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The corresponding relationship between the changes of the motor neurons after
peripheral nerve transfer and the effects of peripheral nerve regeneration
HEREKE
#*& T (YAN JUN)
EFERKE - KEREZHZRETR - 860
HEEES : 20316350
WRFERCROMEL (Fn30) -
RIHHREAR OFE R 25 2 DB, FBRFHNZ T TR, a - yEEI=2—m 8 ”
ER DT —ZIZLy, BB TR SEONS, ZHIUS, AFEOFEMIZ L VK TE L
FIH & T DB RIEORBESR ZH O L, A== —a > O ME O R 722
RFEZ O 2 B Cx o7 — 2 2Rt S, RIFPRRMEEHE—F R L a s 7 »
N OB LRGSR, MR OEL = 2 —w 0%, 5Ol & FIMNC ZREILE L TV D
ZEMbhotle, TAUD, i OER = 2 — o U ORENE S T, cEB=a—u O &
LT, yEE = 2 — 0 IZH BRI O, ZOREND v B = 2 —u IR
BOMHNEEICEHERER LR O Lo mg s, BEINZIEKDO=a—r 1, a2
=L 7= D 80%ITKF L, MRFAEEZ DEIEZRIL 60%Z L EE->TWD, Lk, FHEX
THA LTS B S VTR B O fi /18, =2 —v U HOEERE —H L, 60%TH D Z
LxGymole, THUTERROIEFRER & —B L T\ 2D,
JAH B OERIIFHIT O W 21X T 720, FAESNTZ=a—1 O SEIFRIZE
HUBROEIMAN S D Z LTz, ZOMEEEZ DL, FHNICBWTERAL Ry 7
ABIG TR EICHE L T DO TIEARWh I SN D, ZHEAT 572012, ik
T v b EWAROYAE L AR OZN TN =2 — 0 O ZHEE L, $i—Islet-1 LHi—
Lhx—3 PURTHIEREAL T, Foa— 0 o I —F OB TR LT, WE T 58
RITELH/ TRV, BNEBRZBIELERL TW5D,
WRFERCR OB (330 -
For many years, nerve transfer has been commonly used as a treatment option following
peripheral nerve injury, although the precise mechanism underlying successful nerve
transfer is not yet clear. We developed an animal model to investigate the mechanism
underlying nerve transfer between branches of the spinal accessory nerve (Ac) and
suprascapular nerve (Ss) in rats, so that we could observe changes in the number of motor
neurons, investigate the 3—-dimensional localization of neu-rons in the anterior horn of
the spinal cord, and perform an electromyogram (EMG) of the suprasp-inatus muscle before
and after nerve transfer treatment. The present experiment showed a clear re—duction in
the number of y motor neurons. The distributional portion of motor neurons following
nerve transfer was mainly within the neuron column innervating the trapezius. Some neurons
in—nervating the supraspinatus muscle also survived post—transfer. Compared with the
non—operated group, the EMG restoration rate of the supraspinatus muscle following nerve
transfer was 60% in the experimental group and 80% in a surgical control group. Following
nerve transfer, there was a distinct reduction in the number of y motor neurons. Therefore,
v motor neurons may have important effects on the recovery of muscular strength following
nerve transfer. Moreover, because the neurons located in regions innervating either the
trapezius or supraspinatus muscle were labeled after Ac transfer to Ss, we also suggest
that indistinct axon regeneration mechanisms exist in the spinal cord following
peripheral nerve transfer.




(GEHHAL - )

[ERESES [ e 2 & &t
2010 4FJE 2, 500, 000 750, 000 3, 250, 000
2011 #FJE 500, 000 150, 000 650, 000
2012 4EJE 600, 000 180, 000 780, 000
L
I
&t 3, 600, 000 1, 080, 000 4, 680, 000

WFIEo0 B« RS

PR D53 F - fBE - JLOERES: - MR (AR - S84

F—U—FK:

Nerve Transfer Treatment, Fluorescent Dye Labeling, Electromyogram, Nerve Axonal

Regeneration, Rat

1. WFSERRAE 4P D 5

KA ARAB %9 2 AR TR O PR
&, 14 AT D, Y, BRx 2R pPRekES O
RN SN, BEFRERBELNT,
MHRRITFAETERVWEDLEELLELLR
Tz, LavL, 19 fhdR, MfiEaic L
FEERBOIZHA & 232 Bl s s &, A HOR
FYHIRANEL DI~ L DTN o T2,

20 A2 FIEE . Balance O IR ITIN
(nerve transfer) DN DREKE]Z HE L
Too M8 DITEEE MR L TR tonus
T THEMY RE D & BIfREH A WVIEET

e e PRI L 7o BRIEARRS I CRES L, LanL,

FERIT TN TH D | B LRGN O
HEEh A AREIC Lz, ZOMRBITIE WH F
HEIX, BUETHEEAAPRREO 272 59, %
DO RIHAFREEE ORI S Tn
% 3-T) o BuAhREEE BRIBLL S 69~ 2 MR T
ZDOREWIRIEEIEDO—DTH Y | < DOk
REHIT N5,

i R A B N AT U 72 R RS p e A6 Bl B C
1B DM, MRRFAD A =X LZHONTH
FERERIAFZE D H AL, 1990 4, HH HIXE
THEEE T, KRR OMNE (7 Exo
) OB O AL (growth corn) 23
TERK S AU, RARIOFRER A Y | 7% X
Bld Dimfe A ®lg2 Lz, Litk. £ < OfeE
2 K o TR REWT I 2> & A I DR D
AR ICET 2N e S TE T,

— . MERES T, R AR Ok
BThdrHEMAIG=— 0 OFEN B
Brushart S &40 & THMEE-HIZL -
THESIN &7, L, BELEZER L
PR~ BRI A AL 2 BT L. 5 RIS SR
MREAHREIE D LV X5 RBIERKT
— R ZRIE RISV T, FOE MR, 9
bbb, RO R[Nk B RE SR AR
ER STV, FRZ, MRBATIT T,
il 2 B3 A R R AR R O EJR CTh

HEHATA = 2 — 0 I T 5 EHER S
DD, BATIRIZ O RTEEIZEET 2 8
1, EBRpITHLIFEA LR, EED
T DEBENT-NbD EZATHD,

1970 FARLLAT, FHEMFZE CTlE, Mt IE
ELTCHITEMER ENERTH > oM,
Kristensen & D4 LARE, HRP I X A 142
T D X HITe b BEtkihz 3T 5
FEBERTA = 2 — 1 > O RITED R E DA
W STz, HRP (EIIAER R OBRMEDfEE T
HDHZ L, BEENTETT 5 ETORNEL
THLZ b, WiRBEEOMRES R &0
BIER OB AES =2 — o O Z{LE
Pl s AN e ST,

L2rU, HRP IFEARLEAM 256, A
FRRICIR T2 2 L2 < BT 2 B
MO NREELIIES S NBD 5,
SN —a CDOEEMEICHEN S
HEEIND, ZOZEnb, wmEYRA,
adenovirus vector. fluorescent Dye ZElZ X
D BT LW TP RRIE N R STz, FRIC,
fluorescent Dye {¥. in vivo. in vitro,
NEATHEIZ & AT HEIC DM A FIRETH DL F
IRFA B DIRIANEE AR T, RO =2
—u COEFRICAEATH L Z LG S
TW5,

2. MHEOBEB

AWFGEIL. 7 v b ORIFRREENE FiH—T8
BTN T V2RV, FEEOSEW
fluorescent Dye (2 & 2 TMHAZIE T, H
WO, T75bb, HFHbaiAER) = = —
0O ERIAND RELILEBIET D &
LBz, KT 1o RIE E HERIZEL Y
RN L. AT % O ARR D RTEAME & J D
HERERIE ORBRBREMIAT 22N ET
5,

3. WrROITIE



(1) : SEBRETNLOERK
OB ATIN

FHABEAMEE FI2T7 ~ b (W) ORI
WEAIAL (LLF Ac) & T8 H A0 (LLF Ss) 2
WL, EH~ORIELR/NET DD, £
NZ N DREREATER D> B FARARI S5 I 56 = T
FEVZHIBE L CUIlr, R RENE R —JE
HRHE S (Ac-Ss) 21T 7= (n=4) , fiFteEIEH]
I 9 R & L7z,

@ Fflrct

9T v b ORIFREIE R, T H b
RxZFNFENYIW%, 10-0 741 2%k 28T
TEONEIZHES L, xHRBI (LLT Ac—Ac B,
Ss—Ss #f) & L7z (FNEn=4), BITHH &
A UL AT @AM E LT,

(2) : HEAEMERIC X 5

PR AR O ST RORSRE 2 BT 5 BT,
RFMBIL 18W T, Ac-Ss BE L Ss-Ss BT
itk 93 (18W) T, ZNEFNOIR L X
kAT L, B CESERY L CEAHE
Xz fdk L, SR CHRIEMEZZE 2 T,
ARt 30 B OFIE ZITV, SO NTEO RS
BEY., BEEORESEOVEEEFE M LT,
(3) : HEEEH)= 2 —no 2 OEHE L
ENY(E:!

OREEMERSE T X 2 T MR

T HBAPAEE T CA TR B (18 M) o gil#H
FRAEMEAHEL (n=4) & JHH Bt (n=4) . Ac-Ss
BRI B2 9 3 (18 M) ook - 3 Bl Aig |

Ac—Ac BEIXRIAPIRMEIE B 2 2 E Bl L

(BATH & Fofrct FRBIITHE G & K Y
A 5mm (2 THIWT) . E N ENOITALIED 6
REVAPER G EE DIl 2 K D Wi TI ik 21T
-7z,

OFEAR ORI & [H E

s EAEBIR (14 RRTTE) ZRRT.
LT CAEBE RN AURNL LT VT E KU
> BRRRAENR I CREVEE E % . BHED C1~Th2
PR L7,

BEEIT %R LT LT e KU ke
R 24 K[, 20% S = b5 U O BARRTETHR 12 IRefH],
30% = ME Y EARETER 24 WEfM & L7-,
ORI T DIERR

Tl HBEEE T IS B R A 25 o Hiculr L
72%. Cryostat (2 Coyfli = & I EGRRINT o)
(50 pm) ZERL L | 8 YEBEFSSE (BX51, Olympus,
HURD) | CHER - 52 (DP72 DP2-BSW, Olympus,
) Uiz, F£72. RAHREE ORI % fife
BT D1 BT ORI O S
B85 5 mm OUTALAR] & 1mALAR D AR FHRGHL
AR LT, R~V VEEG. T T 4
AL, MRROREKTEI A Masson
trichrome Yoz LV BE L 7=,

(4) : E#Eh==—u O

BATIR AR ORI 21T 5 729,
HOCTEISEE T Ac-Ss BE. RFMi]. Ac-Ac
FEO Y CHEGR SN B RERTA o EB) =

22— rBIWNyEilm o —o ONET D
EOMEBEFHAIL, MR L7, oEE=
a—n b yEE = 2 — o ORI,
Brushart HOFHAREIZHE L 7=, T72b b, £
EHERTED =2 — 0 U MROBRKEN 30 um
DEDObLD% aiEd==—v > 25umlF
DOLDLyEf==2— & LT,

E: =a—uo VU FED=RoTHFESE

RPN K O Ac-Ss BEICRBWT, R L7-
BAOAEI OB R A TOmBEE . =R IC S
Y7 by =TI X EROT R EG A1
L. TREATAICBITA%=a—n 7 —
7D RFESAR & g LTz,

4. WR7ERR

Figure 1. The form of Ac and cervical
plexus (sketch) and «, y motor neuron in
anterior horn (photo). (a): The peripheral
part of the Ac and cervical nerves of the
rat (ventral view). The Ac has two main
branches to innervate the
ster—nocleidomastoideus and trapezius. C2,
C3, and C4 send a branch directly to the
Ac mainly. Black arrows: the dyed regions
of the Ac and Ss; (b): The photo showing
the « motor neuron (yellow arrow) and vy
motor neuron (green arrowhead) in anterior
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Figure 2. The photos and sketches showing
the operation of the dye treatment and
nerve transfer (Ac to Ss). (a): the Ac and
Ss are in the upper and inferior edge of
the omohy-oideus muscle in rat. (b): the
omohyoideus was amputated, the Ac and Ss
has been transferred (black arrowhead).
The right upper is the extended photo of
the transferred nerve (Ac to Ss). (c¢): the
red arrows are showing the dyed regions of
the Ac and Ss, respectively. (d): the
red-cross indicates the transferred point
of two nerves, and the red arrow is showing
the dyed point after nerve transfer (after
operation 9 weeks).
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Figure 3. The section photos of peripheral
nerves (un—operational and after nerve
transfer). (a) (Ac) and (b) (Ss) are
showing the peripheral nerve sections of
un—-operational cases. (d) and (e) are
showing the sections which from the
cranial and caudal part of the transferred
nerve, respectively. It could be confirmed
that the diameter of myelinated fibers was
reduced, after compared with (a) and (b).
(¢c) and (f) are the extended photos of (b)
and (e). Note some of demyelinisation
(black arrows) were observed and the
number of fibers were decrease, the

inflammatory cells were observed in (f).

Figure 4. The neurons distribution of Ac,
Ss and Ac to Ss. The neurons of Ac were
located in the ventral portion of anterior
horn and that of Ss were in the
dorsal-lateral por—tion (yellow arrow:
Ac; green arrow: Ss; in (d)). After 3-D
reconstruction, the neuron column of Ac
was showing in (a), that of Ss was in (b)
and the column after nerve transfer was
showing in (c¢). It was clear that the
column after nerve transfer is similar
with the Ac, although some dyed neurons
were also observed (d).
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Tab. 1 The average number of the a and y neurons
a ¥ aly
Ac 233.0 38.0 5871
Ss 2220 45.0 4871
AcAc 198.0 330 s6of1
Ac-S= 183 0 250 T3ai1

Tab. 2 Racioration rate of the a and ¥ naurens
{trarsfer and control)

w ¥
ALz Ac - 100% TO% S %
BC-AC T AC ™ T HOY% Ha%
Tab. 3 EMG (mw)
Un-operational cantrol transfer
(Ss) (Auc-Ac) (Ac-5z)
1 0245 0.035 0031
2 0 D44 0.038 0028
3 0.047 0.035 0.031
4 0044 0.037 0.0249
Aoser 0045 0037 0,030
A 0,047
#— 0,031
I(J\..H_ —_—
A B C
8 F1 P 1] a0 .

Table 1. The average number of the o and
v motor neurons. The average number of the
o and vy motor neurons in Ac
(un—operation), Ss (un—operation), Ac - Ac
(control) and Ac - Ss (nerve transfer) were

showing in the table. After nerve transfer,

the numbers of the o and y motor neurons
were decreased clearly. After analysis by
t-test, the signification difference
between the two values were approved (in
both «: Ac-Ac/Ac and vy : Ac—Ss/Ac, p <
0.01).

Table 2. The restoration rate of the a and

v motor neurons. After nerve transfer,
the restoration rate of the o« and y motor
neuron were 79% and 64%, respectively. In
the con—trol, the rates of the two neuron
group were 85% and 84%, respectively.
Table 3. The EMG of supraspinatus muscle
in nerve transfer cases, control cases and
un—operational cases. The graph is showing
the un—operational (a), control (b) and
transfer cases (c) of No.3 animal. The
restoration rate of EMG in control cases
(Ac to Ac) is 80% of the un—operational
cases, and the rate of EMG in the nerve
transfer (Ac to Ss) is 60% of the
un—operational cases.
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