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ABSTRACT

Background: Open complex limb injuries with significant bone and soft tissue defects present substantial
reconstructive challenges. Traditional staged management prolongs recovery and increases complication risks. This
study evaluated the outcomes of simultaneous debridement, soft tissue coverage, and Ilizarov ring external fixation in
managing such injuries.

Methods: This quasi-experimental study was conducted at NITOR, Dhaka, from March 2023 to September 2025.
Thirty-five patients with open complex limb injuries underwent single-stage debridement, Ilizarov fixation, and soft
tissue coverage. Outcomes assessed included radiological union, complications, and bone and functional results using
ASAMI criteria.

Results: The mean age was 35.2+10.35 years, with males predominating (89%). Motor vehicle accidents were the
leading cause (86%). Radiological union was achieved in 94.3% (n=33) at a mean of 6.61+0.93 months. Complications
occurred in 11.4% (n=4), with pin tract infection being most common (8.6%). According to ASAMI criteria, excellent
bone outcomes were seen in 60% and functional outcomes in 60%. Complete flap survival was observed in 62.9%
(n=22), with no total flap failures. The mean soft tissue defect size was 76.74 £ 34.54 cm?.

Conclusions: Simultaneous debridement, soft tissue coverage, and Ilizarov reconstruction is a safe and effective
strategy for open complex limb injuries, achieving high union rates, acceptable complications, and favorable functional
outcomes.
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INTRODUCTION

The tibia is one of the largest bones in the body and serves
as a major weight-bearing bone in the lower limb.! Its
position, structure, and limited soft tissue coverage on the
anteromedial side make it prone to injury.?3

Globally, the incidence of open fractures is increasing,
especially in low- and middle-income countries.* Open
fractures of long bones occur at a rate of approximately
11.5 per 100,000 people annually.’ Tibial fractures are the

most frequent among long bone fractures, with about a
quarter being open injuries.® These open fractures often
occur in the middle third of the tibia.” The annual incidence
of open tibial shaft fractures is 3.4 per 100,000 individuals,
showing two peaks in young men and older women.®
Nearly 45% of these open fractures are classified as
Gustilo-Anderson type III, which involve contaminated
wounds larger than 10 cm.’

High-energy trauma, primarily from road traffic accidents
and falls, accounts for over half of these injuries.'®
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Compared to closed fractures, open fractures carry a much
higher risk of infection, non-union, and wound healing
problems, often necessitating multiple surgical
interventions.'"'? Infection occurs because the skin barrier
is compromised when injured, allowing microbes to
invade underlying tissues. '

Open tibial fractures are complex injuries with varied
outcomes, often resulting in extended hospital stays and
higher injury severity scores.'* The severity grading of
these fractures plays a crucial role in guiding treatment and
predicting patient outcomes.'® The Gustilo and Anderson
system categorizes open fractures based on the extent of
soft tissue damage and evaluates its correlation with
infection risk.'®

A GIIIB open tibial shaft fracture represents a high-energy
injury characterized by extensive periosteal stripping and
significant loss of skin and muscle, requiring soft tissue
reconstruction.'”!®  Treating severely injured limbs
remains a significant challenge for orthopedic surgeons
due to increased risks of limb loss, nonunion, infection,
multiple surgeries, and psychological issues.!” Patients
with open lower extremity injuries must be evaluated
initially following the advanced trauma life support
(ATLS) protocol.'”

The standard approach to managing open fractures
includes thorough assessment, antibiotics and tetanus
prophylaxis, surgical debridement with irrigation, fracture
stabilization, soft tissue closure, rehabilitation, and follow-
up. Surgeons may also use adjunct treatments such as local
antibiotics, vacuum-assisted closure, free tissue transfer,
or bone grafting.!>** Optimal results require a
multidisciplinary approach.?? Current treatment options
include casting, plating, intramedullary nailing, and
external fixation.??* For Gustilo IIIB fractures,
reconstructive techniques commonly involve skin grafts,
local flaps, and free tissue transfer.?

Due to limited blood supply and insufficient soft tissue
around the tibial shaft, these fractures are particularly
prone to non-union and infection.® While grade I and II
wounds can be safely closed after debridement, the
optimal method for grade III open fractures remains
controversial.'> Managing Gustilo IIIB tibial fractures is
challenging due to high complication rates, with infection
risk as high as 52%.!4

The Ilizarov method uses a circular external fixator with
rings accepting K-wires or half pins that provide stable
fixation while allowing axial micromotion, promoting
bone regeneration.?’?® It permits three-dimensional
correction of deformities while resisting shear forces,
creating an optimal environment for healing. However,
drawbacks include pin tract infections, patient discomfort,
bulky equipment, and complex assembly.?’%

A common trend is to perform osteosynthesis first while
postponing wound closure.®® This is challenging in

developing countries like Bangladesh, where late
presentation, inadequate facilities, and poor hygiene affect
outcomes.'® The BOA and BAPRAS recommend
debridement within 24 hours and definitive coverage
within 72 hours.’! A single-stage “fix and flap” approach
has demonstrated improved outcomes with lower infection
rates compared to staged procedures.’”> Nonetheless,
several aspects remain debated.>* So, this study aimed to
assess the functional outcome of simultaneous
debridement, soft tissue coverage, and Ilizarov
reconstruction in the management of open complex limb
injuries.

METHODS

This quasi-experimental study was conducted at the
National Institute of Traumatology and Orthopedic
Rehabilitation (NITOR), Dhaka, Bangladesh, from March
2023 to September 2025 to evaluate the outcomes of
simultaneous radical debridement, soft tissue coverage,
and Ilizarov ring external fixation for open complex limb
injuries. Using a non-randomized purposive sampling
technique, a calculated sample size of 35 patients was
enrolled, accounting for an anticipated 10% follow-up
loss.

Eligible participants included patients of both genders,
aged 11 to 60 years, presenting within three weeks of
sustaining an open complex limb injury involving any long
bone (tibia, femur, humerus, or forearm) with significant
bone and soft tissue defects requiring Ilizarov
reconstruction. The tibia was the most commonly involved
bone in this series. Conversely, individuals presenting with
major neurovascular injuries, pathological fractures,
polytrauma, fractures extending into the joints of the same
limb, or involvement of the metaphyseal or epiphyseal
portions of the bone were excluded. Following the single-
stage intervention, a structured postoperative rehabilitation
protocol was implemented, consisting of daily isometric
and range-of-motion exercises combined with progressive,
stability-dependent weight-bearing ambulation. Regular
follow-up assessments monitored wound healing, flap
viability, and progressive bone union. Comprehensive
demographic, injury, treatment, and complication
variables were documented wusing a pre-tested
questionnaire, with final bone and functional outcomes
quantified according to the Association for the Study and
Application of Methods of Ilizarov (ASAMI) criteria. All
collected data were processed using SPSS version 26.
Ethical clearance was granted by the Institutional Review
Board of NITOR, and voluntary, written informed consent
was obtained from all participants before enrollment in
strict compliance with the ethical tenets of the Declaration
of Helsinki.

RESULTS
Table 1 shows the distribution of patients based on age.

The participants ranged from 18 to 55 years, with a mean
age of 35.2+10.35 years. The majority of patients (31.4%)
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were in the 31-40 years age group, followed by 25.7% in c i
the 41-50 years group and 22.9% in the 21-30 years group. ause ot 1jury

A smaller proportion of patients belonged to the 11-20
years (11.4%) and 51-60 years (8.6%) age groups.
Table 1: Age distribution of the study patients (n=35). \ ’

Age (in years) ~Frequenc _ Percentage

11-20 4 114

21-30 8 229 * MVA = Fall from height
31-40 11 31.4

g::zg g ;567 Table 1: Age distribution of patients.
Total 35 100

Mean+SD 35.2+10.35 Side of injury

Range 18-55

In this study, motor vehicle accident accounted for 30
(86%) cases which was the most common cause of injury.
Fall from height was accounted for 5 (14%) cases (Figure

).

Out of the total cases, 21 (60%) involved the right side,
while 14 (40%) involved the left side (Figure 2).

+ Right = Left

Figure 2: Distribution of cases according to side of
injury (n=35).

Table 2: Duration of radiological union among patients (n=35).

Duration of radiological union (months) Frequency Percentage Mean+SD

Not united 2 5.7 |

Union 33 94.3 |
4

5-7 months 29 829 6.61+0.93 months |

8-10 months 4 11.4 |

PROGRESSION OF A COMPLEX LOWER LEG FRACTURE (CASE 1)

Figure 3: Serial management of an open complex tibia Figure 4: Reconstruction progression of a severe
fracture using single-stage Ilizarov fixation and grade IIIB open leg injury with composite
simultaneous soft tissue coverage (case 1). bone and soft tissue loss (case 2).
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Table 2 summarizes the duration required to achieve
radiological union in the study population. Among the 35
patients, 94.3% (n=33) achieved union, while 5.7% (n=2)
remained ununited. The majority of patients (82.9%, n=29)
attained union within 5 to 7 months, and the remaining
11.4% (n=4) did so between 8 to 10 months. The mean
time to radiological union was 6.61+0.93 months.

Table 3: Postoperative complications at final follow-

up (n=35).
fo(lllltl)l v]:]l:lctlon CULCED Frequency Percentage
Absent 31 88.6
Present 4 11.4
Pin tract infection 3 8.6
Wire loosening 1 2.9

Table 3: Bone outcome according to ASAMI criteria
at final follow-up (n=35).

Bone outcome at last

follow up Frequency  Percentage
Excellent 21 60

Good 9 25.7

Fair 2 57

Poor 3 8.6

Total 35 100

Table 3 outlines the complications observed at the last
follow-up. The majority of patients (88.6%, n=31) had no
postoperative complications. However, 11.4% (n=4)
experienced complications, with pin tract infection being

the most common (8.6%, n=3), followed by wire loosening
in 1 patient (2.9%).

Table 4 shows the distribution of bone outcomes assessed
using the ASAMI criteria. The majority of patients had
favorable outcomes, with 60% (n=21) classified as
excellent and 25.7% (n=9) as good. Fair results were seen
in 5.7% (n=2) of cases, while 8.6% (n=3) had poor
outcomes.

Table S: Functional outcome according to ASAMI
criteria at final follow-up (n=35).

Functional outcome at

last follow up Frequency | Percentage

Excellent 21 60
Good 9 25.7
Fair 2 5.7
Poor 3 8.6
Total 35 100

Table 5 summarizes the functional outcomes of patients
based on the ASAMI criteria. At final follow-up, 60%
(n=21) of patients had an excellent outcome, while 25.7%
(n=9) achieved good results. Fair and poor outcomes were
seen in 5.7% (n=2) and 8.6% (n=3) of cases, respectively.

Table 6 presents the soft tissue defect dimensions among
the study patients. The majority had defect sizes between
51-80 cm? (31.4%, n=11) and 81-110 cm? (28.6%, n=10).
Defects measuring 21-50 ¢cm? were found in 25.7% (n=9)
of patients, while the largest defects, ranging from 111-150
cm?, were observed in 14.3% (n=5). The mean defect size
was 76.74+34.54 cm?, with a range from 24 to 150 cm?.

Table 6: Distribution of patients according to defect dimension (cm?) (n=35).

Defect dimension (cm?) Frequency Percentage Mean + SD (cm?) Range

21-50 9 25.7 |
51-80 11 31.4 |
81-110 10 28.6 76.74+34.54 2410150 |
111-150 5 14.3 |
Total 35 100 |

(n=12), while partial necrosis was seen in 2.9% (n=1) of
patients. No cases of complete flap loss were recorded.

Table 7: Distribution of patients according to flap
status at final follow-up (n=35).

Flap status Frequency Percentage DISCUSSION

Completely survived 22 62.9

Partial necrosis 1 2.9 In the present study, participants ranged in age from 18 to
Marginal flap necrosis 12 343 55 years, with a mean age of 35.2+10.35 years. The largest
Total 35 100 group (31.4%) was between 31 and 40 years old, followed

by 25.7% in the 41-50-year range and 22.9% in the 21-30
years category. Smaller proportions were observed in the
11-20 years (11.4%) and 51-60 years (8.6%) groups. These
findings are comparable to those of Abula et al, who
reported an average age of 35.5 years (range 18-54), and

Table 7 shows the distribution of flap status at the final
follow-up. Complete flap survival was observed in 62.9%
(n=22) of cases. Marginal flap necrosis occurred in 34.3%
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Singh et al, with a mean age of 35.3 years (range 18-
60).183% Cullen et al, and Aljawadi et al, reported slightly
higher mean ages of 41.5 years (SD=18.3) and 43 years
(range 10-96), respectively.>3? This pattern suggests that
middle-aged adults are the most affected or engaged group
in this context, likely reflecting a higher risk profile,
increased healthcare-seeking behavior, or greater exposure
to relevant risk factors within this age bracket. In the
present study, the majority of participants were male,
accounting for 89% (n=31), while females made up only
11% (n=3). This male predominance is consistent with
several previous studies. In the current study, motor
vehicle accidents were the leading cause of injury,
accounting for 86% (n=30) of cases, while falls from
height comprised 14% (n=5). This trend aligns with other
research findings.

Abula et al, reported 6 motor vehicle accidents, 5
motorcycle accidents, and 3 falls from height.’* Similarly,
Aljawadi et al, identified road traffic accidents (RTAs) as
the most common injury mechanism, contributing to
55.9% of cases.® Ali et al, also found RTAs as the primary
cause in 16 patients, followed by assaults and falling heavy
objects.!! Li et al, documented vehicle accidents causing
injuries in 26 patients, with falls from height and crushing
injuries in 9 and 5 patients, respectively.’® The consistent
predominance of motor vehicle accidents underscores the
ongoing public health challenge posed by road traffic
incidents, likely influenced by increased vehicle use, poor
road safety enforcement, high-speed driving, and
inadequate infrastructure in some regions. In this study, the
right side was more commonly affected, with 60% (n=21)
of cases involving the right limb, compared to 40% (n=14)
on the left. These findings align with previous studies.
Gayakwad and Shah reported 72% (n=18) of injuries on
the right leg, while Ali et al, noted 16 right limb injuries
versus 4 left.!'3® Li et al, observed a more balanced
distribution, with 22 right and 18 left leg injuries.*

At the final follow-up, 94.3% (n=33) of the 35 patients in
this study achieved successful radiological union, while
5.7% (n=2) remained ununited. Most patients (82.9%,
n=29) reached union within 5 to 7 months, and the
remaining 11.4% (n=4) between 8 and 10 months. The
mean time to radiological union was 6.61+0.93 months.
These results are comparable to previous studies. Zhang et
al., reported complete union in all 8 patients with bone
defects, although their mean union time was longer at
11.1+2.3 months.?* Gayakwad and Shah observed union in
23 of 25 fractures, with an average time of 22 weeks.3¢
Aljawadi et al, documented primary bone healing in 86.7%
of patients at a mean of 32 weeks, with 10.2%
experiencing delayed union.’ Overall, the high union rate
and relatively timely healing in this study reflect effective
management, though slight variations in healing time may
be influenced by patient factors, injury severity, or
treatment protocols. At the final follow-up, most patients
(88.6%, n=31) experienced no  postoperative
complications. However, 11.4% (n=4) did develop
complications, with pin tract infection being the most

common (8.6%, n=3), followed by wire loosening in one
patient (2.9%). Similar patterns were reported by Abula et
al., where pin tract infection, muscle contraction, and axial
deviation were the main complications, all managed
effectively with satisfactory outcomes.** Ali et al, also
noted pin tract infections in 5 patients, along with
superficial skin infections and one case of chronic
osteomyelitis.!! Overall, while complications were
relatively infrequent, pin tract infections remain a notable
concern in postoperative care, emphasizing the need for
vigilant monitoring and prompt management.

The bone outcomes in this study, assessed using the
ASAMI criteria, were largely positive. Sixty percent
(n=21) of patients achieved excellent results, 25.7% (n=9)
had good outcomes, 5.7% (n=2) were rated fair, and 8.6%
(n=3) had poor outcomes. These findings are consistent
with previous reports. Zhang et al, documented excellent
bone results in 62.5% of patients, good in 25%, and fair in
12.5%.33 Ali et al, reported 25% excellent, 45% good, and
30% fair results.!! A meta-analysis by Necula et al, showed
over 70% of patients achieving excellent bone outcomes.>’

In contrast, Singh et al, reported that 69.6% of their
patients experienced occasional difficulties with daily
activities,  including  household  tasks, family
responsibilities, or leisure.'® These results suggest that
most patients in this study achieved a high level of
functional independence, highlighting the effectiveness of
the treatment and rehabilitation protocols. In comparison,
Necula et al., reported that 88.4% of patients in their meta-
analysis regained normal walking without limp.3’

Regarding flap survival, 62.9% (n=22) of all flaps
completely survived, while marginal flap necrosis
occurred in a minority of cases, which were successfully
managed with local wound care or minor debridement
without compromising overall reconstruction goals. Total
flap failure was not observed, highlighting the robustness
of immediate vascularized tissue coverage. The high rate
of flap survival and low complication profile in this cohort
underscores the definitive advantage of the single-stage
orthoplastic approach. By providing stable skeletal
fixation simultaneously with well-vascularized soft tissue
coverage, this paradigm effectively eliminates dead space,
shields exposed bone, and optimizes local blood supply,
which are vital components for successful limb salvage in
severe Gustilo-Anderson Grade I1IB tibial fractures.

The present study has several limitations, including the
requirement for advanced microsurgical and Ilizarov
expertise, which may not be universally available; flap
selection based on surgeon preference rather than a
standardized protocol; the single-center design limiting
generalizability; a small sample size reducing statistical
power for detecting rare complications; a short-to-
moderate follow-up period restricting assessment of long-
term outcomes; and variable patient compliance with
postoperative rehabilitation that may have influenced
functional results. Notwithstanding these limitations, the

International Journal of Research in Orthopaedics | November-December 2026 | Vol 12 | Issue 6 Page 1666



Islam MH et al. Int J Res Orthop. 2026 Nov,12(6):1662-1668

study offers meaningful evidence supporting the
effectiveness of this combined approach for open complex
limb injuries.

CONCLUSION

This study demonstrates that simultaneous debridement,
soft tissue coverage, and Ilizarov reconstruction is an
effective treatment strategy for open complex limb
injuries. The approach achieved a high rate of bone union
within a relatively short time, with satisfactory alignment,
minimal limb length discrepancy, and favorable functional
outcomes according to ASAMI criteria. Most patients
regained an active lifestyle with good joint mobility and
minimal pain at final follow-up. Fasciocutaneous flaps
showed superior survival compared to muscle-based flaps.
Overall, this combined protocol allows for early definitive
management, reduces the need for multiple staged
procedures, and promotes satisfactory functional recovery
in severe open complex limb injuries.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
Institutional Ethics Committee

REFERENCES

1. Filardi V. Numerical comparison of two different
tibial nails: expert tibial nail and innovative nail. Int
J Interact Design Manufactur. 2018;12(4):1435-45.

2. Chowdhury MM, Rahman MM, Rahman MA,
Jahangir J, Matin MQ. Extra-articular proximal and
distal metaphyseal tibial fracture fixation by
intramedullary expert nail and locking plate: a
prospective study. J Chittagong Med Coll Teach
Assoc. 2021;32(1):59-64.

3. Borah PJ, Patowary C, Das A, Shirdinayak TS, Roy
JP, Kumar S. Comparative outcome of hybrid
external fixator versus primary Ilizarov fixator in the
treatment of open distal tibia extra-articular fractures.
Indian J Orthoped. 2022;56(11):2006-12.

4. O’Neill KM, Greenberg SL, Cherian M, Gillies RD,
Daniels KM, Roy N, et al. Bellwether procedures for
monitoring and planning essential surgical care in
low-and middle-income countries: caesarean
delivery, laparotomy, and treatment of open
fractures. World J Surg. 2016;40(11):2611-9.

5.  Aljawadi A, Islam A, Jahangir N, Niazi N, Elmajee
M, Reid A, et al. One-stage combined “fix and flap”
approach for complex open Gustilo-Anderson I1IB
lower limbs fractures: a prospective review of 102
cases. Arch Orthop Trauma Surg. 2022;142(3):425-
34.

6. Saied HZ, Mahmoud WS, Arafa KS. Treatment of
open comminuted diaphyseal fracture of the tibia by
Ilizarov. Egypt J Hosp Med. 2019;77(6):5965-72.

7. Islam MT, Nazibullah M, Ripon AA. Evaluation of
llizarov Technique in the Treatment of Open

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Fractures of Tibia. IOSR J Dent Med Sci.
2020;19(12):1-6.

Natalwala I, Chuo CB, Shariatmadari I, Barlow G,
Moulder E, Bates J, et al. Outcomes and incidence of
deep bone infection in grade III diaphyseal open
tibial fractures: circular fixator vs intramedullary
nail. Strat Trauma Limb Reconstr. 2021;16(3):161.
Court-Brown CM, Bugler KE, Clement ND,
Duckworth AD, McQueen MM. The epidemiology
of open fractures in adults. A 15-year review. Injury.
2012;43(6):891-7.

Elniel AR, Giannoudis PV. Open fractures of the
lower extremity: current management and clinical
outcomes. EFORT open reviews. 2018;3(5):316-25.
Ali SI, Sujai S, Junied HM, Chethan MH, Ganesh H,
Swamy MS. Evaluation of the functional outcome in
open tibial fractures managed with an Ilizarov fixator
as a primary and definitive treatment modality. Int J
Orthop Sci. 2017;3(2):436-40.

Manjra MA, Basson T, Du Preez G, Du Toit J,
Ferreira N. Current concepts in the management of
open tibia fractures. SA Orthop J. 2019;18(4):52-62.
Milne KE, Penn-Barwell JG. Classification and
management of acute wounds and open fractures.
Surgery. 2020;38(3):143-9.

Alpharian GT, Robiady YS. Treatment of grade 3B
open tibia fracture by segmental resection and bone
transport: a case report and literature review. Int J
Surg Case Rep. 2024;125:110539.

Nicolaides M, Pafitanis G, Vris A. Open tibial
fractures: an overview. J Clin Orthop Trauma.
2021;20:101483.

Myatt A, Saleeb H, Robertson GA, Bourhill JK, Page
PR, Wood AM. Management of Gustilo-Anderson
IIIB open tibial fractures in adults- a systematic
review. Br Med Bull. 2021;139(1):48-58.

Stranix JT, Lee ZH, Jacoby A, Anzai L, Avraham T,
Thanik VD, et al. Not all Gustilo type IIIB fractures
are created equal: arterial injury impacts limb salvage
outcomes. Plast Reconstr Surg. 2017;140(5):1033-
41.

Singh J, Dhillon MS, Dhatt SS. Single-stage “fix and
flap” gives good outcomes in grade 3B/C open tibial
fractures: a prospective study. Malay Orthop J.
2020;14(1):61.

Sen C, Balci HI, Celiktas M, Ozkan C, Gulsen M,
Sen and C, et al. Definitive surgery for open fractures
of the long bones with external Fixation. In: Basic
Techniques for Extremity Reconstruction: External
Fixator Applications According to Ilizarov
Principles. Cham: Springer International Publishing;
2018:107-128.

Riiedi T, Buckley RE, Moran CG. AO Principles of
Fracture Management. 3rd edn. Thieme: Stuttgart,
Germany; 2018:96.

Patil MY, Gupta SM, KuruPati SK, Agarwal S,
Chandarana V. Definitive management of open tibia
fractures using limb reconstruction system. Journal
of clinical and diagnostic research: J Clin Diagn Res.
2016;10(7):RCO1.

International Journal of Research in Orthopaedics | November-December 2026 | Vol 12 | Issue 6 Page 1667



22.

23.

24.

25.

26.

27.

28.

29.

30.

Islam MH et al. Int J Res Orthop. 2026 Nov,12(6):1662-1668

Kortram K, Bezstarosti H, Metsemakers W1J,
Raschke MIJ, Van Lieshout EM, Verhofstad MH.
Risk factors for infectious complications after open
fractures; a systematic review and meta-analysis. Int
Orthop. 2017;41(10):1965-82.

Ganji SE, Bahrami M, Joukar F. Ilizarov versus AO
external fixator for the treatment of tibia open
fractures. Iran Red Crescent Med J. 2011;13(12):868.
Albushtra A, Mohsen AH, Alnozaili KA, Ahmed F,
Aljobahi YM, Mohammed F, et al. External fixation
as a primary and definitive treatment for complex
tibial diaphyseal fractures: an underutilized and
efficacious approach. Orthop Res Rev. 2024:75-84.
Zhao G, Luo W, Huo D, Shi X, Wang Q, Sun X, et
al. Local muscle or myocutaneous flap transfer for
emergent repair of Gustilo IIIB open tibiofibular
fractures. Sci Rep. 2024;14(1):25609.

Islam MN, Islam MR, Begum T, Islam MM. Post-
operative wound infection after treatment of open
fracture type II and type IIIA by applying Ilizarov
fixator: a single centre experience in Bangladesh.
Bangladesh J Med Microbiol. 2023;17(2):60-5.
Bhosale ND, Naikwade D. Functional outcome
analysis of Ilizarov ring fixator as definitive fixation
of open tibial fractures. Indian J Orthop Surg.
2023;9(1):12-7.

Shamim ML, Adom S, Jowardar AH, Jewel MM. The
use of Ilizarov external fixator for open comminuted
fractures in different parts of tibia. Int J Res Orthop.
2022;8(3).

Kouzelis A, Vrachnis IN, Vris A, Zampakis P,
Kokkalis ZT, Panagopoulos A. A novel treatment of
a 65-year-old woman with a neglected type I1IB open
fracture of the tibia with inadequate soft tissue
coverage and periosteal stripping requiring an
ilizarov approach to bone and soft tissue lengthening
and reconstruction: a case report and review of the
literature. Am J Case Rep. 2020;21:€926622-1.
Kaliyeva A. Combined orthoplastic approach in the
treatment of open fractures of the leg bones: a review
of the literature. Traumatol Orthop Kazakhstan.
2024:4-11.

31.

32.

33.

34.

35.

36.

37.

De Santis P, Lucioli N, Polimanti D. Definitive
treatment of open tibia fractures. Lo Scalpello-J.
2023;37:90-5.

Cullen S, Flaherty D, Fitzpatrick N, Ali A, Elkhidir
I, Pillai A. Outcomes following surgical fixation of
Gustilo-Anderson IIIb open tibial fractures. Acta
Orthop Belg. 2024;90(1):83-9.

Zhang DH, Lei G, Yi L, Wang Y, Li YS, Wen HJ.
Free flap transfer combined with the Ilizarov
technique for type IIIB and IIIC open fracture of
extremities: experience with 8§ cases. J Orthop Transl.
2020;25:53-9.

Abula A, Yushan M, Ren P, Abulaiti A, Ma C,
Yusufu A. Reconstruction of soft tissue defects and
bone loss in the tibia by flap transfer and bone
transport by distraction osteogenesis: a case series
and our experience. Ann  Plast  Surg.
2020;84(58S):S202-7.

LiR, Zeng C, Yuan S, Chen Y, Zhao S, Ren GH. Free
flap transplantation combined with Ilizarov bone
transport for the treatment of severe composite tibial
and soft tissue defects. J Int Med Res.
2021;49(5):03000605211017618.

Gayakwad R, Shah SS. A study of management of
grade IIIB compound. Fractures of tibia/fibula by
pirmary ilizarov external ring fixator. J] Med Thesis.
2024;10(2):24-30.

Necula RD, Grigorescu S, Necula BR. Orthoplastic
reconstruction of distal tibia high-energy fractures
using a circular external fixator- a systematic review.
J Clin Med. 2024;13(19):5700.

Cite this article as: Islam MH, Hossen MA,
Hossain A, Shorfuddin KM, Hossain MS, Rahman
A, et al. Simultaneous debridement, soft tissue
coverage and application of Ilizarov ring external
fixator in the management of open complex limb
injuries. Int J Res Orthop 2026;12:1662-8.

International Journal of Research in Orthopaedics | November-December 2026 | Vol 12 | Issue 6 Page 1668



