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Immediate Internal Fixation of Long Bone Open Fractures
—A Review of 80 Cases—

Han Koo Lee, M.D., Sung Il Kim, M.D.* and F. Young In Lee, M.D.

Department of Orthopedic Surgery, College of Medicine, Seoul National University, Seoul, Korea
Department of Orthopedic Surgery, Halla Medical Center, Jejudo*

Eighty long bone open fractures were treated with immediate internal fixation within an average
of 7.4 hours after trauma from June, 1984 to September, 1989. Mean follow-up was 17 months
ranging from 1 year to 3 years and 4 months. Fifty—four tibia, 11 femur, 9 forearm, and 6 humerus
open fractures were encountered. According to Gustilo and Anderson’s wound classification, there
were 19 Type 1, 26 Type II, and 35 Type Il open fractures. Internal fixation was facilitated with
plate and screws in 58 cases, Ender nails in 13 cases, Kiintscher nails in 3 cases, and screws only in
5cases. Bone grafting was performed in 47 cases. Uncomplicated union was achieved in 16 cases (84
%) in type 1,23 cases(88%) in Type I, and 18 cases (51%) in Type M. Transient soft tissue in-
fection was noted in 3 cases (16%) in Type I, 3 cases(8%) in Type 1, and 5 cases(14%) in
Type II. Transient osteomyelitis was present in 1 caes{4%) in Type II, and 4 cases(11%) in
Type I, and all were resolved within 1 month. Three cases of Type I open fractures where muti-
lated injury was associated with severe vascular injuries were ended up with- amputation. Five un-
ions (14%) in Type Il were complicated with chronic osteomyelitis. Overall uncomplicated union
was achieved in 38 cases(87%) in Type 1 & II, and 18 cases(51%) in Type 1. Soft tissue co-
verage especially with viable muscle and stable fixation with good cortical contact seemed to be im-
portant nostic factors. While there exists potential disadvantages of higher minor and major
complication rates and more sophisticated management of the patient, this one-stage open reduc-
tion and internal fixation with bone graft which converts open fracture into stable closed fracture
might be of some value especially in Type 1 & 1I open fractures in terms of simultaneous man-
agement of fracture and open wound, prevention of secondary infection, anatomical reduction in-
cluding joint congruity, stable maintenance of reduction, elimination of deformity, and early joint
motion.
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19843 6¥FE 1989d 9¥7tA AT 80
Aol gstA gAY AR FHL YYo=
st

1 6y ¥ dEEXR

P AHL 32542 6MRE 76 7tA B
X3t ow, 204014 304 71A7} 2332 714
ggtou], dxst 488, o 27} 328 ok

2. &9 #ol A SttEY

LEuto] Atxmz} 392 MY wow, B
Yz A3zt 198, AFAAELY FEo] 144,
Fgo] 28, Ao roped] 7 A$7} 23,
718t AhF &dol 4ol Fuk &L
3 378 (46%) A LA eon, 1F it
&0l 278 (34%) oItk AlnYgl ¥W=

BY QExlo|Al:r} oA &4 159, @&
&4 5HZE 53%lAM, 2y Amrt 27} 5
#, 32 42%°1N, AFFEo] Z 54, 19
2 43%A T &4 2yt &49 B
Ae FHgol 25#, e AAITe FHo] 18
#, 58 &40 93, @d g £ Iur
Aol Zt7h 48, JEl A 2 @&, A,
4, &7, Xob &4, FF U £4 ¢
& AF AASE de g
3. &89 % I

9 "2 e FFo) 5482 714 ggon,
HEZ 113, 448 98, AgFo] 6oy}
Gustilo & Andersond] &3 F4 BE dz:=
AENMe Type 1] 88, Type I} 173,
Type W7} 2980103, NE FoH = Type 1
o] 6&, Type I 7} 5#, APH= Type 1] 2
@, Type T& 32, Type & 48, F&ZoA
© Type 10] 3%, Type I 7} 12}, Type M7}

Table 1. Types and location of open fractures

Types\Sites Tibia Femur Forearm Humerus Total
I 8( 15%) 6( 55%) 2(22%) 3( 50%) 19( 24%)
I 17 ( 31%) 5( 45%) 3(33%) 1(17%) 26 ( 33%)
m 29 ( 54%) 0(C 0%) 4( 45%) 2( 33%) 35( 43%)
Total 54 (100%) 11 (100%) 9(100%) 6 (100%) 80(100%)
Table 2. Immediate internal fixation of open fractures
Internal Tibia Femur Humerus Forearm
L Total
Fixation I I m I 0T m I § m I I
Plate & Screw 2 4 7 2 - -1 - - 2 - = 18
Plate & Screw
with Bone Graft - 7w 2z 4 - 1 1 2 - 3 3 40
Ender Nailing 3 4 - - - - 1 - - - = =
Rush Pinning - - - - - - - - - = -1 1
Ender Nailing o
with Bone Graft -1 3 1 5
Interlocking - - - 1 1 - - - - - - _ 2
Kuntscher Nailing
Interlocking
Kuntscher Nailing - = 1 - - - - - - - = = 1
with Bone Graft
Screws alone 3 I 4
Screws with e 1
Bone Graft
Total 8 17 29 6 5 0 3 1 2 2 3 4 80
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2# o)t AAHo=Z Type 10| 193], Type
o7} 262, Type M7} 358 o} %lc) (Table 1).

e 2 x=

S AE 6417 oYl &S AlPF HS
7} 283, 6A1olA 12A)7ko] 228, 12A]3tel
A 24A)7ke] 168, 24Xkl A 48A)7ke] 14
2 BT 74770l , o] B &4%
o2 39 AdE Afe 3{, Y5 E #
A F FAAAE A&

e A B 10Le A AGFE LA
ARe sx eg=Ely APd Fre HA A
Axe ANPstgon, Z&L Scullyg®el A
A3 color, capacity to bleed, contractility, con-
sistency& 71202 Hd A MYt
o, TEL AR 9 JuyF HAS0Y AA
H A&o] 71 F¢E aAvE T2, BT
A Mz 7dstA] BRI} #FL =Z4ES
AASAT Fde FEL dFFHoz AHAH
Moz NEgg 2&: ¥ dad A ANS
71202 AAANE Y. FH HEHH
AE % og Fu|¥ plate, screw, Ender nail
o Wz 71 7E ALgstd WaR g A3
How, By Zdol FAY AH9 1/3014d
ASE AIZAA HAZT o4& AP
A3 Bge AN AR AAZ A2 ¢
& 9¥oe Q. A% BEfol ey BH
e 492%§e 31 drain B+ HemovacE 4t
Astgzm, TR AEAde Aolde Z&5H4
RN &L A3y, =& dEo e A
e &% oFEE AYsYed, o =&
¥ A%e Y FPANEE FEA Kotz
Qe ¥ FRo)4E FHY. W Aoz
T 2ge AEo] AAHY UEIZL A&5BFH
g Nstn, 3T F4E AYstden, 4
A= drain & Hemovac ¢} ¥ 4z &
S Y. & ¥ Y 13U 1A cephalo-
sporin®} gentamycing ZtZ A, ZHWE
zolslg o, EulEolu wlFol Yv AF
AGAE A T

& % e ¢FY AR ¢ 1 F A
e 1AL, SAE 290 34N & F3A
Ny £ 22 138 AP AHT 44
9 $E& AAFAL. FARELANA wEel
AAY Zdo] d' S, FHEAY 3] 3

E BAE BE, A% E4I2dAdEe o4

g FoeF FEF 2o FFHEE &ATF
AVt §HE7A RE FPEFE FHE3)
Ax 1AL AEsd & £ A4 4R
ulo} WAL #9& AlgEerl

#¥F AE F F 58 A plate & screw
2R APsHn, 215 FH B AN
D 40 A AINMRE FHHEIT o]Hg A
sl t). 148 A Ender nailiz3 & Ajsislx
% 53AANA #AF o] APt 34
o] Kiintscher nail2 A& Ald st 1, 5afolA
= screwqte Al8-3le] A 3Y T (Table 2).

A Byge AT FHZF Type DolA 1
#l, Type MolA 38 HFoldg APsHe
o, 29219 Type DA Z SHF T A AF
ol &g 5 =& olEeL AP, vt
Wz HoHe BF ds¢ 43 Bl 73t
Ao

4% &4

ZF 48 & ¥ 10990 AR A g
Fgste FAMo] AT JAYSTE X FH
v UE S5 27802 J&3A

el e BAHL 80 13 AT 1A
B33 F g HALF o] FojA B AT AW
2 kA olgt ALEEY, AR 74 (clinical in-
fection) & 71Fo2 slth F4e A&FHQ
FAA &, 22LdE, F4289, 3%, 2uF
o] Ade AL d¥zHe FYolgEr ALIA
o, ARz g3 wiFo] FNHI, WA}
A AP ZEAY A= 270 FRMHE
AS, &2 F7, 9] AYEF 9 F
7h, BH|EH A FHEH7 FBide B
E2 YAHoE FFYgol Ut desdth

g Fo] glol FHol olFAF AHALE
Type 1 /AWA ZHL& 3 Fo] 7# (88%),

ZTe 48(67%), ALFTL 3% (100%), A
gF e 29 (100%)°ldrt. Type IZHL H
Fo] 153 (88%), HE|Zo] 43 (80%), ¥
Fo] 13 (100%), AgFo] 28 (67%)°l At

Type ME AL 7 Fo] 138 (45%), F& =0l
2#) (100%), Ao 43 (100%) 24 A A 35
#A ¢l Type MALA 4 3 183 (51%) A &
B3 ge FHEel dojch dAFHA EAA
ARZA Y F EHE0] )RFAI A=
Type 1 ZHolA ZAFo] 14 (12%), W& Fo]
2% (33%)°l 1, Type HoAE ZAFo] 24
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(12%), ARFo] 18 (33%)°1N, Type I
= A 538 (17%)0A4 4% =3 gl &
AstEch dAF 4Pl BEHAUD de
Type M AF F4dF 3480 (11%) % AER
Zd 19 (25%) A, Type N9 tEEd 19
(20%)0l2th. FFPol YE AR IHHO)
o]0l ALE Type IS AFFHoNA 54
(16%) L&A 38 (9%)d A& =42
=g ¥@ €43 A8 289 &40 TRty
A" Type MCol 2sle HZ & EF
B FTHANRE HPstd oy 33 ol &£
Ao 2 Zgoz MY FEE AWIHAC
AN oz A 3AE Adsie RE 7
oA HEH FHTEL EE F UABLH,
A4 2ES £ 2H FEELS Type I,
I& 100%, Type M= A SdA 332 A
& THstd 94%, UnA dEZ, J&F, A
SZME Mg FFE & F U
B9 F4go] YUYW 5HF HEHA AF A
AL, TolAe, FAA 2o 3 29
olule] =A@o] 7k% AT FH RYVIULL
Z2d4de 498 AdstE BEL Type I
o] BF 6.774Y, Type L7} BT 96744,
Type M7} BT 134749 oz, thEIFL
Type I, IEAA 73714, 4¢FL 4774,
Ao 3.7/M Yol ot (Table 3).

3 WYL FeA HAREH FEL AP
of A% 9wk, v, HHWY, 3 AH WY
2& 29 de FF T 19dA A HE
& AYE g8 Adsne YA AR
BELE S AAE €F 1A€A, A€ 2F 2
ANLA Aste] A ZHol 99 de YU

oM

&
=8 1

124 dob= 1988 39 279 AAAE ®
27kt s€29 FET F 0ETA §
FA40 WY g4 "Wasddy, #FF

Z 9 uF Ay FHol UYL, I 9
9o $2 HF L H= gE I FHo| UA
3 A g3 A (Fig 1-4). #Z 38iA
o Wae A% vy 9 282 A& E 29
o] UYL &dRAE Aol Aoy HAE
$& §AHAE Type I N4 SHIUoh
A F 3AZF ghe] AAvtHE FY R
H AX, Hd HA£& ¥ plates} screwE A&
st WaAE A drain 49 F LA
23e s A&EHQ0 wiged AL =
F 2dAd oA ARG &% 3MEA

cephalosporin®} gentamycin #U& 39 th &

Table 3. Results according to the types of union

Types on Tibia Femur Humersu Forearm Overall
Union I § m 1 o© ®m I O© m I I m I T W
Uncomplicated 7 15 13 4 4 3 1 2 2 2 3 16 22 18
union (88 (87 (45 (67 (80 — (100 (100 (10 (100 (67 (75 (84 (85 (51
%) %) %) %) %) %) %) %) %) %) %) %) %) %)
Union after 1 2 5 2 1 3 3 5
T.S.T.L.* (12 (13 (17 (33 - - - = - - (33 — (16 (8 (14
%) %) %) %) %) %) %) %)
Union after 3 1 1 1 4
T.O.» - -Q2 -0 - - - - = —(5 - (4 QU
%) %) %) %) %)
Infected union 5 5
- - (6 - - - - - - - - = - - (14
%) %)
Infected _ _ _ _ _ _ _ _ B _ _ _ _ _
nonunion
Amputation 3 3
-  —= (10 - - - - - - - = - = = (9
%) %)

Note) T.S.S.I*: Transient soft tissue infection
T.O.» : Transient osteomyelitis
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Fig. 1-A) Twelve year-old boy with tibia open fracture and ipsilateral femur fracture. The middle
fragment of tibia was totally detached from the lower leg. B) He had open reduction, internal fixation
with plate & screws, and iliac bone graft. C) At postop. 3 months, union was achieved with chronic
osteomyelits. D) At postop. 4 months, foreign body remcval was combined with sequestrectomy. Two
months later, anatomical union was obtained without residual infection.

3 37/ AR A 2389 §% (infected union)
L AL 5 on, & F 471 plated
A A 83 saucerizationg A3} =% 2739
of Faol Afslol Wyl g A¥HA T
a2 AA 3}@4 7HE W7 A ST
o3t 238 98 4+ AU HFing 1-B, C, D).

#4 dEIE #¥8F FE A 2459 Jn
g AlPste MYt FHF gl IHE
£ 49dh

8l 2

304 ';rori 1987 119 299 9 Emnjo| g}
83 FEARE 5 4 Z9 Type TN
4 =4 ';1 o YEEST Zd ¢ gd,
#Fx gEHE ’éol Zol ¥ d=, £4 F
421 7hkol] FeAdoA FdAA 2 A EA
& At = FEF9 HREH HE F

FEBH} UALE AHSEY AnY g o
T F4¥o] sl 2E ¥ #HEE o]y
]88}%{\:}(Fig 2-A,B). € ¥ #92 ol

& F 19 2/09A FA A 7T
< & AN (Fig. 2-C).

Fo ]0
o 8
e
n&l

‘g}x} 55A1 2 1984L% 6% 299 9 EHOE
B F golAwWA & A4gE 4954 A
3 EH =HUE E°]t ZEd 2FYE 4
2lt} (Fig. 4-A). Type M9} Ao 7A7
o FA A ¢ AddAEe AP F FF
Ty o2 Yilel 2£0E ALt FA W
nHE Agstd, & F MY FANA A9E
glo] #adel I FAH FHFHIE €& F A
At} (Fig. 3-B).
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Fig. 2-A) Twenty-nine-year-old male with Type I tibia open fracture. B) Open reduction and
plate & screw fixation were performed with bone grafting. C) Delayed but solid anatomical union was
obtained at postop. 1 year and 2 months.

_Fig. 3-A) Fifty-five-year-old mlae with Type Il open comminuted intra-articular fracture in the
distal humerus. B) Anatomical congruous joint was achieved with solid union after 3 months.

U -

ML 28L& F2 high energyd] o3 9
doz A B4, 9y, 25, 1, 44,
dHFe A8zHY 2 2 E4E FA
g3k 1w o, FH FE E Y W
W, 3 287, 299 93 FEe ot
2 g, d2zF AA&F odd 2z &
q A8 Fevld g8 gt 5 43o]
AANE 4 ¢low, pin and plaster, & 1

A5 AR Pl 2NAAL, B4, ¥R
5o A%g FE WIF AY AUH J¥ol
A7) g AE YAl RuH L gIrhime 0
s gw gy BAY 24 WuAT
g o148 #¥Y 32 L Yuyee o A
Agel olste] 1 At nusAe, AR
2XE A340z 44T YA %% Aol
o} (Table 4).

Mgy Edel Bge 3%o1A 80%74A4 o
¥ @7t wuH A Cinery?s 79 olu]
oA e BURE LT 208%AH A
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Aot de

2 fell EAZ AN, 8UA 30d Alo]d)
e AT 833%9AM Zdol AMed &
U= 40Y, 64MEE AATHY FF, THY
B4 2 A g2 dEd Zgee AR
Ho g Hudre o Pt A g e

Zhel FzALe 7 & A< (host),
A 2 ZAH F9 9 =7 (environment) Y
¥ AT (pathogen) 9] 371x 847 £Z5
o §4dt wety NEe Y BY%,
A% d4F A B2 T 9T ALY a4
& MAEI, A, 37, olZ2d AA, Hd A
A, e, Td9 4FE FE L §A4, &£§o)
FAHE 28 frFo] A A4 WHIE
Z Zlolth. o4 I AEL AT Y
3 Ao X od ARG, FAAE
28 A T4 BHY MA 9T He
Aolth 4 MAA sgtell ol & jet stream #
Fob At #FI AHEEHOA T edH, A
AEe AAogyE wel o9 #Fo) virulencer}
S 49T 1¢9 R ATELS O e
ZE7A olFAA GATFE F £ e ¥4,
virulenceZ7} Y& A% ngBFHrl wE A
o Al#e £AAE Foled ANHo|7| Wi
sty Aadd. gy =AY 229 %
Ao 1y #F7F ARFHol 1, 34, THTFA
A e e 7o #gdoel A WA AF
2l A BAF/ sttt A4,

A 8748 BAdsiEdos ) high ener-

gyol o3 AFPEQALE Fdo BYAT 9
AdHxF &49 AT F7 9dH8El7) g2
Gustilo & Anderson'®% oj2] 2&7} 9ok A
Ase] FHE BAs A Type I, M9
H3te] Type MoAlH LHAH FAE A5z%
ZEe & Aol7l oy U F5HE 2
TFYEE Type MoA o Btk ol
HAd 3e9 2212 AU d 38 2E A
9 Type MEIANAH WAHYL 68 =%
A %9 &4 B FHe AU A=
< BE9 A@Z ¥ty oln 1/30] 2 &
L2 99 A %7] W Type Mo A
4 AL £8o] FL& 2808 FTHRIY 1/
3-1/201%40] Holx A Sz BHHHUE
FEY A¥ogsHo T4 FHo BEFoz 7
e A7 P FHe ARE 594 %
gt}

T4 XNg9 @Y A8, g1 23
Fe dite] ZwdA HAZT AHY HZo
Ve A1 Y YIHARE AR e
He] B4z &80 F& 280z AN
€8 F e AR 43 s AAss F8
AL BHHH o8 NAElY Z).

o2 AzEo]l BIF FHFE Table 49}
2o g FHE B2Asld nA A8 @
WEol e EHPol Type I, DoA Zz
84%, 88% =2 Type M9 51%9] Y 3o &9
A Eow, F&gol IWHE 4% 5dE

ro o i

Table 4. Internal fixation of open fractures

Authors g;)éeosf Till:’;acture Locatcl)(;;lers Nonunions(%) Infections( %)
Davis, 1948 150 55 95 2 3
Carpenter et al 1952 17 17 18 23
Lottes et al 1952 20 20 35 35
Johnsson 1953 29 11 18 ? 10
Zadik, 1953 24 13 11 0 4
Wade et al 1958 51 51 27 14
Veliskakis 1959 80 80 12 16
Claffey, 1960 48 48 17 35
Edwards, 1965 68 68 3 12
Burwell, 1971 63 63 11 14
Gallinaro, 1973 31 31 11 17
Clancey et al 1978 35 35 0 22
Authors, 1990 80 54 26 0* 29

* . Three mutilated limbs which had secondary amputation were excluded.
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Table 5. Union in type I tibial open fractures
according to muscle injury

Table 6. Union in type I tibial open fractures
according to fracture pattern

Types of Union Delayed Infected Ampu-

Fracture Uni Delayed Infected Ampu-

Injury Union  Union tation Pattern Union Union  tation
I 2(66%) 1(33%) O 0 1 6(75%) 2(25%) O 0
I 6(67%) 3(33%) O 0 I 1(33%) 2(67%) O 0

it 5(29%) 4(24%) 5(29%) 3(18%)

il} 6(33%) 4(22%) 5(28%) 3(17%)

25 Type M| th

FEs B 8 &4 2 AE dnzy &
ol Fuixo] WL AYsPd 3AE A9
e AR FAgol BF FHE)
RAed, ol F& WIAAAE T8y F
FAL dF}ele JFE A ge Aoz
ALEE e, 38 Gristina VS-S YA 9 A
qx F&ol AFe FAHE v &2AsA g
g et AAdFEuHEEHRY] BEE v
A AgRE Tyt &) tgFEa PrPFel ¢
ojA Hlwrl B7b% kAt
8 FAFTE GAA Type W) 484 3
FHE &4 Fdo wEr AEsd Bt
(Table 5, 6). 2% &FF=E 29
oy Z89 difRoe] Hollel THAUELE §
5 Qe A$E Grade 1, 4171 FAAHRA
AXE 25058 H31E ZHREYAM BF
9 & 9le WE Grade I, 2805 & 319
oftt @3 4+ AW 2 ol4e &42& Grade
matn 992 Ase& A% Table 544
B niel Zo] Grade I, 19 H3l Grade
molx 8 8¢ ¢ #F9&°] ¢tk 22
Adoz ZH BHAET AE ¥ HAF9
2/3 ojAo] HEZEAEM UnA VTR FH
ABo SAHT A1 WuAHo H FL+E
Grade I, HAZo] 1/3014 FHZFo] FAHHE
A ARsdAE gou Ade A% € £ e
9% Grade I, 2 F9 HZo] 1/30]32!

$% Grade & Aostn 5709 dE A
AfFolet oz AHostd e W HA Grade
7l #&5E FTARHEY FAs dden,
energy&Atol B2 1% HAIe 73,
B, 2%, 48359 A3 AR 239 &350
Z Qs 2737|171 ot AR HU
14,15,28)

AREe] YA EYHY AHoeME
Axg 9 AIANEE BA ALE F AL,
ZHRAE S HolFo] 23 APL oA &
3, B4 U Jee & HREgF HE

o
A
o

2 FEe fX7 ZHA, dg5Egd F{HEe

& 7 %o & F WYL Hassn 53
FAAAR ARHolde FHA FYstm, 2
71 ¥4 &Fol 715 3H EAAHoEE
HE Z/RTE 48 + o, ojg&Fog |
A L AEA 9% AAr sty g9
AYE FNE = Jdod, £44 ARZF
o] &4 tFo] 584 HA FHE FU Al
7 % oty Azdrc

A8 02 Type I, 19 MA SHL& X8
€ st oAl A9 met WAL AgEn
3 AL A48 = Ak ALEH, Type I
FAL A} AR 239 &0 2 FEY AR
2 FRFo) o Lol UAew ;A EA
olgle] ©AHY T ¥ dARzHY AAEo]
g3t Als €t

4 B

AASL Type I 193], Type I 268, Type
I 358, ¥ 80#9] /MA ZHd sl P
74 AUl FRAH, A dAE, R
3 B, F& Yy, WEF 2/30140] H
2352 F& A4S HAEF o]y, 2{olF, HF
o)l g FF e AAH HYy TR
AZS e ddA A5HE A=stn JF
177047 A8 &8 2& 488 9tk

L Z49&2 Type I9|AM 16%, Type Lol
* 15%, Type Mol 49%, AAH o2& 29
%olRow, Type I, Lol 88 Type Mo
A felstA Eoio

2. T4 £ Type I3 Type I Hx
72g3 BAQe) AFAA olFo)H L, Type
M3 581 (14%)e F5gel e IR
oA 3 (9%)= HHE AYsigon, BE
Type W% 323 (91%) ol A ZH3to] o] Fo
A

3. 983 AE 2L wuAEYY J Hgo
24 MM d9 Yug 2 Fold XEE
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A} Pge) FA AR, A9 By,
@ Huo 8, 24 Qe A, £F W
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S48, #4759 ¥4, 27] 7153 E 9
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