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Abstract 

Introduction ​Open tibia fracture (OTF) treatment is well documented in developed countries. Yet, this fracture               

pattern remains challenging because it is associated with an increased risk of infection and delayed union,                

particularly in case of Gustilo III B and C open fractures. Since access to healthcare is limited in Sub-Saharan                   

African countries, this paper explores the results of OTF management in this setting. 

Materials and methods ​A systematic review of the literature was conducted using current databases such as                

MEDLINE, Cochrane, EMBASE, PubMed, ScienceDirect, Scopus, and Google Scholar in order to identify             

prospective studies with cohorts of patients treated for OTF. Studies were included based on predefined inclusion                

and exclusion criteria. The quality of studies was analyzed by the Coleman Methodology Score (CMS). 

Results ​Eight papers met the inclusion criteria and had an average CMS of 70 (range 54–73). The most common                   

treatment was non-operative management of the fracture with cast immobilization (67%). ​Gustilo Type II and III                

fractures were associated with a higher risk of complications. The infection rate was 30%. Malunion, chronic                

osteomyelitis and nonunion were observed in 14.5%, 12.3%, and 7% of the cases, respectively. More               

complications were observed with non-operative treatment (cast immobilization) than with surgical fixation. 

Conclusions ​Although the surgical environment does not allow for internal fixation, poor results of              

non-operative management of open fractures should lead to the introduction of trainings on the proper use of                 

external fixators. It is also advisable to support the development of locally produced external devices that utilize                 

local source materials, which would make external fixation available at a reasonable cost. 

Keywords​ Africa ​·​ Cast immobilization ​·​ Developing countries ​·​ Open fracture ​·​ Tibia 

  

2 
 



Introduction 

Open tibia fracture (OTF) treatment is well documented in developed countries and the management principles               

of open fractures are well established [1]​. Yet, this fracture pattern remains challenging, as it is associated with                  

an increased risk of infection and delayed union, particularly in case of Gustilo III B and C open fractures [2–4].                    

Since poor urban populations in Sub-Saharan African countries have limited access to healthcare [5], the               

difficulties of treatment are multifactorial. Patients experience delays in surgical management that are related to               

their socioeconomic conditions and the absence of an efficient system to transfer the wounded to hospitals.                

Limited technical plateaus, lacking fixation hardware, and insufficient training in soft-tissue reconstruction            

techniques are also frequently reported [5–8]. We therefore wish to examine the results of OTF management in                 

this setting by performing a literature review. The aims of this systematic review were 1) to assess the published                   

literature on OTF in Sub-Saharan African countries, 2) to identify management strategies that have been applied,                

and 3) to evaluate the complication rate of these fracture stabilization methods. Poorer results were expected as                 

compared to those observed in developed countries. 

 

Methods 

The systematic review protocol complied with the guidelines provided by the Preferred Reporting Items for               

Systematic Review and Meta-Analyses (PRISMA) statement [9]. 

 

Literature search 

Keywords were identified using the PICO method in relation to the population (open tibial fracture OR                

developing countries OR Africa), the intervention (external fixators OR nails OR plaster of Paris), and outcomes                

(union OR malunion, OR, nonunion OR infection). The search was performed on articles dated between 2000              

and October 2019, using several electronic databases: PubMed, Google Scholar, ScienceDirect, EMBASE,            

Scopus, the Cochrane Library, and additional African Journals. All references were exported from the databases               

to Endnote. 
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Study selection 

We selected available studies that were conducted in Sub-Saharan African countries. Articles meeting the              

following criteria were included: the reported language was English or French, the study was prospective, the                

study investigated populations of at least 20 patients, demographic data was included and the well-described              

treatment regimen was available, the Gustilo-Anderson classification was used [10], methods of fracture             

stabilization were identified, union and complications were described. Articles were excluded if they did not               

meet the above inclusion criteria, if they related to a neglected OTF, or if the study was retrospective or a case                     

report. 

Two researchers (KE, CD) independently screened the titles and abstracts of the retrieved studies to assess                

eligibility, after duplicates were removed. Articles that met the inclusion criteria were selected for a full-text                

lecture, and corresponding authors were contacted when the full text was not available. Articles that met the                 

inclusion criteria were also included for qualitative synthesis. Disagreements were resolved through consensus. 

 

Quality assessment 

Two authors independently scored the quality of the studies using the Coleman Methodology Score (CMS) [11,                

12], which was adapted (Table ​1​) to evaluate studies reporting on OTF. The CMS is a method of analyzing the                   

quality of studies being reviewed by assessing the methodology using 10 criteria, giving a total score between 0                 

and 100. A score approaching 100 indicates that the study has a robust design and largely avoids chance, various                   

biases, or confounding factors. A score >85 is considered excellent, 70–84 is good, 50–69 is moderate, and <50                  

is poor. The CMS’s subsections are based on the subsections of the Consolidated Standards of Reporting Trials                 

(CONSORT) statement (for randomized, controlled trials) [13]. 

 

Data extraction and synthesis 
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Two authors (KE, CD) extracted data using a pre-pilot standardized form (Table 2), which included the first                 

author’s last name, publication year, CMS number, demographic data, diagnosis (fracture pattern), the Gustilo              

grade of the open fracture, interventions, and any complications (infection, malunion, nonunion). 

Statistical analysis was performed using SigmaPlot version 13. We calculated the median and quartile [25-75] of                

the outcomes. The risk of developing a complication was also determined according to the stabilization method                

and the Gustilo type of open fracture. 

Results 

The electronic search yielded 2,651 articles, but only eight met the inclusion criteria and were considered eligible                

for the study (Fig. 1). The average CMS was 70.5 (range 54​–​73), which is indicative of good methodological                  

quality [11]. The eight studies [14–21] ​reported on 641 patients who were treated for an OTF. Their mean age                  

was 34 years (range 33​–​36), with 77% males. The mechanism of injury was road traffic accident (RTA) in                 

85.3% [14–21]. Fractures were predominantly in the middle third (62.8%), followed by the distal third (36%)                

[15–17, 20, 21]. The comminuted fracture pattern was the most frequent (46.4%), followed by transverse               

(28.9%) and oblique fractures (25%) ​[​14–17, 20, 21​]​. 

Gustilo II and III fractures accounted for 42.6% and 30.2% of cases​, ​respectively. Regarding the time from                 

injury to operation, 76.6% of patients were operated on within 24 hours [15, 17, 19]. 

Open wound management was described in all studies, but numerical data was only available in four studies [17,                  

19–21]. Skin grafting was used in 44.07%, primary closure in 21.3%, and flap coverage in only 8.5%. Secondary                  

healing was expected in 10.8%. ​Several techniques were used for fracture stabilization in ​seven ​studies [14, 15,                 

17, 19–21], while one reported only external fixators (ExFx) [16] and another exclusively intramedullary nailing               

[18]. Cast immobilization (CI) was solely used for fracture fixation in 67.1% of cases (Fig. 2). Primary                

amputation was performed in 7.7% of patients [14, 20] and secondary amputation was performed in 2.3% of                 

patients [15]. Fracture healing was reported after a mean delay of 20.6±4.4 weeks. The union rate was 58.9%                 

[14–21]. Fig. 3 summarizes the pooled data regarding complication rates. Infections were frequent (30%), and              

non-operative treatment/CI was associated with an increased complication rate when compared to surgical             

fixation (Fig. 4). 
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Discussion 

OTF management is a significant cause for concern in developing countries [22]. OTFs are usually associated                

with a high complication rate [23], particularly infection, malunion, and nonunion [24]. With regards to the                

complications observed, the average incidence of infections was 30%. This overall infection rate is higher than                

the rates reported in some studies [25–27], but similar to others [23, 28–30]. ​The high proportion of Gustilo III                   

fractures in this series may explain the poorer results, although a systematic review of open Gustilo III B and C                    

fractures reported lower infection rates [4]. Better results might be expected in middle-income [25] or developed                

countries​ ​[31]. 

Delayed treatment has been proposed as a potential cause of infection. However, Reuss and Cole reported that                 

delayed operative management of up to 48 hours did not adversely affect infection rates [32]. ​The timing for                 

soft-tissue coverage is also controversial, as some advocate early flap coverage [33] and others advocate delayed                

wound closure [34]. It has been observed that flap coverage within 72 hours reduced infection rates [3], and, for                  

Gustilo III B fractures, soft-tissue coverage within (versus after) one week resulted in lower rates of infection                

(8% versus 59%) [35]. It is not possible to confirm that the choice of secondary soft-tissue healing in our review                    

negatively influenced the result. 

The average incidence of nonunion was lower than the rates reported in some studies [28, 31]. With regards to                   

malunion, the average incidence was higher than the rates reported in the existing literature [36]. The                

predominant use of CI in place of modern surgical fixation in our series could explain these outcomes. However,                  

the results are not fully comparable, due to differences in the methods used for fracture stabilization. 

Early stabilization is of paramount importance and, ideally, should be performed at the time of the initial                 

debridement. This restores limb alignment, eliminates gross movement at the fracture site, limits further              

soft-tissue damage, and decreases the risk of further bacterial spread [37]. 

The types of fixation currently available are ExFx, plates and screws, reamed and unreamed locking nails, and CI                  

[38–40]. ​However, specific problems are inherent to each treatment method, which means every method is less                

than ideal [24]. 
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Methods of fracture stabilization varied between studies. The CI was the most used because it is cheap, readily                  

available and non-invasive [21, 41]. Access to the wound unfortunately remains difficult for inspection and               

dressing. Windows made on the CI often weaken it and compromise adequate maintenance of fracture reduction                

[21]. Prolonged CI application caused joint stiffness, quadricep wasting, and secondary fracture displacement             

[21, 40]. 

The potential advantages of ExFx include minimal soft-tissue stripping, as well as easy and quick application in                 

emergency situations [42]. The disadvantages, however, include track problems with the pins, reduction loss, and               

the potential for fracture from the pin track site [24, 43]. 

The potential advantages of intramedullary nailing include improved cosmesis, early mobilization, and stable             

reduction [21]. ​Its disadvantages include the potential for deep infection (osteomyelitis) and the spread of               

infection through the medullary canal [44]. 

Postoperative infection rates are a major indicator of the viability of a particular surgical modality. In this series,                  

the rates of infections and postoperative complications were higher with the use of plaster as a method of                  

immobilizing fractures. This outcome was similar to that found in other studies [15, 19]. 

We believe that, in Sub-Saharan African countries, economic constraints favor CI as a method of treatment for                 

these fractures. CI is cheaper than ExFx or an intramedullary nail and removes any need for special                 

instrumentation or intraoperative image intensifiers. We believe that local development of a low-cost ExFx [43]               

could provide an alternative to CI and ExFx devices that are available in developing country markets, since ExFx                  

continues to be an acceptable modality of management in developing countries, where patients arrive late to                

hospitals and where local medical facilities are poorly available [21]. ExFx is technically less demanding and                

requires no specialized equipment [22, 21]. Although initial union rates may be lower with external fixation                

compared to intramedullary nailing, these fractures ultimately unite, even if the union time is prolonged [45].                

Finally, applying an ExFx to the initial injury may also decrease the ultimate rate of infections and osteomyelitis,                  

which is considerably more debilitating and morbid than the trauma of repeat surgery that is secondary to a                  

nonunion. 
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Limitations and future perspectives 

Some differences can be noted in the eight studies selected, which makes it difficult to compare and generalize                  

results. First, the inclusion criteria were not the same. Second, the therapeutic attitude was not standardized                

because the methods of restraint were varied. Finally, details of antibiotic administration were not well described                

in most of the studies. 

However, this study does present a prospective collection of surgical data and, where possible, reveals how this                 

data compares favorably to other studies in the literature. 

Despite the limitations of our study, we recommend the local development of a new, low-cost ExFx. We also                  

recommend promoting trainings on the proper use of techniques for early and adequate soft-tissue coverage by                

orthopedic surgeons. Additionally, we propose employing a score that measures quality of life with good               

psychometric properties, such as SF-36 [46] or the lower extremity functional scale (LEFS) [47]. 

 

Conclusion 

This review reveals that OTFs mainly concern young male subjects. The main cause is RTAs involving                

motorcycles. Fractures were essentially comminuted, and CI was mostly used as the method for fracture               

stabilization. The treatment of OTFs in this setting was associated with a high rate of complications, particularly                 

when the fracture was managed non-operatively with CI. New low-cost ExFx implant designs and adequate               

soft-tissue cover (muscle flaps) could help improve treatment of OTFs in developing African countries. 
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Fig. 1 ​Flowchart of study selection 

Fig. 2 ​Box plot showing distribution of fracture stabilization methods 

Fig. 3 ​Box plot showing distribution of complication rates 

Fig. 4 ​Trend curve of complications according to restraint methods 
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Table 1 Criteria used to compute the Coleman Methodology Score for studies reporting on open tibia fracture                 

outcomes 

 



Table 2​ Summary of patient characteristics - demographics, protocol, treatment outcome 

Author 

Year [ref] 

Score (CMS) 

  

Patients: n 

Men/women (%) 

mean age±SD 

major cause (RTA) (%) 

 

Location 

(%) 

 

Pr 

Mi 

Di 

Eph 

Fracture 

pattern 

(%) 

Co 

Tra 

Ob 

Seg 

Spi 

Time from 

injury to 

presentation 

Mean time 

from injury to 

operation  

Gustilo (%) 

 

I 

II 

III 

Methods of 

fracture 

stabilization (%) 

 

EF 

IN 

CI 

P 

AMP 

Outcome (%) 

 

IF 

NU 

MU 

OS 

 

Union (%) 

Mean time to union 

Enweluzo et 

al. 2015 [14] 

76/100  

n=197 

73.6/26.4 

36.9 ±18.9 

RTA=78.2 
NA 

Co=11.2 

Tra=32 

Ob=47.2 

Seg=5.6 

Spi=4.1 

 

NA NA 

I=26.4 

II=49.2 

III=24.4  

EF=10.2 

IN=13.2 

CI=71.7  

P=4 

AMP=2 

IF=22.3 

NU=3 

MU=6.6 

Death=0.5 

65.5  



Kouassi et al.  

2019 [15] 

54/100 

n=43 

88.3/11.7 

33.3±14.1 

RTA=93.1 

Mi=62.8 

Ep=37.2 

Co=69.7 

Tra=30.3 

 NA 

>24h=48.8 

≤24h=51.2 

  

Mean=27h 

 

I=11.7 

II=58.1 

III=30.2 

EF=23.2 

IN=14 

CI=62.8 

AMP=2.3 

IF=51.2 

NU=7 

MU=39.5 

OS=18.6 

34.49 

25 weeks 

Abang et al.  

2018 [16] 

69/100 

n= 40 

75/25 

33.5 ± 12.8 

RTA:95 

Pr=10 

Mi=32.5 

Di=57.5

Co=52.5 

Tra=5 

Ob=25 

Seg=12.5 

Spi=5 

NA NA 

II=15 

III=85 

EF=100 IF=82.5 32.5 

Touré et al.  

2018 [17] 

73/100 

n=58 

91.3/8.7 

32 

RTA=93.1 

Pr=13.8 

Mi=63.8 

Di=22.4 

Ob=19.1 

Tra=66.1 

Spi=7.4 

 ≤24h=81 

>24h=19 

 

 

Mean=10h 

I=24 

II=55 

III=21 

  

EF=52 

IN=31.4 

CI=11 

P=5.6 

IF=35 

NU=8.6 

MU=27.8 

91 

16weeks 

Handy et al.  

2017 [18] 

72/100 

n=69 

78/ 22 NA NA NA Mean=72h 

I=26 

II=61 

III=13 

IN =100 IF=8.7 

OS=4.3 

87 

20weeks 



 

 

37.48 

RTA=74 

Tolgou et al. 

2017 [19] 

54/100 

n=47 

85/15 

34.6 

RTA=87.7 

NA 
NA 

 

 

≤24h=89.3 

>24h=10.7 

≤24h=76.6 

 

>24h=23.4 

I=11 

II=36 

III=53  

EF=68.1 

IN=2.1  

CI=29.8 

IF=25 

MU=16.7 

OS=8.3 

Death=8.3 

74.47 

 

Ifesanya et al. 

2010 [20]  

52/100 

n=98 

70/ 30 

33.3±14.8 

RTA=83 

Pr=9.2 

Mi=76.5 

Di=9.2 

Ob=32.7 

Tra=27.6 

Spi=13.3 NA NA 

I=8.4 

II=18 

III=73.6 

EF=15.7 

IN=1.4 

CI=71.4 

P=5.7 

AMP=5.7 

IF=11.4 

NU=4.3 

MU=11 

OS=13 

 

52.3 

26.2 weeks 

Ikem IC et al. 

2006 [21] 

73/100 

n=89 

64/36 

32.7±17.1 

RTA=60.7 

Pr=18 

Mi=32.6 

Di=49.4 

Co=40.4 

Tra=25.8 

Ob=24.7 

Seg=3.4 

Spi=5.6 

NA Mean=6h 

I=24.7 

II=36 

EF=22.5 

CI=77.5 

IF=48.3 

NU=7.8 

MU=12.3 

OS=12.3 

31.5 

17 weeks  

Pr=proximal; MI=middle; Di=distal; Ep=epiphyse; Co=comminuted; Tra=transversal; Ob=oblique; Seg=segmental; Spi=spiral; EF=external fixator; IN=intramedullary nails;             

P=plate; AMP=amputation; IF=infection; NU=nonunion; MU=malunion; OS=osteomyelitis; NA=not applicable, CI=cast immobilization 



 


