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ABSTRACT

Objectives: Retrospective evaluation of healing index (HI) and consolidation time (CT) of gunshot
femoral bone loss managed using conventional llizarov frame (CIF) versus Talyar Spatial Frame
(TSF) fixator.

Methods: This multicenter study included 15 patients had gunshot femoral bone loss of about 6 cm
and average soft tissue defects of about 7 cm. External fixator was used in 9 patients, soft tissue
defect was directly closed in 5 patients, using rotational flap in 5 patients, multiple Z-plasty in 2
patients and in 3 patients soft tissue defect was open managed and closed by secondary intention
after application of CIF fixator. CIF fixator was used in 8 and TSF fixator in 7 patients. Mean latency
period before starting distraction osteogenesis was 12.8+0.8; range: 12-14 days.

Results: Mean distraction rate was 1.2+0.3 mm/day and inter-fragmentary compression rate was
0.25 mm/day for 5-7 days. Mean consolidation time was 97.8+18.1 days, and all patients had bone
lengthening for a mean of 6.4+1.2 with a mean healing index of 15.311.37; range: 13.2-17.3.
Patients categorized according to type of fixator showed non-significant (p>0.05) difference as
regards clinical data.

Conclusion: Distraction osteogenesis for gunshot femoral bone injuries could be achieved
successfully using either llizarov or TSF circular fixator. Both fixators allowed bone lengthening
within reasonable CT and with HI of about 15 days/cm.

Keywords: Femoral bone gunshot injury, Distraction osteogenesis, Circular frame fixator,
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INTRODUCTION

Gunshot wounds remain a major clinical problem [1]
and constitute a continuous burden on hospital and
community resources [2]. Lower extremity injuries
secondary high-energy penetrating injuries caused by
suicide bombing attacks [3] or low-energy gunshot
wounds are increasingly common in the civilian setting
[4].

Gunshot bone or joint injuries comprise a major
portion of gunshot wound injuries [1] and severe
penetrating injuries caused by a blast may result in
severe open limb fractures [3]. Gunshot injuries to the
extremities might also involve complex soft tissue,
vascular, musculotendinous, and nerve injuries [4].
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Management of these injuries is challenging and often
requires prolonged and potentially painful treatment
[5].

Distraction osteogenesis relies on stimulation of
new bone growth so as to provide additional length
allowing bridging of bone defects [6]. Whenever,
internal  fixation of long bone fractures s
contraindicated, difficult to achieve, or not advisable,
the application of external fixators did well, safely and
effectively for management of such cases [7]. llizarov
technique of bone transport using circular external
fixators is widely used for limb reconstruction of large
bone defects [5]. The computer-assisted gradual
correction with the Taylor Spatial Frame (TSF) is used
to correct special orthopedic conditions as delayed
fracture healing and pseudarthrosis [8] and is cost-
effective methodology for children with unstable tibial
diaphyseal fractures when compared to uniplanar
frame [9]. Our hypothesis was that the management of
femoral bone defect using the conventional llizarov
frame (CIF) fixator still withstand in front of the Talyar
Spatial Frame (TSF) fixator.
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METHODS

This multicenter retrospective comparative study
included patients had femoral bone loss secondary to
gunshot injury and treated between Jan 2005 and June
2015. The study protocol was approved by the Ethics
Committee of Egyptian Alazhar University Hospital.
Data were extracted from files of patients signed
written informed consent concerning operative
procedures to be undertaken and for publication of
individual clinical details and accompanying images.
Diagnosis was set on the basis of preoperative
radiographic and intraoperative findings during the
primary treatment.

Collected preoperative data included age, gender,
and history of previous 1%t aid management at local
hospital, its type and outcome. For cases admitted
directly to the hospitals included in the study, data
included 1t aid management, presence of soft tissue
injury and its extent and management, need for blood
transfusion for loss compensation or correction of
anemia if hemoglobin concentration was <9 gm%, the
extent of bone loss, presence of associated nerve or
vascular injuries. Data of management provided and
follow-up data were collected for each patient enrolled
in the study separately and then stratified collectively.

Conventional llizarov frame was constructed and
sterilized preoperatively, to save operative time. Rings
of TSF fixator were applied on both sides of injury site
and parallel to the in-between joint. Such application
site allowed adequate soft tissue cleaning. Three points
fixation; 2 proximal and one distal were required for
frame fixation. The master tab area of each TSF ring
was allowed to be reached for strut applications.

All patients received preoperative prophylactic
antibiotics that were continued for 1-week
postoperative (PO). PO pain management was started
with narcotics on the 1t PO day and oral
acetaminophen was used thereafter. Concerning
wound management, pin dressing was removed on the
5t PO day to allow daily pin-cleanliness. One-wk after
surgery showers were allowed. As regards
rehabilitation, patients were asked to start progressive
partial weight bearing with crutches since the 2" day
PO and immediate PO quadriceps isometric exercises
were initiated to preserve or increase muscle strength.
When patient can tolerate range-of-motion knee
exercises, it was started.

Post-operative follow-up
Postoperative  follow-up  included radiological
evaluation every 2-wk till defect has been closed.

Lengthening was started and continued under weekly
clinical evaluation until consolidation occurs and then
radiographs are obtained monthly and once tricortical
consolidation was developed, as judged by
radiographs, frames were dynamized before removal.
Preoperative and last follow-up radiographic
measurements were reviewed for all patients

Outcome data
Consolidation time (CT) defined as the time (days)
between the end of distraction osteotomy and total
consolidation or removal of fixator.

The healing index (HI) defined according to Kato
2002 [10] as the time (days) needed for consolidation
per cm of distracted osteotomy site (days/cm).

Statistical analysis

Obtained data were presented as meanSD, minimum
and maximum values and numbers. Results were
analyzed using Student t-test and Chi-square test (X2
test). Statistical analysis was conducted using the IBM
SPSS (Version 23, 2015) for Windows statistical
package. P value <0.05 was considered statistically
significant.

RESULTS

The study included 15 patients; male: female ratio was
11:4 and median age was 33 years. Median femoral
bone loss was 6 cm and median of soft tissue defect
was 7 cm, and 2 patients had associated injury of
sciatic nerve. Nine patients had primary external
fixation. Soft tissue defect was small and closed by
direct closure at time of external fixation in 5 patients
(33.3%), another 5 required rotational flap and 2
patients had multiple Z-plasty to achieve direct wound
closure. Three patients received open wound
management to allow frequent cleasinening and defect
edges were gradually approximated during the process
of lengthening after application of llizarof fixator, thus
allowing direct closure by secondary intention (Table
1).

The conventional llizarov frame was used in 8
patients (53.3%), while 7 patients (46.7%) had TSF
fixation. Irrespective of the applied fixator, small bone
defects were compressed, and osteotomy and
lengthening were performed at the opposite end of the
bone, while in case of large defects simultaneous
lengthening and compression was performed and the
middle bone segment was transported to fill the
defect. Four patients (26.6%) required hydroxyapatite-
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coated 6-mm half-pins (Orthofix), while refreshing at
the docking site with autologous bone grafting was
performed in 6 cases (40%).

Time lag till starting distraction osteogenesis was
12.840.8; range: 12-14 days and mean distraction rate
was 1.2#0.3; 0.5-1.5 mm/day. Inter-fragmentary
compression was performed at rate of 0.25 mm/day
for 5-7 days after bone capitation of docking site every
2 weeks for 2 months after consolidation occurred.

Table 1: Demographic and clinical data of studied patients

Fortunately, throughout a mean consolidation time of
97.8+18.1; range: 67-128 days, all patients showed
healing with appropriate bone lengthening for a mean
of 6.4+1.2; range: 5-8 cm with a mean healing index of
15.3+1.37; range: 13.2-17.3 (Table 2, Fig 1). There was
non-significant (p>0.05) difference between
demographic and clinical data of studied patients
categorized according to type of fixator used (Table 3).

Patient Age Sex | Side | Soft tissue Bone 1%t aid Nerve | Soft tissue defect closure
No (year) defects (cm) | loss (cm) | treatment | injures Procedure Time
1 27 F Rt. 10 8 EF Sciatic | Closure by Fixator
2ry intention | application
2 44 M Lt. 4 6 EF - Direct EF
closure
3 34 M Lt. 8 7 EF - Rotational Fixator
flap application
4 45 F Rt. 9 8 No - Rotational Fixator
flap application
5 33 M Lt. 4 5 No - Direct EF
closure
6 27 M Rt. 10 8 No - Closure by Fixator
2ry intention | application
7 37 M Lt. 6 7 EF - Rotational Fixator
flap application
8 38 M Rt. 12 8 No - Z-plasty Fixator
application
9 25 F Rt. 3 5 EF - Direct EF
closure
10 19 M Lt. 3 7 No Sciatic | Z-plasty Fixator
application
11 25 M Lt. 4 5 EF - Direct EF
closure
12 34 M Lt. 3 7 EF - Direct EF
closure
13 27 M Rt. 10 8 No - Closure by Fixator
2ry intention | application
14 45 F Rt. 9 8 No - Rotational Fixator
flap application
15 37 M Lt. 6 7 EF - Rotational Fixator
flap application
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Table 2: Healing data of studied patients

Patient No. Consolidation Time (days) | Bone Lengthening (cm) Healing index (days/cm)
1 67 5 13.4
2 115 7 16.4
3 95 6 15.8
4 95 6 15.8
5 85 5 17
6 108 7 15.4
7 79 6 13.2
8 118 8 14.8
9 104 6 17.3
10 79 5 15.8
11 85 5 17
12 81 6 135
13 113 8 14.1
14 115 8 14.4
15 128 8 16
Mean (£SD) 97.8+18.1 6.41+1.2 15.3+1.37
Minimum 67 5 13.2
Maximum 128 8 17.3
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Fig. (1): Individual consolidation time and extent of bone CacCcT
lengthening determined for studied patients at time of fixator g Lengthening
36 Vol. 30 (1) January, 2018



Ibrahim Elsayed Abdellatif Abuomira, Francesco Sala, Mahmoud Mabrouk Said, Ehab A. Abdalla Elshal, Amar Abdelhalem Amar

Table 3: Demographic and clinical data of studied patients categorized according to type of used frame fixator

Conventional Talyar Spatial
Data & Findings llizarov frame (CIF) | Frame (TSF)
Number (%) 8 (53.3%) 7 (46.7%)
Age (year) 31.1+7.7 35.148.5
Sex; M:F 1.7 3:4
Right: left side ratio 4:4 3:4
External fixation at 1%t aid treatment 3 (37.5%) 5(71.4%)
Nerve injures 1(12.5%) 1(14.3%)
Bone loss (cm) 6.2+1.3 5.7¢1.3
Soft tissue defects Length (cm) 7+3.5 6.412.9
Procedure 2ry intention 3 (37.5%) 0

Direct closure | 2 (25%) 3(42.9%)

Flap 1(12.5%) 4 (57.1%)

Z-plasty 2 (25%) 0
Latency period before distraction osteogenesis (days) 1310.9 12.6£0.5
Distraction rate (mm/day) 1.1+0.4 1.310.2
Consolidation Time (months) 3.14+0.64 3.410.57
Bone Lengthening (cm) 6.38+1.19 6.86+0.9
Healing index (cm/month) 2.05+0.2 2.03+0.14

Data are presented as numbers & meanzSD

CASE PRESENTATION

§

Fig. 1: Preoperative Plain X-ray

right femur, Female, 25 years old
femur fracture gunshot, 32 C31,
Gustilo IlIA.

Fig. 2:

Plain X-ray right femur,
emergency treatment by temporary
external fixator in order to damage
control strategy

Fig. 3: Plain X-ray right femur. Due to
infection, soft tissue and bone necrosis,
treatment by washing of body tissues
and damaged tissue debridement,
application of a new unilateral external
fixator.
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Fig. 4:

Intraoperative photo showing
treatment by bone resection

Fig. 5: Plain X-ray, anteroposterior
view, application of llizarov fixator
and TSF.

.
.

Fig. 6: Plain X-ray, lateral view,
application of Ilizarov fixator and
TSF.

Fig 7: Plain X-ray,
antero-posterior view,
application of llizarov
fixator and TSF.
Complete united doking
site and complete
consolidation of
lengthening of site.

Fig. 8: Long standing file

X-ray

|
Fig. 9: Picture of patient in
frame.

Fig. 10:

Plain X-ray, antero-
posterior view, 7 months after
removal fixator.
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Fig. 11: Plain X-ray,

Fig. 12: Pictures of patient after removal fixator showing good function of knee jofnt. o

lateral view, 7

months after removal

fixator

DISCUSSION these findings, multiple studies previously assured that

This retrospective study illustrated the outcome of the
applied policy for management of femoral bone
gunshot injury using a graduated program of wound
cleansing, debridement, removal of bone debris and
foreign bodies with systemic broad spectrum
antimicrobial therapy and external fixation for a short
time (12-14 days) to allow patients to bypass the post-
injury catabolic stage, be generally fit for major surgery
and to allow subsidence of tissue edema and local
inflammation. Similarly, Patil 2016 [11] found early
administration of intravenous antibiotic coupled with
early irrigation and debridement dramatically
decreases the infection rate of open fractures and
Simons 2016 [12] also reported that timing of definitive
fracture management has varied from several weeks to
within hours of injury.

Soft tissue management of studied patients varied
according to the extent of tissue loss and possibility of
direct closure, or need for plastic surgery; such policy
goes in hand with Barwick & Montgomery [13] and
Lowenberg 2013 [14] who documented that optimizing
the host environment with eradication of infection by
radical debridement, soft-tissue flaps when necessary
and bone transport techniques can allow salvage a
useful limb in patient had bone and soft tissue loss with
infection,

Application of Ilizarov frame fixator allowed soft
tissue defect closure and healing by secondary
intention during bone lengthening process. In line with

the llizarov technique with bone transport can very
successfully deal with the associated large soft-tissue
and bony defects without the use of routine bone-
grafting, or soft-tissue flaps [15,16,17,18,19,20,21].
Recently, in 2017, El-Alfy [22] found that llizarov
method in management of cases with bone loss, soft
tissue loss and infection allowed eradication of
infection in all cases and all soft tissue defects healed
during bone transport.

All patients underwent distraction and inter-
fragmentary compression; such policy allowed bone
defect closure after mean consolidation time of 97.8
days with mean bone lengthening of about 6.4 and
mean healing index of 15.3 day/cm. These data
indicated the applicability of such management policy
for patients with femoral gunshot bone defect and go
in hand with that previously reported for long bones
lengthening for varied disease conditions where Sala
2013, [23] found primary and definitive fixation with
the TSF is effective for management of lower extremity
long-bone fractures especially in patients with multiple
traumatic injuries. Also, Ajmera 2015 [24] reported
mean union index of 74.5 days/cm within a mean union
time of 52 weeks for open fractures of tibial diaphysis
and concluded that limb reconstruction system for
treatment in cases of open fractures with bone loss
was effective as definite modality of treatment.
Furthermore, Pallaro 2015 [25] reported a mean
transport of 41.2 days/cm in patients with infected
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femoral bone loss with bone lengthening using external
fixator and concluded that the use of external fixation
is efficient and provides bone union, treatment of
infection, and control of bone axes and lengths.

Moreover, O'Neill 2016 [7] detected excellent
results for complex lower extremity long bones
fractures treated in a TSF frame. Also, Henderson 2015
[26] and Khunda 2016 [27] documented that the use of
the TSF for treatment of tibial shaft fractures has a
number of technical advantages while producing good
functional and surgical outcomes. Flirmetz 2016 [28]
reported an average healing index of 44.2 days/cm for
reconstructed tibial defects after a mean consolidation
time of 113 days and Aktuglu 2016 [29] using llizarov
frame detected solid bone formation in tibial bone
defects >5 cm after a mean duration of 275.5 days with
a mean external fixator index of 52 days/cm and bone
union was obtained in 95.8% of patients. Recently,
Chou 2017 [30] documented that in treatment of
chronic femur osteomyelitis, llizarov distraction
osteogenesis followed by intramedullary nailing was
safe, successful and allowed for union, realignment,
reorientation, and leg-length restoration.

The reported non-significant difference regarding
outcome including CT, extent of bone lengthening and
healing index between patients managed using llzarov
versus TSF frame coincided with other studies
compared both frames where Menakaya 2014 [31]
reported that despite the assumption of the rigid
construct of the TSF, the median time to union was
similar to that of the llizarov frame, but TSF can play a
significant role in complex tibial fractures and Tafazal
2014 [32] documented that in an appropriate patient,
both types of circular fixator are equally effective but
TSF allows for postoperative deformity correction.
Recently, Reitenbach 2016 [6] compared llizarov versus
TFS for deformity correction and extremity lengthening
in the lower leg and found TSF ring fixator leads to
fewer problems, secondary axial translations, and pin
infections, but is associated with PO deterioration in
mobility in the upper and lower ankle joint. However,
Mayer 2016 [33] found both llizarov and TSF are viable
treatment options for infantile and adolescent Blount
disease, with the ability to significantly improve
mechanical axis of the affected tibia and the limb.

CONCLUSION

Distraction osteogenesis for gunshot femoral bone
injuries could be achieved successfully using either
llizarov or TSF circular fixator. Both fixators allowed

bone lengthening within reasonable consolidation time
and with healing index of about 15 days/cm. llizarov
frame allowed soft tissue defect closure without the
need for plastic surgery. These results allowed
recommending the use of llizarov especially in patients
with extensive soft tissue defect and whenever plastic
surgeon is unavailable.

REFERENCES

1. Dougherty PJ, Vaidya R, Silverton CD, Bartlett CS,
Najibi S. Joint and long-bone gunshot injuries.
Instr Course Lect. 2010; 59:465-79.

2. Burg A, Nachum G, Salai M, Haviv B, Heller S,
Velkes S. et al. Treating civilian gunshot wounds to
the extremities in a level 1 trauma center: our
experience and recommendations. Isr Med Assoc
J. 2009 Sep;11(9):546-51.

3.  Weil YA, Petrov K, Liebergall M, Mintz Y, Mosheiff
R. Long bone fractures caused by penetrating
injuries in terrorists attacks. J Trauma. 2007
Apr;62(4):909-12.

4. Abghari M, Monroy A, Schubl S, Davidovitch R,
Egol K. Outcomes Following Low-Energy Civilian
Gunshot Wound Trauma to the Lower Extremities:
Results of a Standard Protocol at an Urban
Trauma Center. lowa Orthop J. 2015; 35:65-9.

5. Chimutengwende-Gordon M, Mbogo A, Khan W,
Wilkes R. Limb reconstruction after traumatic
bone loss. Injury. 2017 Feb; 48(2):206-213.

6. Reitenbach E, Rodl R, Gosheger G, Vogt B,
Schiedel F. Deformity correction and extremity
lengthening in the lower leg: comparison of
clinical outcomes with two external surgical
procedures. Springerplus. 2016 Nov;5(1):2003.

7. O'Neill BJ, Fox CM, Molloy AP, O'hEireamhoin S,
Moore DP. The use of circular external fixators in
the management of lower limb trauma in Dublin:
a single surgeon's 20-year experience. Ir J Med Sci.
2016 Feb;185(1):133-8.

8. Sanchez-Crespo A, Christiansson F, Thur CK,
Lundblad H, Sundin A. Predictive value of [18F]-
fluoride PET for monitoring bone remodeling in
patients with orthopedic conditions treated with a
Taylor spatial frame. Eur J Nucl Med Mol Imaging.
2017 Mar;44(3):441-8.

9. Shore BJ, DiMauro JP, Spence DD, Miller PE,
Glotzbecker MP, Spencer S. et al. Uniplanar Versus
Taylor Spatial Frame External Fixation For
Pediatric  Diaphyseal Tibia  Fractures: A

40

Vol. 30 (1) January, 2018



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Ibrahim Elsayed Abdellatif Abuomira, Francesco Sala, Mahmoud Mabrouk Said, Ehab A. Abdalla Elshal, Amar Abdelhalem Amar

Comparison of Cost and Complications. J Pediatr
Orthop. 2015 Dec;36(8):821-8.

Kato H, Minami A, Suenaga N, lwasaki M, Kimura
T. Callotasis lengthening in patients with
brachymetacarpia. J Pediatr Orthop 2002 Jul-Aug;
22:497-500.

Patil MY, Gupta SM, Kurupati SK, Agarwal S,
Chandarana V. Definitive Management of Open
Tibia Fractures Using Limb Reconstruction System.
J Clin Diagn Res. 2016 Jul;10(7):RC01-4.

Simons T, Brinck T, Handolin L. Timing of surgical
treatment of fractures of multiply iniured patients
- from science to tactics. Duodecim. 2016
Jan;132(9):828-35.

Barwick TW, Montgomery RJ. Knee arthrodesis
with lengthening: experience of using llizarov
techniques to salvage large asymmetric defects
following infected peri-articular fractures. Injury.
2013 Aug;44(8):1043-8.

Lowenberg DW, Buntic RF, Buncke GM, Parrett
BM. Long-term results and costs of muscle flap
coverage with llizarov bone transport in lower
limb salvage. J Orthop Trauma. 2013 Oct;
27(10):576-81.

Robert Rozbruch S, Weitzman AM, Tracey Watson
J, Freudigman P, Katz HV. Simultaneous treatment
of tibial bone and soft-tissue defects with the
Ilizarov method. J Orthop Trauma. 2006 Mar;
20(3):197-205.

Bumbasirevic M, Tomi¢ S, Lesi¢ A, Milosevi¢ |,
Atkinson HD. War-related infected tibial nonunion
with bone and soft-tissue loss treated with bone
transport using the llizarov method. Arch Orthop
Trauma Surg. 2010 Jun; 130(6):739-49.

Wang XG, Wang W, Wang XY, Li L, Wang GQ, Ma
QS, Su GY. One stage treatment of infected tibial
defects combined with skin defects with Ilizarov
technique. Zhongguo Gu Shang. 2010 Jun;
23(6):422-5.

Lin CC, Chen CM, Chiu FY, Su YP, Liu CL, Chen TH.
Staged protocol for the treatment of chronic tibial
shaft osteomyelitis with Ilizarov's technique
followed by the application of intramedullary
locked nail. Orthopedics. 2012 Dec;35(12):e1769-
74.

Yin Q, Sun Z, Gu S, Wei X, Song S, Ma Y. Repair of
large tibial bone and soft tissue defects by
shortening-lengthening method. Zhongguo Xiu Fu
Chong Jian Wai Ke Za Zhi. 2013 Dec;27(12):1462-
5.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Yin Q Sun Z, Gu S, Bao Y, Wei X, Song S.
Effectiveness comparison of using bone transport
and bone shortening-lengthening for tibial bone
and soft tissue defects. Zhongguo Xiu Fu Chong
Jian Wai Ke Za Zhi. 2014 Jul; 28(7):818-22.

Atef A, El-Tantawy A. Management of open
infected comminuted tibial fractures using llizarov
concept. Eur J Orthop Surg Traumatol. 2014 Apr;
24(3):403-8.

El-Alfy BS. Unhappy triad in limb reconstruction:
Management by llizarov method. World J Orthop.
2017 Jan;18;8(1):42-48.

Sala F, Elbatrawy Y, Thabet AM, Zayed M, Capitani
D. Taylor spatial frame fixation in patients with
multiple traumatic injuries: study of 57 long-bone
fractures. J Orthop Trauma. 2013 Aug;27(8):442-
50.

Ajmera A, Verma A, Agrawal M, Jain S, Mukherjee
A. Outcome of limb reconstruction system in open
tibial diaphyseal fractures. Indian J Orthop. 2015
Jul-Aug;49(4):429-35.

Pallaro J, Angelliaume A, Dunet B, Lavoinne N,
Tournier C, Fabre T. Reconstruction of femoral
bone loss with a monoplane external fixator and
bone transport. Orthop Traumatol Surg Res. 2015
Sep;101(5):583-7.

Henderson DJ, Barron E, Hadland Y, Sharma HK.
Functional outcomes after tibial shaft fractures
treated using the Taylor spatial frame. J Orthop
Trauma. 2015 Feb;29(2):e54-9.

Khunda A, Al-Maiyah M, Eardley WG,
Montgomery R. The management of tibial fracture
non-union using the Taylor Spatial Frame. J
Orthop. 2016 Jul;13(4):360-3.

Firmetz J, Soo C, Behrendt W, Thaller PH,
Siekmann H, Bohme J. et al. Bone Transport for
Limb Reconstruction Following Severe Tibial
Fractures. Orthop Rev (Pavia). 2016
Mar;8(1):6384.

Aktuglu K, Gunay H, Alakbarov J. Monofocal bone
transport technique for bone defects greater than
5 c¢cm in tibia: our experience in a case series of 24
patients. Injury. 2016 Dec;47 Suppl 6:540-546.
Chou PH, Lin HH, Su YP, Chiang CC, Chang MC,
Chen CM. Staged protocol for the treatment of
chronic femoral shaft osteomyelitis with llizarov's
technique followed by the use of intramedullary
locked nail. J Chin Med Assoc. 2017 Feb 24. pii:
$1726-4901(17)30008-4.

JPOA

41



Management of Femoral Bone Defect after Gunshot Injury using Circular External Fixator

31. Menakaya CU, Rigby AS, Hadland Y, Barron E,
Sharma H. Fracture healing following high energy

fixator: Taylor spatial frame and llizarov circular
fixator. J Child Orthop. 2014 Mar;8(3):273-9.

tibial trauma: llizarov versus Taylor Spatial Frame. 33. Mayer SW, Hubbard EW, Sun D, Lark RK, Fitch RD.
Ann R Coll Surg Engl. 2014 Mar;96(2):106-10. Gradual Deformity Correction in Blount Disease. J
32. Tafazal S, Madan SS, Ali F, Padman M, Swift S, Pediatr ~ Orthop. 2016 Dec  23. doi:
Jones S. et al. Management of paediatric tibial 10.1097/BP0.0000000000000920.
fractures using two types of circular external
AUTHORSHIP AND CONTRIBUTION DECLARATION
No Author Name | Contribution to signature
paper
1 | Ibrahim Elsayed Abdellatif Abuomira Designed the

Principal & 1°t Author

Department of Orthopaedic Surgery and Traumatology, Al-Azhar | of the Article
University Hospital, Assiut, Al-Azhar University, Egypt.

research & Writing

2 Francesco Sala, | Literature review,
2" Author Proof Reading
Department of Orthopaedic Surgery and Traumatology, Niguarda
Hospital, Piazza Ospedale Maggiore 3, 20162 Milan, Italy.
3 Mahmoud Mabrouk Said Data collection
3" Author
Department of Orthopaedic Surgery and Traumatology, Al-zhara
University Hospital, Cairo, Egypt.
4 Ehab A. Abdalla Elshal Record maintained
4t Author
Department of Orthopaedic Surgery and Traumatology, Al-Azhar
University Hospital, Assiut, Al-Azhar University, Egypt.
5 Amar Abdelhalem Amar Data Analysis

5t Author
Department of Orthopaedic Surgery and Traumatology, Al-Azhar
University Hospital, Assiut, Al-Azhar University, Egypt.

42

Vol. 30 (1) January, 2018



