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The Effects of Tension and Immobilization on Nerve Healing in Sutured Peripheral Nerve
— An Experimental Study on Rabbit Sciatic Nerve —

Myung Chul Yoo, M.D., Suk Hyeon Lee, M.D., Dae Kyung Bae, M.D. and Thn. Ghoo Kim, M.D.
Department of Orthopedic Surgery, College of Medicine, Kyung Hee University, Seoul, Korea

Great efforts have been expended to compensate for nerve gap in the repair of a peripheral nerve injury.

And yet, this nerve gap presents a great problem in surgical management. End-to-end anastomosis is most
frequently used for repair of peripheral nerves, but the main problem is tension at the suture site.

The purpose of this experiment is to observe the relationship between the tension and the nerve healing, when
stretching is applied to the suture site of the peripheral nerve trunk.

We used 25 rabbits of both sexes divided into 5 groups according to the nerve gap and the period of immobiliza-
tion for this study.

Gross and histological examination were used to compare the results of end-to-end suture under a tension and
suture without tension. We concluded that:

1. The best results were obtained when end-to-end suture was done without tension.

2. Direct suture under a tension produced the results quite inferior to that of the suture without tension.

3. Better results were obtained from the group of immobilization, at least, for 4 weeks among the tension

group.
4. Immobilization period may be prolonged according to the degree of the tension affecting the suture site.
5. Tension at the suture site causes proliferation of connective tissue.

Key Words : Nerve tension, Neurorrhaphy.

= 711-9—5 ij’_ﬂl 9‘1‘:}5,10,11‘!2,13.14.16.17.15.25).

I. M 2 AR EEFEAN Eg579 B39 7o) AA

Aol Al Al Aeg vlxmz AAGe PHe] =

Ad® G2 2¢E st FAREH ¢ uy W= Aol daE sl AE e 1gge] AAo)
o] ZAEA gled HIT wlAfEgr]y gz s AL e Aol o A7 Foe Buvh AT UFy
o FHe S AASFE) N AwEA AAL 3 Qlep . = Millesi So] B 73 271X 7 0] 4%
2oz £ A4S g, a2yt gx2AH (interfascicular nerve grafting)!?-'%¢] 7128 74:¢ o
A A Sl AAE A, g4 AA4 AEgRcr A7 o S5siehs U o] o] 2 fura 3}
=R AAD] 508 Q% 1AL AAHEPA EHY = Aelrh A% %3l 2¢59 200 F24 53
Aol AL Faio] o] 4L o Fo & A% 1A Qont AT} nA 7| 7o) W A4 F HBte 7y

— 513 —



o dslede HAE FIEHS UAE ek

olo MatE AAZ TN mAE DA AR el
#3 BAE FHstual NtE FFAAL AT F A
©ebg lem @A B¢y 93¢ 2124E st o
L nASeFrI2 A Bgsd 47|22 EF AR
Tol @& AAANFE SUY A YA Z vt}
o 2 AZ}E Buse vleld

I, AN Yy

1, A

A% 1.5~2.5kg e 7lE 2502 & AY FEZ A4
stgon #FAA4 £ oAsE el (3 week
A AEYH o AFE Z1AE vl HE A (10~0 mono-
filament nylon ; u]<Z Ethicon A} A ¥)& A48t}

2, dgdy

A7 B3 28 M mAsE $E 718
10~0 monofilament nylon ©.2 epineurial suture & A]
gatdx A4 HA FFL A7 g} 50t Y
58 o2 ol AfdE AAlsgch(Table 1). 7} Al
% 1kg 20% urethane 5cc & %7 F<lste] AA
sAstel $3 A=Y sk el AEAAsT Ny E
253 F AALEA N T 1AL g7 9
3t §& A 2709 K-7HA& mA4AsIstd 90
= FZaAsy dE¥e] Fo508 HEE ANEHA
o}, 2uhg ANt n dE ol T w2 Aol FHF
AAE 22AR F(Fig. 1) deF F4NN 432 2em
AM 4cm & FHzA o2 5E At stz A7 9
Ae 234 F Adsdd(Fig. 2). & AFelA 443

#IFAAH2 4L 2mm~2.8mmE FF 2.5mm &}

A LEE ARESEF A4S S5dAgl Ly
o 2 J | Ml AdE Aol vtE AAFHT F 5
Al @A AlEAY K-44E AAR BHE
LA AE Wokeh
A 27e A YNl lom WA & @ﬂlfﬂ-
o Z3tgle elatA oz e PlAERI}T &
AL AY & F3ich

A 3T 2EN e ez £EIHI eFUEL 2
F2 nA st

A 4T 27 2L wpgos sesy £HHL 4

Nl)

A 5Fe 2FFH Be YYOE FEF VAL 6F
277 nR s 2AAREG ARG TS 9
PN

3. ZEAMH

&% AT LE TN cha] RAGHAE A3}
o FYVE FEUDY BAAbl N nE o] FA
FY F BYF A5 4cmE TR oF geme) WA S
A sk,

4, ZXNELR A

AHY 24L 10% A formaline] zAsle 3§
¥ A3t 1lem, A 2cm o] FAA} B FY W lem
A y-dHE& e dubyel hematoxylineosin F¥
A-& 3l collagen, reticulin fiber, elastic tissue & #
317 918 E5d4ez z+7 Masson's trichrome
stain, reticulum stain, Van-Gieson’s stain & 3} 77

sl k.

m, dgfda

FHAAA FA2A FA4, AR Hazus,

Fig. 1. The sciatic nerve was exposed (dizmeter:
average 2.5mm).

Fig. 2. And it was sharply transected at the mid
portion.

Fig. 3. End-to-end epineurial suture was done under
the operating microscope, using microsurgical techni-
ques.
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FHe AAE Y4 R SR 95 B2 g
(Table 1I).

Al T SEF9 faoy dAzws, AAE YA
< 719 2328 4 94z (Fig. 4-A) A28 714 Aj
F4A HEE vede] 3, Yadsig g8 A

Table 1. Methods of experiment

7% ¥Ao] AR (Fig. 4-B).
2L 5F 22 A B TS a2 Qg
TG ddE % 4 9dsdch(Fig. 4B-11).
AITE dA A2TH fAHoY By dade] ¢
A3 AAEF PA el A (Fig. 4-C).

Table 2. Gross findings

Group Nerve Gap 'Period' gf k'nee joint Group Adhesion Discoloration Neuroma
(Cm) immobilization (Wks)
* - *
I 0 0 II ++ + ++ 4+ ++ 4+
II 1 0 I ++ + ++ ++
I 1 2 v ++ +
v 1 4 v .
A\ 1 6
* +; minimal +; mild + +; moderate + + +; severe
Table 3. Histological findings

Gop Dt Pl phds eV

I - + + + +

11 +4++ ++ + + 4+ +++ ++ 4+

111 ++ ++ + ++ 4+ ++ ++

v + ++ ++ + ++

v + + + + 4+ + +

+ +; moderate

* +; minimal

+ + +; severe

Fig. 4-A. (Group I) The epineurial vessels repaired at the suture site were well preserved and adhesion, neuroma
formation and nerve discoloration could not be seen. Fig. 4-B-I. (Group II) The large neuroma was formed and severe
adhesion around the suture site was noted. Fig. 4-B-IL (Group II) In 2 cases of group II, the suture sites were completely

disrupted.

— 515 —



A4FL A3Tel ws SabA HsE W4 vl 2 WaEEYH A

(Fig. 4-D).
A5EE FA43 Yozt Ao AlFH fFAE & Z4E7]9 W, Schwann A xel F4, A2
A€ ¥ (Fig. 4E). AHe Az F4, 9FAES 34, Y134 A

Fig. 4-C. (Group III) The severe adhesion and discoloration could be seen, but the size of the neuroma was smaller
than that of the group II. Fig. 4-D. (Group IV) The gross findings were less than that of group Il or II1. Fig. 4-E. (Group V)
Grossly, the findings were similar to the group I.

TR e G e PeN s L g= it e 8 iis
Fig. 5. (A-D); (Group I) (x40) Longitudinal section: A; H & E stain B; Masson's trichrome stain C; Reticulum stain
Cross section: D; H & E stain.

The microphotographs show minimal fibroblastic proliferations, Schwann cell proliferations and inflammatory cell
infiltration. No axonal degeneration is noted.
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Cross section: D; H & E stain,
The microphotographs show severe inflammation, fibrosis and vascular proliferations. Collagen lay-down and prolifera-

tion of Schwann cells are also noted.

§3

Fig. 7. (A-D); (Group III) (x40) Longitudinal section: A; H & E stain B; Masson's trichrome stain C; Reticulum stain
Cross section: D; H & E stain.
The microphotographs show somewhat similar findings with the group II, but the fibrosis and inflammations are less
severe.




Fig. 8. (A-D); (Group IV) (x40) Longitudinal section: A; H & E stain B; Masson’s trichrome stain C; Reticulum stain
Cross section: D; H & E stain.
The microphotographs show less pronounced fibrosis, inflammation and vascular proliferations.

Fig. 9. (K-D); (Group V) (x40) Longitudinal section: A; H & E stain B; Masson’s trichrome stain C; Reticulum stain
Cross section: D; H & E stain.
The microphotographs show minimal fibrosis, inflammation.
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=& aslgic}(Table 1) (Fig. 5-9).

1) ZAME7|2] M# (degeneration of axons)

AN1TL Wye] gl AM2FLE FAY WY i}
£73& dei e A3FdME A HyYs Bgo
A4, ASTL HYo] At}

2) Schwann M Z 2| Z4| (proliferation of Schwann

cells)

AlEE 33 rlgstgd ot 42, A3TLS E4Ysx
A F4L Bdx A4, A5TLS R A AL v
el gl

3) MAxEUe MR HH =X B4 (fibrosis and

connective tissue proliferation)

A1TAA 714 g AT 7 AR A 24 9
FAS Af3E Reod AITE A HIHE ey
Aot A4, 5T %l

4) HEM xe|l &l (infiltration of inflammatory

cells)

A1ZANA 7F3 vl kst 24, 5F0) olst ¥wH
AR 27& Hgou A2, 3F 53 AT AR
AFLa7E Jebigich

5) "= 4| (vascular proliferation)

AT H A5Te] vl EHFAS Yepddl v 8y
A2TAAE N AL @ FAE Hgod A3, 4
T F5RY 27E& By

v, & &

HAY 2R {2 A BE7L B A#E
2 3t g4} o)A}, 1 o)FERE FEE
T &4, gtdo g A7 9 XA, AAGF2YA
2ol i QARFH . Fe B, By
WEFAAY FFE A 5& 5 5 9ok

22v 19409 o) F AT e Ao o3 7,
FedXN8e AE3E Adsled NAHHEe Asst 3HH
HA A 109 Bt SRS JAY, A A7)
i A P, AA 2 pedn e A4, ulAgp
w9 WA, 4747 ol A % (interfascicular nerve graft-
ing) o] Eg]%1¥init1N o g lale] g A A EE 7|
A 4 A =HA?, a2y kA e g $57)
T AHZ B oeg TAPoE Fopglrh

27 EAF AL AV He AqD 2
Aol dal = o8 A 3 gL =Ho] gloy
WA A5 ke 7 gste] FgaiA Qg 7%
o] AAEE dlFeol vl G DRI HIAAY A
T A7 71AH A i Ao ARy
Al gl o PO Bl g g @ 5 gl

A7 7143 QAL 32 wB4d WY a4
Sunderland®’, Haftek® 5& 2z A17o] Z &AL A
A F2EAE #HYT AAEE 2R g A
A M el dFsigded ole] AL =TPo| @
n}_l.s.7.9.ll.2‘).

%, A9 A 4. Denny-Brown” Z& 100%, Hoen”
& 25~50%, Sunderland®¥$-& 20~329%, Highet®
2 11%, Liv"52 4% 33 Rusdch =3 H2
7AX 9 o dTFoll A B Al AAMNA A
Fral @ aalojeta FAslglr)s iz al617.18.19,26)

ubdof], Orgel®”, Vasconez?® & 71%ato] o123
g TFH AANAFE Aleld AR 7l%A 2}o)7} ¢
Ackx Baslgdar o) P}, Sunderland???®, Turnbull?”
TE AT AR LG ASAE A ERG A
Aol FHsivtn Yasle 719 AL HA)3)
ek 2l o] & AAo)F fE HgAde %
AAG ARAYe] Y Aoz A,

Age] AR vlAE S5l e Byt A
Az FAE fEA71E AQH 19529 A 7}
A& dgse o) AdapH oz BgHe sha 2 AY
T ARl BEs7) fsld Ay BHE IR
Aivete peF FH AHOR st o)zl og
7o) sbAAER A HH3E o)A "o,
2 AYANE o)2F e Gy 4 2H LS B
A2, 3TelAe}t o) Huls & 5 9aivh. =7
Hausemen®, Terzis®® 5-& 1% sle] Aty Al
Aol g Wlwate WA f3l4E Rusldn Mil
lesi' €% 2AE9} ANz 24& gy 3
A o ABFAE TS B AYAAE
7t THAZ A o) @ ARAAE ANY F 9k

Tl A A dge A vAeHo
A sl Ax H2 Y5532 9led'*'® Lundborg!'"
£ Ao 7l AALH AL v)HA Ho 2
adoFdto] WA epineurium Y WEAL 74
Al A A7 W 43t (intrafascicular pressure) o] 2 7}5 o)
HHFAGLR dslo] AFHR9 dofol| Aol S Yoz
© 2 g Miyamoto'® 5-& Z1ate] AAYW FBEAb
= 4279 03Z7le] wel £t Al B
I3t £ o) EL ZME7| o) AAH odgkglo)
3ol 7@ VREAAE £8Ag 7 2T 8
WA o)Re] ddE R J 5B Ars AL 3
8.3 gqlelgtm FAa ', 2l A 71 Ao] A5
FAANE 24 e ad FIEFug QYo 4L
stz glow Aol e ggrgr 497 Ay Fo
A}E & T Rusdoht®, oe B o4
ol A= wpazb 2 03ge] B4 A1ZAN
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F& AxE 9ok, AYA lemo g 7lE FFAA 9
AAE FRA AL lem B A 7 ddgte] 7hsd 3
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£ oy —4Fo)4 AR A7 AL A A
U B33 Fel wls Sy st A48 F
AARE ek o] AE v F £ AYe) FEL A
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AR AgFHE e Qs AAE ¢S § A5l
t BAANLE sle TR ARAFP 2N B
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v.& E

A7 BgRe A mA7|zke] ARAFl wlAE
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712 ALY F 65 S 2AHH wHE

%és}ml e e A2e e

1) Aol g2y A4t 7Y F2 AFE o
el sd ek

2) 2Ase 2 AS$e A 2z wel H=A
=gl d AAge) ¥ Avrc 45 A9
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3) BgR 1AL L3¢ ANz FAE 2HF
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2o Je 438 98 5 ddch

REFERENCES

1) Denny-Brown, D. and Doherty, M.M.: Effects of
transient stretching of peripheral nerve. Arch. Neurol.
& Psych., 54:116-129, 1945.

2) Hall, E.J. and Buncke, H.J.: Microsurgical techni-
ques to reconstruct irveparable nerve loss. Orthop. Clin.
N. Am. 12:381-401, 1981.

3) Haftek, J.: Stretch injury of peripheral nerve. Acute
effects of stretching on rabbit nerve. J. Bone and Joint

Surg., 52-B.354-365, 1970.

4) Hakstian, R.W.: Peripheral neurorrhaphy. Orthop.
Cline. N. Am., 4:945-956, 1973.

5) Hausamen, J.E., Samii, M. and Schmidseder, R.:
Restoring sensation to the cut inferior alveolar nerve by
direct anastomosis or by free autologous nerve grafting.
Plast. Reconstr. Surg., 30:355-360, 1943.

6) Highet, W.B. and Sanders, F.K.: The effects of
stretching nerves after suture. British. J. Surg.,
30:355-360, 1943.

7) Hoen, T.I. and Brackett, C.E.: Peripheral nerve
lengthening. I. Experimental. Journal of neurosurgery,
13:43.

8) Kleinert, H.F., et al.. Technique of nerve
anastomosis. Orthop. Clin. N. Am., 4:907-915, 1973.

9) Liu, C.T., Benda, CE. and Lewey, F.H.: Tensile
strength of human nerves. Archives of Neurology and
Psychiatry, 59:322.

10) Lundborg, G.: Structure and function of the in-
traneural microvessels as related to trauma, edema for-
mation, and nerve function. J. Bone and Joint Surg.,
57-A: 938-948, 1975.

11) Lundborg, G. and Rydevik, B.: Effects of stretching
the tibial nerve of the rabbit. A preliminary study of
the intraneural circulation and the barrier function of
the perinenurium. J. Bome and Joint Surg.,
55-B:39-401, 1973.

12) Millesi, H.: Interfascicular nerve grafting. Orthop.
Clin. N. Am. 12:2:287-301, 1981.

13) Millesi, H.: Microsurgery of peripheral nerves. Hand
5:157, 1973.

14) Millesi, H., Berger, A. and Meissl, G.: The infer-
fascicular nerve grafting of the median and ulnar
nerves. J. Bone and Joint Surg., 54-A727-750, 1972.

15) Millesi, H., Meissl, G. and Berger, A: Further ex-
perience with interfascicular grafting of the median,
ulnar and radial nerves. J. Bone and Joint Surg.
58-A:209, 1976.

16) Miyamoto, Y.: Experimental study of results of nerve
suture under tension Vs. nerve grafting. Plast. and
Reconstr. Surg., 64:540-549, 1979.

17) Miyamoto, Y. et al.: Experimental study of the ten-
ston on the suture line in peripheral nerve surgery.
Central Jap. ] Orthop. and Traum. Surg.,
22:313-316, 1979.

— 520 —



18) Miyamoto, Y., Watari, S. and Tsuge, K.:Experimen-
tal studies on the effects of temsion in intraneural
microcirculation in sutured peripheral nerves. Plast.,
and Reconstr. Surg., 63-398-403, 1979.

19) Moneim, M.S.: Interfascicular nerve grafting. Clin.
Orthop. 163:65-74, 1982.

20) Orgel, M.C.: Experimental studies with clinical ap-
Dplication lo peripheral nerve injury. A review of the
plast decade. Clin. Orthop. 163:99, 1982.

21) Smith. J.W.: Microsurgery of peripheral nerves. Plast.
Reconstr. Surg. 34:235, 1964.

22) Sunderland, S.: Nerves and nerve injuries. Edinburgh
and London: C. & S. Livingstone Ltd. 1978.

23) Sunderland. S.: The anatomic foundation of
Dberipheral nerve repair techniques. Ortho. Clin. N.

Am., 12:2:245-265, 1981.

24) Sunderland. S. and Bradley, K.C.. Stress-strain

phenomena in human peripheral nerve trunks. Brain
84, 102.

25) Terzis, J., Faibisoff, B. and Williams, H.B.: The
nerve gap: Suture under temsion vs. graft. Plast.
Reconstr. Surg. 56:166, 1975.

26) Terzis, J.K. and Strauch, B: Microsurgery of the
peripheral nerve. A physiological approach. Clin. Or-
thop. 133:39, 1978.

27) Turnbull, B., Orgel, M.G. and Terzis, J.K.: The
varying nerve gap length: Tension versus grafis.
Presented at the plastic surgery research council, April,
1980.

28) Vasconez, L.O., Mathes, S.J. and Grau, G.: Direct
Sascicular repair and interfascicular nerve grafting of
median and ulnar nerves in the Rhesus monkey. Plast.
Reconstr. Surg. 58:482, 1976.

— 521 —



	ASD: 
	SDF: 


