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Free Gracilis Muscle Transplantation in Severe Volkmann’s Contracture &
Brachial Plexus Injury

Myung Chul Yoo, M.D., Shin Hyeok, Kang, M.D., Young Kwon Kim, M.D. and Chung Soo Han, M.D.

Department of Orthopaedic Surgery, College of Medicine, Kyung Hee University, Seoul, Korea

Two patients with flexor paralysis of the elbow due to brachial plexus injury and three patients with flexor

paralysis of the wrist and fingers due to Volkmann’s contracture were treated by transplantation of the gracilis
muscle which was detached at both ends and transferred to replace the biceps and long finger flexors, preserving

its long and lax neurovascular pedicle.

At eleven to fifteen months after operation, the strength and flexion of the elbow were satisfactory and the addi-

tional cosmetic effect was obtained. This method should be performed only after a complete study of the patient’s

general functional needs and the condition of the affected arm, forearm and hand.

Key Words : Free gracilis muscle transplantation, Volkmann’s contracture, Brachial plexus injury.
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At AE vl AR Y 289 Ree FpA
% gBdY FERR} sty Bag F&L(Volkm
ann's ischemic contracture) A vl gt 52 F2e wi g
2258 A% AFAFS, FFAFTLY A YA A e
BAe 75, A7 53 yFA4E FFTUAY vz
FAEEe Aort Asie] HHutES FuYo] a5
€d 2 A5 Ao, TAAHYE, ALIFHE, mu
scle sliding operation, # 8 w4435 o2 7}x) wye] g)
ov FEAGAAFE vl A 9 AHe)eR F & A
FE 7@ 4 9l 2} whole arm type Q] 3¢ 27}
A8 AegAde B rane

1970'd Tamai~} APANA A B4 H e o]
3to] o 2 2 (rectus femoris) o) A 2H o] 4 F¥
1973 Cheneo] Hz 9] fa2 oA=& A FTsigdzm,

Hariiz} 1976'd 22 (gracilis) & <& §o x5
© e AFIFEHY Q44 2524 ad

v] sphincter loss 5o w}Z (gracilis) ] 4] 9] <-4 o)
Heol gov AN A Foln] £ Bag 74 (Volkm-
ann‘s contracture) +2}2] X zmef) 4] FETo]AEL of
4% 5 9lA =Hodmo,

Y AY AT 19783 HE AP oM P >
e HAR AYE EUR T 143 $ee
A% Amst EAED A4S e 2 A3 £33

ERELTH 289 AR Bag FHe 48 FALE
A 34 =3 56 da) T FE A& Al st
15~190 97 AA4FAF 3L 405 A7) $44
719t AFE Bmsuz g,

EEPY

1981 TEHE 1981 114747 4492 2R
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A Al g wrZfejelde 5HE HA5d dx 398 o
A 29 e 2E9 J8E TAYE R2AZNR A &
Azl A8 de 983 oo duAddozH A
AR Foiv) 24 Eawt 75 24P AVt d T A
WF T AAe] ldojglen (Table 1) ¥ Fele]4 &
£ Agsr A 1~23xe] HA mAH ZHolAEg W
steu Za7) gidlel. 28eeldeg wride] Aw
Wee B AtAA S 2Evhue A AAlER F
£AFHE ¥ady g " whole arm type & A
WAl & oie] 28 A F7HA 1~23e AA 24H A
olAe g Wy FAHY FENAM EAgR e AY &
53 F8d 2544, AAvHIE Fobslsdeh. B2
W FE 2dle AR FIANETSH B A ] Ay

Byl x5 glo} FF2tel4, muscle sliding operat-

ionS¢ AWstgd o Asl AAHA okew A7)
A 1dE AN, SRR FEAT Y 2HEUY
9%, 2IYTFaH BELE A, VEAAL, si
licon rod 414, MejAe2 NEWo 542 7Y
T ERESECE

+ay

£ %39 A E BE IAFAS
FEA ) AR ENNE FE35] FAdspgo g,
A Az REE FAY ¥z AR E
A AL WYY 4 glenz WAk ¥HY AAF
ol Halde AL ARAGAY asid AF g
o &9, £54749 %A% ¢4 F(donor muscle) 2]
e s,

B) ¥Z =22 a3
kel Y x& 494 (Gupine position) 7} Fow

Table 1. Cases analysis

No. Age Sex Lesion Previous treatment

Case 1 21 M Brachial plexus, Shoulder fusion
Lt. arm & elbow Bunnell's op.

Case 2 27 M Brachial plexus, Shoulder fusion

Lt. arm & elbow
Case3 6 V IC, Rt forearm Muscle sliding op.
Case4 26 F VIC, It forearm Flexor m. release

Case 5 32 M Electric burn,

o

Flexor m. release

silicon rod inser-

tion tendon graft

& g¢goz vy Algsted WA A -FE9 (donor
site) o] Z AL GHZTFAA AFHFJ YE LS 4
247} (Fig. 1). B39 QE2AY ENF508 3
Holae] oy A7t Beol 74 FFoaie} Ya s
& 2719 R H%(kin flap) & HER A7 Aelz o
A3 A55 dgF A9 Al A Z(adductor longus),
B3 Z(sartorius) ¥ F 99 Hbelo)Z(semimembranosus)
abolof ] wb(gracilis) & &l ¥chE oo g Rge] &
g5z 4E& Foste o= WH T (adductor magnus)
2} A" (adductor longus)Ato]ef| A obturator nerve
£ ¥q ¥ &F WA (adductor longus) & W&o
2 #Helstd W =9 ¥ 3 A %E = (medial femoral circum-
flex artery)#} = #4312 o 5 A F9 (profundafem-
oris A)ZFE 7] A8t F A AA s o 20cm A
ole] wtg A3 2 A sted ¥, AAN §A4 A3
Fr} (Fig. 2-A, B). :

C) Mz g2 o]y

48 (recipient site) Q1 Awuty-9 Apupio] ulE )y
o} whEzAE M3 A 4I& 4307 Ay
T AYE e, Fad F3EF NS AR 5
Al A3 H7tel| A AbddY AR AU 7ta
AAste e AREANE HEF A3 5T E FEA
Mate] A3 4 5RAHE 20 F 4T L Agg 7]
Zatoll¥ Z7) Al Hel A& L3 E7) (coracoid process) R
AE o] b2 stumpel] AN GE WS E A
%9 (medial femoral circumflex A.) & A3}4] 59 (pro-
funda brachii A.)e] 22 A (cephalic vein) & %<
el Eg3td HFE A NANFE o] F2 (pectoralis
major) & A7) 8} i obturator nerve ¢ Hu}E A L7}
Al 7 (intercostal nerve) o] 10-O nylon 2 & %-§}3}c}(Fig.
3 FAZZELFNAE A8 FeAede F38 A%

A.: Medial femoral circumflex artery V.. Concomitant
vein N.: Branch of anterior division of obturator nerve.

Fig. 1. Neurovascular orientation in medial aspect of
the thigh.
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A. & V.: Medial femoral circumflex A. & concomitant V.
N.: Nerve to gracilis muscle
Fig. 2-A. Dissection of gracilis myocutaneous flap.

A.: Med. femoral circumflex A. — profunda brachii A.
V.: Concomitant V. — cephalic V. N.: Nerve to gracilis
— 3rd & 4th intercostal N.

Fig. 3. Scheme of transplantation of gracilis M. to
upper arm in brachial plexus injury.

Scm A FYe AR A Ax %84 ¥ 3em7t
2 Yy AEAANE T EFARY AW ZAY F
=% A2 2k s A AR old gFEFAY
FEM 3 H-F7+4 35 (anterior interosseous N.) uk
ER2A22HE EAREA] O welddg dae 29

ol A& 4 stE ) 247} (medial opicondyle) ¥ 23 %

H
%
# stumpe] AT AL ol T U9 ¥E ¥ 2e

o

Fig. 2-B. Isolated complete composite tissue of
gracilis myocutaneous flap.

82 1/3%F2 ARAAFI AFHY 2/38EL
FAF T A3 A B gIchE: S dE
¥ 2 (medial femoral circumflex A) 2 Fx+ HF
S o) F-gsl1 obturator nerve & HEF A Ao B g
gt (Fig. 4).

B ol

D) &% A&

FEAF FRAAZTFZEEANAFE A FADA
of7t A7 A2 A 8 fong arm splint) %
2AA A AN AL F 345 o] o]F <t
333 (skin flap) o] "FAeS 4z, 273 Doppler 2
dRAd S DA ik FAAGAE FH3
I % 3IFFERY EH g ¥ELdo] #AEES
Al zpghed, A A QA 7EA o] Al 2 win] & A o} o
o2 ALH ArAFRYL R TEHE AA )42
9 8%E e WANES oo} o) 53] Fe
287|745 oAl o] B QA HuAYEE HF
HAAEFL A7lstdof s ZHFo] vehirelx
AF717 AR} £ EFL H3e Aol Frh

B ode e

F21

A

214" G2 dE <& whole arm type 8 &
APFA A E EAE s 8 FE A Ao E FAZ Y
dslgeh. A3 A5 A/HY PHLSTF, AFYL
(triceps muscle) 8] 9 Zo] Ko]lx ol&hy ZHAN F3
AR A EEol A A FHXEF ARd
< 7SR FEATI 1R TAHEF FARES
(sternocleidomastoid muscle) 29}-& ©] 43 elbow filex-
orplasty & Aldig oy As FAAFFTLF Mol o
o) EXRE FRHY FETTHHNE MNAAA T4
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29 570 gkl B folAes AWk AgE
167099 AAZEA A ol¥A HAY FFH F8AH 2
295 wolnl YAA oA T FHYL AAY
slgl vk, A=A action potential 100mv £ o] A &
W AAe] gAg AALAL el AL ZHe| ¥4
= 7 gt} (Fig. 5-A, B, C, D).

X 2a

27 A" WAtz @E Aol ¢ whole arm type ¢}
Ha A AE &4 3 822 A547 ] AN

3 FHFEE T %A vhl Y E Yo FELFS
Al A dqch 19F dAHoz2 & A%y f¢
&2 At AUEE AT 6ALF HI 43

o4& Atk £EF 1504 WAFA A o]
A ol 29 s34 PP FAEE
FYE LY AYelE 23 £ Y& A=AG A
A FHEAAME 2R A7 A4 AP AL %o
sgen ASdl £499 g4& Holuth 53
2 gAd A sFelns £599 Ao & Helkd F
YAl 23420 WEY FEE 4E ey

A.: Med. femoral circumflex A. — radial A. V.: Concomitant V. — concomitant V. N.: Nerve to gracilis — Ant. in-

terosseous N.
Fig. 4. Scheme of transp

e v

i

Fig. 5-A. Case 1. 8 monthg after left brachial plexus
injury. Severe atrophy of upper extremity, flail shoulder
and paralysis of elbow flexor appear.

lantation of gracilis M. to forearm in Volkann' contracture.

Fig. 5-B. POSt-(;;. Grafted myogut;r;eous flap healed
complety.
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Fig. 5-C. EMG finding (8 months after operation)
Action potential appear in grafted gracilis muscle and
regeneration of the motor nerve is definite.

Fig. 6-A. Cse 2. Severe atrophy of upper extremity,
flail shoulder and paralysis of elbow flexor appear.

. ole S AL 44T A FBT A2 AR
o} (Fig. 6-A, B, C, D).

X33

649 dxpolol 2 ¢34 9) 4324 (supracon-

dylar fracture) X 8% gwFog Bag AYTH
(Volkmann'‘s ischemic contracture) o] %A slg os A
G A9 gde FFTEY 5 (clawingE B
t}. 9xpgez FFFutE] < (flexor release operation)
& Agstd oy #2759 MAde] el 4 3datd
wtagele)Ale s APstdeh. e F 171499 9445
Ao A HEAAR v $AER} A Jepy EF5
23 #AHEYe] AAHT FAR HIFHE AL
ol HE " FAYUgRAY FTIEE 53 HUHY

Fig. 5-D. 8 months after operation. Patient can flex
actively his left elbow to 45°.

Fig. 6-B. Post-op. Grafted myocutaneous flap healed
completely.

(grasping) ® pinching 9] 7] %3] 8o] S 8s4ic}(Fig
7-A, B).

X 4 &

26 A" AAZA 1240 Pl H2 ApF FAF
o YA TS0l Wastdd, olgA AN 4R
o) A FARFAL AT TFAHHY I A5 (clawing) &
By, $4 14dute] wrZfolg e Adgoy 5
=¥ 197049 G 3N 29 £2Y, FFEFF
3 }o}d (grasping) ¥ pinching 3-89 Fabe] F3 3}
2 HEAAZ v SANA) Ha oA FAYAAH
4 (clawing) £ §oA - F sl £ F 444
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Fig. 6-C. 12 months after operation. Patient can flex
actively his left elbow to 30’

Fig. 7-A. Case 3. 3 years after supracondylar frac-
ture of the humerus. Severe clawing and flexion contrac-
ture of all finger appear.

o ZAE A oA AYLAE A e
3 9=+ (Fig. 8-A, B, C, D, E).

X 5 &

2AR FAZ Az o AutE FIE 24
Ag ARxALo] 5 AubFe glo] BRHEA o]
& EA AL, AoAes dadd NEE Yo
A[A o ¢EAH Y A du AR ETFTIEF
¥ 2o 4 23 oMYkl w2 fElolAed
sttt SEF 157099 AAFA A A4 04
o #HEF $5& A 5 dd2w 522} hoo king
! s}etd (grasping power) o] ZF71& vreblch 2By
ANEAFA Y pul R Aupiol g AL RAF HHE
Foz uM5Ar5e] £ AAER T Fahah

o & B

ol > o o> g

$o o
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Fig. 6-D. EMG finding (12 months after operation).
Action potential appear in grafted gracilis muscle and
regeneration of the motor nerve is definite.

Fig. 7-B. Post-op. All finger clawing and flexion con-
tracture disappeared after operation. She can flex ac-
tively fingers and grasp some objects.

CHEAAAY FEF 8N HolA ¢ A4 Ao
0AYFE dehtr] Adgen shdezs 245
Ho] =A veh} A% £45 o (Fig 9-A,B,CD,
E).

g o

2 ZAAAH AR 5N 2 Ade e F
c} (Table 2).

AtAl A F &t o7 AR vy Fpd FIEE
Aol d g Zfree]Xed sEF 15494 &
28 A FHE A FH FALFT L 47} 45
30°d et e AL A s ol 2o 52
gdg oy #3& £l Aok §3] olF A dlA=
ZEFF FUA 28 £5He) Forsle g4 1y
b ZHE Ak Al ldddE & F 8/ Yel action
potential o] 150mV & velyx A 2 A& 4 F 3
7§ Y action potential ] 50mV oj A 1278 Y A] = 500mV
2 F7tsle] ASAHY ol 2o A 2HF5YY g
& R Fdch

Al

R
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Fig. 9-A. Case 5. 2 years after electric burn. He
couldn’t flex all finger due to loss of forearm flexior mus-

Fig. 9-B. Post-op. partial superficial skin necrosis
developed but healed by secondary splitted skin graft.

+

£ mf WMoy

Fig. 8-A. Case 4. 1 years after supracondylar frac-
ture of the humerus. Severe clawing and flexion contrac-
ture of all finger appear. B,C,D: Post-op. All finger claw-
ing and flexion contracture disappeared after operation.
She can pinch and grasp some objects. E: EMG finding Fig. 9-C,D. He can flex actively his all finger and
(15 months after operation). Action potential appear in contraction of the gracilis muscle is definite.
grafted gracilis muscle and regeneration of the motor
nerve is definite.

Eouky] P2 og MekRe] FHITaH, TS5
2] ol W& upEHEjel &S 1709 A AFA L2
|°ll*l SH A e Bgd ALE Fe] A
HA FAA vl 4d Al Aveds 2 &
ifﬂ-‘%‘l FAYRE feAe 848 Lo A9 - :
284e 9ol FTHANE dAst] Ay A Fig. 9-E. EMG finding (10 months after operation).
A=

Action potential appear in grafted gracilis muscle and
a -3 P K-2 =N . . ..
F3YSF e $59¢ 299 53 pinching % regeneration of the motor nerve is definite.

1)
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4H9 3do] Fse $AF 5 e A=k
AT A4 £&€F 157099 110mV ¢ action poten-
tial & vebigden ol HA Frlste 94 Btk
A7) gatol o3 Bant T2 A g £ L& AV AL
2 ALY - ZFTY 24, AY A5 02 g 8
o $ge] ERLH 53] 459 Hho| A
FiE2s @l de] Fold F&2F o4y sy d
o] FEAHLZ FAtel] A HAHAF 235 Fo) e
Algat el ol F9 fF4& gldovt £5F oA
9] =277 Rt FA4 Yo AT AL A o]A) 2o B
FFEHL ofF Falg ot 238 Iy FANFFS
Fo] WA sl
Aty o g wZFelolAEF oA 29 I WA
Aol sled Baw FHAIR A A Eeulel A o
A A ek & A 5HE FEFe Ut Al
A= 9l 2w Ag g ups} o] Fe 5 Ar)sa
AA FEHd HEH A dsich
N
At A E £ 3 AXEE B¢ TEd) 9
¢ ARG R wlulA] Ao, AoAE, A
AAE, vAFEF71E o] 43 SHEl)E 5ol sle
dl Sfelele s o] 43 /FAAES AET AER
HZ v ez gy @4 2F A s B

H2 ek o]F Aol THEolAEA ok

H(DHA L) b o)A F AA W77, oA Ze] )
AR oA FETY] Bl £EF o)A 2 F 4 A
A3le 8% 847 Hogho,

ZHeolAsd 0|48 5 gt THL2HAE YW
(latissimus dorsi), ¥ (pectoralis), ¥} (gracilis), ¥4
&< (sternocleidomastoid) @ M%< (triceps) So] 4]
o el 23 FEL FEuluA] dolR f3)o)4 o
7V 3kt whole arm type & AbubAl A& ofu] Ao 3= o)
E T M HAY A5EY AF2oe HPA o
on FUAAAR B AR REH SEFeirt 4
712 FeF dEe] A vlg4Hog JEHYe] gl

HEfeelA e J87tA Ao ded AA, &
|X 9 248 27)5S WA F oy B4, 2
3 Zole 2%, AAY ¥HE YL 5 Uz AA, 9
FHE FAo o)AsE 2 MEL AAY F oA
o] g3 /Aol = A, w3 ) Ao o o}
MEE G71A Ga® GAA, o]4 Ze) sbEa gke} &
S22 BNl AGan FHA oA=& A &
A deng F4Ad UE FAE 2dx] g

FrelolAleA] oJAZ2 ¢ FFaE Aol Dl
I oRLE A AdEEE Y £ AYE AL
T AedtHeY g gelo| e A Fudo] dEUS
HAdFAe A R s o] A FFwm 2 2
Sl 28] gEsnz FL 2HAL Z23 gloed
EF e = Ay Zdo|s}t =) @ 23 9]
202 endtoend 2 F#3}7] Fom o)A F =upiie)

g APz NE, AHEEE 259

%, &

%9,

muscle volume, FF3t& AAY 9 Ad, 289
Zolsh ol A HalM S 2g5o] ok
E£3] fFEl ol EAldlw o4 T ¥ ¥HFANAY

RES

Y= JfdEH o F2 AAE 9L F Ad: AAH)
o)A Zo] A atg-sleiw o]
el & F 8 dd o)y
e AgHez ¥ ust

Qi Aoz A Zpgc)se 9,
Al 73] 2 Aol wkefo}
9 377} 50% 7HAde

Table 2. Results

Functional result

EMG

Case Lesion Donor tissue Follow-up

Case 1 Brachial plexus Gracilis m. 16 months
injury. Lt. 22cm c skin.
(whole arm type)

Case 2 Brachial plexus Gracilis m. 15 months
injury. Lt. 20cm c skin.
(whole arm type)

Case 3 VIC, Rt. Gracilis m. 17 months
(supracondylar “12cm c skin.
Fx.)

Case 4 VIC, Lt Gracilis m. 19 months
(humerus Fx.) 20cm c skin.

Case 5 Electric burn, Gracilis m. 15 months
Rt. forearm 18cm c skin.

Active elbow flexion
§ resistance, 45 degree

Active elbow flexion
§ resistance, 30 degree

Active finger flexion
€ some resistance.
pinching & grasping.
Active finger flexion
C some resistance.
pinching & grasping.
Active finger flexion
C some resistance

Action potential
>150 mV at 8 months

>50 mV at 3 months
>500 mV at 12 month
not checked

110 mV at 15 months

> 500 mV at 10 months
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3 9ew o)Al F A7 Aol FHi MY FE Al
ste] 6~8/0YWe] 2gdE 2 15 29 ASY AHH
g7t Z2dlEe] Z7)%e] Ak o] ZF AV AZ
A8y FYUANE(FEFH €5, %AA) 5] gasy o
oz 29 HE3Y HR3E Hagoz 2D 5
et © 97 olA 2ol Ha® AAY AHolrtgod A
A7 7 SHIER )% FEe] w2y Foo 4
+8% I35 Fd F 3US Holvp o2& 44
o ddARd F0Agstel] BgsHE FH Ao wA 7]
2 AL QA Bgad oY FFHo] ¥RFe 2
e ARAEL £EF AVAFTLE 29 AREE
2 ste] Ay Ao VAEE FRAFHA ¥ st
gk ojAw Ze Wy o AYslor o)A HE F4
AME o4 2o AL ol ¥ 753 of e Fgef
AHgEe A7 e Ao wel A3s) o2A Jepd
arh & olATo] WP FAIFTTLFE AT A9}
A Bg A F4d I LEL A=
2 295 Jed $ ded BHdME AAAEE )
HlA] F34 F3¢F AL 9% SF04es] B
ot Bawt P56 F FAEFEF MU #EA9 o
F& A3F Jehdoh. 28z EFAF o2 74

d HEL AR} EYAD 2aw 7R $AFIe
T

FE
Al B o] £ 495 2493 AR Hrisig e 4
A7 2 ube] ool A o] Al & o] B o3
2715 AL AAE F Aded Eay FEHHd4
stets gl pinching S-o] 4338 s & 4 5
S AANAETFETE A F e AERy 2ud 74
3 waste ¥y 274E BT

£ Ry edE v SEAZ G4 AR E
b o] AL FHUANR FEEZ A F71E £4o] o F
E ZAAEE Aoz AYd g8 Badz utd. o
A% 2E RE 2L ZE A FNE FE2F AFAH
obtdd Al g FrA de FElolde AYste A
o] oAl FHelago] B F Jdorz? w247
ol e o e & Tustn ki skt

AEH g 2ol E AdE 449 AR
F2 98 oA AAY HolE € 5 U FA
B} FL& 2% HES el o)A AAe] +FA
ez FAE glolol & FHAN e AL
8 oAl Ze] Wy ol g TFwHa v R 2
e ¥Roe g Fisier dvd =¥ £ v FES
Z17b Ay ez A =eop Foh. & w2 f ey
& 244, vhle g A2 YHeE o @
2 o] &o] 7l

4 B

A sta oA FyoHd A E FAA
o #AREY $FH 5750 oA ARAAE &
4 gat APYTE 5 A A pEFI)E
o] 4% ¥FFF I feoNE e A g3 7
< AES A4k

1. G2fol e 4% el #AZF2Y
71 AEA & Fg Wi eln.

2. HEFHelA g AGAAEe #FafeA Bt
gat AEAY FHAA £ BAY 715 o L
A3E d¢ 5 Ad*eh

3. R les 47 BEFZ AAY v S
Ao A= A A2 + U

4. Bavt AAFHHAA LYY AL 83
de HEfeoldEE A"

5. wtZfelel g A AT o} F Felr} WhE
£ WA gedh

6. 74 24, 23EY ALY 584 &
FAAE A8 EHXEr) deshe ARAE SBA 9
EadAdAgel slgd o]Aeg Al Hel fges A
8 3tefof ot

7. ERelNEd e YT A YA A 4
| A ees7)7t 87 "o
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