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Treatment of Open Fracturesof the Tibial Shaft by Sequential
Compression techniquein Ilizarov device

Suk-Ku Han, M.D., In-Ju Lee, M.D., Nam-Yong Choi, M.D., Sung-Jin Park, M.D.
Gyeol Yoo M.D*. and Hyo-Seng Ahn, M .D.

Department of Orthopaedic Surgery and Plastic Surgery*,
S. Paul’ s Hospital, Catholic University of Korea, Seoul, Korea

External skeletal fixation is used widely in the management of open or closed tibial fractures,
but delayed healing is common. There is concern that this might be due not only due to the
severity of injury but also to the mechanical conditions imposed at the fracture site by the
fixator. Since fractures treated by external skeletal fixation can rarely be reduced to perception
nor held with absolute stability, union occurs by indirect healing, which is acutely sensitive to
both the charactericstics and timing of mechanical stimulation. So, the achievement of the
optimum mechanical environment is particularly important where delay in bone healing is
likely. llizarov external fixator is useful in treating open fractures of the tibial shaft because it
permits axial micromotion which enhances bridging callus formation with stable fixation as well
as its complications such as infected nonunion or limb length discrepancy. The impared healing
with external fixation is often caused by wrong surgical technique, such as distraction of fracture
fragments by fixation device. Sequential compression at fracture site may overcome any fracture
gap in external skeletal fixation and also enhance endosteal bone formation. We applied
sequential compression forces at the fracture site in 18 open fractures of the tibial shaft, treated
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by llizarov external fixator with or without autogenous bone grafting. Sequential compression
technique is composed of initial compression with 1 mm/wk for 4 weeks and then compression
1 mm/10 days until adequate apposition of cortex and callus formation in radiograph. We
acquired successful bony union in all cases except one which had additional bone grafting in
open fractures of thetibial shaft by sequential compression technique using Ilizarov device.
Key Words : Open tibial shaft fracture, Ilizarov external fixator, Sequential compression
technique
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, Table 1. Mechanisms of Injury
Motorcycle accident 5
(endosteal C
Motor-vehicle injury 3
cdlus) Fall from a height 1
Violence 1
Total 18
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Table 2. Associated musculoskeletal injury

3
) Upper extremity fracture 11
1 , . -
Knee ligament injury 8
8 . > Contralateral tibial fracture 5
4 3 Pelvic bone fracture 4
3 (Table2). Femoral fracture 3
4) Spine fracture 3
Gudilo  Anderson Caude Sen
9 3B
3B1 1

Table 3. Details of 18 patients

Case AgeSex Location Severity  Softtissue  Additiond  Timein  Time Numbersof ~ Timeto  Complications

(yrs) Management  Procedures B/G(Wks) Compression(Wks) Union(Wks)
1 3, M MidU3 [1IB2 Delayedloca BIG 17 20,6 32 Pintr.infection
flap. STSG Delayed union
2 21,M Mid-lU3 1lIBl Delayedprimary  none - 16,5 26 Neuropraxia
closure. STSG
3 45 F Mid-13 | Early primary BM injection 12 14,4 24
closure
4 51, M Midl3 [lIB1 STSG none - 16, 4 28  Joint contracture
5 75 M Mid13 1Bl STSG none - 15,5 27 Pintr. infection
6 33 M Prox-13 11IB2 Deayed gastroc. BIG 16 19,5 27  Pintr.infection
flap. STSG Valgus def.
7 24, M MidlU3 11IB2 DeayedLD flap BIG 18 21,6 33 Delayed union
STSG Joint contracture
8 26,M Midl3 IlIC DeayedLDflap  none - 21,5 31 Peroned N. pasy,
STSG Delayed U.
9 2L, F Midl3 1Bl Ealyprimay none - 19,4 30  Delayed union
closure
10 42, M Dist-U3 1lIB1 Delayed primary BM injection 16 18,6 29 Vagusdef
closure Pintr.infection
11 58 M  Prox.-13 Il STSG BIG 16 19,5 27 Wirebreskage
12 38 M Mid-VU3 11IB2 Delayedloca B/G 15 18,7 49 Nonunion
flap. STSG Osteomyelitis
13 45 F Dig.-13 | Early primary none - 14,5 22 Pintr.infection
closure
14 21, M Prox-13  11IB2 STSG BMinjection 13 15,4 24 Pintr.infection
15 3, M Midl3 [lIA Delayed primary none - 15,4 26 Wireloosening
closure
16 56, F Dida-13 I Early primary none - 15,5 24 Pintr. infection
closure
17 45 F Mid-13 I Dedyedprimay  none - 16,5 25 Joint contracture
closure. STSG Pintr. infection
18 41, M Mid-U3 IlIA Dedyedprimay  none - 21,5 30 Osteomyelitis
closure Delayed union
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Fig 1-A. 75-year-old man injured open I11B1, semental fracture of the tibial shaft.
B. Plain radiographs at postop. 14 weeks show distracted fracture site and delayed union evidence.
C. After appling sequential compression, endosteal bone formation was enhanced.
D. Final X-Ray after removal of Ilizarov apparatus

Fig 2-A. 33-year-old man injured open 111B2 fracture of thetibial shaft with bone loss.

B. Radiograph at postop. 16 weeks show persistent cortical defect at anterior cortex due to initia bone
loss.

C. After appling sequential compression with bone grafting, the fracture healing was enhanced.
D. Final X-Ray after removal of Ilizarov apparatus show 10 degrees of valgus angulation.

. 15 1 1mm ,4 4 mm 2
10 1mm

(Fig10). 18 ’

, 382
(Fig 1D), (Fig2a),



14 2003.5.17 4:46 PM 822 4%

822. /[ 11 4
(Fig2B). 1
16
(Fig2C). 3 1 1mm ,
4 1mm/10 , 2 6 mm
27 515,17,19)
10 391324)
(Fig2D).
6,13,14,24)
’ 57,1317)  Fscher 14)
: ,Blick ©
1481112161822
2,
L 6
681223 34
1
.Blenman Y
(vascularity)
68101422)
(intermittent hydrogtatic stress) ,
4,1216,18,25,26)
L L (gw)
7
30
491626 3B 3c &) 3
344 , Holbrook



14

2003.5.17 4:46 PM

823

—P-

llizarov « 823

6)

21%

328
286

Holbrook  ©

1 (6%)
49

11%,

A 17%

(11%)

10

16.9(14-21)

docking Site

,lcm

lcm

i

66 ) REFERENCES
1) ; ; : : : :
: Orthofix  llizarov
6 3
, 28:761-773, 1993.
2) : : : : :

27%, Rosenthd® ~ 27%, , 32(4):897-904, 1997.
2 3) : . : : :
Ilizarov
(39%) : , 30(4):975-982, 1995.
, 10 4) Blachut PA, Meek RN and O’ Brien PJ : External
5 fixation and delayed intramedullary nailing of open
) fractures of thetibial shaft. J Bone J Surg, 72A:729-
735, 1990.
2 (11%) 5) Blenman PR, Carter DR and Beaupre GS: Role
of mechanical loading in the progressive ossification
, of afracture calus. J Orthop Res 7:398-407, 1989.
6) Blick SS, Brumback RJ, LakatosR, Poka A and
Burgess AR : Early prophylactic bone grafting of
high-energy tibia fractures. Clin Orthop, 240:21-41,
1989.
7)Carter DR, Blenman PR and Beaupre GS :
Correlations between mechanica stress history and
' ; tissue differentiation ininitial fracture healing. J
Orthop Res, 6:736-748, 1988.
, 8) Caudle RJ and Stern PJ : Severe open fractures of
thetibia. J Bone J Surg, 69A:801-806, 1987.
9) Chapman MW and Olson SA : Open fractures. In
Rockwood and Green' s fractures in adults. 4th ed,
Philadelphia, Lippincott-Raven:305-352, 1996.
10)Cierny G, Byrd HS and Jones RE : Primary
versus delayed soft tissue coverage for severe open
tibid fractures. Clin Orthop, 178:54-63, 1983.

11) Dendrinos GK, Kontos Sand LyritssE : Use of
the llizarov technique for treatment of nonunion of
the tibia associated with infection. J Bone J Surg,
77A:835-846, 1995.

12) Edwards CC, Simmons SC, Browner BD and
Weigel MC : Severe open tibial fractures, Clin

1,2,12,16)



14

2003.5.17 4:46 PM 824

824. /11 4

Orthop, 230:98-115, 1988.

13) Einhorn TA : Current concepts review. Enhance-
ment of fracture-healing. J Bone J Surg, 77A:940-
956, 1995.

14) Fischer MD, Gustilo RB and Verecka TF : The
timing of flap coverage, bone grafting, and
intramedullary nailing in patients who have a
fracture of thetibial shaft with extensive soft tissue
injury. J Bone J Qurg, 73A:1316-1322, 1991.

15) Goodship AE and Kenwright J : Theinfluence of
induced micromoment upon the healing of
experimental tibial fractures. J Bone J Surg,
67B:650-655, 1985.

16) Holbrook JL, Swiontkowski MF and SandersR :
Treatment of Open fractures of thetibial shaft:Ender
nailing versus external fixation. J Bone J Surg,
71A:1231-1238, 1989.

17) Kenwrightt J, Richardson JB, Cunningham JL,
White SH, Goodship AE, Adams MA,
Magnussen PA and Newman JH : Axial moment
and tibial fractures. J Bone J Surg, 73B:654-659,
1991

18)McGraw JM and Lim EV : Treatment of open
tibial shaft fractures. J Bone J Surg, 70A:900-911,
1988.

19) Meadows TH, Bronk JT, Chao YSC and Kelly

PJ : Effect of weight bearing on healing of cortica
defectsin the caninetibia. J Bone J Surg, 72A:1074-
1080, 1990.

20) Olson SA : Open fractures of the tibia shaft. J Bone
J Surg 78A:1428-1437, 1996.

21)Paley D, Catagni M, Argnani F, Villa A,
Benedetti B and Cattaneo R : Ilizarov treatment of
tibial nonunions with bone loss. Clin Orthop,
241:146-165, 1989.

22) Rosenthal RE, MACPhail JA and Ortiz JE :
Nonunion in open tibial fractures. J Bone J Surg,
50A:244-248, 1977.

23)Sanders R, Swiontkowski M, Nunley J and
Spiegel P : The management of fractures with soft
tissue disruptions. J Bone J Surg, 75A:778-789,
1993.

24) Takagi K and Urist MR : Therole of bone marrow
in bone morphogenic protein induced repair of
femoral massive diaphyseal defects. Clin Orthop,
171:224-231, 1982.

25) Tornetta P, Bergman M, Watnik N, Berkowitz G
and Steuer J : Treatment of grade |11B open tibial
fractures. J Bone J Qurg, 76B:13-19, 1994.

26)Velazco A, Whitesides TE and Fleming LL :
Open fractures of the tibia treated with the Lottes
nail,J Bone J Surg, 65A:879-885, 1983.



