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— Abstract —

Surgical Treatment of Open Tibia Fractures
-— Intramedullary nailing versus external fixation —

Hag Ji Kim, M.D., kyung Jin Song, M.D., Byung Yun Hwang, M.D.

Department of Orthopedic Surgery, Chonbuk University Hospital, Chonju, Korea

There is still controversies in the method of surgical treatment for open tibia shaft fractures accord-
ing to there degree of comminution and extent of soft tissue injury. It is generally accepted as open
fracture type I, 1I can be treated with intramedullary nailing but there are so many suggestions for the
type HI fractures until now. We tried to evaluate the treatment result for the open tibia shaft fracture
treated with intramedullary nailing or external fixatives with respect to seven parameters : time to
union, tibial alignment, total number of operations, range of motion of the knee and ankle, pain, pres-
ence of infection, and complications. We retrospectively analyzed surgically treated sixty-seven
tibia(sixty-six patients), forty-one tibia with extrernal fixatives and twenty-six tibia with intramedul-
laty nailing, at the Chonbuk University Hospital from January 1988 to December 1993 with mean
follow up 32 months.

Traffic accident was the most common cause of fracture. In Gustilo's classification, 21 were in
type I, 18 were in type II and 28 were in type HI. Intramedullary nailing should be a safe alternative
to external fixation for type L, 1I and III-A open fractures. External fixatives could be used temporari-
ly or permanently for the type III-B and III-C fractures.

Key Words : Open tibia fracture, Treatment, Intramedullary nailing, External fixation
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BENF AYY 2EL I, AR, &
T3 59 FHFo] F 2T F 5] WEe A&
T rleksln Be REA AL 75k gupes

Wi AERRZH ArYYes BANA B
Aol 1‘2} AHEE] gt 1) =eEE 3
23 2 A% 32 324 PR Fude 4)
2 F534e 5 FEH FE € YaFed
g gFol Abgso] sieh

2HY FE R A5 24 &34 F=d wa o
g A Py -E24d0 g4 W sat sl ey
7] AR WE FR/Y I ARg FUem 7}
A& vlu B4,

e uh rlo
-i> R

Chat 3 2

Madighygd yPAstuddse 19889 149
FH 19934 1297 A A 3y ZdE 2

®o] ‘LA EHH Table 1),

A Fale BEuwbwe grond, Atsle] A,
dszael &4 T MR wel B
Gustilo® #8592 REstdct. A" 184
(26.9%) 2 Wx7l 713 watm A3 L 214

(31.3%), AIII¥e] 28 (41.8%) dARsted
(Table 2),
WAL mBALRY) 524 (77.5%) 2 M &

< REE Jeplon, AgiAls el Fetalnst
6 (9.0%), 71E}7} 340 (4. 5%) 501 (Table 2).

FHrEL L % Bl F 4x &£4o] 154
(23.3%), &= o] 1140{(19.3%) A FutE
e {3 aFAtnd 7§ eEHe &34 g6t
g A7 Bkh(Table 3).

Z23Ye e & Johner® Wruhs®&F%) ni=
W C3BE7E 3690 (53.3%) 2 7 %3km, 28
7b 8e1(12.2%), A2%ej3t A3FER7} zZtzdt 54
{7.5%) 52| HTable 4)

N FERRFEL AP 174, Al

Table 1. Age and Sex distribution

T7hl F&nden ARz Y4 ANEs
e #a 3 BRYel olFdA wWAR 2o Sex_ Male  Female Total
7FeqR 174 14 661 67019 BAE tige A\ IM EF M EF M EF Totl
2 249 35 4 AT & FEo wt A 201 3001 1 2 4 6
4¥ AR el BE BRY N0 A%E F4 2030 8 8 4 1 12 9 2
©2 7t dg ¥z gMa 3140791 8 9 I

S Eel ok el A 3 a1 A
Sdol 8 By, F& TR daEd A 4 2 1 1 2 3
33k %‘ & AR RNA A 9] sl e} 71- 1 1 1 1 2

A4 6675 duiel e o 4:12 FRp7F @A 3 19 35 7 6 26 41
gk, 21 304 AFEAM 194(28.8%) 2 b @ Total
stem 21-4047F WHe) 53.0%2 BEF) Azl >4 13 67
Table 2. Causes and Type of fracture(by Gustilo)

Type | I Ta Ib Me Total
Cause IM EF. IM EF IM EF. IM EF IM EF. IM EF. Total(%)
Traffic accident 13 4 3 10 3 6 1 10 2 20 32 52(77.5%)
Industrial accident 1 2 i 1 1 2 4 6(9.0%)
Fall downl 1 1 2 | 1 2 4 6(9.0%)
Others 2 1 2 l 3(4.5%)
17 4 4 14 4 8 1 13 2 26 41
Total
21 18 12 14 2 67(100%)
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oA 44, HIT-AZM 4o, AII-BAAA 14Z
Algsld o AeuA7E ATHANN 40, ATT¥
A 14¢, AI-AZAM R4, AI-BYela 13,
A-CE A 2618 »1 331G HTable 5).

A gd i 7154 #rle John® Mare™ 7} A
L3l 4¥7A F1E F ZRE 71, AR
i, F 9E e, suEN S8y $8EY, B
F, TaddE 59 24 R PESE BEAEA
Hsidch FRE By L daRos FHE9
A B % 4ol 248x /LS g AS
71EeR slgien, WAl AN Aol A4
o FFde] AZE Reg APl FaHL 4
BE 24F7F HaEled WARY 2 AR THE
o] #H3A ¥r ATE AAFH(delayed
union) &2 Aejglgdoend, E/%{nnunion)& ¢
AHog FEREHYY FF ¥ 4EH 7B A

Table 3. Associated injury

53 Wl ese g/HYzke] FAldA AT
B-9le] 7z gl F47ke] HMe] Hele AL JF
o2 ¥}, FARTS Fwide] 5 ol UiyA
Hge] 57 | AMYe] 15 ooz FHolFde
W, ZHTol QA Fo FAET vmstd &5
ele] ezl kg g #HAE (oint stiff-
ness) 2.2 A 95110t

2

P SHY 71TL Gustilod FHFEP wa}
A1, ANY, [3e $oz2 A3e] Hyed, Al
Yol 27.5F2 7M¢ #gen, a2 a ANM-CHFL
34.5%2 743 @A} (Table 5). 2570 %0
LHEE AP A 1749 A FHAA
27.0%, 449 ANy FHAM 26.5F, 449 Al
II-A% 2EA 33.3%, 149 A-BRY &4
AA 30,074 THE 7S AU AP
ARE A 9o 4ol Al SHAM 29.8

No. of cased

Associated injury

™M EF Total(%)  Table 5. Union time related to the method of initial Treatment
Head iIljlll'y 5 4 9(158%) Method IM nail EF. Union time
Femur Fx. 3 3 11(19.3%)  T9P¢ No.wks No.wks (wks)
Ankle Fx, 5 5 10(17.5%) | 17 270 4 29.8 27.5
Upper limb injury 8 7 15(26.3) I 4 26.5 14 321 309
Pelvic bone Fx. 2 6 83(140) T[a 4 335 8 34.1 33.8
Chest injury 1 (1.8} @b 1 300 13 348 4.4
Abdominal injury 1 2 3(5.3%) Mc 0 0 2 34.5 345
Total 24 33 5H100%)  Total 26 28.0 41 33.2 31.2
Table 4. AQ class of fracture and union time

Type I I Ma Ib Mec Total Union

AQ clas M EF M EF IM EF IM EF. M EF IM EF Total(%) time(wks)
Al 1 1 1( 1.5 250
A2 2 2 1 2 3 5 7.5) 28.8
A3 2 1 2 2 3 579 304
Bl 1 1 1 2 1 3 4.5 340
B2 2 2 2( 3.0 35.0
B3 1 1 1 1 2 2 4 6.) 3.0
Cl1 1 1 1 1 2 3( 4.5 36.3
C2 3 1 1 2 1 4 4 8(12.2) 293
C3 7 3 1 8 1 6 1 9 10 26 36(53.3) 29.0
Total 17 4 4 14 4 8 1 13 2 26 41 67(100%) 31.2
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Table 6. Correlation between type and complication

Type [ I Ia Ib Me Total
Complication MM EF IM EF M EFF,. M EF. IM EF IM EF Total
Delayed union 3 3 5 1 4 4 16 20
Nonunion 3 4 1 8 8
Malunion 2 1 1 4 i 7 8
Wound infection 1 1 2 3 1 2 1 3 1 3 10 15
Joint stiffness 2 1 4 1 3 4 7 11
Osteomyelitis! 1 2 2 2 1 6 7
Peroneal N. palsy 1 1 1 1 2 3

8 6 4 19 2 9 1 21 2 16 56

Total
14 23 11 22 ‘ 2 72

Table 7. Comparison of the result

Result\ Treatment Method E.F.(N=41DIM nail{N=26)
Infection Deep 8(1.5%) 1(4%)
Superficial 10(24%)  5(19%)
Pin tract 9(22%) NA
Union Delayed union 16(39%) 4(15%)
Nonunion 8(20%) 0
Alignment Malunion T(17%) 1{4%)
Pain Mild 8(20%) 3(12%)
Nail head NA 10(38%)
Complication Loss of reduction  5(12%) 1(4%)
Pin tractproblem  10(24%) -
Nail head pain NA  10(38%)
Tendon tethering 3(7%) 0
Laoss of motion<1 1(Y flexion of knee 4(10%) 1(4%}
No. of surgical procedure 2.9 22

Table 8. Delayed and Nonunion rate by treatment method

Type \Method M nait EF. Total

[ 3 3 6(21.4%)
i 8 8(28.6%)
[ 1 4 5(17.8%)
m 8 B(28.6)%)
I 1 1(3.6%)
Total M143%)  24(857%)  28(100%)

&, 1449 AIIE ZgdelA 32.1F, 8dlel AII-A
3 ZdM 34. 15, 13019] AI-BEY I4e4]
34.8F, 2009 AN-CHe] F™HeA 34,559 =
% 717+& 31} {Table 5).

S gefd W& Johnerd Wruhs™ E&elA
R 71T Al¥EEAAS 25072 7 @&%e
o, Cl¥efoA 36,352 7 @At (Table 4).

PSS A ASEHol AR = EH
o] H AL 282 FHESF 71 Wked, 4
719 2o WHF LS GustiloW EFH wa} A
1, 2, 389 ¢o= YVt Frbollt)(Table
8, 57 S5 nyEd Aednyr] 288 A
PASWE vimse IFedd 2& A¥gde
Hengrl ARE A YA S 4115 84, 15%)
FHA FENRAEE APt (26435 14,
4%) Hr} geo] wAsg o, A Adn e
%4 AT AFnAHY AR (414F 104,
24%) % 700 F5WTHE (2645 5o, 19%)
& Adgaw H zolr) gt AdFEE A9
237 ARAA 414S 169 (39%) 2 FFHH B
SHDAHE (2605 4, 15%) BT} Be] H4sty
n, EREe Aguir] ARyl 4193 84
(20%) 7t "FAHATE =3, FAFEE Ay
HAzelM 41eF 7{(17%) 2 S+ 5H5RDF
{2605 1, 4%) R} ol 2T vl
e THES ¥ B, =55 &4, g
I ZRHa ¢@de] Z2Fe FHFe| An
7] A8E AAPEY FM FHRnPER
@o] A, Bt Fedse AAnFr] AR
E AlEE A B3 2,982 44 250
2HEE A A HE 22801 (Table 7).
d34x Zd A8 W WE Ad #F% ¢ E#
o HPEE B9 AIY FHE I 59
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Table 9. Treatment for delayed and nonunion and union time

Method No.ofcases  Union time

Cases IM EF. Total (wks)
Continuous 3 5 8 449
Bone graft 6 6 398
Plate and screw+Bone graft 5 5 376

IM nailing+Bone graft 1 7 8 383
Others 1 1 360
Total 4 24 28 402

Aas Aldg A5l 1743 34, ALngr] A
SE AYg A 3olA 4dF 347} Lt A
13 E4de 57l s5Unies A3 4%
ol WAFRA etz AL mHr) ARE APE
ASold 9 14943 8o} wASATE AIY 2
A F 280 F 140loA Lstdledl 470 B
HURB &S ANBY Aol [II-AY AN ged S ]
7} SR, MATAH7 RS AY§ 7ol
A MI-AZA 8alZ 4e], [I-BHIA 132 8
o, TI-CEAM 2613 lelolA] AAHF == B&
ol el Uck (Table 8), AU#E ¥ 25%9
Agd e FaYUINE vz ANAeY Ee
ERgel 2R A Fsnys 2 A A
ol2|& 2 AlAF Sofdl HFFHHIII0] 37.65
£ 712 #ked, A FsUnds 2 At
AAT olyeg AT 8olA HTF IHY 7T
38,3Fc]t), A7t AWE ofA&re Algg ol
A HEBHYE /10 30.8F0n, T4 PEE W
Ml DAES A8 RddA BT /Y ke
44,95} (Table 9).
o
Ag 2He AT TAFA bR ¥lw
ahgsle g et pay A MEEE} o
it 23

o2 e o

FHato fAgez AP EHel H7 Ha B
o] Eatx, A4, ¥ 9 EHEE W WAy 5t
B Heg Eastn ok FdldMe 279
88.6%, %2l 36%, ') 40%%F9 AYd 2d
o HIsE Hustded, oHE S50 A% 10.4%
9 2 EFFE $YE Hasig.

T4 0% Y Rothenthal® Macphail®&

(% iy

%]

AH e 75%, Velazcos" & 88%7F w¥Alnztn
slgom Azle] ALT wEALLIY TT.5%E 7bY
ke

Wd FAde] dwrHe) B 1Py
2F 3 drze ok HATEY H)BFEL] #A
5)AEoln, W& Alduld] Ay FE=2 A
o] 8z,

ol wmzt A4t A, AddAE, Ay B
g, A B, FH P FE 2 3 £4
2 AR3E Aol Yo Fxe FE 9
Mol dtdM e 48RS 9o EEdT
hrasne®  Rockwood 9t Green® 2 ojuigh HbY
S AMEEE e S AREAE weld £45
A @A A3 Bzsa e Holg fAAAE
st AL FHo] FEejof Fuian ZA:3pE
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WS FAAss Elis®'”, Albert”, NicollE*&
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2 QI3 FHEAY &4 XY - v &
ot S&Ao o WnFee A gde N3F
&, FE AR 2 Je7e] @&, A FRe,
#A7E] R S 5o FHel e wd F
7 "oy, g9 @i 2 F5A Jge &
7HA SHE 4t Yok 249 olghg &4
s dde] ok”, flumAAAe] 9§ uhge A%
B Al Zes] 34 Hgeiy xFolas
& % ARz 257t AFED FEEA WAt

— 548 —



AT At TH e 2 ¥ E AT bending
monentel] <3t @l Yo, Aurae] 7
2 Zade] wAHlEe glojA Skirving™
Demmer™& 714 Fdd4+= F&sn k34
FEE AP g2 HAT ¢ F slv
T Eudger Nicoll2 vlddsd wios 3
B3 A= 15%1M o] At By
stgth Bach® Hansen”el wle2d g4 2
AAEnAA oF 19%9 TEE&S el BEaist
a1 3le™ Harvey™o wad 47l F423%
2 8% A+ 13.6%9 AFHEE Eastn vk
RS AL 67<F 224 (32.8%) oA 2] 7Nt
F A& vEhley ofF EF9oz o)gd dr)
790 (10.4%) A=l F570 2HA] 269 F 14
(3.8%), YA 4145 64(14.6%) T2 &%
Fded, oAL AF At FHeM dunFH S
Algatedz] WEQA 2ok Clancey ¥ Hansen™
o tEH Al 9 HE P FEL YraFes
Agd £ glow AT L 13 APAE Zdo] AL
Al Ang Y Hgeo|l Huia du slew
Chapman® majoney”d] wad AL I ¥ III-A
Y siubd Fde AN 254, 5% 2 W4
2 nAgo] AHEHARZIE S ANI-B 2 I1I-
CE 74 2de dagee] a0AQ &Y el
gln F38n givk AxEx 282U SR
=2 AAg Ao 174 A1 - 27,05,
4de] A FANM 26, 5F, 449 AI-AY T
AoA 33, 3FE TSV FAs dudh
FEZo e A A, ¥ &4 A9 &
g BRE 3 4% Y 22 2F F 49
74727 AR Merriam™ Porter™ v 50% 9 A
34 3L, 60%9M e Agsl 23 g Busls
o1 Van der Linden® Larsson™-& 504 % 94
ofd BH 7HE, 2holA R A}, 2HA FF
4, 49 BR8-S Rustarh AAe] A fede
P 725 Ad /Y ¥ ERY 28, MY
7 154, &¢9d £ 3" 7Y 11, 23 /g
Bell, g Td5e woz PHAzHon £33
2 Z@A 23 11d, 4 8 8, E5g Td%5
o] wog WAdgled s9d 9 4 3L
e el Ad £ 59 dog A5t
qn Tl 2FEE AP dolM Ededcl,

Caudle®} Stern', WeilandS$*¢] £lsba@ A[1I-
A B IOI-BEY 43 A 33 T4 A% Ax
3 uAdedF BT ool Fuiz feixd
3% Adside A+ 278 49, oIxE A
959 FHEFe] AA S4Stin EoEa glow
Rosenthal® Macphail®e ota@ AT 2 118 74
WA F@o gl 24El M NE el FEE Aol
glo Iol4E Asla oo AT A=y 4
of AelM e Fid FAo] AfEa GF F7)d F
olalg& Aldfshe Zlo] Fuixu tat Yrh

ZHE AASE AREA Treuta™, Slade-
ck™ES BATH dRENY s, F9e g
A, g3 A, S99 d44, S FHE 27
o g4 %o vtz dMen, Gustilo®:¥E
#9L AdHFEY B eSS ALE 2 9
cham etglch WA 2 EHYH w2 ERE
Ee AdREe T4E 98 FnFPE AT 414
F 24 (58.5%) A EAslg 13} 2 THES
Boch A7e BHE =2y Adadel Al
FEHnEE 9 A7) A o)y ed AT A
od sH £& ARE Aderd, FHNnFgE 2 A
7l R E oA erts A HyET o) #2
HE de FAog v|Fo] By, AR e &
8 71e] ©Eel dIAH Ae g velgdnt

4 E

A AE AR ¥d2 S0 FHulnde
I A nAriz e ARg Wweld fAE gde
2 ZHo Az 9 48 23 &4 Fud o
A g Wd o2 F/F 710 A o
g 2% Az F7 FHaden Aoy
AE5E dA P2 I FHTE e HAY
F AMEETIA AL O I-AY 1E E2d7R
Age] FhegRoln AI-RBE 44 SHol4te]
FHAM e Abo| A gslejof & oz AREHT
ALuny7) AEFE AN-BS HI-CE Ad 24
A AR}E ez AadEn

REFERENCES

D mefe, @AM, H97, HEHS, 7Y 0 FISuR

—- 549 —



2

3

4
5
6)

7

8)

9)

10)

11}

12)

13)

14)

15)

16)

17)

18)

o] i Ede] wE dud nE ey
2zl 19-3:569-577, 1984,

MM E ¢ A9, 4ith Bd pp. 606-611, A2
ety ¥ el e, 1993.

7101, LT, HAS, WEY Y FE2EEY
et fA4H nE gy Fejdetsls], 1704:684-
696, 1982.

ehsE|, H gl EUe 42 g 44E 2
2 i gelsrer ], 17-3:295-299, 1972
2, UFEHE, YT - 4Ae] FED 2HA AG
4 & ety FelAerell, 7-3:17-21, 1972,
HEs, =32 AIFIHA g olAFRe o
AR @ iergE e atelal=], 5-4:189-195, 1970.
ZEN, eS8, USY, REUE MY 2H9 2
71X =9 el B9 23 ddy e mierg)z), 15-
1:128-134, 1980.

Albert M : Delayed union in fractures of tibia and
fibula. J. Bone and Joint Surg, 26:556-578, 1944,
Bach AW and Hansen ST Jr. : Plates versus
external fixation in severe open tibial shaft frac-
tures. A randomized trial. Clin. Orthop, 241:89-94,
1589.

Bradley GW, Mackenna GB, Dunn HK, Daniels
AV and Staton WW : Effect of flexural rigidity of
plates on bone healing. J. Bone and Joint Surg, 61-
A:866-872, 1972.

Caudle RJ and Stern PJ : Fracture of tibia. J.
Bone and Joint Surg, 69-A:801-807, 1987.
Chapman WW and Majoney M : The role of
early intrnal fixation in the management of open
fractures. Clin. Orthop, 138:128-135, 1979.
Clancey GJ and Hansen ST Jr : Open fracture of
the tibia. J. Bone and Joint Surg, 60-A:118-122,
1978.

Crenshow AH : Campbell's Operative
Orthopedics. 8th ed. pp.522-524, Saint Louis,
Mosby Co., 1992.

Ellis H : Disabilities after tibial shaft fractures. J.
Bone and Joint Surg, 40-B:190-213. 1958.

Ellis H : The speed of healing after fractures of the
tibtal shaft. J. Bone and Joint Surg, 40-B:42-46,
1958.

Ellis J : Treatment of fractures of the tibial shaft. J.
Bone and Joint Surg, 46-B:371, 1964.

Gustilo RB and Anderson JT : Prevension of
infection in the treatment of one thousand and
twenty-five open fracture of long bones.

— 550 —

19)

20)

2D

22

23)

24)

25)

26)

27

28)

29)

30)

3n

32)

33)

Retrospective and prospective analysis. J. Bone and
Joint Surg, 68:453-458, 1976.

Harvey F] and Harvey PM : Intramedullary nail-
ing in the treatment of open fractures of the tibia
and fibula. J. Bone and Joint Surg, 57-A:909-915,
1975,

Harvey JP Jr : Management of open tibial frac-
tures. Clin. Orthop, 105:154-166, 1974,

John LH, Mare FS and Roy S : Treatment of
open fractures of the tibial shaft : Ender nailing ver-
sus exteranal fixation. J. Bone and Joint Surg, 71-
A:1231-1238, 1989,

Mckibbib B : The biology of fracture healing in
long bones. J. Bone and Joint Surg, 60-B:150-162,
1978,

Merriam WF and Porter KM : Hindfoot disabili-
ty after a tibial shaft fracture treated by internal fix-
ation. J. Bone and Joint Surg, 65-B:326-329, 1983.
Nicoll EA : Fractures of the tibial shaft. J. Bone
and Joint Surg, 46-B:373-387, 1964,

Rockwood CA and Green DP : Fractures. 3rd Ed.
pp.1593-1663, Philadelphia. J. B Lippencott Co,
1991.

Rosenthal RE and Macphail JA : Nonunion in
open tibial fracture. J. Bone and Joinr Surg, 59-
A:244-248, 1977.

Skirving AP and Demmer P : Conservative treat-
ment of the tibia. A review of 500 cases. J. Bore
and Joint Surg, 59-B:256, 1977.

Sladeck, E.C. and Kopta, J.A. : Management of
open fracture of the tibial shaft. South. Med, J. 70-
6:662-665, 1977.

Tructa, J : Blood supply and the rate of healing of
tibial fractures. Clin Orthop, 105:11-26, 1973,

Van der Linden W and Larsson K : Plates fixa-
tion versus conservative treatment of tibial shaft
fractures. J. Bone and Joint Surg, 61-A:873-878,
1979, .

Velazco A, Whitesides TE and Fleming LL :
Open fracture of tibia treated with the Lottes nail. J.
Bone and Joint Surg, 65-A:879-885, 1983,
Veliskakis KP : Primary internal fixation in open
fractures of the tibial shaft. J. Bone and Joint Surg,
41-B:342-354, 1959.

Weiland AJ, Moore JR and Jotchikiss RN : Soft
tissue procedure. for reconstruction of tibia shaft
fractures. Clin Orthop, 105:11-26, 1974,



