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Abstract 
The study evaluated functional outcomes of foot open fractures, finding satis-
factory results in 89.6% of cases. It identified associated lesions, more than two 
fractures, and lack of rehabilitation as predictors of poor outcomes. Infection 
rates were low, and overall quality of life scores were good at follow-up. 
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1. Introduction 

The foot is a complex anatomical structure supporting the weight of the body and 
putting it in motion while adapting to varied terrain during walking [1]-[7]. The 
open fracture of the foot is a solution of bone continuity of one or more bone of 
the foot, which communicates with the outside via a wound [1]-[4]. Their fre-
quency is estimated at 12% [8]. Fractures of the metatarsals (35%) [2]-[6] and 
calcaneus (40%) [7] [9] are the most common of the foot skeleton. Open fracture 
of the foot most often occurs in road traffic accidents [1]-[9]. It results from direct 
injuries by impact or indirect injuries by torsion [1]-[3]. It is of interest to patients 
aged 21 to 45 years [3] [4] [7] [10]-[12]. Their diagnosis often requires a combi-
nation of careful clinical examination and imaging to assess the extent and nature 
of the lesions. It is a serious medical-surgical emergency because it sometimes 
causes significant functional consequences [3]-[10] [13]-[15]. The optimal treat-
ment is surgical. This is a challenge for the orthopedic surgeon. It is well codified 
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and must be early before the sixth hour [12]-[15]. It includes antibiotic therapy, 
debridement, restraint and coverage of the fracture site [4]-[7] [13]-[16]. Current 
new surgical techniques have made treatment easy with early treatment of patients 
[6] [10] [17]-[25]. Infection and gait disturbances associated with residual pain 
are the major complications [3] [4] [10] [15]-[20]. The functional after-effects are 
explained by the complexity of the coexisting lesions (tissue, tendon, ligament, 
bone and vasculaire) [4] [18] [19] [23]-[26]. The lesion mechanism is a determin-
ing factor in the therapeutic strategy, particularly for the ideal treatment [27]. The 
delay in treatment, especially in developing countries, and the under-evaluation 
of lesions lead to poor functional results which can have consequences, socio-eco-
nomic and psychological [13] [14]-[19] [20]. In Ivory Coast, little specific work 
has been devoted to foot trauma [5] [7] [14] [28]. The predominance of open frac-
tures of the metatarsals and calcaneus were noted by these studies but the empha-
sis is not placed on the evolutionary aspect [5] [7] [14] [28]. The assessment of the 
functional prognosis is often difficult. Open fracture of the foot involves complex 
local structural components which make management difficult. Some prognostic 
factors have been identified in the literature [4] [18] [29]. The presence of associ-
ated lesions in addition to the foot lesion, especially in the multiple trauma patient, 
type III Gustilo-Anderson fractures, the number of metatarsal fractures and dam-
age to the midfoot have been observed as a poor prognosis factor [4] [18] [28]-
[32]. The determination of prognostic factors makes it possible to establish func-
tional prognosis scores. Furthermore, in the local literature, there are no specific 
data on open fracture of the foot, and data highlighting the functional result and the 
factors which influence the functional prognosis. The main objective of this study 
was to evaluate the functional results of patients with an open foot fracture. The 
secondary objectives were to identify the factors influencing the functional outcome. 

2. Methods 

This was a retrospective observational cross-sectional study with a descriptive and 
analytical aim of the files of patients with an open fracture of the foot according 
to the SRTOBE [33] model. It was carried out between January 1st, 2012 and De-
cember 31st, 2023. This study was carried out in the Traumatology-Orthopaedics 
department of the Bouaké University Hospital Center. This study concerned pa-
tients admitted and treated for an open fracture of the foot in the department. 
Patients aged over 15 years treated and followed for a recent open fracture (<21 
days) of the bones of the foot were included. Patients with incomplete medical 
records were not included. The diagnosis was made from the history, clinical ex-
amination and radiological images with orthogonal incidence of the foot and an-
kle. The minimum sample size was calculated using the Cochran formula [34]. 
This size was calculated on the basis of the study carried out in Bouaké in 2022 on 
foot trauma, which noted a prevalence of open foot fractures of 3.29% [5]. The 
size n = Z(α)2∙p(1 − p)/α2 (n: minimum sample size; p: prevalence; α: significance 
threshold (5%); Z(α): confidence coefficient at 95% which is equal to 1.96). This 
was simple random sampling and recruitment was consecutive. The data studied 
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were taken from patient hospitalization records. The data were sociodemographic 
(age, gender, profession, etiology, time to admission). The data concerning the 
lesions were the site of the fracture, the fractured bone, the type of fracture line, 
the number of fractured bones, the Gustilo type and the location of the wound. 
The Gustilo-Anderson classification was used to classify the open fracture [35]. 
The data concerning the treatment were the type of anesthesia, the therapeutic 
time, the type of restraint, the type of coverage, the operative duration, and the 
time of treatment. The variables studied after treatment were hospitalization time, 
rehabilitation, healing, complications, consolidation, functional outcome, and the 
patient’s quality of life. Treatment was medical and surgical in all patients. Anti-
biotic therapy instituted parenterally upon admission combined ceftriaxone (100 
mg/kg/day) and metronidazole (1500 mg/day). This treatment was relayed orally 
upon discharge with amoxicillin-clavulanic acid (100 mg/kg/day) over 10 - 15 
days. The roofing of the hearth was early and carried out according to the Gustilo 
type. It was covered by suture for Gustilo types I and II. Directed healing was done 
for type IIIa and a flap for type IIIb or IIIc. Self-rehabilitation exercises were pre-
scribed to patients to improve functional results. They consisted of active mobili-
zation of free joints, complete support for consolidation of fractures with active 
mobilization of the ankle. The AOFAS score (American Orthopedic Foot and An-
kle Score) was used to evaluate the functional result of the foot rated from 0 to 100 
points [36] [37]. The results were excellent for a score between 95 - 100, good for 
a score between 75 - 94 points, average between 51 - 74 points and poor between 
0 - 50 points. Very good, good or average functional results were judged satisfac-
tory, while fair or poor results were judged unsatisfactory [35]-[37]. Patient satis-
faction and quality of life were assessed using the SF-36 scale [37] [38]. The SF-36 
scale includes 36 questions that assess eight scales (physical function, physical role 
limitation, pain, general health, vitality, social function, emotional role limitation, 
and mental health). The eight scales rate health between 0 and 100, and higher 
values demonstrate better quality of life. Post operatoire infection was assessed 
according to the following criteria, at least one of which was required: a wound 
with signs of infection (pain, swelling, redness, increase in local temperature); 
presence of purulent discharge from the wound; positive microbiological culture 
of the fluid at the wound level [39]. Consolidation was defined clinically by the 
absence of pain upon weight bearing and the absence of mobility of the foci. Ra-
diologically, consolidation was defined as the formation of a callus involving at 
least three out of four cortices [39]. 

2.1. Statistical Analysis 

The SAMPL statistical analysis model was used [40]. Data processing was carried 
out using SPSS version 25 software. Concerning the quantitative variables, the 
Wilk-Shapiro normality test was previously carried out with a margin of error of 
5% and a confidence interval of 95%. All quantitative variables followed the nor-
mal distribution. The distribution was symmetrical, the calculated central ten-
dency parameter was the mean, and the standard deviation was its dispersion 
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parameter. Furthermore, categorical variables were expressed as percentages. Bi-
nary and multivariate explanatory logistic regression analysis was performed to 
explore the risk factors of a satisfactory functional outcome. The so-called “step 
by step” analysis with a top-down strategy was adopted [41] [42]. In this study, the 
dependent variable was functional outcome. The independent variables were age, 
type of fracture line, number of fractured bones, Gustilo type, associated lesions, 
treatment time, duration of intervention, type of restraint, rehabilitation, compli-
cations. Variables with a p ≤ 0.2 in univariate analysis were significantly associated 
with an unsatisfactory functional result. They were introduced into the multivar-
iate model for control and identification of confounding and interaction factors. 
Finally, in the multivariate model, variables with a p ≤ 0.05 were considered as the 
determining independent predictive factors of an unsatisfactory functional result. 
The results were expressed as raw Odd Ratio with its 95% confidence interval in 
univariate analysis and as adjusted Odd Ratio with its 95% confidence interval in 
multivariate analysis. Tables and figures were used to describe some results. 

2.2. Ethical Considerations 

This study was guided by ethical standards. We respected the anonymity and con-
fidentiality of information, and the free and informed consent of patients was re-
quired. 

3. Results 
3.1. General Characteristics of the Study 

The size n = Z(α)2∙p(1 − p)/α2 = [(1.96)2 × 0.0329(1 − 0.0329)/(0.05)2] = 48.8921; 
(n: minimum sample size; p: prevalence; α: significance threshold (5%); Z(α): 95% 
confidence coefficient which is equal to 1.96), i.e. 49 cases at least. In total, this 
study included 83 patients during the study period, i.e., an exhaustive sample. The 
study characteristics are summarized in Table 1. 
 
Table 1. General characteristics of patients with an open fracture of bone of the foot float-
ing at Bouaké University. 

Variables Values 

Average age (years) 31+/−5.9 (17 - 65) 

Average admission (hour) 5+/−3.4 (2 - 54) 

Gender  

Men (n = 65; 78.3%) 

Female (n = 18; 21.7%) 

Occupation  

Direct service staff for individuals. merchants and sellers (n = 30; 36.1 %) 

Pupils and student n = 21; 25.4%) 

Farmers and skilled agricultural workers (n = 12; 14.5%) 
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Continued 

Elmementary professions (masons. laborerss) (n = 8; 9.6%) 

Teaching speciality (teachers) (n = 5; 6%) 

Healthcare (n = 4; 4.8%) 

Military profession (n = 3; 3.6%) 

Etiologies  

Road trafic accident (n = 68; 81.9%) 

Ballistic accident (n = 6; 7.3%) 

Domestic accident (n = 5; 6%) 

Work Accident (n = 4; 4.8%) 

Gustilo-Anderson classification  

Type I (n = 21; 25.4%) 

Type II (n = 35; 42.1%) 

Type IIIa (n = 17; 20.4%) 

Type IIIb (n = 8; 9.6%) 

Type IIIc (n = 2; 2.5%) 

Fracture site  

Fore foot (n = 51; 61.4%) 

Midfoot (n = 15; 18.1%) 

Rearfoot (n = 17; 20.5%) 

Number of broken bones  

1 (n = 47; 56.6%) 

2 (n = 19; 19.3%) 

>2 (n = 20; 24.1%) 

Broken bone  

Métatarsal (n = 48; 57.8%) 

Phalanges (n = 15; 18.1%) 

Calcaneus (n = 11; 13.3%) 

Cuboïd (n = 3; 3.6%) 

Navicular (n = 2; 2.4%) 

Cunéiform (n = 2; 2.4%) 

Talus (n = 2; 2.4%) 

Type of fracture line  

Simple  

Transverse (n = 13; 15.6%) 

Oblique (n = 41; 49.4%) 

Spiroid (n = 5; 6%) 
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Complex  

3rd fragment (n = 9; 10.9%) 

Bifocal (n = 4; 4.8%) 

Comminutive (n = 11; 13.3%) 

Associated lesion  

Removal (n = 19; 22.8%) 

Dislocations (n = 5; 6%) 

Tendon section (n = 22; 26.5%) 

Fractures (femur. leg. malléolus. humérus) (n = 11; 13.3%) 

Others (face. skull. abdomen. urogenital) (n = 10; 12.1%) 

Average therapeutic time (hours) 27+/−333 (4 - 128) 

<48 h (n = 21; 25.3%) 

>48h (n = 62; 74.4%) 

Average duration of intervention (hours) 2.4+/− 1.6 (1 - 4) 

 
Tetanus vaccination was up to date in 42 (50.6%) patients. The wound was lo-

cated on the dorsal (n = 48; 57.8%) and plantar aspect of the foot (n = 35; 42.2%). 
The fractures were displaced (n = 61; 73.5%) and non-displaced (n = 22; 26.5%). 
Concerning the metatarsals, the first (n = 8; 9.6%), the central ones (n = 29; 35%) 
and the fifth (n = 11; 13.2%) were affected. Associated lesions were observed in 67 
patients (80.7%). The Lisfranc joint was affected in 7 cases (8.4%). Surgical treat-
ment was carried out in the operating room under locoregional (n = 77; 92.7%) 
or general (n = 6; 7.3%) anesthesia. Trimming was carried out before osteosyn-
thesis. The type of restraint is summarized in Table 2. Coverage was achieved by 
suture (n = 59; 71.1%), directed healing (n = 19; 22.9%) and a flap (n = 5; 6%). 
 

Table 2. Methods of contention of fractures of patients with an open fractures of bone of the foot at the Bouaké University Hospital. 

Type de Gustilo Métatarsal Phalange Calcaneus Cuboïd Cunéiform Naviculair Talus Mixed 

I (n = 21) 

Br + BP  
(n = 4) 

Br + AT  
(n = 4) 

Br + BP  
(n = 1) 

Br (n = 0) Br (n = 0) Br (n = 0) Br (n = 0) 
Br + BP  
(n = 1) 

BP (n = 2) BP (n = 0) BP (n = 1) BP (n = 0) BP (n = 1) BP (n = 0) BP (n = 0) BP (n = 3) 

Br + AT  
(n = 2) 

S (n = 2)       

II (n = 35) 

Br + BP  
(n = 6) 

Br + AT  
(n = 5) 

Br + BP  
(n = 2) 

Br (n = 0) Br (n = 0) Br (n = 0) Br (n = 0) 
Br + BP  
(n = 2) 

BP (n = 5) BP (n = 1) BP (n = 3) BP (n = 0) BP (n = 0) BP (n = 0) BP (n = 1) BP (n = 6) 

Br + AT  
(n = 2) 

AT (n = 2)       
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IIIa (n = 17) 

Br + AT  
(n = 5) 

Br + AT  
(n = 2) 

Br + AT  
(n = 3) 

Br (n = 0) Br (n = 0) Br (n = 0) Br/BP (n = 1) 
Br + AT  
(n = 3) 

BP (n = 1) BP (n = 0) BP (n = 0) BP (n = 0) BP (n = 0) BP (n = 0) BP (n = 0) BP (n = 1) 

AT (n = 1)        

IIIb (n = 8) 
Br + AT  
(n = 2) 

Br + AT  
(n = 2) 

Br + AT  
(n = 1) 

Br + AT  
(n = 1) 

Br (n = 0) Br (n = 0) Br (n = 0) 
Br + AT  
(n = 2) 

BP (n = 0) BP (n = 0) BP (n = 0) BP (n = 0) BP (n = 0) BP (n = 0) BP (n = 0) BP (n = 0) 

IIIc (n = 2) 
Br + BP  
(n = 1) 

Br (n = 0) Br (n = 0) Br (n = 0) Br (n = 0) Br (n = 0) Br (n = 0) 
Br + AT  
(n = 1) 

BP (n = 0) BP (n = 0) BP (n = 0) BP (n = 0) BP (n = 0) BP (n = 0) BP (n = 0) BP (n = 0) 

*Br: pin; BP: cast boot; S: syndactyly; AT: cast splint; Br + BP: pin + cast boot; Br + AT: pin + cast splint; *Mixed: >2 different 
fractured bones. 

3.2. Results after Treatment 

The post-therapeutic results are summarized in Table 3. The bacteriological sam-
ples taken during the infections noted as germs Staphylococcus aureus (n = 7), 
and Enterobacter sp (n = 2) sensitive to usual antibiotics. The consolidation (Fig-
ure 1) concerned 81 patients because two patients were amputated following com-
plications. The functional result concerned 58 patients. 
 

 
Figure 1. Profile X-ray of the foot of a type III open frac-
ture of the 1st, 2nd, 3rd and 4th metatarsals with interphalan-
geal dislocation of the 5th toe treated by pinning. 

3.3. Logistic Regression Analysis 

Table 4 summarizes the binary (p < 0.2) then multivariate (p < 0.05) logistic 
regression analysis of the predictive factors of an unsatisfactory functional result. In 
the univariate analysis, complex fracture line, more than two fractured bones, Gustilo 
type III, associated lesions, a pre-therapeutic delay > 48 hours, an intervention  
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Table 3. Post therapeutic characteristics of patients with an open fracture of bone of the 
foot at Bouaké University Hospital. 

Variables Values 

Average duration of hospitalization (days) 16 ± 5.9 (2 - 32) 

Average healing time (days) 19 ± 9.1 (3 - 59) 

Rehabilitation (n = 17; 20.4%) 

Average number of sessions 6/−5.3 (4 - 12) 

Complications  

Infections (suppuration) (n = 9; 10.9%) 

Skin necrosis (n = 4; 4.8%) 

Acute forefoot ischemia (n = 2; 2.4%) 

Secondary movement (n = 2; 2.4%) 

Vicious callus (n = 2; 2.4%) 

Osteitis (n = 5; 6%) 

Complex regional pain syndrome (n = 5; 6%) 

Consolidation (months) 3 ± 3.3 mois (2 - 7) 

Average follow-up (months) 87 ± 6.8 mois (62 - 125) 

Functional result (AOFAS)  

Very good (n = 29; 50%) 

Good (n = 17; 29.3.%) 

Average (n = 6; 10.3%) 

Bad (n = 6; 10.3%) 

Average SF-36 score 67 ± 69.4 (49 - 76) 

 
duration > 2 hours, a restraint orthopedic condition, lack of rehabilitation, and 
the presence of complications were factors associated with a poor outcome. In the 
multivariate analysis, Associated lesions, more than two fractured bones, lack of 
rehabilitation as predictors of poor outcomes. 
 

Table 4. Results of the logistic regression of the predictive factors of unsatisfactory functional result of the open fracture of foot at 
the Bouake Hospital. 

Indépendant variables 
Univariate analysis Multivariate analysis 

ORb (IC 95%) p-value ORa (IC 95%) p-value 

Age (>30 ans) 1.14 (0.14 - 13.81) 0.97   

Line type (complex) 1.82 (0.18 - 93.22) 0.17  0.64 

Number of fracture (>2) 4.78 (0.61 - 58.08) 0.08 2.81 (0.00 - 13.47) 0.04 

Gustilo type (type III) 2.26 (0.46 - 58.28) 0.05  0.09 

Associated lesions (yes) 1.02 (0.13 - 26.16) 0.04 4.11 (1.28 - 65.04) 0.01 

Processing time (>48 h) 2.19 (0.21 - 111.51) 0.16  0.32 
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Duration of intervention (>2 h) 0.92 (0.11 - 7.58) 0.25  0.87 

Type of fixation (orthopaedic) 1.14 (0.01 - 1.22) 0.03  0.17 

Rehabilitation (no) 5.33 (0.03 - 14.44) 0.00 6.06 (4.53 - 86.11) 0.04 

Complications (yes) 1.51 (0.16 - 13.45) 0.05  0.70 

IC: Intervalle de confiance; OR: Odds ratio (b = brut; a = ajusté). 

4. Discussion 

The main objective of this study was to evaluate the functional results of patients 
with an open foot fracture. The secondary objectives were to identify the factors 
influencing the functional outcome. The functional result was satisfactory in 
89.6% of cases. Associated lesions, more than two fractured bones, lack of reha-
bilitation as predictors of poor outcomes following a multivariate logistic regres-
sion analysis. This study is the first to specifically study open foot fracture in the 
local context and their functional prognosis. Here is no general study on open 
fractures of all bones of the foot but rather specific studies for each bone. Func-
tional assessment simultaneously with that of quality of life in patients with an 
open foot fracture is uncommon in the literature [4] [5] [7] [37]. Thanks to this 
double assessment, it is possible to assess the physical functional sequelae and to 
evaluate the patient overall [37] [38]. The outcome functional is evaluated accord-
ing to AOFAS by the majority of authors for this type of fracture [12] [15] [23] 
[36]. The results are discordant because the fractures are varied [2]-[4] [10] [43]. 
The rate of satisfactory result obtained was consistent with those of Yao et al. 
(65%) [7], Sangaré et al. [20] (73%) and Zangh et al. [25] (75%). The functional 
outcome, according to AOFAS of the present study, corroborated those of the Af-
rican and non-African literature [7] [20] [25] [27] [44]. The quality of life of pa-
tients after treatment was assessed by the SF-36 quality of life scale [37] [38]. It 
specifies the overall state of health of the patient which would be linked to a satis-
factory functional result most often [29] [30] [38]. The high number of type II 
fractures, mostly isolated metatarsal fractures, the consolidation and normal heal-
ing in this study could explain this [10] [22] [23] [27]. Fractures without joint 
involvement as observed in this study have a good functional prognosis, due to a 
low complication rate and a short union time. Consolidation was achieved within 
normal time frames. It was consistent with those in the literature [3]-[7] [11]-[14] 
[18]-[28]. It would be related to the predominance of non-articular fractures, and 
in particular of the central metatarsals in this present study [20] [23]-[28] [32] 
[44]. Metatarsal fractures have a propensity for consolidation, even open ones 
[11]-[14] [18]-[28]. The rate of infectious complications (13%) observed was con-
sistent with literature data [7] [10] [13] [14] [17] [18] [26] [45] [46]. Sloan et al. 
[16] (3%) and Yin et al. [45] (3.9%) observed lower rates. This rate could be ex-
plained by the long trimming time (>48 hours) observed. Skin opening during a 
fracture and delay in treatment are negative factors for infection in the literature 
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[16]-[18] [46]. Several patients did not undergo physiotherapy as in most African 
studies [7] [13] [14] [20] [28]. Open fractures of the foot have a predisposition to 
a delay in full weight bearing [4] [18] [28]-[32]. The severity of soft tissue lesions 
may be the cause of chronic pain leading to a complex regional pain syndrome 
[30] [44]. 

Associated lesions (p = 0.01; OR = 4.11) was predictor of poor outcome ob-
served in this study as in the literature [4] [30]-[32] [47]. Court-Brow et al. [14], 
Turchin et al. [30], Tran et al. [47] concluded that foot fracture associated with 
other lesions affected functional outcome and general health status. This is a func-
tion of lesions of other devices which could be the cause of a delay in treatment or 
a late rise. These associated lesions may be more urgent to treat, and/or sometimes 
mask the open fracture of the foot [38] [39] [47]. 

More than 2 fractured bones (p = 0.04; OR = 2.81) was predictor of poor out-
come observed in other studies [4] [6] [27] [44]. Metatarsal fractures were the 
most common more observed. The association of metatarsal and calcaneus frac-
tures is often found [3] [5] [8] [18] [26]. Metatarsal fractures are diverse, ranging 
from a single metatarsal fracture to a combined metatarsal fracture. These com-
bined or mixed fractures sometimes occur during violent or crushing mechanisms 
[44] [48] [49]. Central metatarsal fractures were the most common in the present 
study. They are sources of significant functional after-effects such as metatarsalgia 
most often but consolidate well [27] [32] [44]. The predominance of displaced 
fractures, complex features, and the association of other fractures could justify this 
[4] [27] [44] [47] [48]. Fractures with an articular component result in an unsat-
isfactory functional result [10] [18] [23]. 

Most fractures in this study were non-articular. Lack of rehabilitation (p = 0.04; 
OR = 6.06) was predictor of poor outcome for open fracture of the bones of the 
foot. This observation has been made by other authors [4] [7] [32] [44] [49] [50]. 
The reasons are diverse. The capacity to provide physiotherapy care is low. Phys-
iotherapists are insufficient. This study has limitations. It is retrospective and mo-
nocentric. This series is homogeneous because all patients were operated on. 
However, the type of restraint performed could make the functional assessment 
difficult. This study represents the first specific to open fracture of the bones of 
the foot. She is also the first to determine the factors of functional prognosis and 
the quality of life of patients after treatment in the local literature. These deter-
mined independent variables lead to the establishment of so-called predictive 
scores for better care of foot trauma patients. Understanding the specificities of 
each foot bone fracture remains fundamental. 

5. Conclusion 

This study on the results of open fracture of the bones of the foot noted a satisfac-
tory overall functional result in 89.6%. Union was achieved in all patients. Infec-
tion was the major complication but with a low rate. Associated lesions, more than 
two fractured bones, lack of rehabilitation as predictors of poor outcomes 
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following a multivariate logistic regression analysis. The patients’ quality of life 
according to the SF-36 scale was satisfactory at last follow-up. 
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