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Experimental Study of Implantation of the Motor
Nerve in the Denervated Muscle

Hidehito KIJIMA

Department of Orthopaedic Surgery, Niigata
University School of Medicine
(Director: Prof. Tatsuya TAJIMA)

Renervation of the denervated muscle by implantation of the motor nerve was
experimentally investigated with 190 Wister rats in which peroneal or tibial nerve or
both were implanted into the denervated anterior tibial muscle.

Results.

1) Regenerated end plates in the denervated anterior tibial musele after
implantation of peroneal or tibial or both nerves can be divided into two
kinds , the one newly formed which is ectopically located at the site of the
nerve implantation and the other originally existed which is located at the
center of the muscle in horseshoe arrangement.

2) Supra-maximal electrical stimulation of peroneal or tibial or both nerves,
which were kept intact, repaired or implanted in the denervated anterior tibial
muscle proved that only one renervated end plate could exist in one  functio-
ning muscle fiber in this experimental model.

3) Implantation of two motor nerves into a denervated anterior tibial muscle

resulted in better functional recovery than that of single motor nerve.

Key words: nerve implantation, denervated muscle, end plate, motor recovery.
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Z O & S I EERVE DA B & o TR O
BEEEPE DD A B = X a b LTIEHNTHDALT
R D EAE T L BB OBLMEE end plate
I L CESEELDST A TN & BN T o BRE TR
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FIAL, FRMESIS L. Cols, BERRMGS
B OB RMIE DR A A B A - D BT BRI A



406 FBEYSMEE $103% $sH5 YUt S A

procedure of procedure of

tion renervation Exomed at
Group 4  denerva
Peroneal N.:ﬁ‘
Tibial N, N

Uwks 8,12.16.28wks

Group 3

Group 4

Nerve repair
Fig.1 Schematic diagram of the experiment

Group 1: Peroneal nerve was divided and ligated. At four, eight, twelve, sixteen and twenty-eight
weeks postoperatively rats were sacrificed.

Group 2: At 4 weeks after denervation, tibial nerve which was divided at the tarsal tunnel was
implanted to the distal portion of the denervated anterior tibial muscle. At four, eight, twelve
and twenty-four weeks postoperatively rats were sacrificed.

Group 3: At 4 weeks after denervation, peroneal nerve which had been divided was implanted to
the proximal portion of the denervated anterior tibial muscle. At four, eight, twelve and
twenty-four weeks postoperatively rats were sacrificed.

Group 4: At 4 weeks after denervation, peroneal nerve which had been divided was implanted to
the proximal portion of the denervated anterior tibial muscle and tibial nerve which was
divided at the tarsal tunnel was implanted to the distal portion of that muscle. At four, eight,
twelve and twenty-four weeks postoperatively rats were sacrificed.

Group 5: At 4 weeks after peroneal nerve was severed, it was re-sutured. At four, eight, twelve
and twenty-four weeks postoperatively rats were sacrificed.
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B TR B S L DAL, KB LD B
iR L, BIRESTAEE, BBkt s
ELT, FEMEERFL, FSRPBEXOKRBEFOHH
oZMmE2 (Fig. 2).

F¥E, supra-maximal &7z 5EAL8~10V, dura-
tion ¥ 0.0lmsec. OFEEFPF W TTe -7,

FMEREL, HAXEHLSE MSE-3 % MSE-]B isol-
ator unit % L TH 7.

EEREER, HALEHM VCTA 2RV AEY —,
PNELE ATAC-201 W 7o. EE&ETE, YOKOGAWA
X-Y RECORDER type 3077 %5 L7:.

2RETIIBDAA LI ETRES, 3ETEDRAAL
BEB RS, SEETCIHMES U EE L BB L R
M % ac#k L.

Fig. 2 Evoked M wave which was obtained
with stimulation of peroneal nerve
and /or tibial nerve was recorded.
The anterior tibial muscle was lifted
from the distal portion preserving
the feeding artery to the muscle.

4 BT, HEOAANLBEEEE, BREMREEYThTh
BB L7 & X2 OFREME, FhFhoHBREo
FERMEOIREORMA B CROIEFE L, S HIHEE
T, BB S MR L o B REMEE AR L.

(2) fHggsEOIEEE

EEREEE OIRE L L TUIF IRl R A2 ER MR &
HEERARE L.

% R MR o BlE

28 3B 4T S HOWERABEAFICH LT,
Bk OB E % F\ > supra-maximal & 7t 57 8 ~
10V, duration 0.0lmsec. OHXE T 100Hz D teta-
nus fEEFT -7,

FIRCEEEY 3 — 09— o n vy CRELTERID str-
ain gauge (FD ¥ v 77 v 7AAKEHE) #oh ¥,
resting tension %50 g (& E LT tetanus FEEFD
BRMEFERRIE Lz, BIESE, YOKOGAWA st-
rain amplifier type 3126 #{# M L, HITACHI X-Y
QPD54 recorder Tiigk L7,

Rat OFEFi L OBEZER < T 500, Tidost
X DREAOMIE L D% RIS RS

YR =R B R, R B iR 77 % 100
BEEOWE
HRUMGREDERE L, EROFBEEHAHRRL
T, BERAE L.

Rat OFE I OEEEL /LT E 00, TOR
BRI VEBHOMEEORBEREYRD L.
YBER=HEEEER /Al E R EE X 100
(3) HMABEEADIER

U LRIRE L, WSR-Sy AT
BEAE LTEE L
FOHEERLY V544 A% 9 MCTHB0p DEED
YVIFA R LT a ) VI AF I —H§fal a ) VI RT
5 —EHufh R TR LT

Yt ik
@ [EE :100ml O 0.07M ~ 1 — L HEEHEBTE buf-
fer PH 6.45 = 10ml k< U v, 1.0g #{bhr v
4, 0.5g 67kbnME b~ 7% v o, 241/2 AbndE LA
F3warAnBEERCVWART, 47T, 1RHEE<.
@ Fooh, 4 COREKOFC TRELLE7 BEA
DA,

® 2V VYIAF T
TEROEBOBEEES = L 5 Karnovsky ek
1 50°C, 6040fH incubate 4 4.
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Befuaygll, 0.1M VU vEREEW (PH 6.0) 65ml ©
avfl7eFa )Y 50mg, 0.1M 7 vEEF U
2 5mi, 30mM B 10ml A ML 2T iso-OM
PA 34.2m % 10ml OFBKTEMLTME, L<HE
HLT5mM 70y 7 vibh v e 10ml b
LOTHA.

X5z Namba!'® O HECEWD T ORYEFE 4
B,

@ AT

B 100% = & / — D 1 BFE 20 5.

© EZKTKE

@ 10.0g WHEEER, 0.06g BREESE, 0.1g REEH/L v
4 100m] ZH K L 4 BRI A 37 C904 incubate
T 5.

® BAKTKSE

©® FEEK 100ml ¥ 1.0g A Fo /v, 10.0g
WiE T~V &R B LB 105> 0 4.
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H5% FpotEs H
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A. HEBFRR

¥, HAUBEOLAMRIEET T end plate OIEH L
SRR RS & B RO SIS B ERIR A L
Tuwie (Fig. 3). WBEa#E Lo LT, end plate
LR S N BEETE LTV A D, SIS0
FlEERET (Fig. 3, Fig. 4), BrEMEr iR s
L7z 5 BECUE, AR & R Lo ER G end
plate ZAEALE O L RIFTIRE T & R SRR 57 L
Tu 7o (Fig. 3, Fig. 5).

B R A ST SRR AP 2 BRI BT, IR
DEFR A Ue end plate WREAREIROE S &
BRI OB R B A A IR R b
Rl &S L end plate 2707 (Fig. 6).

IRB PR 2 AT A A TS 3 BRI s L T, BEFF
DEBFERIC G4 Ul end plate WEAEEE O &M 5
BT D BN IR A 12 BEE TR 1T
BRI R S 854S LT end plate %88 (Fig. 7).

PR A B 0, B e A A i R
AATZABRCRGTY, BEFOBERRC T Lz end plate

Fig. 3 Distribution of the end plates at 24 weeks after nerve implantation or nerve
suture. (Cholinesterase stain x1) End plates were distributed in horseshoe
like arrangement in longitudinal section of the unaffected anterior tibial
muscle, of group 1 with denervated end plates and of group 5 with repai-
red nerve. In group 2, group 3 and group 4, horseshoe like arranged end
plates and ectopic end plates (arrow) surrounding the implanted nerve

were observed.
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%@ 5% Fig. 4 Appearance of end plate and its axon in group
; 1 at 28 weeks after denervation.

A Cholinesterase X1

. : B: Cholinesterase and silver stain x 200

N k : End plates distributed in horseshoe like arrangement

became atrophic and flattened and axon was not

stained with silver stain due to Wallerian degene-

ration.

Fig. 5 Appearance of end plate and its axon in
group 5 at 24 weeks after nerve repair.

A: Cholinesterase stain X1

B: Cholinesterase and silver stain x 200.

End plates distributed in horseshoe like arran-

gement had connection with regenerated axon.
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Fig. 6 Appearance of end plate and its axon in group 2 at 24 weeks after

implantation of the tibial nerve.

A: Renervated end plates at the center in horseshoe like arrangement and
ectopically formed renervated end plates at the distal portion into
which tibial nerve was implanted. Cholinesterase stain X 1.

B and C: End plates stained with cholinesterase and silver stain show
regenerated axons connected with stained end plates. Cholinesterase

and silver stain X 200.

CEAEBIROFE &R A DR @ CEERE A DAL
FEEALES & BER PR A R IA A TR & b B b
A A TEPRT R & BT - 54 L7s end plate
iRt (Fig. 8).

PAEO X 50, Wi i S A A 126, [
B AR HEEDIAA TG, o b R ERRCAT -
el BT, AROERRIZOMT % end plate
CEEET HERATRD b NI 3 D TR IA A 1R B
ICERFTMECER - S L end plate #8070,
FHH L AOTHRME LT B DB DRI R

TEh- i,

ZOBREHERT B b TOBESEHENRELTT -
7.

B. BR4eEYMIRER

e A T f e, B A A R
AATAFRCBWT, 4 EDECERME D R S
S HICHEFE I, B O BRI £ A B RME O
PRIEOFNE, BEE R & KB o RO B FRM B
L (Fig. 9). ZoZ &, 1 ROIGRRH Lo
2oL EoBER AT S end plate FEE LWL O
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Fig. 7 Appearance of end plate and its axon in group 3 at 24 weeks after
implantation of the peroneal nerve.

A Renervated end plates at the center in horseshoe like arrangement and
ectopically formed renervated end plates at the proximal portion into
which peroneal nerve was implanted. Cholinesterase stain X 1.

B and C: End plates stained with cholinesterase and silver stain show
regenerated axons connected with stained end plates. Cholinesterase

and silver stain X 200.

R T LA DEEL L.

B e A R A AR HDIA A 1S 2 B, BB R 6T
R HEDIAAT 3T, T LCHFE RS 2T -1 5
BB uT, MR4 A TERMUENEE IR, 28
3T SEET, ERERES 8, 128, 24 LB
BT B - CHERMBEOBMITE < e - T » 7z (Fig.
10).

C. HptEERE

RHFEINT, 28T 40.248.7%, 3BET56.6210.6
%, 4BT68.0:11.0%, 5B 88.446.6%7% - I
HEL THRTET S & 5 X UTORMETEEELAD,
1 ROFREAEME & L RS HbRAA L 2 B

IBOBERIARGI 7. 2EKOWEEEABEDIAAT 4
BEIT 1 ROMERADAAL 2H, 3BLOEBI LY
EIE LTV, e LA OMERBTAE4 5T
Wi (Fig. 11).

GImEE T, 28, 3B 4B SBRCBULTEER
M EEMERE 2R fo. B L 7o 1 BREREREN I %1
BEEEEAL LT o, B24ETHD RO L
BEODAATLE 2B, 3BHE, ThEREHTSTY, 60%0
B ARG 1E » o by, 2 ROMEAEMIAAT 4 BT
ZHRESHL VAR LCEE L F-O%BERIISSY T,
RS L7 5B 85% & IR CEE Lty (Fig.
12, Fig. 13).
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Fig. 8 Appearance of end plate and its axon in group 4 at 24 weeks after
implantation of the peroneal and tibial nerve.

A Renervated end plates at the center in horseshoe arranged and ecto-
pically formed renervated end plates at the proximal portion into
which peroneal nerve was implanted and at the distal portion into
which tibial nerve was implanted. Cholinesterase stain X 1.

B, C and D: End plates stained with cholinesterase and silver stain shows
regenerated axons connected with stained end plates. Cholinesterase
and silver stain X 200.
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Fig. 9 Evoked EMG in the group 4.

A: Evoked M—wave obtained with stimulation of the peroneal nerve.

B: Evoked M—wave obtained with stimulation of the tibial nerve.

C: Summation of evoked M-wave obtained with stimulation of peroneal nerve
and that obtained with stimulation of tibial nerve.

D Evoked M—wave obtained with simultaneous stimulation of peroneal and tibial
nerve was equal to C.

4wks Bwks

Fig. 10 Evoked EMG in the group 2, 3, 5.
A: group 2, B: group 3, C: group 5.
Evoked M wave was recorded at 4weeks after nerve implantation (group 2 and 3)

or nerve repair (group 5). The longer the period after renervation procedure, the
higher the voltage of evoked M wave.
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Group o2 3 4 5

Group 2 3 4 5
Number of samples 8 10 7 10
Average£SD 40.2:+8.7 56.6:10.8 68.0x11.0 88.4x8.6

Fig. 11 Result of tension with tetanic con-
traction of anterior tibial muscle
at 24 weeks postoperatively.

The tension of the group 4 in
which peroneal and tibial nerve
were implanted was significantly
greater (p==0.05) than that of the
group 2 and group 3 in which
peroneal or tibial nerve was im-
planted.

The tension of the group 5 1in
which peroneal nerve was repair-
ed was significantly greater (p=
0.001) than that of the group 4.

e %=

G. MHBEOARMIC L DEHBIERICONT

F iR A 1 D AR S A BN IC & - TR T SR &
hAHERFEFRC L OREINT VLR, EHORE
B b LT R TEAMB LSS LTV A end plate
HER Db, BB IEDIA A RO SR
TEHRME SIS L, %R, WBEELE
e Lo RERE 2 5 2T 4, BRERT ~ O FREY

AR L -, BEMESSEEYRSRA o &
ETHD L EEE L

B. MHREHALATE OMBEEEIER(C LT

RISV T A ARED motor point ~FHEE
EEIAL O LR SO LOEETH Y, Kko
MRS & Ul BT AL Z s icic 0, B
FE LR A U 20 LRI L < SEMICIRSIA
F X B EE.

T, KRDOYTEIEETH LB A AR~
FEUUH O TR C b 2 BCE IR 2 A SR~ B A T
B {7 > Tahde, ST E DO, MRS A LIS O/
FETRCRR, — BRI RS LAk o B i &
HBLPHE end plate AP TR X N5 & RO R
A KT FARER S 5 S L1 end plate DR X
oo DR T E .

CO &S AT RRR Ul Aitken, Miledi, Guth,
Gwyn, Saito, fHi%n, Fias oME & HET, e
AL ED LN AR LS LTV 5 end
plate 13, HBOAALHRED L OB L - CEY
Bl X o BEFE O end plate & FAMERIC L - T84 X
iz end plate EDNEA L TWA L EELEL A,

Ui L 1 A ORREME AR B i 5 e end plate
BEZE SR o b0 s, BATMICEE 2 s end plate
W LB S &m0 | S SR - o
WTH AT S EEETS 5.

EHIESERENTEL R, —o AT
FHRE & B R & IR B IA A 7S 4 BRC R T,
BIAATEBEE TR & T R A B, B & O R A [
FHZ supra-maximal #l#A4 25 2 Lk, He 0w
FEHRRII O FFEMEB: OIRIE DT 2 AR O FPEE R Ry iR
DFERMBE S F L2 b rat ©EWTI
AOFHRHE L TE X D end plate & BT
PR S his end plate WHEEE Lo S FIBT S i

T DT & BIBRRRE U A BT R O AL R B FE
AL BB R A IR B AA IR IC R b A
FAEGR LS L TW% end plate 13, (OFEAEEBIC #E
b A TEBEE R B W BT A S huts end plate,
@EFRRE, b U B EE TR S B R s
AL TWDEEAFD end plate, @MERLERICIEDAA T
BRLEEHC R B4 X iz end plate D 3@
LONRBO, TREND end plate (LE—HHE Lo
B Lo 2l i (Fig. 14).

C. FESHALMIC S DRMERE BXE) O
BECOWLT
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% wet weight

100+
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80-
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50
40-
30-
20+

101

nerve implantation
4wks after denervation

T T

T T T
4 8 12 24 wks after nerve implantation

Fig. 12 Comparison of recovery of the percent wet-weight of the denervated anterior

tibial musele in the group 2, group 3 and the group 4.

Recovery of the group 4 was significantly better (p=0.001) than that of
the group 2 or the group 3.

% wet weight

100

901

50+

40-

304

20

10+

nerve implantation
or nerve repair
4wks after denervation

T T i T T
4 8 12 24 wks after nerve implantation
or nerve repair

Fig. 13 Comparison of recovery of the percent wet-weight of the denervated an-

terior tibial muscle in group 4 and group 5.
Recovery of the group 4 was nearly equal to that of the Group 5.
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Fig. 14 Schematic drawing of end plates arranged at the center in
horseshoe fashion being partially renervated (B) and of ec-
topically formed end plates at the areas of nerve implanta-
tion being totally innervated (A and C).

Table 1 Tension of muscles renervated by nerve implantation being compared with
that of contralateral unaffected muscle.

Author Species Muscle used Implanted nerve|%tension of nerve implanted muscle
Sorbie? (1969) |Dog Flexor carpi radial M.| Ulner N. At least 50%
Frey * (1982) |Rabbit |Rectus femoris M. Femoral N. 71.6%
Machid?ﬂ%?) Rat Anterior Tibial M. Tibial N. 67% (implanted to the central portion)

44% (implanted to the distal portion)
Aragaki (1987) |Rat Anterior Tibial M. Tibial N. 56%




AES T BRSO S 0 1A B BRI B A EERIGTR ST 417

TR R~ O PR ¥ 1A e A B OO T M RE IE1EL 12 SR
R 20— 24T 50% ~T0% B LB S h TV S
(Table 1). EFOEE BT, A%¥D motor point
LD RAL U T S~ 0 B o A 2l v k. B BRI R L
IR R A S SR I D IR A 12 2 B & TRE R A S R
CHEDIAA T 3REOEAB TR BEREAEEL T &
ThENFHTY%, 60%, BHRNEEELTLETh
FRFHA0Y E57% Th -t TOZ &k, R, &
U ARECZ B 50 1 T PR A BT A T e — T
£, FEHEEEEIE R TR R & s O AR D %
CHET A EELLRS.

1 DT R DA B A 4T o 1o B & HEBE LT 2 KD pf
B T LA & A RBRE OB S B U T ERC
FEHRDIA LT - 1 A BETIE, Mi2al TR BE R
85%, YRFIRIIIZ68% I L 1 RO A TR ER A
b L CEMER I EbIAA T D L dhEEE L TW
5.

IO, 1AROMFESY 1 AT EBOAAL & &
AL S W WIBERED RAT T A 0, 2 KoriR s
B b 2 piic#ort 2 L k- T, MRER s
WCEAF T L IR OTRETTST I R 2 h s, Eh &<
DIFFRHED RSB S W T BSE IR o8B & h i
EELD.

Ffo, PHERES LT STEOME2GE O %R EEI1185%,
WRRINIBRY TH N, 2 AKRDTHEA ITRLEE & S B
HBAAL A B YBERETRESOEE TR 0% 5
BHTIRSBEE D
LD Z & HAERFED motor point  HIREL L7
FLADFHEEDIADMTC & 5 BRI, R &M
NTRESHAADZ S HEBMREERC L A8BH5 L~
A, BT AT & o W TR BE DA LI 54T
SHHT 2 ROWEAEOAL T HRHOBFETRE > 0
REEER Y @ E XS5 2 & avf L,

BRELOUICES

1. EEMENERG S HE s Hrh D Lo RBET
VB PR A AR~ A T LIS, PR RO
(isEEmE) oML,
SHRHELE, oM sARERSTHE I &
ERTHEES 1D, FDA D= XLPEEL DL
DOREDARA5 12 - fe DT, EHKL, 190050 Wister
F rat OFIFEDERRE L, ThicdkoTEME
TH HPEERER L OB O FTEAE T H B BT
SR ERIC L T, DoffRic L ARED 4 b=

Ko SRR\ T L7z
2. PEERDIALINC & - THMAREG 2 5 A REFE TR
SNBH I ERHECERGT, FRIEN, YEERERL
U % R OB SFER LT,
3. AEOEEIMEED motor point A BIRAL L 75
W ATRE A HDIATr - LT L D ARFEOHAEE end plate
DFETE & FREDA LSBT % end plate DIF
R I

Uin L, EBRFEMCEmED | Ko tE+ 5
AR T EIL.
4. ERSAC DA A TG EE & IR 2 9~
ZHIBS 5 & L& Tl S h A MEDIRBOFNL,
FPRERRRIIC L > THER SN OMELE LV T L8
PR TELOT, BYESHAEOBME end plate
& B HTAE X s end plate (31 KOS i
Iy Ul ¥l & n s,
5. ZAED motor point £ OIRAL L 7o 5L~ D HEEELE
AR A IR L R E R A IR & 4 % L ER
A A FEBICIEBISTY, SRR aA A 12T
SFE60% B 10, BRI ZIEELT L L FhFh40%
ES6% RN LIERH L AT b A AD - & BT
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