total 7 | 6

Fig.6 DSA findings in the cases of RA.
DSA shows the communication to distal
radioulnar, midcarpal and carpometacar-

pal joint.
Contrast medium extend into adjacent

joints immediately after injection.

DEHB OO R WERBIFEAETH T,

c. FPREER

FRRE BT L FTEES 1 B, ABEIEF 2 BloE 3 flic
Totz. BEHY 2 X id midcarpal joint ~DOARHEH
EHRECALNZEDZETHEY, IFuTHhIZE
WA NRboT., L, BEEHD26sY
TREZFOBRANDOHENDEBIEXA 5 i (Fig.
7. IOBEEFAREORETE M & D radiosca-
phoid joint #8145 PRURALANE U, BEEHSHR/MEL
BENORIABEE SR LEBbN 5,

I, BEEREEAORMARE

HERDFREEHER W 5 T b BHEBET A O AR

Ulpar vanance @ Ceses vith uloar wrist psin
O Cuses ¥ithout
15 ° ulcer wrist psin
]
[ ]
4 o
®
2 o . .
o] [ )
) o © °
—-24 O
1 I m N

Trpea

Fig.5 Correlation between ulnar variance and

types

.4 !
Fig.7 DSA findings in the cases of scaphoid
nonunion.
Ulnar side of the radiocarpal joint is filled
with contrast medium but radial bursa is
not filled.

KOWTRISRITENT WL ZATH B, HER
ELTEBZBRDWIIREOEMEBEDS A 2
JWEBEIBBREN, —F DSATRI T NME A4
LDBEBRBESN, CT4T7-7INH LB, B
ELTERKOBREEERE T8 TES, 35
m,meamnénTmétmwwﬁﬁﬁmbﬁk
EHSERE L THBICEHET 2 2028 TE 5, BIC
triangular fibrocartilage o 2E80 7% B4R % E{%k
L CERR I T & 5,

., DSA ofilE&KRA

DSA DF| &

1. REGOEEOEBMICB Y 2EHREHLET L2
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EBTED,

2. BERIIREOEMPEEDO Y A 3 R
{tEoh s,

3. subtraction ¥ 3 7:0iERA L BRE L HHE
BTV,

DSA & /A

1, MRS W,
MEOFEMER & BT 2 L3 TER WL
75, bivb AR EG L 1§ 2 o0 CERmEE Y
ED, POETATCHERIT-TWAIELHD, H
220 X BHEBEENRH L LEbNS.

2. artifact B8EU B &35 5,
BREFIELE L BRLEOROBEE LEEHDZ
A v e DHBND R 2 BB,

3. EIEmENTERZL,
BACERRFEA LB TCOL LI RETE R
v, bhbhiefl—BERNVESIL LBbh2E
ERTHREL 2. BEERSLELREICN L T,
DSA RTHEEBERTICTRET S Z L BATRET
b5,

ai

9 - it

3 & &

1. 1@HFRAEE 21 FE, B & 40 FRIEI
S LT DSA %MfTL, BERSEEITV4 D0 type
DIz,

2. FHSRAEEES O DSA T, REINDE
BHEIOWNBEDS A 5Nz,

3. FPREBEIEREEFIO DSA 2T, BAI~DE
EHIDOTMAEBLL & STz,

4, BRI~ OBRHIOWMASR FHEEI LS 2
BT LEBTE.

X B

1) Manaster, B. J, et al.: Digital Wrist Arthrogra-
phy, Am. J. Roentgenol., 147 : 563-566, 1986.

2) Palmar, A. K, et al.: Arthrography of the wrist.
J. Hand Surg., 8: 15-23, 1983.

3) Resnic, D., et al.: Digital Arthrography of the
Wrist, Am. J. Roentgenol., 142; 1187-1190, 1984.

4) EREA FHHBIMEC BT 2 FRENEE O
DT, HFSEE, 7 0 19-35, 1991,
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Development of the intraoperative estimation of the proximal
nerve stump using colloidal gold labeled with
anti-neurofilament antibody

Tanefumi Nakagawa, et al.
Department of Orthopaedic Surgery, Faculty of Medicine, University of Tokyo

One of the important factor to obtain successful nerve suture is to prepare good proximal stumps.
The estimation of the stump has been done mainly from the view with the naked eye, which is of
course obscure. Many histological method to examine nerve stumps during the operation have been
reported, but they required at least one hour of time and special equipments. We developed a new
procedure to examine the proximal nerve stump using the quick immunological reaction of the
anti-neurofilament (NF) antibody labeled colloidal gold to the NF antigen on the artificial mem-
brane.

Practical method is; Stamp the proximal stump on the cellulose acetate membrane to make a
spot. Set the membrane on the small device made of plastics. Wash the membrane with the
phosphate buffer. Apply the colloidal gold labeled with anti-NF antibody to the membrane and
aspirate through the membrane after several minutes waiting. Wash with phosphate buffer again.
If the stump is normal and the spot contains appropriate neurofilament, the colloidal gold is fixed to
the spot and the spot shows pinkish color. The procedure takes less than 10 minutes, and the
equipments of the examination are small and easy to bring anywhere.

The adequate concentration of the anti-NF antibody to the colloidal gold was 1/1000.

This procedure was applied in five patients clinically, and was revealed it was very useful.

This simple and quick method offers a great help to the peripheral nerve suture, though this
method is applicable only to the proximal stump and the differentiation of motor nerve fibers from
sensory nerve fibers is impossible.

N5, IhE TOAMMENROFEMm X, AiRZ

& Lt & (< . -
Wi, EXZECEREHSAv S TET, AR
RS TR RBRE B HD—D2DFHF L HERLBEZT—RENITONTEY, MEROBFHEP
T, EROLUENE CHERE T e85 ZORFR, BEED “Ha” OBMERIEECIT> T

Key words : colloidal gold, neurofilaments cellulose acetate
Address for reprints: Tanefumi Nakagawa M. D., Department of Orthopaedic Surgery, Faculty of Medicine,
University of Tokyo, 7-3-1 Hongo, Bunkyo-Ku, Tokyo 113, Japan
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w5, L LSREEEICZ Ly, BRRH W
& o TRETHSEE, 08, EHROKGEVSFHE
TREEVNEREZET 50— TRV, HikZH
WEENZTETEEESE , B REER T
BHEENEE CBESNT VDY, Db | B
BEOBEEZEL, 5% OBRERBHREBM LV
Hry5kd, FMETFRITIZLOTREY,
I TSEbbi, O OFHE & F4M
T CERMD DBEIT O ARENF RO R A
7z,

= pi:

AT, SRR LCHRIR S EE L, BRI
BElihza—u747 x> (NF) fiEOEELH
NF £/ 70— FAFibic L VBEL &0
FERLT, BEFEEAVIFTHEE2TI60THS., &
Jud FEFETHD, BfELa04 RSHARLR
BLTEEHCAET S L RABOARY M 227 3,
Z DS FEOBESLER W,

= B &

@0.454m F/iE 0.8 em FEOFEFFOERE 3.8
cm OAFOE VT —AT T —MREEPRAET 5,

OWE 21T O MR 2 B EE LAR Yy b RIERK
¥ 5,

@RrIFAY—F2HNTZDARY M REIRT 5.

@EEEL TR 2TIBNTCHERLLST A
T4 v 7 BMOERH (Fig l-a) KV —R 77—}
EEEET S,

®PBS (VU v EsEEW) % 2ml BEBEEL TR

Colloidal Gold , PBS

Cellulose Acetate
Membrane

Filter Paper

b

st -t

5|45,

® 1000 5H R OB NF £/ 7 o—+ LHE? ©
BEL7c& a4 FPEBROEER 2ml »EEPCE
ALBSHEBET 5, TOHREENEEEEEEL TR
L, 5125 2 BERE%#EL TORS| 2R T,
@FEU PBS 2ml #EEABELCHRSITEI %
2~3EHRL, BT 5.
ORRETEES 5. EFEMETRAR Y M 3%RE
#8273 % (Fig.1-b, c).

FRABERE W 10 2 LAN T, LER BB B THER
BTH5.

FBEDIRTT

ke

1) BsBE ORE

PLEBE 500, 1000, 2000 FHFREBWT, B2
EE L TR (MoREags) » E¥mE
R L OB X 0 BIE 2 FRIBE 2 #RET L 2.

2) FEMEORE

myE, FERE® (Er PBS #TrEY 43—
LiEshld), EEMELRS, ENMEESED 4
V=T, EVa—A 77— E ETo Barbital-
Barbital soda buffer # A\ EBK kBN 21TV, Ko
v —3 R TOEBRM, ABC Ik, HXRPMED 3 HE
THRETL 2%,

R

1) IEHE OREMEIE 1000 EHRE Tty
Hohd:, ULrLERBEMEDOR 5 » 7 I3 RE
W e anghote (Tablel),

2) ABCHE, ERZEHET, MWRMEIE, EEHE

C

Fig. 1 (a) Device to set the membrane. Colloidal gold and phosphate buffer are aspirated by the injector beneath

the device.
(b) Staining of healthy nerve (sural nerve).
(c) Histology of the nerve (X50)
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BEZEO2V—VOHEBNT, FARTWIEIZE—
Oy P ERLEELY (Fig 2), MEX D BEE IR
a1 AU A

BRER ~ DI A B

27 B RHEERERG

Fig. 3-a /R T RBFE R, RER, W6
D 3 BV THBRYB R TORIRNERE, 8L U
AFHEI & > TREL 7o, TN T BT R L3
Rons, w2 BREEcE» - . XFETH,
HEOAR Y RO ThOMBIZB LT HREEIED
¥ AT =T, FERIET L T\ iz (Fig. 3-b),
RIRHIIC R HES R SN T b, Z OI{IEBOBTEEIX
EFETHDWEHE L, B2 L I < b hic
HEBHOBESR oL DATH- 7 (Fig. 3-c,
d).

% =

ERELED NF JUERFHE T 2 Ak LTH, 4 A
J7uy i s v rECRwsn s ABC g —#
KTHb, L LEEEEFAWTL2ORICOFIH
B {FRAREOIRE Y, &7, EREFRTEFD
WEHEL DB RET 5,

AL/ 7T 4 v IREREERELCARY b L
REMOTIRERERT ANy b A/ 70T 4>
EREEN D FEEOEEE LT, Moremans 2 3HiE K
NUT 1R E RIS -0 b iz 2 R TRIEL
oo FERHLWRAERERHERLTWEY, bhb

nix, ThERERBSY, HENGETRECESEL, B
A& L7z NF SUEOFESH NF £/ 70—F
N & OFHIT 2 TR EE L. RICKEOE
W, BEREEOR EOA T Moremans 5 & 3R Y,
i NF JiiE52BEL7e& a4 F%Bw NF fiE
WA LTRIGEEIEHEERA 308 L W EEZ
fo. AREFECBOTRERBEICAY > 7 LI
Wiim A s 5 2 Wiz, ¥VO—ART 27— %
Fuszzrcid 7oy F v 7OFREEL L

DEIGHREOEFEEH-> Twa, IR Z VLR
BTH5.

KE TR SRAMRNIEOFM L »HET, 25
WOEBNEEE, MEAROXE b HFEE W EHIRL
Vv, R EIROEEE, BEMEOFTNL & By
BY., LorLINETEEALARCE T E Mg
Wi OFMi 2 F B ke LIRS CTFEERR
HrLELS, .

KOs o9 2FBE & UCESYIBE Oz &
WHIEBHEEL O TR WS EEZ TS,

Table 1 Detection limit of our method using col-
loidal gold labeled with monoclonal
antibody to NF

D Mus-

Dilution of egenerated Mus Intact Inter-
. culocutaneous

antibody costal nerve

nerve
1/500 X O
1/1000 X @)
1/2000 X X
O ; Stained X . Not stained

Fig. 2 Specificity of our method was compared with three electropheretic patterns on cellulose acetate membrane.
Lanel : Serum Lane?2 . Nerve Extract Lane3; Normal Nerve Stump Laned ; Degenarated Nerve

Stump

(a) Ponseau 3R (bh) ABC Method (c) Qur Method (Colloidal Gold)
Our method stained the same band as ABC method.
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nerve

Common peroneal |

Fig.3 Application to a clinical case
27 Male Injury of the common peroneal

nerve

(a) Points of trial sections.
(b) Examination by our method.
Prox : Proximal. Mid . Middle.
Dist ; Distal. C ; Control.
No spot other than control was stained

clearly.

(c) Histology of the nerve stump at "Prox-

imal”point of trial section.
Funiculus was seen (Masson X 10).

(d) Higher magnification of the same speci-

men.

Few axons were stained by the ABC
method with the anti-NF antibody (X

50).
2 r
1) SRR DB & A b P O

HFEE AT FreERE LI,
2) AFERERICHOTEAACERFETH 5.

X 2

1} Frens G.: Controlled nucleation for the regulation
of the particle size in mono disperse gold suspen-
sions. Nature physical science, 241 : 19-22, 1973.

2) Beesley J.E.: Microscopy Handbooks 17, colloi-
dal gold: A new perspective for cytochemical mark-

ing, Oxford University Press, Oxford, 1-58, 1989.

3) MIEAM eV —X7 27— M ERKE %R &
% MR A4 E ORI 2T, £
fb#, 11:351-356, 1966.

4) Moeremans M. et al.: Sensitive visualization of
antigen-antibody resactions in dot and blot immune
overlay assays with immunogold and imunogold/
silver staining. J. Immunol. Methods. 74 : 353-360,
1984.
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A Geometric Study on the Metacarpal Heads

Tsuneo Murai
Department of Orthopaedic Surgery, The Jikei University School of Medicine

The metacarpophalangeal joint is formed by the irregulaly spheroidal head of the metacarpal
and the broad concave base of the proximal phalanx. It is not a hinge but a multiaxial condyloid
joint permitting motion of the proximal phalanx over the metacarpal head. It iscalled the keystone
of the finger because of its position at the base of the finger determines the spatial orientation of the
[P joints. There are complex variations in the shape of the metacarpal head.

Linear measurments were made of fifty-two cadaveric hands with respect to the sizes of the
metacarpal heads. All specimens for this investigation were obtained from the Department of
Anatomy, Jikei University School of Medicine, and consisted of the right and left hands of the same
cadaver. Eighteen cadavers were male, the rest female. The average of the age was 59.4 years
(male, 54.9 years; female 69.4 years), and the range was thirty-five to eighthy-three years.

In this study, metacarpal bones except thumb were preparated from cadaveric hands and all soft
tissues were removed. Seven dimensions on the frontal plane were defined for each metacarpal head
and measured using a direct reading caliper.

All metacarpal heads had the similar shape among digits. The relative sizes of the metacarpal
heads were as follows ; index : middle : ring : little=1:0.97: 0.86: 0.82. The data at the 99 per cent
confidence level showed significant differrence between sexs in all measurements. However, there
was no significant differrence between the right and left sides.

Secondly, the geometoric analysis of the articular surface of the metacarpal head was performed
in order to elucidate the joint movement mechanisms. 48 metacarpal bones except thumb preparat-
ed from 12 hands, 6 left and 6 right, were studied.

In the transverse plane, the average radius of the second metacarpal bones was greater on the
radial side, while that of the fifth metacarpals was greater on the ulnar side. The articular surfaces
of the third and fourth matacarpals were symmetrical. In the sagittal plane, there was not much
differance between metacarpals in the instant center pathways.

Compared with articular surfaces of the metacarpal heads, middle fingers had symmetrical
surfaces areas. On the other hand, index and little fingers were asymmetrical. The articular
surface of index finger had a prominent tubercle that extended further in the volar-radial direction
and the margin of the tubercle was convex proximally.

Key words : metacarpal head, geometric study, articular morphology, instant center, radius of curvature
Address for reprints: Tsuneo Murai, M. D., Department of Orthopaedic Surgery, The Jikei University School of
Medicine, 3-25-8 Nishi-shinbashi, Minato-ku, Tokyo 105, Japan.
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FHED 3O > H, DIP g% & PIP BET Iz 8
H RN D & %17 5 WHRMEI TH 5 5, MP R
FREECH D, EHEHOFTRRELREWBEEE
LTw3, i, §EE0ETH, 4 208N
DETHESEL, NORFH, BROPLRAEEHET 5
fe®, HOMEBREZELERT 2 L TrgHOME &
oAb,

MP 886 C i3 m Bh (&S & & b i NEx - S g,
DYy EEER L IToN S5, ZOMEMOIT/FMEL
S M EBR S I IR EE & L D, KE
FEFFEEEBEME OB > TEELEZ T T
3,

ek, MP S 2 ERINCIEITL £ 5 & 28E 1
% HHNHHINI - REAT O BLRE & B RIS
EHAER 3 A e v, 7 2 CEH X MP BEEIO:ERIE
HEFEAT o A TR OBES DEEBEERL & T 5 7, [
EREARED» SEE LR MBOFFE LML L2
%, TFEEEBEHOKRS S PHAILHRAOEMEFESH
HUt, g, BHEEEORESIBOMCHET 3
bz, BEOLEERE D LICLT, KREEK
SEEIO 2 A 2 W CHFEEHEBE O EEE L
L OB R EH U T,

B OE M OH

FEFEFEONESIERET IR E LT, BEE
REEHEBRAEAEANREE 26 EOWMT» SHHEL 28
EERERL 4180 208 RFEFEH .

RO, B 184k, 84T, FHHML, B
I35 F»ne 78F (FY54.9F), THIZ60FHs
83F (F969.4F) TH5.

FEEBHEOKZLOWUECHGIEEDOR NS 6
&, 48 PFFEEY, FEEMEOMIREE £ ERP
DO EEHBIL 2. 20ORNFRE, B4k, L2185,
FEFRBILS60F (FH50.5F) THD,

7 *

FFEE R CM BT MP B&T TRl L 2%
12, BEESAEL T 5 EEESRRE i & O
R BE AN, AR EEE B E ORISR ER
DR OHRFEFEE AT,

1) hFEBEEOKE S LMEEmOFBEICOVLT

TEFEEOANE S ZERCTEML, ERZE

REMAT 00, PFREEEHMOEH 2 AEER
ELRIERERREL .
FEBEHEA AL SBET DL, TOEENCIIE
& REN: 2 DS ZEH L, Zh s OFEOFIE
W0 OB EEOLS D b shD, 08
BIKEE & REIEEOX AN 5 2 FHERE & 518l o
#EE L, PFEEMICETEEE RS2 LI CREL
Yo, TOEMEREICEESEHERMEEL L, BEECE
FehFEHRECEE SR EEEE Lk,

S IDEIREBOY LI, PFBEEOTEENE
Mo TROFHHHEE##EL, JISHEBD ¥ %
BotHEELLHFEFEEYERAEL - (Fig. 1),
O RIFEEAIERE, QORI E RAME, OBAIKE,
ORBIHE, QHEETHERAHE, OFRMEA (BRA
~ZEEA), OfEB EFEH~ZERED

2) SFEEHBEEEOHELE L @O OB
WoWT
BHLUPTFEE2HAESCET L, KRE L KFR
D2 ARAOEBEER # Y, B ETOR 8 &I

Dorsal

®

Volar

©)
Fig.1 Dimension parameters of the metacarpal
heads.
End-on view of the metacarpal head ;
@ width between radial and ulnar tuber-
cles .
@ condylar articular width ;
@ radial condylar height :
@ ulnar condylar height ;
® maximum height of the articular carti-
lage ;
® oblique length A ;
@ oblique length B
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100 !
n= 16 ~ 23
z
z
S \ / x
X 12 n
A-P view articular surface

Fig.2 The positioning of the metacarpal head.
A typical spacing of the digitized point is
shown.

AL, Wiz, BEEETHFEFEMEEEE O
HxE PV —RL, BoN-BHEHITEHEE 5 mm
THE, U AR 1L D 16~23 AOFEEHIE %
To7.

BHEEH L — A G oROLRELEDO LR
3 AEMIAERL, 2 OF DK #&t¢u®ﬂ§é
SMOPREAW BT HEAEE Ui, LEOAEI X
0, HHEREZ L OMERE & ERPOOME %5
#HL, FV—ALLBESEOSRC DD BEEPLO
M EEE L (Fig. 2), a6, BEBHEE 3%
5L, RARFECIEER - PR EAl, ARFETRRA-
¢% B DWW TEE SR O ELE E KD,

RECHEL 2.

@%@@ﬁ%u,$¥%§m%zm,m¥ﬁmxw
CZETESNAE, RERER YE#E ZETES R
DHEE LTz, ZhENOERMOEDAEE, X #id
R, Y EIEEM, ZENGERIAECERE L .

i, REREOBEKELRL 0o, REEERY
B oBEEES &« RASETOER CGEFRIREHRER) *
MM 100 & L, ThZNOHBEERHENEL LTE
A YA

# e

1. HFEBBEEOKE S

BESHEA 52 F 208 hFEBHE» 5> OB IS HIHEE
o, BAETEREROAEE, PSR ERAMZEOKABSR
PR T (Table [-AB,C), HWREIMEEIHEIERE, =81
OB AR, B RARED 3EE W,
FEERBEOKNESEPRIEET2HELSTETH-
fo. A% QAR DV CERIREEEIR 2 Hi
UM E LT, #hZnoitiliis®d &, LA

e

Table 1-A Mesurements of the width between
radial and ulnar tubercles.
(Male: 36 hands, Female: 16 hands)

Index Middle Ring Little

Male 15.7£1.215.2£1.2 | 13.5+1.1 | 13.0L1.1
Female| 13.8+1.0 | 13.5%0.8 11.9.5:0.8 11.340.8
Total 15 2+1.4114.7+21.4|13.0+ 12.5+1.3

(Mean+standard dev1at10n unit: mm)

Table 1-B Mesurements of the condylar articular
widths.
(Male: 36 hands, Female: 16 hands)

Index Middle Ring Little

Male 14.2+0.8 14.2%0.8|12.2:0.8 | 11.6%0.6
Female| 12.8%1.2 | 12.4+1.0 [ 11.140.8 | 10.6+0.7
Total 13.8=1.213.6+1.2 | 11.90.9 | 11.3+£0.8

{(Mean *+standard deviation, unit : mm)

Table 1-C Mesurements of the maximum height of
the articular cartilage.
(Male: 36 hands, Female: 16 hands)
Index Middle Ring Little
Male |15.3+1.1|15.5+1.0|13.60.9|12.6%+0.9
Female| 14.0+£0.8 [ 14.01.1 [ 12.4+-0.8 | 11.5+0.5
Total [14.9+£1.2|15.0+1.2 (13.2+1.0|12.3+0.9

(Mean + standard deviation, unit: mm)

(B K B o R MEE S HIRS SR IR ) 12 0.91+
0.07~0.93+0.06 &7 Y, LB (BAEKBERAME
EEIFE MR 30.99+0.07~1.0320.07 OfE &
wo7z(Table2). A 38X ULtk B OESIEOREE
PO SETREI-ENETHE I s, FEFEHHE
DEANZIIEME CHI LEZ6N05E, 72, H
e Th 2E0 5, FREHHER IIPFEEHOKX
EAERITRBEL T LI EHAETH B,

FRIFESEEES BT b, TESRLAEL,
thig - BiE - MEOIE /NS WL B o, BIgX b

KHBCBEOAIAE L (PL0.01), 0T FEF
BRIZ4ETRTOETHEEDON 8 - FOX
ESThHol, FNEAEZER DOV, FEOAETF
R EL (P<0.05), fiodds - Big - /NMETIEE
EEDTDIRINo T2,

B OERISHRERORE[E : RT3k T
KT &, Bk bichigiz 0.97, BIEE 0.86, /N8I
0.82 &% D, RIEOKE S IFPIBIEL, £, B
MEIIEWKE S Tho e, ThHbs, BFEEEHE
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DEXRLRES PSR, 78 - FIEE LB - /B Table 2 Mesurements of the condylar articular
DR AKRIE Tz, width and the maximum height of the
o re . i . N articular cartilage. The dimensions are
wic, BRBNEE ORI E LT 5 720, all normalized with respect to the width
EFNZTNOEC DT 7THE OFHIFKER 25T L between radial and ulnar tubercles.
7z (Fig. 3). BARTHAEMOLMRR*FS T 57 | (MiesiG hands, Females : 16 hands)
o, WHRKEEEEr S IEOREBL L, ZAZTAO | Thdes || MMddle | Ring, | Little
BIEEEOEEHENEE LTER LT, ratios A 0.91%0.07(0.93+0.06(0.92+0.07(0.92+0.07
ratios B ‘0.99‘*_‘0.07 1.03+0.07(1.02:£0.07|0.990.08

BIfisCEE % i T 2 &, RBREREANIRE T — —
_ (Mean+standard deviation)
HHOIL, TIEL/IMERE b RESIESETH
D, BWiZSERNERICH S, MHMRTHE T2 &,
I EAHE A (FRE~SEH) OREEIASHLO ratio A=—the condylar articular width
L, MEAIE B S HEE~ 5 R 53k & < 7 - the width between radial and ulnar tubercles
Tw5, HIEOBMRERE I, = REOPMIYL tio p = the maximum height of the articular cartilage
A ratio " the width between radial and ulnar tubercles
Eo, BARELRAMELZLE T2, B
BIFE REGEE) &, THETI1.02£0.06, Fi5R

Dorsal Dorsal Dorsal Dorsal

Volar Volar Volar Volar
Index Middle Ring Little

Fig.3 Schematic presentation of the articular

surfaces.
End-on view of the metacarpal heads.

50 1ndex - Middle 150 Ring 1 Little
188 1e 1 18
-] 58 ] e

] 8 ] e

[] ® L] ] -] ] [} 58 ] ?
Rediel Ulrer Radial Ulrer Radiatl Ulner Radial Ulrer

Fig.4 A typical instant center pathways for a 60 -year-old women, right hand, in the transverse plane.
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0.93+0.05, B4#512 0.9620.04, ZMEIX 0.98+0.06 T
HY, REOHBRAMEOHPKE L (P<0.05),
DRfE - BHE NMERRBBEO /I BKEM > 7 (PL
0.05).

2. I R T O &R 4 B Y R
L DB

EHIE I A S O MR E &, RIS T
ZbELTELE,

A)  JKFEH
MR OR(LOR > 5, g - IMERE
e BUEH O 2 ORI AT B LT E L, B,
tro, RO 3 S CHHMBLERLET 2 L, &
TR, METRRBIOELHELENKE» >
fo. ChuEML, g - BERE bR, R, R
folTH Y, He RAIOFHHELEDEI/NE
<, P BRERAANTRGE W TZEORE R L I,
BTG OTBRC DV T b, RS - MERE & thig -
BIGHO 2 BB TR, B EOLE LR
FIERTHA T H 2 EEMSE Sh i (Table 3, Fig. 4),
B) &M

R, R, EEO 3 S CEHBER T
L, BTENOEWIKBLTHHRRFHVH LA E L,
A, BWROMRTH - e, E7-HETE, Bl ZE
DOFHGHBEEBEZL <, 1AV ETH 72, Ih
&, TIEASURIE, B, /MR ARISE VT
THBIEERLTWVLS,

WO OB Ty, &8 - T - RIS EROT
CNCETT BIEE LA SN TH, IMEKK DV TRIFE
OERM & & o7z (Tabled, Fig. 5),

HOE M

% =

tbOFOBEEEHTHD, F< OBEIBERY
WHB L Tl o»RIBOMEETEEICL TS, £ b
DOFFE ORI » 7 BGERT 2 L 3 h
%%, MP BYET & [P BffiE = 0 2 1 Ihsz U 7 B i o3 ey
BETH D, KIBIMNET I dh TR & (R EIS  Bh1E
DEOHBRHONDE Z Ehs, FROBMIZEMZY
VOB W 2B,

Liedd- T, FHMEESOBME 7LV EERT 27100
WA OB BN LB TH B, T
T, TP FYEEOBEEERIT o 70, Bigie D
W, BRHERC S ESRERIC b 4 ADfEE A B

Table 3 The average radii of metacarpal head in

the transverse plane. The dimensions
are all normalized with respect to the
middle area.

Middle Little

Radial .1.16:: 0.28(0.7720.18{0.81+0.25/0.84:-0.14
Ulnar ID‘84:: 0.12!}0.76i021 0.69+0.14|1.07+0.37

_Index Ring

(Mean *standard deviation, the middle area=1, n=

12)
Table 4 The average radii of metacarpal head in
the sagittal plane. The dimensions are
all normalized with respect to the mid-
dle area.
Index | Middle | Ring Little
Dorsal [0.75:0.12[0.90+0.16[0.750.10[0.64£0.10
Volar 0.7620.0910.90::0.17]0.83:20.120.66 0. 10

(Mean +standard deviation, the middle area=1, n=

12)
1ndex Hiddle Ring Little
168 168 19 158
1. 18 100 19
[
[ | L ] ) -
L] [ ] [ ] ]
[ ] [ ] | - ] [ ] - ] ] 58 ] ]
Dors! Uolar Dorsal Uoler Dorse! Volar Dorse) Uoler

Fig. 5

A typical instant center pathways for a 35-year-old men, left hand, in the sagittal plane.
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B % 7z DS EIOPE S EFR L7z,
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3 (B 4) OFXEDBIM).
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HEY 2 HESERETH B85, FhiEHARERD
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MPEfio oy > 7S T 5 L b Ty 3R
TEHBEAI O BRI, HROME CHITEFE LT
BEEEZNLTWS, L2L, SEOFHEE T,
BERIREEE L TORE TR, TFEEREES
BTOERHTH-72. ThbL, FRIDWT 7HE
DFFIFER % Fig. 6 WKL L 7228, K ETIEE
WA ORH T shizys, HRART RS ARERKEE
BrleLT, MOBEREDEELTEL T3,
FHEA (FRA~ZER) C4F B (FEA~2RA)
R T2, HobKMAEADABWKEL (PL

1.0
Dorsal

Volar

0.9

Fig.6 Schematic presentation of the second
metacarpal head. Measurments of the
parameters were compared with the width
between radial and ulnar tubercles.
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0.01), ZOLTX1.2220.07 (n=52) &k oz, &)
iR EE 2 MALCEBL, 7 OB S ORI
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Primary Correction of Clinoarthrotic Deformity
in Thumb Polydactyly

Shinya Fujita, et al.

Department of Plastic and Reconstructive Surgery, Tohoku University School of Medicine

In the last ten years, out of about 80 cases with thumb polydactyly which were operated on in
our department, 24 originally had a clinoarthrotic deformity at MP or IP joint of the reserved
member due to obliquity of the joint surface and asymmetrical bulging of the head of the joint. For
these cases trimming of the cartilage of the head of MP or IP joint, or wedge osteotomy at the
subcapital region of the metacarpal or the proximal phalanx were performed in order to correct an
angular deformity at the time of primary operation in our department, and the results were analysed
and reported.

These cases were divided into four main types. Type-A had a common epiphysis at the basis of
the duplicated distal phalanges. Type-B had a large head of the proximal phalanx which had two
joint surfaces facing each of the bases of the duplicated distal phalanges. Type-C had a large
prominence on the radial side of the proximal phalanx which articulated, sometimes cartilaginously
united, with the distal phalanx of the radial member and the distal phalanx of the ulnar member
deviated largely ulnarwards. Type-D had the same deformity in the metacarpal head as that in the
head of the proximal phalanx of Type-B and sometimes the bases of the duplicated proximal phalanx
fused cartilaginously with each other.

In Type-A an excessive portion of the epiphysis was partially excised to centralize the base of
the distal phalanx. In Type-B and D the cartilage of the joint head was trimmed to a neccessary
degree to centralize the base of the phalanx. In Type-C a complete excision of the protruded portion
of the joint head or wedge osteotomy at the subcapital region with minimal excision of the protrusion
were performed.

In the cases of Type-A, B and D, alignment and space of the joint were well maintained during
a period of follow-up after surgery. In two cases of Type-C treated with excising the protruded
portion of the head, bone absorption of the head was seen after surgery, and narrowing of joint space
and unevenness of the head were remained. On the other hand, the cases treated with osteotomy
obtained a good alignment and outline of the joint.

In correcting an axial angulation a minimal excision of the joint cartilage may be permitted, but
osteotomy may be a better method than an excision of the large portion of the joint head.

Key words : thumb polydactyly, clinoarthrotic deformity, operative treatment
Address for reprints: Shinya Fujita, M. D., Department of Plastic and Reconstructive Surgery, Tohoku University
School! of Medicine, Seiryocho 1-1, Sendai, 980, Japan.
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RHESIEE I 13 Wassel 1o & 2 348Y B 6 A 2
NTWERN, ZO7T20FBMEHEO>HOERMBH L 2
EMHIGNT WA, BEILOHBOROZThEF R
T 5 FMES—RIELINTH BRI, £,
METS CWE - BEER R L b S fHEEEL, ¥
EAHBOMNE D B THROBMRE SR R HICT L,
THAFEMC B TE B WREE N Z 28RS 1300,
bhbhizZ O 10 FEMH 80 BIDSIERE % FMTL 72
25, ZOHRTHMENCE - SEEOERK &L 23555
EELLZHOBHIADICDIES, IheDd>BY]
BFMMC BB TE BB ONEEZHA L 72 24 IERIO&H
RBieonwTHEdT 5.

T~
A

Sﬁiﬁl -d>
Type A. Trimming of the hase of
the distal phalanx.

Type C-1. Trimming of the head of
the. proxima! phalanx.

Type C-2. Osteotomy in the proximal

phalanx..

iE Bl O B E

SR &7 BRER 3 IREB R R b OT, S, BE
OBBRRICTT L3, FELTL4D2DOHDLDT
Hotr (Fig. 1),

ATKREHOS S, BERT ZREOESLBOERE
FoboT, MXHORHSEAT 2HEANHEL, 2
BlpsZ ML L7z,

B RKEHO>H, HEEOKESDES VS, H
HEEOFRRSERL T, EHESE - REESK
KAWIET A LD _EEERFO2LOT, SHICRS
niz,

C:HKHHDS b, —HDKREEOEEHBTRT, fi

Type B. Trimming of the head of

the proximal phaianx.

Tyve C-2. Trimming of the head of

the proximal phalanx.

Type D. Trimming of the metacarpal

head.

Fig.1 Types of polydactyly and their operative

methods.
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T OREF 38D 5 DIRUASHE L L DT, 35K
D2oOEHN5,

C-1 ! KEBOEEST2ZOH 20, FEH, Tl
HEBHEDOLBEMNEL, Z0kH IPEKOE s 8%
NENELBLOT, 4BlH-o7.

C-2 | REHCERT2DH 20, FHER, ©IP
REFPEHCRETEHOT, 5BlH-T:.

D:hFEBENBIBT 3L TEM > T
WELOT, SEHMBINIEHELEL, INZIF2HDL
bWiAZFEABOL O E T h, HEEELHIHE
MG L T,

B, CHRRBIIHO X HETIHEEICKR LEw,
72U, BRI@ IP Bfi T REEA L BHR &
o E R B E S Ak, FCHTR 1EOE
EOKREEN—BI/NS, REDI & SHFIHNTE
ERTDTH B,

Fifixix (Fig. 1)

MR E RS TEFITER 11 B 185 AR
Fyani,

AROENH LTI, BEA20H 5AI0OKREFH
VIBR &, FE T 5B I3RTE S ¥ 2 RETE OEE %,
BB O N BB 2 LB R/ NR OB E W YIRS
3 REB TR,

BRTRRET 2REE 2 PORCBET 5720,
2 D OREE OM OBR DT HMEF I 2 212 T
Bahi.

C-1 Blicxf L T i, YIRRIBICNMmT 2 BHIFES
BYIBR L 728, BRIEE AT 4 EESEOIERIE D <
T30 T BEOMERLEER T L08DH 5,

C2BR2BEORESES NI,

58105 LHHADED 2 Flicf LT3, BEEE %
—HEA TUREAMOESREFEHEELVIRL T, RFE
DEMERET 2 FEMMTh A, BY O 3FLxt
LT, EEEEHOMERKELZURT LI %],
HAE ORY TOBYDMIC L » TREROEMERE
EULT.

DR LTH, EROWBEUEREH -2 DT
BonsginL, 25 BRI BT ERABCHF
BEHEOBRR OB U L CREROME*
WEL T,

ik R
EGIMH 6 » B o 5 4, FH 26 ABHah

- i

FOERICOWTAN»S DORBICHMER S /2 135
B H R FIRL B 5k 5,
AR 28 CRIPHEEOREZ L SERIAE
7, 1B TRbLT LR EEL .
FEFIL AR, £ 135 RTEMS K, Fig 2 5134
%6 » AEORET, BRAEER L2208, 1P BT &
CHERaNL TV 3,
BEOAFTIEWTNHEHOEE L &L, Mo
i X,
fEFI2 (B, £% U BOFMELMEB 780
X g&e, IPEEIRL <R ah T3 (Fig. 3),

13 months of age. 6 months after surgery.

Slight ulnaer deviation
was seen.

Fig.2 Case 1, Type A. Trimming the epiphysis
of the distal phalanx.

14 months of age.

17 months after surgery.
Alignment at IP joint was
excellent.

Fig.3 Case 2, Type B. Excising the radial mem-
ber and trimming the head of the proximal
phalanx.
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C-1HMD 4 BITRBEHOLE I WS, BEHEKED
T x SRS 57012, [PEAKOBVRERMERT LD
BH o7,
fEFI3 1 C-18Y, 14 ADOFMEF LMk 184 AD X ##
BERL M, 2 OFITIREVEIEHRA 27 L /- (Fig.
4).

C-28TiL, BEREON) S > 7 %7572 28013
WL BEEHREOFE & [P ESOEMEEHRE L
7288, BYIOMT 3 S EE, BASIEIC L S BRES R

14 months of age. 18 months afteer surgery.
Slight ulnar deviation

was seen.

Fig.4 Case 3, Type C-1. Excising the radial
member and trimming the head of the
proximal phalanx.

17 months of age.

13 months after surgery.

7o, 2HITHEOKRE, MOKEX T 25521320,
fEF 4 1 C-28, 17» ACEETRTEBRAER OYUIR
CHEEEREO M) I L EBTL, ik 135 BB
F U5 ED X HECHMABRIIREIN LY, BERK
HFTETHZ (Fig. 5),

FEGIS 1 C-28), 14 B CRAKDFEMEIT L, Witk 1 »
BE2@RXTH»oFig6DFROL I FELULDE
T HBEL, HfiksETIEFigoDEOL > CEEL
fes, BEOER KL, BEHREREEE RS
nTwns,

fEF 6 : C-2 8, &% 18» B CEHFREMTOEYID
MEITL, Mk 18y A THEIT L EFEan, #
b L (Fig. 7).

D ROHFFBBEHOEEIS OBE 2 UIFR L7 84
T, WINLEAMOMME L EE IR L CERFIALTY
5.
fEG 7 © D4, WAIOEMEEREL SRR RS
LiebDT, £ 115 B TFEML, Mtk 13» B CHEHE
& CERFanTws (Fig. 8).

% 3

BHESIED > bMATRHEE 223 24112 1P %
7z 1d MP BE&IE LTI 3 2 a3 E T, Marks 52 13
BIEIE OMNEOBE: £ DI, FOEMEERD
YIBRER/N & 72 WAL OB YT O T &R T 08, 20D
R L TIRFMOES S PMEEEOL» S 3R

5 years after surgery. Irregular
outline of the head of the proximal

phalanx and slight ulnar deviation
were left.

Fig.5 Case 4, Type C-2. Excising the radial member and trimming the head of the proximal

phalanx.
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16 months of age.

2 months after surgery.
Bone absorption of the

5 years after surgery.
Irregular articular surface

proximal phalanx was noted.  was noted.

Fig.6 Case 5, Type C-2. Excising the radial member and trimming the head of the proximal

phalanx.

18 months of age.

surgey.

Immediately after

18 months after surgery.
Joint alignment was exellent.

Fig.7 Case 6, Type C-2. Excision of the radial member and osteotomy at the proximal

phalanx.

FEID TV,

HIE S FEROTEET Y, FHIREHAE 6 » Ay
S1EXEHEL T2 X5 ThEY, HEHEOY]
BB R & vaos, BYID MBI T B AT AT Eh i 2 R
BErELILZERRRT 3,

bhbNOSIBEEFLE L LTIk 6~125 ATFE
M bOBH VS, TOWMEWBY B L D REH
TEMTRTIC 3 5 72 BIET AL ORIE R 51 5 72 038 £
FTHRESN, 13~185 AkFMahr, FHO®HS

DL b AHTH Z ORI BB AERES ST T

Hoitz.

MEOZE»SR5E, A, B, DOKHIcDLTIE
BEHEDOEEDN) I I TRIFEAVERE IR
gaxnkbolz,

C-1, 20BIZ DWW T A B &, BfiEEOYIRIC L 5
THER 4,5 W B 2 & 5 W EEREG OFRIELBEOF
EINASE C B EIReMDSH 5, —K, EF6 BT 5 &
5 W BF e RE B VIR & B S ERAT £ B0 D i
Lo THBEET-1HE T, BHREI L CEESQ
MBS E R 525 @bz, 65T, &
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13 montns atter surgery.

11 months of age.

Fig.8 Case7, TypeD. Excising the radial mem-
ber and trimming the metacarpal head.

DR OB E FEVOMOAB L L Ebh 3,
Ed & )

BHEEF O & - 1 BHES B LT, HIRFHEF
RAEECE YT & 7 W BYI D i & - THMEDEIE %A

&, BEETHCE OB NEE T HhNITHR I W B D5,
T S OEE R R TEISH D, VIO HE
PO I 37 A Al

(KB OESIHE B EIHEFONBIFESTHERL
72)
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Clinical and Operative Finding of Ganglions on the Radio-palmar Aspect
of the Wrist Joint and Results of its Surgical Treatment

Kunitoshi Ninomiya, et al.

Department of Plastic and Reconstructive Surgery, The Jikei University School of Medicine

Ganglion is the most common tumor on the hands. The retrospective study on 72 volar wrist
ganglions and the results of operation were reported.

The average patient age was 32.9 years. Mean follow-up period of 52 hands was 14 months.
As for symptoms prior to the operation, 229 (16 hands) had pain, 8% (6 hands) numbness, and 709
(50 hands) had only cosmetic complaints. The average tumor diameter was 16 mm. Z-incision
were performed on 48 hands, transverse-incision were on 16 hands, and vertical-incision were on §
hands. Eighty-six comma one percent originated from distal end of radius and radial proximal
carpal bone.

As for symptoms after the operation, 9 hands had sensory disturbance, but sensory disturbance
disappeared after 3-6 months.

After the operation, the recurrence rate was 9.69. But since by using Z-incision, the recurrence
rate was 09%.

It is concluded that the results may be improved by experienced sugeon and by a wide excision
around the ganglion using Z-incision.

& L & REHRCHER

Hy VA EREEE O TRELEENS
<, FESHCERET L. FHEBBEROY > 7 ) 4
Vi, FMCEBUBREBTIR, SBEMERR, Eheg
HESERESNSZE, £REHT LI L oREY
WEMBTbhA TV RLESITHS, S0, bhbh
MR RE L2708 - 2FOH 7 ) F
VDWW TREE T 70T, ETOXHMAER M
AHET S,

1980 £ 1 A~1990 F 9 B & TM 10 E 8 » A,
MERICFMEIT L IFHA > 7Y 4 13 200 BT,
205 b FRMBREACEE L LD, T081-72F
(35%) ThHsb, BLLITEE 26 - 23F, ik 48
B 49 FTaMENTIZ2ETH - (Fig. 1), F77,
FHMUF, ERFTRIZEHTHY, WHcHshR
D 2HITH > To. BEESE, 20 T 23 HTHED
%<, 2T FR, 0 FRESh -7, FHESR
32.9F Td o7z (Fig. 2), MATOEHEZ, EEsd-

Key words : soft tissue tumor, wrist, ganglion

Address for reprints: Kunitoshi Ninomiya, M. D., Department of Plastic and Reconstructive Surgery, The Jikei
University School ol Medicine, 3-25-8 Nishi-shinbashi, Minato-ku, Tokyo 105, Japan.
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b D16 F (22%) ThHH, FRBOERMOS V7
DVAVKHBLTERERHILZLOBENE DT
h, ME, AXR—VIEBLTERERI L. LUAR
DB ol b DIk 6 FCOERBERRICHEE, AR=—YT
LUNBASEE L7, B 2 @R ERZ bR

50 FTH o7 (Tablel), BUEREE & L CHETICERN %
ZF b D21 B, ERENIL D26, BRALEYZ
Fb 03P, FHEZT L0 28 ThH- 72 (Table
2). EHEOKE 2L, 20 mm LIRS 44 F-61.1% & ¥
B L% L7z (Fig.3). 7061-72 FOEYIE, Z1K
F—48 F, MEYI—16F, HFY—8FThoie
(Table 3), FAEBAIT DV TCEMTEL SBETL T

25 soge f iy - SpEm gL i
A% &, BEEM BN FRE ST 2 85%
| o DRENS L 59F - 2% TH o (Tabled),
2 ‘ wn retrospective % Ji%E M 7z T4 L D WH SR = 1
- D Feraled
E '
1o TR | mean 16 ma
7
5 |l [ ]
e .,
‘ e
{ S
lm w90 om ]l 2,
0~ 10~ 20~ 30~ 40~ S0~ 60~ 70~ i
YEARS ;
=
Fig.1 Age and sex distribution =
10 —
Table 1 Pre-operative symptoms
Complication Number of cases (%)
Pain | l6cases  16hands  ( 22)
Numbness 5 6 (8 5
Cosmetic 49 50 (70)
Total | 70 72 (100)
Table 2 Pre-operative management H
Past History Number of cases ~ 10 ~20 ~30 ~40 (mm)
Dlglt.al Pressure 2 TUHOR DIAMETER
Ointment 3 Fig.2 Size of ganglions
Times Cases
1 9
. 2 5 Table 3 Incision on operation
Punction F—
3 3 Incision Number of cases (%)
4 4 Z-incision 46 cases 48 hands ( 66.7)
21 Transverse-incision 16 16 (22.2)
Operation 2 Longitudinal-incision 3 8 (11.1)
Total 28 Total 70 72 (100 )
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TWRBEDNBHLE>TWnS, BEEREFE LT
WRLDRILFTH, BEDREBEE L5280
olzb DR 2B TH- .

BT DES

B EAMTEETH - 72D 70 Fich 52 F - 54 FT
Hole, EEHARE, BE3 2 A, RER10E2 » AT,
EE1E2»HTH T2,

HOE OB MW

EBIHFHEMTFETH - 72 52 Fo - 9. 3R WCEHI A
shtz, BRLULEFORTICOVWTHS L, fEY]
2F, MEYI3FTHo/e (Tabled), FEZAL,
radio-carpal joint 4313, . EPB (Extensor pollicis
longus), APL (Abductor pollicis longus)® tendon
sheath 281 F ¢, 3FETETH- 2,

FhiroBFRETOPMBEE2 »H, B#E2F
32ATH-T.

MEORKFCODWTAHAS L, FHEMEALZDIZ]
PITF =AY OEHBERONE LD L THS

Table 4 Origine of the volar ganglions

Radio-carpal joint

Radio-scaphoid Lig. 9

Radio-lunate Lig. 4

unknown 30
Scaphoid region

Scapho-lunate Lig. 6

Scapho-trapezial joint 1

unknown 9
Distal radio-ulnar joint 2
EPL* tendon sheath 1
FCR** tendon sheath
unknown 8

) Total 72

*

Extensor Pollicis Longus
** Flexor Carpi Radialis

#B

Jo. WEOHMERE L, IFHLNTN, £Fl,
% 3~6x BTHE L, FEHOEHFRLEL D
Didis oz,

% &

H ) F »OfFEREIL, retention cyst, WD ~
V=7, HUEES, SREEESOLF UBRERRED
HHinh s, SETE, Carp itk > THRES N8
HEMERRRR D b F VEMBDL SR ANRSGN T WS LD
TH3,

BWEEOHT > 70X i, T FHEES 7Y
D3 b, Posch'™ 1330 Fish 5 £ 16%, Nelson'?
13 543 Bl 17%, Angelides” i3 18~20% L AR T B
D bbb OEED 1968~1978 £ T 10 FEMDH
O TH 131 Bl 22 B 16.8% TH Y, Kk 18%HI%
#hED 2 L5 TH B SEOHE T 200 B, 70 Fl-
BR LS E TOMENCIK L TRERFY 7 ) 4

v OREIOIC SBREEIR, BEWRE, EPHE
OO NETLTBY, FiliF, Jh s OEE il
Lz, BREEBCITEASZVEEINT &,
Zachariae' {3 30%, Greendyke® i3 30-33% & 7k ~
TH O, fh Jacobs® it 71 Hlloh 28% DEFE ZIRE L
Tw3 (Table6). Z/z, 71 fld 28% ik DMIEE
EhEBIEBRRTHD, LhL, ZOWOF 7Y+
Vi, FREHEROL DICHANTHERPAR—Y TE
BEABITHONEWVESITHDE, ZOFRRELT
Zachariae'® B4 v 27V & V0 X 51, B, BEOE
BEHITT D, Jacobs BEBOAEKLIILLD
11%, BREBELORINBD 726 D 31% Lk~ T
BY, bbb OER TR 2YNEEFELFHFL, FTME
FELI.

By VA L OERER, ER, R, gk
WERYIRE R £ ORTERE L FMEESH 5, Holm®
BEB L UTFREEEROL 70 & icnt Lkl R 7
oA FOEARTY, BREE20.6%BLR/EL TV 3,

Table 5 A comparison of the incision and the recurrence rate
Incision Number of cases Follow up cases Recurrence rate
Z-incision 46 cases 48 hands 42 cases 44 hands 0 (%)
Transeverse-incision 16 16 6 6 3(5.6%)
Longitudinal-incision 8 8 4 4 2 (3.7%)
Total 70 72 | 52 54 5(9.3%)
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Table 6 The cases of recurrence rate

Zachariae 30 %
Greendyke 30~33 %
Jacobs 28 %
Authors 9.6%

¥ 72, Zachariae'™ i1 39.6% - BRME%: # 72 L e
LTwa, Lipl, BERBSHREL T LD, B
AENFEUIN T ) F T RIBEBEMNELE LB
DOFEREZ 227 RFRECHE T 2H|E L H 505,
BREREEITHEETHD, bbbz FHreRmEsn
FWEEZDL, SHHED LV IMEERET I EIF
TTH v ) A QEERFER LT LEEERD
L #2 5 B R Angelides V B3 FEEERION
FVEVOFMz S VLA T A v EBEFEEED
TRESMMUERYRT 2 BB EBTHS EH
LELTw3B,

FAEEOAHECEETIR, BEMRER, EF
HEFEEFE OBESET S 5, Jacobs® ik, 28% i IEH
HEEEROMEBERS L EREL TS, bhtb
NOEHFEE TR, MR 9 FICBEEMRERSROHM
HEE 2F 7 SR K L e,

BEER - OFE % A TERNE 15 FCFRMECE
BEREEELERERELS SN DR 2F
TH -tz REVIHE 2 5HE 1, Lister” 12 & 0 M8
CERESERLMEEYRET 2R VERES T
L0, ZOBROBHREL EWHT 2HE A S iz,
N— AT ERRES §HE g, nEELREGT
BlERBIONDZEELD,

FHEHREBOT > 7V A Y OREFLIC DT HD
&, Jacobs® &, 71 #ildr 25 #ii»3 radio scaphoid joint,
13 3 scapho-lunate joint, 11 {5[#3 distal scaphoid
surface ¥ & LT %, % 77, Greendyke® 1 104 #
th 68 %51 (65%) % scapho-lunate joint & % \» 14, radio
-carpal joint »SHEL I LdBRTWE, bhvbh®
FEE T, FIR L 72 & 542, retrospective 2 HE D 72
DFEELAOHAFBHERINTHRELLONBE ko
Tw b8, 72FF59F (82%) K& radio-carpal joint
HEWEAREEA» SRE L2 EELNS, BE
Boflicasnl, BEORRAL UL THEORR « F
BEHRROBERT 5, BN &, —RARE, v 7
Y, FONARIZV—TD IS, IEOMOBE
REWRELFECDH D LABRTE, ki, FEYD

Fig.3 Intra-operative findings: By the. Z-
incision, it was confirmed that the gan-
glion was occurring radial to the palmar
branch of the median nerve and the radial
artery and originated from radiocarpal
joint.

BliFT 2 2505, BROAOKIE, winbi
HBGIIETIETH > e D BRBES, FY 704
VOERRECHETE b oD L EZ B A,
bhbld ZRETYBATERL, BEER BE
TR, EPMETEERERL, V)2 0%
ERRCEET ORFAELTWwAE, ZDLIRH
EERAVDLEI B> ThoEHEERLTWZY (Fig
3).

3 & )]

FHEBREROL 7 ) 4 > 70 8 72 FORKEKICD
W, BEREE 21T o 72 52 B 54 R ORI DW
THEL T,

. FRATI7VA D55 B% % LD BLLE
1:2TH-oie.

2. EEEPERELEDORI U THoT-.

3. FEHEMSFE (9.3%) wasshe,
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Theoretical Advantages of Vascularized Nerve Grafts
and Possibility of Three Alternative
Vascularizations of Nerve Grafts

Akira Arakaki

Department of Orthopedic Surgery, School of Medicine,
University of the Ryukyus

The author studied theoretical advantages of standard vascularized nerve grafts (VNG) compar-
ed with nonvascularized nerve grafts (NNG). The possibility of three alternative vascularizations
of nerve grafts whose blood supply was based solely upon arterial or venous blood flow passing
through the venous segments was examined.

A total of 84 New Zealand white rabbits were used for this study. The experimental nerve
grafts, 3 cm in length, were created in the median nerves of rabbits. The microcirculation and
permeability of the endoneurial vessels were tested using fluorescent microscopic tracing of
intravenously injected albumin labeled with Evans blue (EBA).

The VNGs maintained good microcirculation and viable nerve tissue for a 3-day postoperative
period. The NNGs showed evidence of revascularization in 24 hours after surgery. However, the
circulation in the NNGs could not maintain viable neural cells. The arterialized venous nerve grafts
(AVNG) evaluated immediately after surgery, demonstrated well perfused endoneurial vessels with
severe extravasated tracer. However, subsequently, perfusion was not demonstrated at 24 and 72
hours. Histologically, the nerve grafts appeared to be hemorrhagic and non viable.

Compared to the VNG, the venous flow in the venous nerve graft perfused 69% of endoneurial
vessels without an increase of extravascular EBA. However, the arterial flow in the venous nerve
graft significantly increased extravascular EBA in the endoneurium in 6 hours after surgery.

Since the perineurium has a strong diffusion barrier and no drainage system exists, increased
extravascular tracer indicated that a massive leakage of albumin had occurred. This may cause
severe endoneurial edema and nerve fibrosis. Compared with VNG and NNG, AVNG had no
advantages in circulatory and histological status for a 3-day postoperative period.

ized nerve graft(NNGIC thik U BBSREC BN T 5,

b =
Thbb, VNG BBEERD & MITHR 78k
Vascularized nerve graft(VNG)iF, Nonvascular- HEHETHD, £ELREHEEEY 100%8ET

Key words : vascularized nerve graft, nonvascularized nerve graft, arterialized venous nerve graft, microcircula-
tion, vascular permeability

Address for reprints: Akira Arakaki, M. D, Department of Orthopedic Surgery, School of Medicine, University
of the Ryukyus, 207 Uehara, Nishihara-Cho, Okinawa, 903-01, Japan

— 183 —



184 woE

&, INMBHEROBELI > CHEMC@ <. Zhwent
L NNG T3> > oMEHE»ILR D, 0iTHE
Plan b g oM, BRMRELEE &, AR
VDM F 72 33 £ 75 D fibrous tissue (i S 5
5. Schwann cell O & nerve fibrosis i
BELRMETZEESLDTH B,

I ORI H T & VNG o NNG iox¢ 5 it s 4
DEMEE2TTEOERBERIPMEINTE
Feyoas UL, EEFRRTIC 1 VNG @ Donor site @
RIS, FMiFERE oM s iz, NNGicktig L & o
BEERZO»KRBHRLENL L,

—75, 1984 4£, Townsend & Taylor'® »1 VNG @
ke UTBIRIL S Wz — K OBk & % @ venous
network T2 - J- £ % Arterialized venous
nerve graft (AVNG) & UTRHWTLSE, O HERSE
EREY, BERAICEN TV 2 & DIMEII Bz ahT
&7,

Gu 52 IFRBROEFHMZE & FHITHIR = A%
BRIZ B\ T, T 14 HE OB AR Dv TRSE
L, AVNG Tid NNG izt L, MR fn g, A8
MHREEE, BAFREHEROSTHEREEL T
WickHREL T3,

Z 7z Rose &' RERPFEMR B & UHET 2 2HH
BlRE AV 72 AVNG R FHEL U B R O fEi X
BRI U 2GR GI 2 5E L, NNG 2 WG
IO L EBCRIFRAMERESEONIE LTV,

LU, AVNG 28 VNG & [F]% 7 AR ATARIL % 5 D
7o D ERBHEIE R > S MENIITMR IR, P<Ed
% 3 HMIE NNG &£ 0 b BIFmisH 0, L&
REMRAAREBAETCE 2 Z LK TH 5.

AFEOENIZ, 55— VNG B L UPAVNG 28,
NNG @i~ 0RRE, BEMmiEUEsH202%
BIRBT2ILTHD, B VNG DEETH D
AVNG & FE# I —AOE M & % @ venous network
% Fvs nerve vascularization %133 O[EEME K DWW T
WEtT22eTh5,

x B -

— VNG 8 L 0" AVNG & NNG ioxt§ % B8
{itElc2n»T —

EBRMBE LUHE

New Zealand White rabbit ($83 67 1) ORI
O PHEE L C LR EERLUTO L S

L

72 VNG, NNG, %7213 AVNG 0BT 701 2 {E
L, HGRiREFEDa > ra—nEe L (Fig 1),

VNG (24 30 © ST FASERE T W IE P & 7 O
BT 5 LmEEREY e LT 3om OMEME R %
E U MEOWED&EYIREL, Rk 10-0 1
O kA AL FERES R T o7, EREIEIROM
WIEE - 72 (Fig 1-A),

NNG (1930 : 3cm OMEME R % VNG & R
WE L, ERRHRO B S L g e I8 R EE L,
Rl R R W B 2 1T - 72 (Fig. 1-B),

AVNG (24 3) * 3 cm OMEZMER % VNG & [E#:
WE L, ZOMmE 3T NCYR, XL, SE0m
ERNOBIRA O I3FER L, $BIRE 3 EEER K
TRERICABIE L 375 & O WUNIEY & 2 B 2k - 1o,
TR A 4 IE i R HRER I MR _E By S L 72 (Fig. 1-
O).

#E FNAERE, BRI 6-0 74 O v R CHERIRE
L, fTEERICEFT 2 RS IEREEZ 75 A F v
7 FTFATHEEL T,

A VNG

Proximal |<«——— 3cm ——  »| Distal
I

N f:\ I e o v LL

L / ) J W

A—r“( — ({

\Y) [ 7 [is o

B NNG

Neeel |

o RO e e R
\ — =

REVERSED ARTERY & VEIN

Fig. 1 Schematic illustration of experimental
nerve grafts:
A1 vascularized nerve graft (VNG), B:
nonvascularized nerve graft (NNG), and
C: arterialized venous nerve graft
(AVNG).
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il

1) PIRRAEIEE

BB T WX 72 2REERAE s BEL, FHHEM
BT BB OARMNBIZE 2177, 5B AVNG
HTRMEYEMOBEET A b 2 TLMEYESLE
D72 DEERI LEEEIML 72,

2) BT NT I BEERIC & B FHE

VNG 183, NNG 13, AVNG 18 Pic2onwT, &
FEEREFNIZ 6P T OENENMNE0, 24, 72 BFROE
WLATFO LD WCHNT VT S Bk AVWFEME
fTo 72, NNGOBMEEZ 1 B0HE2R .

10% Evans blue albumin (EBA) ## (5 ml/kg)
E#IRL D infusion pump % A\ 30 5210 THeE
L, 5% 03045%, BHESREEEREHIL L,
MHREARIZ 0% F V<) CEW T 24 R EEE
%, BREEROTOER S mm REYIERYIE L L, @
BREWOMIE S mm 2 O ERYILF & L
ARG B L UAZERENIE 2 1T-7. ALK

TS T & 1 2 7o Nikon BB
T G-1B filter block % 7., BRI Nikon %t
BUgAMSE H x5 (UFX-IIA) ¢ Kodak Echtachrome
films(ASA 200 Daylight) % fvs 7z, #RERAM/INME
DOIMBGEFBIRE 2 2K MANCTEM S 2 728, SRR
AOBYRHBYI A @ DT EBA Ttz & L -
ERAMEHZHAEL, UTOoRX WL Tk Mi-
crovascular perfusion rate Z3R o7z,
Microvascular perfusion rate(%)=
AR O IS RN MmE
SHEIIE & #E O M SR N I 4
TTE % OBAE RN NG O S S8 DEE %
F DEBRCLEREE T LOUTORELR
EL, SHEEROBUTMERER IREACEKB & 1,
EAORBREMS RWEIFH L DHESI AL,
Slight : Evans Blue Albumin (EBA) ®sEv313%
B NME W RR LIMESND EBA g o724 %
WHESTL IS hTrDATH S,
Modelate : EBA oimEsMEH 2R 50 2 BMER

X100

Fig.2 Fluorescent microscopy (x 50) of the vascularized nerve graft (VNG) specimens
examined immediately (A, B) and at 72 hours (C, D) after surgery. A and C: trans-
verse sections; B and D: longitudinal sections.

The red fluorescence (showing white ) of Evans blue albumin was well confined in the

endoneurial vessels (small arrows).

(Large arrows indicate the perineurium.)
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@ EBA 3B i XBIFIHETH 5.

Severe | EBA OFEALZMENFELE X H D MER
EBA L XBIDT &Ly,

3)  EUTERREAW & 5

VNG, NNG, 8L AVNG 0% 6 5t 18 Fhw
W, EEBREFVE 2T DENEFNO0, 24, T2FF
MR I AR AR AR L 72, BRER L 2o,
25%ITNE—NVTNTEREL RS Y ATEELR
%, TRUBBAEBELIZLOEEYIL, P4V YT
N—RE L &, F OEHR L CEEMS TRE L.

¥ R

1) ANIRFEERER

VNG BIUNNGIBWTR2EME : AR
HRBCBEOZENSRE N IBETEE IR 12,
Zhixf L AVNG TRATER I 3B AR A B oM
& 3 EAR L MiEiis D 5 O I b R & nic o8, 24 B
FILARE, tfFs & CEBRMAKEETFGCEIL, Lk
B 1 INfe CRifz s T,

Fig. 3

b=}

5

2) CHET VTR VBRRE

VNG TRXBIOERMEF & A CMER X D 0%
W EBA OFRWEL Tz ah TB D, BIFRIm
THBRINTO B EERL TN TR 72 HEET
Y BIF2IM{THME N T v 508, IES T EBA O
WHE IS 51, HEAME O EBA k¥ % mod-
erate z MEF AN D TESTED 517z (Fig. 2A-D),

NNG T, i 24 BRI 33 T iR P
BROEXTH S h, EFOMTHERSATHS
ZEERL T R 72 B Cl+49 2 T oER
BRLENTWIY, BEMEOMEERMEIZTEL T
w7z (Fig. 3A-D),

AVNG CTiR#fiE#% & H EBA OFRVEHYE I ME RN
et DX B D R WiE E Endoneurium 2412 Lad
Y, Severe Z MEFZBUFENTD SNz, LoL,
24 BB RS CumERBERFVELE TS
NBHZ LR, BEASHBENMDTIREH®RZ TWE
ZEERLTWwi (Fig. 4A-D),

Microvascular perfusion rate ® O h, 24h, 72h %
OB EHBE, VNG TERFN102+9% (Fig=+

T Ty e
_‘.:h

Fluorescent microscopy (x 50) of the nonvascularized nerve graft (NNG) specimens

harvested at 24 hours (A, B), and 72 hours (C, D) after surgery.

The NNG showed some evidence of vascular perfusions within 24 hours postoper-

atively, and was well revascularized by 72 hours with increased extravascular fluores-

cence.
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o

Fig.4 Fluorescent microscopy (x 50) of the arterialized venous nerve graft (AVNG) specimens
immediately (A, B) and 24 hours (C, D) after surgery.
In A and B; the endoneurial vessels (small arrows) are perfused with Evans blue
albumin (EBA), but severe extravascular fluorescence is seen in the endoneurium.
Subsequently, in C and D, no endoneurial vessels are perfused with EBA.

SD), 105+18%, 71+£35%, NNG iz 8Tl 0%, 32+
12%, 77+33%, 23t L AVNG iz B WTid 144+
27%,20£30%,0.4£0.6% L WO EER LD, AVNG
T 24 RDIR W T M % T 2 2 L 238 - 7 (Fig.
5).

MERCBY ZMERANEZBERHEKT 5 &
VNG T it + X T Slight & 72 Moderate T &% b,
Severe R BESRRT I 3 holcDI L,
AVNG T i3 67% (4/6) T Severe R8T H 0,
AVNG i3 VNG U BE~NERICMEZBEITTES =L
7z(Fisher’s exact test, p=0.03),

H & E B 50»T, VNG ¢ 72 B o
B O IER IEPEE & AR CHZHSHROREGIER
H ool (Fig 6-A). Zhwexfl, NNG T3
24 FEf ARt A e o &5 (REaM oET &
E) *BHO VNG L iZH e i B 2R EEL Tw
7z(Fig. 6-B), AVNG Tl & 5w EBLZELIED 5
h, MEANHMSHEEZR»>E£CTs D (Fig. 6-0),
& 0 BAR i MR DA (DK, REMET,
fragmentation, pyknosis) 2388 58, ZN5DRFRE

160
140

120

80
60 -

40 -

Kicrovascular perfusion rate ( %)

20

POSTOP PERIOD

Fig.5 Percentage of microvascular perfusion of
the endoneurial vessels.

BHIEESEE TR T 23D TH -7 (Fig. 6-D),

3) WUEROBRERER

VNG CRITER TREE IR 08, W7k 24 B
M E T Tt~ OFHE O EREEE 1 L35 S 1
Wit iR B2, 2EBETEI LS OEL
IFHESEI B XU Waller BHRREI DED T W3
ZEERLTW (Fig 7A-C),
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Fig. 6

hematoma)

A : vascularized nerve graft (x 156).

preserved in the VNG.

B : nonvascularized nerve graft (x 156).

Longitudinal (A, B, and D) and transverse (C) section of the nerve grafts at 72 hours
after the surgery stained with hematoxylin-eosin.

(arrows; perineurium, stars;

The perineurium and endoneurium were well

Pathological changes (pyknosis or fragmenta-

tion) in the cell nuclei were seen in the NNG.

C (x 50) and D (x 156)

. arterialized venous nerve graft.

Severe hemorrhage was seen

in the endoneurium. Cell nuclei of the perineurium and endoneurium showed severe

pathological changes.

Zhzxf L, NNG TRITEHR TIZ VNG LERK
EXRBEEERD s, Tk 24 RFRTE £ D 8
BECEBR OB, 72 BE®C ISHEEfhEDIE
Wik, WEBHR s (Fig. 8-A-C),

AVNG BWTHINSDELR S b FELL,
MERE L D OMEAHIC X 5 ME, #EARN
& DR HSERE & o 7o, 72 B 13 B
Ik g 1B FERL, BELCREBELD, 8
ze¥a{k, L, myelin debris Tz a8 nLizRiE L 2z > T
7 (Fig. 9A-C),

£ B — 2

—ROZRR & # D venous network D& & FAv> % %
W EEAEOTEE DV T

ERME LU FE

EEF— 1 L[E#EIZ New Zealand White rabbit (}&
Ft 27 ) DA OMALIE MRS & U L FEhEikE
FALUTOL I R=Z20FEBEFNVE/ERL, HR]
oy ro— e UTERER- 1 THYW VNG £
LI, (Fig. 1), 2BEERETNVOLRIEMER L,
T&IROBECS ) E R L RE L 72,

Vein-Vein-Vein (VVV) nerve graft (6 3]) : 3cm
DIERES & U ERB#ERE VNG 70 & FFR
FEEL, MELRE TR, FRel, BREEET
PIMEEL 7, Bk intact KRoTe g x L LA

(Fig. 10-A),

Artery-Vein-Vein (AVV) nerve graft (123) :

LR L ERRICHRIME R 23 bk, T OWMEETS
WA, KERL, WERRS, BRTER%, Ao
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2 RO S O AN
=, Q»ogm’ SRR
SAE ST OSSN

Fig.7 Light microscopic findings of transverse
sections of the VNG at 0 hour (A), 24
hours (B), and 72 hours (C) after surgery.
(Toluidine blue stain, x 160)

In the VNGs, Wallerian degeneration star-
ted in 24 hours.

_ a2 RO =G
O5G &%\QQO%‘?&%%Q

h o AL~ ) (,Jyd‘ NS o =,§
s e a R S s
9,

X I
R O @Odabt-

20~ SN
_gofkf«:£>§§xg

Fig.8 Light microscopic findings of transverse
sections of the NNG at 0 hour (A), 24 hours
(B), and 72 hours (C) after surgery.
(Toluidine blue stain, x 160)
In the NNGs, myelinated fiber collapsed
their structures in 72 hours.

Fti i3 L BEEDAR &, AL O FRIRS & MEREIR & WA L BAEADHCEEMERY 21T, ER-1 LA

7= (Fig. 10-B).
Artery-Vein-Artery (AVA) nerve graft (9) :

Microvascular perfusion rate # & U#EA IS 358
T OIREE % HEE WA FEG L 72, 72 ¥ microvascular

EE— 1 TRV AVNG = F v 2 ERL 7 (Fig. perfusion rate [AN O VNG o5 2R TR L
10-C), 7z,
& i i 2
ERT7FUERER W EBAB®R ®HE L 6 AVV nerve graft ® 6 8 L 0 AVA nerve garft

%, BIEMSBRERERL L, SEORVT Y EEE D 3PN D TRIMERETE & I 3WP OMFEA S
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DO LD EBE6PT O FTMONRE L
7z,

VVV nerve graft Tid microvascular perfusion
rate (£ 69+18% (n=6) THH, EBA OIMESFHHIZ
BEAEERD o § slight xMEEFREEZRL 2
BELLoT, ZHIEHL AVV BL U AVA nerve
graft Tiz EBA OMESMRIEHIEHETHY, EBAT
Wl 3N MEAME LHAT 5 2 L 3 F§ETH-

7.
A VVV NERVE GRAFT
Proximal |- 3cm »| Distal

04
e O D < el ot - G )
“JL\ E

N
A=
v

|
¢

B AVV NERVE GRAFT
Cephalic v.

N
A% ob I l\’ H\ lﬁ
vﬁg‘\utg——n—ﬁ/

REVERSED ARTERY & VEIN

%
—%
|

N

C AVA NERVE GRAFT
2 { ya
Fig.9 Light microscopic findings of transverse N L Qj}?u(_/— \ﬂ" > ( .l )
sections of the AVNG at 0 hour (A), 24 A  omn I U [V, —
hours (B), and 72 hours (C) after surgery. v A / )

(Toluidine blue stain, x 160)

. REVERSED ARTERY & VEIN
Severe hemorrhage occurred immediately

after the surgery in the AVNGs and Fig. 10 Schematic illustration of experimental
myelinated fibers were completely des- nerve grafts

troyed by 72 hours. (Asterisk indicates A Vein-Vein-Vein (VVV) nerve graft.
hematoma.) B: Artery-Vein-Vein (AVV) nerve graft.

C: Artery-Vein-Artery (AVA) nerve graft.

Table1l  Results of the vascular permeability

Slight or Moderate Severe
VNG (n=18) 94% (17) 6% (1)
VVV nerve graft (n= 6) 100% ( 6) -
AVYV nerve graft (n=6) 33% (2) 67% ( 4)*
AVA nerve graft (n= 6) - 100% ( 6)**

Fisher's exact test, * P<0.05, %% P<(.01
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AR M E B R DIREE T Severe RBBE #RL 72
bk, FhFN VNG T6% (1/18), VVV nerve
graft 0% (0/6), AVV nerve graft T 67% (4/6),
AV A nerve graft T 100% (6/6) THDH, AVV B X
U AV A nerve graft Ti& VNG ® VVV nerve graft
W EEREEICMERESESTTEL Tz (Tablel),

% =

VNG & BWTIRAE & Bl sBE s h, Mg
AT NNG 12ttt Schwann g DiE#IC & 2 = B
bh 2RO Waller EHMBEZ 2 2 L3RI R
Fo. JOMEAMKREECOWT, BE SN -HERN
WNIE > Waller £ DR 2 o T 1R TR
NI EBAEIRTIET 2 2 Mo T VLAY, g1
NNG @offFiz 2wWT, i 3 B TR L 5 VNG
D LEETMERELAL TR EHES L TY
B0 U feh3 o T, BIRR & MIRR D IEE n BRI
% 5 MEFBREEEOMHE I B C MBS &M D7
Bh D L MRS NS,

FRHEORREZHIEE LT, MERNMER I
Blood nerve barrier 28% b, - HEABIC b A4 =
& WICFER Wi diffusion barrier BEFEL, & L@
AR BB IR A ot L3S E 7 barrier & U T ¢
ZEDBH SN TWBY, NNGIBWTIE VNG L&
2 DR S R OEEERETL ZOEIINT
L HEOFLBOAE EFEDHDTIIR, £E
RCBES N HER OB e B2 0 MEAKO
diffusion barrier @ 7z ® plasmatic circulation % =
52 ba{RRBMREL25-0TH .

—#, AVNG BV T, BRIME—F O 70
venous network % UEERNEHME AL,
HEMEORBRME I T 2 eI TW 3,
UL 2 OIERFEIZIE Venous drainage system #%
B4, i, BEREOSIEOHIRMAFA 2 venous
network i FEAEN LS OBIIRESERE L 15 2 L
5,

FER— 2 12 3> T venous network & E BEBIIRE A
5 MITEREC RN NEZBEOTTES b2
FTZEeMREN, AVNG OMITE#E L L TidkD &
SRIEMNEZOND, HERNIEWIIE ORI
HEAT 5 &, HERAME @ blood nerve barrier 1
WL, MWEESAEOTTERZ T VT IV EDEDTF
EROMEINMRHE DS L, MERATEE, RN
FHME OWAE, HME & bICHBERNED LA % &

724, ZOfEBRICIZ venous drainage system 37
¢, &5 IR ARE O diffusion barrier BSEE D Fz 1
BAEWRENL, ZOMBRNEQ LENIIRED LV~
WACET B L HIEAME R T 52 LR, £,
R EE I EEREEORBEEEE b s L, D
WIT K, RIS R R T s iR B EE LN S,

AVNG i 24 BERIDAN IC AT @ 2 2130 D T
72, M ERLEMES &R L, HEEES
IR iES. Jho OMEANINE, HIEMia
BRUERRI BT E 523w Nerve fibrosis O F K
Wi b r#E LS5, AVV nerve graft Iz 84> T bR
REEE YD ENTFEEING.

R L, VVV nerve graft I Bw» TIEEHFRSY
@ venous flap £ FFLMFEETHD, WMELDH
LREEOMBRTRS S 5FREMSRB I L L,
Z OMESEHERMEOEE s £ B E T 0
WAEETH B, NNG 2B 5 MBS & 8L
4RI 2 L2 EX b2 L #kR %
fi5 2 7> VVV nerve graft TIIB#IROIER 2 MTH
BB THZ2EEZLD.

& B

1. Vascularized nerve graft TEME% & » 0T
BRINEEHEEBEBET S LA TH
5.

2. Nonvascularized nerve graft ¢ i3 24 B LL
P IMITHY R & 41 5 AIREME DS B 5 L3 pRiR AR A HERT D
EERhz Y,

3, Arterialized venous nerve graft i, BE®
Vascularized nerve graft & L T QBRI H Ik
% 572 FHbEb¥ Tk <, non-vascularized nerve
graft & D 438v> nerve fibrosis %4 U 2 WJREME S B
5,

4, VVV nerve graft T3 Venous flap & [@E4E%
miTENER* 2L, EERMTHEORREFTHS
2.
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Experimental Studies on the Effects of Neurolysis to Chronically Compressed
Nerve with Functional and Histological Assessment
—Using Mackinnon’s Model—

Satoshi Tomiyama, et al.
Department of Orthopedic Surgery, School of Medicine, University of the Ryukyus

We re-evaluated the experimental model of compression neuropathy of the rat sciatic nerve
which was proposed by Mackinnon in 1984, and studied the effects of internal and external neurolysis
to this model. Also examined were the relationships between the functional, electrophysiological and
morphological parameters of the nerve.

[Material and Methods]

For this study, a total of 108 Sprague-Dawley rats (300 to 350 gm) were used. The right sciatic
nerve was exposed under pentobarbital anesthesia, and 1 cm length of silastic tube (1.30 mm internal
diameter) was placed around the nerve. In each animal, the left nerve remained untreated.

In the first experiment, the rats were periodecally evaluated with sciatic functional index (SFI)
as a motor functional assessment. Furthermore, electrophysiological and histological assessments
were made immediately after tubing then at 3, 9, and 15 months. In the second set of experiments,
chronically compressed nerves were treated with one of two surgical modalities at 3 or 9 months after
tubing. Simple removal of the tube as a external neurolysis, and removal of the tube with epineur-
otomy as an internal neurolysis were performed. There was also a control group in which the tube
remained in place. These three groups were evaluated after 6 months.

[Results]

1. An average of SFI was —20 at 3 months after tubing, and recovered to more than —10 at 6
months and remained within normal range until 15 months. However, there were relatively wide
variations in the course and degree of impairment of each rat. In the histological studies at 3 months
to 15 months, thickening of the perineurium, decreasing of nerve fiber size and percent neuronal area,
and thinning of the myelin sheath were observed. In comparison to the SFI results, histological
changes within the nerve, except for percent neuronal area, did not show significant improvement
compared with those of 3 months. We may need to consider the nature of this model when it is used
for nerve studies.

Key words : peripheral nerve, compression neuropathy, sciatic functional index (SFI), internal neurolysis, external
neurolysis
Address for reprints: Satoshi Tomiyama, M.D. Department of Orthopedic Surgery, School of Medicine,
University of the Ryukyus, 207 Uehara, Nishihara-cho, Okinawa 903-01, Japan.
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2. Internal neurolysis at 3 months after tubing showed significant improvement in mor-
phological assessment compared to both the control and external neurolysis. However, internal
neurolysis at 9 months and external neurolysis at 3 and 9 months after tubing did not show any
significant improvement in morphological assessment. Internal neurolysis might be an effective
treatment for the early stage of compression neuropathy.

3. In the examination of nerve parameters, there were significant correlations between the SFI
and the MCV, and percent neuronal area. In these correlations, if the results of MCV and percent
neuronal area exhibited above a certain level in each test, the rats had a SFI within normal range.

Likewise, if the results were below these points, the SFI was below the normal range. Therefore
using functional parameters, certain degrees of histological impairment could be predicted.
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Fig.1 Functional assessment of the tube treated
rats using sciatic functional index (SFI).
SFI decreased at 3 months after tubing and
subsequently showed spontaneous recov-

ery by 8 months.
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Macroscopic appearances of the treated

sciatic nerve at 3 monts. The right sciatic

nerve was wrapped with a silicon tube of

1.3 mm internal diameter. The silastic

tube and the sciatic nerve were fixed in the

scar tissue, and no gliding of the nerve was

observed.

A - Before removal of the silastic tube.

B : After removal of the tube.

C : After removal of the tube and scar
tissue around the nerve.
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