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Abstract
Background: This study sought to evaluate the effectiveness of locally-developed external �xators (LDEF)
as de�nitive treatment for open tibia diaphyseal fractures (OTDF) in Ivory Coast.

Methods: Gustilo I, II and IIIA OTDFs of patients admitted within 24 hours of injury were prospectively
included and treated with a locally-developed external �xator. The rates of union, mal-union, septic
complications, as well as the functional results were assessed, in addition to the LDEF construct’s
integrity. Predictive factors of failure or poor results were assessed.

Results: Overall, 40 OTDF patients were admitted within 24 hours of injury. Gustilo I, II and IIIA fractures
were observed in three, 13, and 24 patients, respectively. Uneventful fracture healing was obtained in 29
cases, with an average union time of 8.47 months. Mal-union and non-union were registered in three and
four cases, respectively. Pin-track infection (PTI) was observed in 13 cases, and deep infection in seven.
Infection resolved in all patients except four, who developed chronic osteomyelitis. None of the non-
unions were associated with an infection. The overall functional result was satisfactory in 32 patients.
PTI was the only predictive factor for chronic infection. Biplanar frames, when compared to monoplanar
constructs, were associated with a signi�cantly improved functional outcome.

Conclusion: In comparison with the results obtained in the same environment without a locally-developed
external �xator, the provision of such a device improved signi�cantly the OTDF management, as it
provided better stability and superior fracture healing rates. PTI remains an essential problem but with,
hopefully, limited negative consequences.  

Trial registration: This study protocol was registered in Pan African Clinical Trial Registry under
N°PACTR202009854874448. Date of registration 28 September 2020 ‘retrospectively registered’.
www.pactr.org.

Introduction
Among open long bone fractures, open tibia fractures are the most common [1].They are a frequent cause
of hospital admissions following road tra�c injuries, and they are associated with increased mortality
and morbidity [2]. This setting is all the more alarming in developing countries, such as Ivory coast, where
the tra�c safety norms are often ignored, along with poor tra�c management [3]. Despite advances
made in fracture treatment, including routine prophylactic antibiotics, prompt debridement, and early soft-
tissue coverage, these injuries result in high rates of infection and non-union [4]. While appropriate open
tibial fracture treatment appears crucial, the optimum method of de�nitive skeletal stabilization is still
unclear [5]. In developed countries, primary debridement and intramedullary nailing are progressively
becoming the preferred treatment of these fractures [6]. However, the situation differs in developing
countries like Ivory Coast, where patients present late at hospitals and because adequate facilities in
terms of manpower and theatres are not always available [7]. In our hospital, as in most centers in less
developed regions, open tibial fractures have been traditionally managed by casting with Plaster of Paris

http://www.pactr.org/
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(POP)[7]. The high failure rate that was associated with this management protocol made us look into a
locally-developed external �xator as an alternative to the commercially available external �xators and
POP. External �xation provides fracture stabilization with minimal soft-tissue disturbance [6]. In austere
environments, however, a greater infection risk [6, 8] and concerns regarding sterility [9] have led
numerous surgeons to minimally employ internal implants so as to limit wound infection risk. Moreover,
the implants for external �xation can be reused readily, thus rendering them more available and
affordable in low- and middle-income countries [10]. Although numerous sophisticated models are
available on the market, they prove to be ather expensive [11]. The development of a locally-developed
external �xator (LDEF) sought to build an inexpensive external �xator, whose biomechanical properties
are comparable to those of a validated reference �xator [12]. The �nal objective was that patients who
could not afford conventional expensive �xators would nevertheless be treated appropriately. This study
describes the outcomes of a group of patients with open tibia diaphyseal fractures treated using this
LDEF. This study sought to evaluate the LDEF effectiveness as de�nitive treatment for open tibia
fractures, with the underlying hypothesis that the fracture healing rate and functional outcome would be
improved with LDEF, as well.

Methods
Study design

This prospective study was carried out at University Teaching Hospital Bouake, Ivory Coast. The study
was conducted from June 2019 to October 2020. The local ethics committee approved the study
protocol, and written consent was obtained from all patients before participation in the study.

Patients
Consecutive patients presenting with open tibia diaphyseal fracture at consultation were eligible for the
study. The inclusion criteria were patients older than 18 years with Gustilo-Anderson [13] Type I, II, IIIA
open tibia diaphyseal fractures admitted to the hospital within 24 hours of injury. The exclusion criteria
were open tibial fractures with intra-articular extension, Type IIIB fractures and Type IIIC according to
Gustilo-Anderson, those who underwent initial debridement before arrival in our hospital, and those with
neglected open tibial fractures. All the patients excluded from participation were treated appropriately. A
total of 40 consecutive patients ful�lled the inclusion criteria and were entered into the study.

Management

An intravenous antibiotic therapy was established upon patient admission, combining ceftriaxone 2 g per
day, metronidazole 1.5 g per day, and gentamicine 160 mg per days for 5 days. This regime was followed
by cipro�oxacin 750 mg twice per day for 2 weeks. Tetanus prophylaxis was systematically administered
to all patients. 

Under spinal anesthesia, patients were operated on in the supine position. Thorough irrigation and
debridement were performed in order to eliminate all contaminants, as well as highly contaminated or
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necrotic soft tissue.

Fractures were stabilized using a locally-developed external �xator (LDEF) (Fig. 1). The �xator design
consisted of a unilateral uniplanar external �xator or biplanar external �xator [12] (Fig. 2), with the frame
made of a 304L stainless steel cylindrical tube. The standard tube was provided with a 20 mm gauge,
3 mm, and 300 mm length. The tube was drilled into a perpendicular plane, with holes passing 5.2 mm in
diameter, spaced 20 mm apart. The holes accept all types of pins that have a diameter ≤ 5 mm. Threaded
holes are perpendicular to those of the pins, which also accept hexagonal and �at-bottom screws that
secure the tube/pins. To constitute a biplanar model, two full bars, 6 mm in diameter, ensure the
connection between both main cylindrical tubes through four hollow tubes, 13 mm in diameter and
40 mm in length, which are attached to the four extremities of the main tubes. Five-millimeter diameter
thread screws (M5) secure the tube/tube and bar/tube �xations.

Early coverage of the fracture site was achieved by means of suturing for Gustilo Types I and II fractures
and by means of �aps (fascio-cutaneous, muscular) for Gustilo Type IIIA.

Postoperative management

The patients were invited to perform early knee and ankle joint movements and muscular exercises, as
well. Patient were instructed to clean the device regularly with water. One month following the initial
operation, follow-up radiographs (X-rays) were obtained in order to evaluate the fracture union progress.
The LDEF condition was additionally assessed. Subsequently, gradual weight-bearing was permitted.
Patients then returned for both clinical and radiological assessments every 2 months until the fracture
was united. During this period, full weight bearing was permitted if an adequate bridging callus was
visible on radiographs. Union of the fracture was de�ned clinically when the patient was able of fully
weight bearing without any pain at the fracture site; fracture union was de�ned radiographically when the
callus bridged at least three cortexes [14]. Mal-union was de�ned as a valgus or varus, both with an
angulation of more than 5 degrees, anterior or posterior angulation of more than 10 degrees, or mal-
rotations of more than 1 cm shortening [15, 16]. Non-union was de�ned as a lack of fracture callus
progression on two consecutive radiographs taken at least 3 months apart starting at 6 months post-
operative or as a fracture requiring a surgical revision [17].

Infection was subdivided into super�cial or pin-track infection, deep tissue infection, and chronic
osteomyelitis. A pin-track infection (PTI) was de�ned as in�ammation around the pin-track. PTIs were
treated by cleaning each pin-site with a sterile pad application soaked in Dakin cooper, along with new
daily dressing. Oral antibiotics (amoxicillin-clavulanic acid 1gr x 3 per day) were prescribed for 5 to 10
days. If the infection persisted, a culture of the site was carried out, and the antibiotic was adapted
according to antibiogram results. X-rays were performed to assess if pin loosening had occurred. Loose
pins would immediately be removed and not be replaced. A deep infection was de�ned as an infection
involving deeper tissues, such as muscular fascia and bone [16], which require surgical debridement and
appropriate antibiotics. Osteomyelitis was de�ned as the occurrence of more than two of the following
signs/symptoms (> 38 °C temperature, localized swelling, localized heat, localized tenderness, and
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drainage at site), in addition to positive bone cultures or X-ray evidence of infection or infection
recurrence following a primary apparently healed infection episode [18].

The external �xation system was removed, as an outpatient procedure, when fracture union was
complete. Upon clinical examination, knee and ankle range of movement were examined by an
independent examiner using a goniometer, in comparison to the contralateral healthy side [7, 19]. The
functional outcome measures were assessed at the last visit, including pain, knee and ankle motion
ranges, and ability to return to normal walking, according to the Kitoko et al criteria [20] (Table 1).

Table 1
Kitoko RA et al. criteria for functional assessment following treatment of open tibia fracture

  Very Good Good Fair Poor

Criterion Normal
walking

Normal
walking

Pain when walking Frequent pain and
reduced mobility

  Knee �exion > 
120°

Knee �exion ≥ 
90°

Knee �exion 60°-90° Knee �exion < 60°

  Full knee
extension

Extension to
10°

Knee extension de�cit
of more than 10°

Knee extension
de�cit of over 15°

  Ankle
dorsi�exion at
30°

Ankle
dorsi�exion at
20°

Ankle dorsi�exion at
15°

Ankle dorsi�exion at
5°

  Ankle plantar
�exion at 50°

Ankle plantar
�exion at 30°

Ankle plantar �exion at
20°

Ankle plantar �exion
at 10°

Overall
functional
result

Satisfactory Unsatisfactory

 

Primary outcome

The primary outcome was the union rate of open tibia fracture.

Secondary outcomes

Secondary outcomes included:

(1) infection type and rate, and late complication rates (non-union, mal-union, and osteomyelitis);

(2) functional outcomes as measured using the validated Lower Extremity Functional Scale (LEFS) [21,
22]. Total scores range from 0 to 80, with function de�ned as follows: extreme di�culty or unable to
perform activity (0–19 points), quite a bit of di�culty (20–39 points), moderate di�culty (40–59 points),
a little bit of di�culty (60–79 points), and no di�culty (80 points)[23];
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(3) the health status was measured using the 12-Item Short Form Survey (SF-12). [24]. The SF-12 is a
reliable generic health status instrument that has been validated for use in trauma patients. This scoring
system consists of a Physical Component Summary (PCS-12) score and Mental Component Summary
(MCS-12) score. Scores ≥ 50 represent no disability; 40–49 mild disability; 30–39 moderate disability;
below 30 severe disability [25]. All questionnaires were completed by the patients during their visit.

Assessment parameters

We collected and assessed data on demographics, risk factors (smoking, alcohol); mechanism of injury,
admission delay in hospital, pattern and location of fracture, Gustilo fracture classi�cation after
debridement, in addition to associated injury. The hospital stay duration was analyzed. The fracture
healing, duration of external �xation, time to fusion, and complications (infection, PTI, mal-union, and
non-union) as well as functional results were analyzed.

Statistical analysis

Under our conditions, the union rate was 35% with the standard of care, without LDEF [7]. This study
aimed to reach a union rate of 70%. Assuming a signi�cance level of 5% and power of 80%, a minimum
of 37 patients would be needed. A total of 40 patients were enrolled in this study.

Statistical analyses were performed using Sigma plot 13.0 software. Descriptive statistics were
performed for quantitative variables (mean, standard deviation, minimum, maximum) and qualitative
variables (frequency). A multiple logistic regression model was employed to determine the risk factors of
infection (infection state = 1) and bone complications (bone complications state = 1). Independent
variables were age (years), gender, fracture line, location of fracture, Gustilo grading, treatment delay,
external �xator type, and pin-track infections. A Fisher’s exact test was performed to test the null
hypothesis of no association between functional outcome and frame type (monoplanar versus biplanar).
A p-value < 0.05 was considered statistically signi�cant.

Results
Overall, 40 patients were admitted with OTDF within 24 hours of injury. The mean age of the patients was
32.77 ± 12.55 years (range: 18–77). Patients aged ≥ 30 years were predominated (n = 22; 55%). The injury
cause was a road tra�c accident in 38 (95%) cases. The fracture type according to Gustilo classi�cation
was Type IIIA in 24 (60%). The mean treatment delay was 26.35 ± 13.49 hours (range: 10–72). The
patient characteristics are showed in Table 2.
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Table 2
Characteristics of patients

Variable n(%)

Age (years)  

Mean ± SD (range) 32.77 ± 12.55 (18–77)

Gender  

Male 29 (72.5%)

Female 11 (27.5%)

Mechanism of injury  

Road tra�c accident 38 (95%)

Other 2(5%

Fracture line  

Comminution 36 (90%)

Simple 4 (10%)

Gustilo-Anderson grading  

I 3 (7.5%)

II 13 (32.5%)

IIIA 24 (60%)

Location in the diaphysis  

Proximal-third 8 (20%)

Middle-third 26 (65%)

Distal-third 6 (15%)

Treatment delay  

≤ 24 hours 26 (65%)

> 24 hours 14(35%)

Type external �xator  

Monoplanar 12 (30%)

Biplanar 28 (70%)

Average hospital stay duration (days) 8.98 ± 2.97

Rate of union 29 (72.5%)
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The union rate was 29 (72.5%) with an average union time of 8.47 ± 1.66 (range: 5–11) months (Fig. 3).
Deep infection and pin-track infections rates were 17.5% (seven cases) and 32.5% (13 cases),
respectively. Pin-track infections were successfully treated with oral antibiotics and pin-site care without
any pin-loosening registered. Complications were observed in 11 cases (27.5%), including aseptic non-
union in four (10%), mal-union in three (7.5%), and osteomyelitis in the remaining four (10%, two
considered PTI-related). 

Throughout the treatment period, no implant failure, pin-breakage, pin-loosening were observed.
Extraction was performed locally without anesthesia. No refracture was observed during the follow- up
period.

The functional outcomes were very good in 17 patients, good in 15, fair in six, and poor in the remaining
two. The overall result was satisfactory in 32 cases and unsatisfactory in eight (Fig. 4). The mean SF-12
physical and mental scores were 42.54 and 46.45, respectively, meaning mild disability. The mean ELFS
scale was 61.53 ± 10.50, meaning a little bit of di�culty (Table 3).

Table 3
Functional outcomes

Variable n (%)

Very good 17 (42.5%)

Good 15 (37.5%)

Fair 6(15%)

Poor 2(5%)

SF-12 score  

MCS-12 (mean ± SD) 46.45 ± 8.5

PCS-12 (mean ± SD) 42.54 ± 7.3

ELFS (mean ± SD) 61.53 ± 10.50

MCS: mental component summary; PCS: physical component summary

ELFS: lower extremity functional scale

SD: standard deviation

 

Patients with pin-track infections were found to be more than three times as likely to sustain deep
infection and chronic osteomyelitis (odd ratio [OR] = 24.332, p = 0.017) (Table 4). No signi�cant factor
was identi�ed to in�uence fracture healing related complications. However, patients with Gustilo Type IIIA
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fractures [OR = 5.9] and those treated with a monoplanar external �xator [OR = 6.9] were found to be more
at risk to develop fracture healing problems (Table 5). Fisher’s exact test analysis revealed an association
between improved functional outcome and biplanar LDEF, in comparison with monoplanar constructs (p 
= 0.039).

Table 4
Results of multiple logistic regression to identify risk factors of infection

Independent variables Coe�cient ± SE Odds ratio [LCI-UCI] P value

Age (years) -0.0432 ± 0.0544 0.958 [0.861–1.065] 0.427

Admission delay (hours) -0.105 ± 0.0922 0.900[0.752–1.079] 0.255

Location of fracture -0.129 ± 1.242 0.879[0.0770–10.032] 0.917

Gustilo grading 1.563 ± 1.259 4.774[0.405–56.281] 0.214

Treatment delay 0.0463 ± 0.0385 1.047[0.971–1.130] 0.230

External �xator 1.728 ± 1.344 5.629[0.404–78.416] 0.199

Pin track infection 3.192 ± 1.334 24.332[1.780-332.563] 0.017

Signi�ant Independent variable is bold

SE: standard error

LCI: 5% lower con�dence interval; UCI: 95% upper con�dence interval

 
Table 5

Results of multiple logistic regression to identify risk factors of bones complications
Independent variables Coe�cient ± SE Odds ratio [LCI-UCI] P value

Age (years) -0.0198 ± 0.0370 0.980 [0.912–1.054] 0.592

Gustilo grading I-II versus III 1.775 ± 1.037 5.902 [0.773–45.078] 0.087

Treatment delay -0.0213 ± 0.0342 0.979 [0.915–1.047] 0.534

External �xator monoplanar versus biplanar 1.942 ± 1.034 6.971 [0.919–52.906] 0.060

Pin-track infection 1.343 ± 0.987 3.832 [0.554–26.501] 0.173

Deep infection -0.0831 ± 1.121 0.920 [0.102–8.277] 0.941

SE: standard error; LCI: 5% lower con�dence interval; UCI: 95% upper con�dence interval

Discussion
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This Ivory Coast clinical trial employed LDEF as de�nitive stabilization approach for open tibia
diaphyseal fractures, which resulted in a union rate exceeding 70%, without any �xator failure and good
functional outcomes.

The current study outcomes have shown LDEF to provide a safe and effective treatment modality for
treating open tibial diaphyseal fractures, resulting in signi�cant improvements as compared to our
previous series without LDEF (Table 6) [7]. In addition, the union rate compares favorably with the
outcomes reported by other authors [19, 26–31].
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Table 6
Comparison of open tibia fracture management without and with locally-developed external �xators in

our hospital

    Without locally- developed
external �xators

With locally- developed
external �xators

P
value

Patients (n)   43 40  

Age (years)
mean ± SD

  33.3 ± 14.1 32.8 ± 12.6 0.927

Group of Age
(n)

      0.733

  ≥ 30 years old 21 22  

  < 30 years old 22 18  

Gender (n)       0.120

  Male 38 29  

  Female 5 11  

Mechanism (n)       0.934

  RTA 40 38  

  Other 3 2  

Gustilo (n)       0.129

  I and II 30 16  

  III 13 24  

Type of
fracture (n)

      0.044

  Comminuted
fracture

30 36  

  Simple
fracture

13 4  

Site of fracture       0.985

  Middle third 27 26  

  Prox/distal
third

16 14  

Treatment
delay (n)

      0.292

SD: standard deviation; RTA: road tra�c accident
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    Without locally- developed
external �xators

With locally- developed
external �xators

P
value

  > 24hours 21 14  

  ≤ 24hours 22 26  

Union delay
(months)

  5.73 ± 0.84 8.47 ± 1.64 0.001

Union rate (n)       0.001

  Without
complications

15 29  

  Bony
complications

28 11  

Infection (n)       0.504

  Super�cial 11 13  

  Deep 11 7  

Complications
(n)

      0.004

  Mal-union 17 3  

  Non-union 0 4  

  Osteomyelitis 8 4  

  Septic non-
union

3 0  

Functional
outcomes (n)

      < 
0.001

  Satisfactory 16 32  

  Unsatisfactory 27 8  

SD: standard deviation; RTA: road tra�c accident

 

This positive outcome may be accounted for by the external �xators’ inherent stability, operative
technique used, adherence to basic surgical principles, and efforts to achieve anatomical reduction
including axial and side-to-side compression. As for the quality of fracture reduction, uniplanar devices
with a rigid side-bar are usually more di�cult to adjust, and the surgeon must thus take care to ensure a
satisfactory reduction before the external �xator is applied. Moreover, functional results proved to be
superior when a biplanar frame was used.
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A good initial reduction is essential when a �xator is applied, given that it is often di�cult to achieve a
secondary reduction in the case that the primary reduction proves unsuccessful. Moreover, the frame
must be maintained long enough to prevent a secondary loss of fracture reduction [32]. The time to
achieve union with external �xators varies in different studies [19, 28, 29]. In our study, the mean union
(8.47 months) was similar to that reported by Giannoudis et al. [28]. However, shorter times have been
published in the literature, as well [27, 32]. The long time to union observed in our study can be explained
by LDEF’s rigidity. Indeed, a rigid �xation does not enable inter-fragmentary motion and, thus, tends to
suppress callus formation, resulting in more direct bone healing [29], yet prolonged healing times [33].

The major drawbacks of external �xators are the inadequate primary reduction and insu�cient
mechanical stability leading to alignment loss, delayed union or non-union [29, 33], need for re-operation,
as well as to pin-tract infections [29].

In our study, the 10% incidence of non-union observed aligned with the 8% non-union incidence noted by
Beltsios et al.[29, 32]. Nonetheless, these incidence rates were lower than those published by other
authors in the literature, who reported non-union rates of 13%, 14.7%, 18.7%, and 28.3%, respectively [26,
31, 34, 35]. While this non-union rate observed in our study can be explained by the biology and
biomechanics of segmental fractures, it is not to be accounted for by disadvantages of the external
�xation method. Comminuted fractures, associated with signi�cant periosteal- and soft tissue-injury,
often result in non-union [27]. A segmental fracture of a long bone indirectly implies that enormous
energy has been absorbed by this injury type, and that the two-level fracture pattern impairs or disrupts
the intramedullary blood supply to the middle fragment. In the event of a severe soft tissue trauma, the
periosteal blood supply to the middle fragment may also be compromised, thereby leading to a higher
probability of delayed union or non-union [26].

In the current study, the mal-union rate amounted to 7.5%, whereas in two tibia fracture cases, there was
a > 1.5 cm shortening that did not result in signi�cant disability. While only a few authors reported similar
rates [29–32, 36], most of the others revealed higher rates, such as 26%, 20%, 25%, 17%, and 31%;
respectively [28, 34, 35, 37, 38]. These differences could be explained by the great efforts that the authors
made to achieve an anatomic reduction, in addition to the extreme stability offered by the LDEF.

PTI is a known complication following fracture treatment with external �xators whose literature-reported
incidence rates range from 32 to 80%, with an average 4% of cases developing chronic osteomyelitis [28,
32, 34, 39]. We have herein reported a 32.5% PTI rate, along with osteomyelitis noted in two cases (5%).
Using the pin-site care protocol and discharge instructions comprising detailed guidance, patients
suffering from pin-track infections received timely and successful oral antibiotic treatment [16].

The literature reveals differences in deep infection rates when external �xation is applied for de�nitive
fracture treatment [40]. In our study, the deep infection rate amounted to 17.5%. This �gure perfectly
aligns with the 18.1% rate observed by Alhammoud [40]. In the article Giannoudis, which reviewed 536
open tibia fractures, an average 16.2% deep infection rate was reported, which turns out to be slightly
lower than our result, though roughly comparable [28]. This result could be explained by a higher rate of
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PTI, as suggested by the multiple logistic regression analysis in which only PTI remained predictive of
postoperative infection (p = 0.017). The important delay in fracture management was not associated with
an increased complication rate. Literature does not support a clear correlation between preoperative time
and onset of infectious complications [41]. However, the delay in managing open fractures should not be
condoned because the risk of infection that is always present is indeed multifactorial, especially after 24
hours, regardless of the degree of opening and the time taken for debridement [42]. The quality of the
initial debridement is paramout, as it most likely conditions the future.

The �nal results were assessed according to Kitoto et al [20] criteria. In our study, the functional
outcomes were satisfactory and even superior to those reported by other authors [7, 20]. The mean SF-12
physical and mental scores of 42 and 46, respectively, were deemed low as compared with the normal
population, thereby re�ecting these injuries’ severity [25]. The LEFS questionnaire analysis revealed that
the lower extremity’s overall function was in ‘a little bit of di�culty’ category. The study patients were
mostly young, motivated, and cooperative, which may account for the quality of LEFS scores that are
somewhat equivalent to those recorded in the general population. Biplanar LDEF frames offered a better
functional result, which is probably related to the more stable construct, with quicker and easier
loadbearing for the patient.

We believe that in developing countries like Ivory Coast, with heavy economic constraints, a locally-
developed external �xation should be an acceptable therapeutic modality. This frame is particularly
useful in hospitals devoid of local medical facilities where patients tend to arrive late. External �xation is
technically less demanding, and no specialized equipment is necessary [35, 43].

External �xation is a simple technique if used selectively and provided that the basic principles are
adhered to [44]. The correct application of the external �xator on the initial lesions likely contributes to
reduce the infection rates, improve the fracture consolidation, and facilitate the limb’s functional recovery.

The present study’s limitations are as follows: (1) small sample size; (2) no comparison with other
�xation methods; (3) no randomization of study participants.

Conclusion
Overall, this study lays the foundations for further discussions and thoughts about resource allocations
and cost-effectiveness of managing open tibial injuries. While we must treat our patients using the least
expensive methods, the latter must also prove their effectiveness. The clinical results obtained with
locally-developed external �xators as de�nitive treatments for open tibial diaphyseal fractures compare
favorably with those recorded when using more prestigious yet expensive methods. These results
reinforce the interest and usefulness in developing external �xators with locally available material.

Abbreviations
LEFS: Lower Extremity Functional Scale;
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Figures

Figure 1

Diaphyseal tibia fractures treated with LDEF. a Transversal tibia fracture. b Treatment using monoplanar
external �xator. c Communited tibia fracture. d Treatment using biplanar external �xator
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Figure 2

Illustrations with a saw bone of monoplanar (a) and biplanar �xations (b) of oblique single (a) and
comminuted/bone defect fractures (b)

Figure 3
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Radiographs at 6 months after the initial operation (a, c ) and at �nal follow-up after LDEF removal (b, d)

Figure 4

Clinical images with LDEF biplanar showing functional outcome. a Clinical appearance. b Knee �exion of
the patient with LDEF. c Ankle plantar �exion. d Ankle dorsi�exion


