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Free Sensory Nerve Graft after Skin Coverage in Degloving Injury of the Finger

Sung Won Sohn, M.D., Hyung Soo Kim, M.D., Kwang Soon Song, M.D.
and Chearl Hyoung Kang, M.D.

Department of Orthopaedic Surgery, College of Medicine, Keimyung University, Daegu, Korea

In degloving injury of the fingers, the digital sensory nerve as well as the digital artery are da-
maged together with the skin of the finger at the time of injury. After skin coverage, sensibility is
very important to the function of the hand with good active motion in anesthetic or paresthetic dig-
its which is refused to use those digits because of either the lack of sensation or painful paresthesias
when the fingers are stimulated, and which is easy to be exposed to many of injuries, such as burns
and traumas.

From October 1982 to December 1989, the free sensory nerve grafts on 31 fingers(27 patients)
were performed using segments of the sural nerve at the Department of Orthopedic Surgery, Col-
lege of Medicine, Keimyung University, Daegu. The purpose of this paper is to present a large se-
ries of patients who had sensory impairment after skin coverage in degloved fingers and who re-
ceived free sensory nerve grafts. We also studied the factors that are known to affect the results of
a digital nerve graft:the age of patient, the length of the graft, the time-interval from injury to
grafting, and suture method. Clinical evaluation was performed using the author’s scale correspond-
ing to this study, which is modification of grading system described by the British Medical Research
Council. The follow up studies for an average of 28 months(from 12 to 54 months) showed good
result.

Key Words : Free sensory nerve graft, Degloving injury, Finger, Sural nerve.
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AF 1404 44347 78R4 271, 81
HoA vnd s AFE AU A
Z3 @A ol& HIdte uvlojth

AP o Uy

AFRAE 1982 10¥HE 19893 12¥7}
A B 44 718% £x €9F q(F &
7 B Rl F v B A (sural nerve) & o] &3}
o §E37 older A AHARFNE XNERT
277, 31¥E dAo=E 3Hd. €7 FA
717te A 127149 A 547490
H 287/1YelR .

AT e AVIES EUE AAE ¢ d
Y, &4499, #39%E o429 2 #=4A
A ol A B oA Hol, &V, #E
A7 2P s & A8

ARENE F&F ASHA YFHFA A A
A ABAEE G795 A8 HAALHE A
23909 F =2 Tinel’s sign, ¢ %3 AL (Nin-
hydrin test)®?® @ Z+z} 7)% 7 ALY (two-point
discrimination)® & o] 83}t £§ ZAIAES
v 23}7] 93l Nicholson®} Seddon®’, Millesi
= Tenny ¢} Lewis®’g o] A}4-3F British Me-
dical Research Council®} grading system2 ¥
AT HF{SA AR $£AHF Author’s scale

Table 1. Sensibility Evaluation Scale (by Au-
thors)

rlo

S4: Some recovery of two-point discrimination

S3: Return of superficial cutaneous pain and
tactile sensibility with disappearance of
any previous overreaction

S2: Return of some degree of superficial cuta-
neous pain and tactile sensibility

S1: Recovery of deep cutaneous pain sensibi-
lity
S0: Absence of sensibility

Table 3. Cause of injury

Causes No. of Cases (%)
Roller 15(55.6)
Belt 5(18.5)
Presser 3(11.1)
Milling 2( 7.4)
Electric saw 2(74)
Total 27(100)

(Table 1)& AH§3td ZAZAA7 9 HEAZE
HF ¥ YrrsHoh

g &4
1. 48 % HYEE

% 2799 X BRE7l dANY. dPEX
E 19413 ¥ 53472 9o, 1009} 207}
Z+zr 59, 17902 AA 9 814%E A A
t}(Table 2).

2. &40l

Yz B & o7 &40 158
(55.6%)2 7} Wgton WE 53#(185%),
x 2 38(11.1%) 59 £°] A (Table 3).

3. REIE o|A &4

A Fgd U Ade € Ad@AE
¥ #739Y o4y g AH}HeH, F 31
#AE 2 BAo)s B9} 153 (48.4%), &
AR #H"ols F97F 93(29.0%), VAR BH
2 g@Folst Bst 7 3 (9.7%) &l
t}(Table 4).

4. Reldld olMFX|

% 3183 QA7 17H(54.8% )2 HE +£3A

Table 2. Age distribution

Age No. of Cases (%)
10-19 5(18.5)
20-29 17(63.0)
30-39 1( 3.7)
40-49 2(7.4)
50-59 2( 7.4)
Total 27(100)

Table 4. Level of pedicle graft
Levels No. of Cases (%)

Below DIP Joint 3( 9.7
Below PIP Joint* 9(29.0)
Below MP Joint 15(48.4)
Below Mid-palm 1( 3.2)
Below Wrist 3( 9.7)

Total 31(100)

*IP joint of thumb was involved in PIP joint.
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Al 7o) 2lo] 10#(32.2%), ¥ FA 4703
o] 7e#(22.6%)How FA 7#(226%), FA
4#1(12.9% ) %= °} Y t}(Table 5).

AR olde gAEL &48 TANA
ol AEATE Hosly] At FAHE o]y
F Hd 3AL7AE Jide 23 sEYg 3A
o] gl A¢+HAH

5. FelAldE olAldo|

FHNRFE oA A MBS O
gy &aRug 2 gen, oA
FEld A9 Aole AFS(pulp region) &
Actdolr B &4e ZHR7AY A=
gAH oz v sdAd. vE AEE o] &3 &
G A A2 Aol A 3.0emPEE HA 9.8cm7t
A2 B 5.4cmYt}H(Table 6).

6. TAF [Fe|MH olAE ML 7|t

FAFRE {FAF olHenAe 7L

Table 5. Digit operated nerve graft

Digits No. of Cases (%)

Thumb (U)* 2( 6.5)

(B)* 2( 6.5)
Index (U) 10(32.2)

(B) 7(22.6)
Middle (U) 5(16.0)

(B) 2( 6.5)
Ring (U) 2( 6.5)
Little (U) 1( 3.2)
Total 31(100)

*U:Unilateral, B:Bilateral

Table 6. Length of grafted nerve
No. of Cases (%)

Length (cm)

AY IAYNN A 16LANZ B 7
Lol ATh £4F %ANFe HEAEE VY
37 fstel A 3AYARE AR IAY
oA 6AYAolol e A$rt 1981 (61.3%)
2 71 Bto™ 281(65%)8 A9 3 Ry
Aol 12709 Wol %258 THTable 7).

7. ME Sgdy

% 313 % 18#0(58.0%) oA 8-0 NylonAlZ
Al17d 2 B ¢4 (epineurial suture) g, 13#}(42.0
%)l A 10-0 NylonAl2 A7 8 584 (peri-
neurial suture) & A|33Pon F&Euwuic) H
o wat 47 P F g 93

@27

HENAL =&& 98 A3 FYP & g
A#Me] 949 SAYSL AAF Ay TR
A HARENAE PAov(Fig. 1)” A FH 9
YHEN FHE FAKE AR &4 & Ve
Qo] Wol A& WUt FET MAY =&
F AZAAGNA dos WS vEAF Y F
HZFAAGOAN dee 92 ¥HEBEARZF 715F
g TS FAR AHez ASE4d. &
Yoz £4Be ST $F 447 o4
< 2 i §FAHF ol e S AP
o oo &AM FRtE FAH A= 4zt

Fig. 1. Multiple S-curved incision followed
by exposure of sural nerve.

Table 7. Time interval from injury to nerve grafting

10 11 12 13 14 15 16 Total

below 5 16(51.6)
5-below 7 10(32.3)
7-below 9 3( 9.7)

Above 9 2( 6.4)

Total 31(100)
Time interval

(months) 3 4 5 6 7 8

No. of Cases 3 4 7 5 1 2




e % Al e

Fig. 2. A) Sural nerve for free sensory nerve graft. Note that distal end of sural nerve is cauda-
equina shape. B) Immediately following bilateral free sensory nerve graft.

Table 8. Results in the various age groups
Age Below Above

Scale 25 yrs 25 yrs Total
S0 2 2
S1 2 3 5
S2 8 5 13
S3 5 3 8
S4 2 1 3
Total 17 14 31

Table 9. Results in the various lengths of gra-
fted nerves

Table 10. The effect of time interval from in-
jury to nerve grafting

’ Time
interval(mos) Below 6 Above 6 Total
Sclae

S0 1 1 2
S1 2 3 5
S2 6 7 13
S3 3 5 8
S4 2 1 3
Total 14 17 31

Table 11. Suture method

Length

(cm) Below 5 5-7 Above 7 Total Method Epineurial Perineurial  Total

Scale Scale
S0 1 1 S0 2 2
S1 1 2 2 5 S1 2 3 5
S2 6 5 2 13 S2 7 6 13
S3 6 2 8 S3 5 3 8
S4 3 3 S4 2 1 3

Total 16 10 5 31 Total 18 13 31

2 A HAZF Kirschnerzt4d Fo3 1A
etk AR FIREs #XAFY A NF
Aol VguztA AAG FF FAFRAA A
AEd F99 dolg Ai FAR AAFE 49
of oA o] A F= TFEEY(Fig. 2-A)e

2 ARANE Beldger o2y =23 A
232 AASGAYD. 2F FEFAFY 49
ol FAR AFe ZYRE 8-0 mono-fila-
ment nylonAl2 X173 & * %} (epineurial suture)
€ dAY &L 10-0 mono-filament nylonA}&
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N7 F9 B3 (perineurial suture)-g A8 3t
th(Fig. 2-B). o] 44174 Y F = YEFEYLE
2 ¥# AF4(pulp region)d] E& Fdo
A B (volar side)e] 3 AWZe] ¥ AR}
R B§gFE HqarEZoz mAIFHTY. 1A
1L 2-3F2 dglew #|AFHEL WA
7 98 e 2S5 ATe Ag 93

2 3s
2

FEAAE oA &F: FHG 1dold LAFA}
7hestdd 279 318l Bz F & F
% 14 7] & British Medical Research Coun-
cil Scale®?#g gr £AF Author’s scale
(Table 1)o] Z3thth 23 WAL S20]4<l
BALole ¥EZ, Slojsld AFde EFOE
e & 31AF: 24 (77.4%)NA %3
(S20]hH & AAE, T (22.6%)4 EFH(SI
o3} 3 AAE Yel A

1. 99

2548 AEZ sto] wm A 254 migk
o] 17812 151(88.2%)o1 X ¥a & A3g, 2
#(11.8%) A 22§ AARE BYow 254
ol Aol 143F 931(64.3%)H Y& d A
g, 53 (35.7%)ol X 2% FAE BYY
(Table 8).

ol e AMZ B AFA 2548 AF=
o Hag AN Ao 4FL vXA 2
< ¢ 4 YH(p>0.05).

2. f2idd 0|4 Ho|

o] 213t A7 el Zolr} 5ecmmi vkl 16#F 15
#A(93.7%) A %53 AAE, 13(6.3%)NA
B33 A8 2¢ov9, TemolAQd 53F 3
#(60.0%)A Sz3 AIE, 2(40.0%)9
A B%3 AnE ¥ tH(Table 9).

olel AFoA HFNA Hel7t HEF
2 A7 ¢339 (p<u.ob).

3. FA4F FUMZ OlMEMRI2 7|2

6Mee AFzsd ving At 67049 1
qhe) 142 11:)(78.6% )X (33 AAE,
3801 (214%) A EFF ARE ngen, 67
4 olde] 17a% 13 (76.5%) A ¥5d &
BE, 4A(235%)AH EFHF HAIH}E R

(Table 10) Z7|F &0l Autd FEE& vAA
239 v (p>0.05).

4. MY SEtYd

ARz B8=S AT 185 14:2(778
%)l %EH ANRE, 48(22.2%)NN B F
3 ARE BYT, ARAFY BEes AP
1381 % 10&(77.0%) A ¥z ZHAE, 34
(23.0%)00 EZF3 AFHNE RGov(Table
11), 919 ¥ W F o= UHx ZIo 4
& WA A E5HHp>0.05).

5. Wat HAlY, Tinel’s sign % Two-point
discrimination test

2% Ninhydrin&<8-& AL8-3 23k HAye®
oA wIA e HF 65N FHdo=z YE
Yom & 31#F 34(9.7%)9 A4 Sz Y
E} st}

TinelZ%¥+ £% U537 %E AR ®
Ao e} AlFEte Ha AdFHAoH
28 (65%) oM e AHEA ¥ AL Foil
At

Two-point discrimination'®?& |7 7+
S3ol A A HHF 13.2mmP e S20] st A=
A4 AA7 A 9Esh i

6. BHZE

A3zt £33 73 F 28 $HEAT ¥
oz A% & R AFFFY PFHeg, 2
He FaAA7Z oHeF EYXNE =F 9%
Bgoz, U4HA lde &4 AZF AWA
A2 AT §7 ARAAE WA AP BF
A Aoz ALRHT

I F

& BFF 7 dFty 4AG 715 E
AAe] d¥olm o) N x=EH7
FEZFo stE AAHR A FR9

, E3] Rollers] o3 zjxulgre] wixy}

g3 Qe

5 g% &3] on EFUEe =YHE
f¥oz ERHD AAW A4y

X8 E87 HF A&EF 44 953
#A e 7syBolgte A UM E dwAHA

2B oA & alo]le gk sfgHesm

AEE F44< nEd 33 7y EL 99

ofjf o & N

ox r Lok o X P

b
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=Hslgon F£AFe Tdol Futd A%
= 433 FYAA 4 FAl KirschnerZ %
o2 RAFFHGY. HE Wies ity
$7 B E ol AeT®a faln R oj2Yo
Uss glen SANRRS o438 §39%
ol4] W2 AgAe ¢yl mE Aol FRAY
o] B/lgdln FAEAY A3, FAEF
Adeg A F=XFAAY 73, #FGAFd, &
A olAudiFel HHWE & Urkes dFHol ¢
1 F5 JAA7 dHFY FSoe o] WES
X E-37] oja g 7Iedd EAE UAAT do]
U Fo] =3" Aoy FAAMAY
FRA 9 do|7} 71Fe] F4F 4P A A
ol g3 Wolg sguraEm®, B
AFoMe 71533 A4 FAY fFE 47
s FAFR o4 gFoz gton ol
FF {IANR ol o AFAYA A4
Target organo] $looz &A L7159 3
HEgol A LA0E AIREU] W otk
e g4 HRAEYL daANE A9 F
W e Wasle FZWLe SAARUL o] §
3l "WolZx thade Ry odez W
AYe® zo AHANZTHE ARz Fdsh ¥
g1 ¢ FES fAYE ojH&R HolFe
WPV g oLz At

dutg oz &R VB AdFE
olxle Q&L B4 AH, &4FY ¢ &
A8, &48 4739 FF 2 2 &3AE,
B &3 AR, £AF NEAAY 717 A
B2 E Af7AI7E doan SH RS HE®,

209 AFVE @A Ao JEFE &

Fig. 3. The regenerating proximal stump
axons are stimulated to grow and directed by
neuronotrophic factors released by the target of
innervation-sensory receptor. TDNTF :target-
drived neuronotrophic factors.

3% A%E JeEdga sded 48 g8
of 2l3lH ol oBFE A Y] &
sty w2o g F3Ho| Hojbs] Wi
olt} Zm F{FTHW. HAE HL 254F
AFE 3l vjmE Aol AT AJFE w3
A Rakd ot 254 wgrel 1785 1520(88.2
%)~ F&d dH¥E Bt

HEBE A4 Zo)o] W X 8 Z+ Neurovas
cular island graft?®:*®> 2 innervated cross fin-
ger flap’ 39 Aol oy AREL £
A7 oldez vudy FT& ZAAE ANLH
FRAHAR ol 3t FA 9 ol gHdE K
A7 ol &A AWAAEE TA AFY F
A ot

F&A71el A8 Brown”& #4F 2-3F7}
g3 BFAVE, olwirl FUE AR T
A 7H3 24T ARFE LS JdeElde A7lE
st ow ZAFYe AFAME FHF 3-4F
Ag3 AL o] F& AAE VEN
Aoy ruddch 23y 43 Fe Add
A BEgEe B AT REHA Gggtew A
Alea oz BEES A3 e A Sakellari-
des™& ol B9 AV2 F4F 3-6719
o AAslEs Aol HmH T2 AHAE JENY
W 3dolate] B Al FHEo] st
o 34t AAEL &4" 44739 3§
B g #@dsty] fste G 3MEAE
71tte] 3 3E Ade]l gle AFd #E
AR old&g AYstATh 53 FTYel W
B E AAge HZo] Y F9

Fig. 4. Schematical representation of the
fiber growth across the mesothelial chamber
from the proximal nerve end towards the distal
nerve segment. A) Both proximal and distal
nerve ends present. B) No distal nerve end
present.
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ARG 4£7E BolAY HiF=E W1 E
& Yehirl= g ey olH dode o
233 498 244

2ol e 47432 2§ % (Epineurial su-
ture), 417 F1} % g4 (Perineurial suture), 4l
A 239 B 3£ (Epiperineurial suture) 5] %
=l 19643 Smith™o]] o] miA|l$=&go] Al
7 BEed =948 old dHAlde HAFET
o] 2] £ (Interfascicular grafting)®oj] 2ls] 217
A FL2 AHE HAFIE 4. B
Hol WE Zdite olAx =39 fiygo] Hx
Qo AP oA EFUAY AL A7
z2 Bdsrtde JAFE 2EEd 7 I E
= wow LA L vt Rust
Atk AREY ASdME WAz EReEH
AR Fe 23&7te] Ao AolHE A

1951'd Levi Montalcini®} Hamburger®®dl] 2]
8 A1 A Aol A (Nerve Growth Factor, NGF)
7 A ol#] £447Rel Addte 99
Z & Yol Target-drived neuronotrophic factors
(TDNF)&1 E&$e o948 /A7 doiA
295 A% U (Neuron)o] HEFH AHFE3
JeFg AR ALE A o} (Fig. 3).
1981 Lundborg$} Hansson'¥€& ¢S &4 =
de 7 12x8x2mmAr|e HIAFEE FHY
v sA e 3tk 3-43%F A E FHd F
7] 4 (Mesothelial chamber)o] dAHE A
Ao ZHE 2 UF AAGE F
Ao widH =AM @4 A4 59
AF ARG Fod 2AHo) A4
v 3tg oh(Fig. 4). 2-3M49F 4= 2

d
&

oty rld & ogo

N
735
AL

l

Fig. 5. Scheme demonstrates that removing
of the tibial nerve (i) and implanting the pero-
neal nerve (p) in the a-neural zone (a) of the
most proximal part of triceps muscle (T) which
has no motor end-plates.

Hagt A fole NAARE(Fascicle)Eo] 4l
74 29% ¢ 9 (Epineurial-like sheath)® EZ%
of & Ay u THFE AAGeZREH
LHFE AAHdez FE3A AYHe & B
3G ou(Fig. 4-A) <95 AAdwd d4%
ASde & AAAREE EE YHo=
AnkEt A EoiA AMEE AE #FEsE Bu
39 tH(Fig. 4-B). T3 Brunelli®+ # 9o 3§15
A% 2 (Triceps of surae)e] 7}4 YR A
AENAE AJAEG ANFE €43 Avh(de
nervation) AEigl o] E9¢] A7 f(Neural
zone)ol| H|ZANA & ol olihk EFAA
Z 9 (Ectopic motor end-plate)o] FAEHE= A
& Az Basty o(Fig. 5).

A7) Al olB& AR 9 AAEL &
P FAAAL AR FEABEE 944
FElA7% 4R E TERYLE HA A
< 3o 4olE AL MAAM] o] HF &
HAE LAEAA Al ol H el AA
D=7 A5 0] Meissner¥ AAEH e o
Y FEAEY 7Fol FEHAU(Fig 6) £
L AAYNAES] IE A2 oAy R YR
A8k Eol7t fElHR 473 FARAE P4
Ao ARG,

AN 247 Eg 453 wdw
F 2 A 3 single testy glow 7% FHE
gae F2 FHAAQY Ao &3 Urh
Far Ao digh #rbe) o] F) ek ojukgol
3t gk FEEFel JMed BEIG F
ol 7T A& A FAEF olEFT R

Rl o

Al

=

o ot

flo o 4N
rh

Fig. 6. Effect of reinnervation:The Meissner
corpuscle on the left has been successfully
reinnervated while the one on the right remains
denervated (400x). Axon can be seen to extend
from the base of the left corpuscle (arrow) to
over half it’s length.
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27 B ol 4Rz Wi YHARE £A Y

245 A%z B34 2 A4 xw&Hs) 4
4 BAPe] 279 skl e F2B AL
EdgE Ao,

|

AYaa s FYPAAgRHMe
19823 10€¥%E 1989d 129717 EQ4 ¢
AR A HF FRUM FAHR o]y
% ¥ EAN7(Sural nerve) & o] &3 KA
o] &g AYPLeEr 1dol4d AAF AT} T
3Ad 279, 310 st BN Ax g
I 2 HdE2g 4.

1. 9B EEXe 19M1%E 534721929 10
el 20071 227 (814%) o8 WRES AR
A 2548 HF2 ste wmd o] A
d %L vXA R&H.

2. 2ged] % &40 158 (55.6%)2 7}
Z gon &4 R92es FHA AR B
A7k 1580(484%) 2 7+ @t

3. o] 33 FEAAY Hole HF 5.4emy
om do|7t #&+E £ 2348 JEIUL.

4. FAE AFHelALE BYW AxJ} 174
(54.8%)2 714 Bton A 7#(22.6%),
22 4#(12.9%) F ol At}

5. F4dE2RE #EAA olHEAAY 7|
e W TMEolFew F&7AY 7|7te]
Ao JFE YA Z3H

6. o] AR 9 By 18#(58.0%) o A
ARz e¥es, 13842.0%) 04 A7 F%
FEEE APt e HAd U ¥ 4yt
o] AolH L UM

7. NinhydrinZd APHo A 23X 7l HT 6
Fo A dA o2 Ve, TinelZ¥FE= P75
F73 ABEH FAAA Jdedr] AlFEHe
#, Two-point discrimination® 3 A]7)7}3 S3
ol Aol Hi 13.2mm%th.

8. HElAA oldsd AYUL F 31HAF
248 (77.4%)N M Fud AFAE, 7#(22.6%)
oM B3 AAE B

ol4e AFAE £ €HF FAAM HEF
FEETO Ve Ao g 2L o4y
g Shdte A vBAHE o] &3 #4
7 ol2lgo] #AZVT HEY FET ABYSE
9] sl & Aoz AlgdT.

=

1

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)
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