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Background: Fracture-related infection (FRI) is one of the most serious com-

plications following open long bone fractures, resulting in prolonged hospi-
tive Antibiotic Regimens and Prevalence of - ,)i7ation, repeated surgical procedures, increased healthcare costs, disability,
Fracture-Related Infections Following . . L . .
Open Long Bone Fractures: A Two-Center and poor functional outcomes. Appropriate antibiotic prophylaxis remains a
Retrospective Study in Northwest Came-
roon. Open Journal of Preventive Medicine,
16, 179-195.
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cornerstone of infection prevention, particularly in low-resource settings
where standardized treatment protocols are often lacking. Objective: To com-
pare preventive antibiotic regimens and determine the prevalence of fracture-

related infection among patients with open long bone fractures managed at
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two tertiary hospitals in the North West Region of Cameroon. Methods: A
retrospective cross-sectional study was conducted using medical records of
patients with open long bone fractures treated at Nkwen Baptist Hospital and
The People’s Clinic between January 2023 and January 2024. Data on patient
characteristics, fracture classification, antibiotic prophylaxis, surgical manage-
ment, and infection outcomes were extracted using a structured data collec-
tion tool and analyzed with SPSS version 23. Associations between study var-
iables and fracture-related infection were evaluated at a significance level of p
< 0.05. Results: Among 450 patients with long-bone fractures managed during
the study period, 120 had open long-bone fractures and were screened for el-
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igibility; 94 met the eligibility criteria and were included in the final analysis.
Nineteen patients (20.2%) developed postoperative wound infections. Of these,
8 met consensus-confirmatory criteria for fracture-related infection (FRI), giv-
ing a confirmed FRI prevalence of 8.5%, while 11 were superficial wound infec-
tions and were analysed separately. Confirmed FRI occurred in 2.9% of Grade
I, 5.0% of Grade II, and 25.0% of Grade III fractures, with infection increasing
with fracture severity. Confirmed FRI occurred in 9.1% of patients receiving
cloxacillin and 8.0% of those receiving ceftriaxone, gentamicin, and metroni-
dazole, with no statistically significant difference between the hospital/regi-
men groups. Delayed surgical debridement (>6 hours) was associated with a
higher occurrence of confirmed FRI. Conclusion: Postoperative wound infec-
tion remained an important complication following open long-bone fractures,
although fewer than half of the postoperative infections met consensus-con-
firmatory criteria for FRI. Confirmed FRI was more frequent among patients
with severe open fractures and those undergoing delayed surgical debride-
ment. Confirmed FRI proportions were similar between the two hospital-spe-
cific antibiotic strategies; however, because the antibiotic regimen was com-
pletely linked to the treatment hospital, the findings cannot establish compar-
ative regimen effectiveness. Differences in case mix and clinical management
between hospitals may have confounded the observed association.

Keywords

Fracture-Related Infection, Open Fracture, Antibiotic Prophylaxis, Long Bone
Fracture, Gustilo-Anderson Classification, Orthopedic Trauma, Cameroon

1. Introduction

Open fractures are among the most serious musculoskeletal injuries encountered
in orthopedic practice because they create direct communication between the
fracture site and the external environment, exposing bone and surrounding soft
tissues to microbial contamination. Consequently, patients are at increased risk of
fracture-related infection, delayed union, non-union, chronic osteomyelitis, re-
peated surgical procedures, prolonged disability, and limb amputation [1] [2]. De-
spite advances in trauma care, fracture-related infection remains a major cause of
morbidity, particularly in low- and middle-income countries, where delays in treat-
ment, limited healthcare resources, and inadequate infection prevention measures
are common [3]. Road traffic crashes are a major cause of serious musculoskeletal
trauma worldwide and disproportionately affect young adults [4].

The risk of fracture-related infection is influenced by injury severity, contami-
nation, vascular compromise, host factors, timing of antibiotic administration, and
adequacy of surgical management [5]. The Gustilo-Anderson classification re-
mains the most widely used system for grading open fractures, and infection risk
rises with increasing injury severity [2] [5] [6]. In 2018, an international expert

group established standardized diagnostic criteria for fracture-related infection,
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distinguishing confirmatory from suggestive criteria [7]. Early systemic antibiotic
prophylaxis is a cornerstone of open-fracture care; major guidance documents rec-
ommend administration as soon as possible after injury, together with timely surgi-
cal management [8]-[10]. AAOS guidance recommends cefazolin or clindamycin
for most major extremity trauma, with additional Gram-negative coverage preferred
for Type III (and possibly Type II) open fractures [8].

The management of fracture-related infection is particularly challenging in low-
resource settings because of limitations in specialist services, microbiology capacity,
implants, and access to timely surgery [3]. A recent Cameroonian study of surgi-
cally treated open tibial fractures reported FRI in 31.4% of patients, illustrating
the substantial local burden [11]. In the conflict-affected North West Region, dis-
ruption of healthcare delivery may further complicate trauma management. Dur-
ing the study period, Nkwen Baptist Hospital primarily used cloxacillin mono-
therapy, whereas The People’s Clinic routinely administered a combination of
ceftriaxone, gentamicin, and metronidazole. However, evidence directly compar-
ing these hospital-specific regimens is limited. Therefore, this study compared the
preventive antibiotic regimens used at the two hospitals and determined the prev-
alence of fracture-related infections among patients with open long-bone frac-
tures managed between January 2023 and January 2024. The study also evaluated
the association between Gustilo-Anderson fracture severity and fracture-related

infection to inform context-appropriate prophylaxis protocols.

2. Methods
2.1. Study Design

A hospital-based retrospective cross-sectional study was conducted to compare
preventive antibiotic regimens and to determine the prevalence of fracture-related
infection (FRI) among patients with open long-bone fractures managed at two
referral hospitals in the North West Region of Cameroon. The study involved a
review of medical records of eligible patients treated between 1 January 2023 and
31 January 2024.

2.2. Study Setting

The study was conducted at Nkwen Baptist Hospital (NBH) and The People’s
Clinic (TPC), both located in Bamenda, North West Region of Cameroon. These
institutions are among the major referral centers that provide emergency ortho-
pedic and trauma care to patients from the North West Region and neighboring
areas.

Nkwen Baptist Hospital is a well-established faith-based tertiary healthcare in-
stitution with a specialized orthopedic unit managing both emergency and elec-
tive trauma cases. The People’s Clinic is a private referral hospital that also pro-
vides comprehensive orthopedic services, including emergency fracture manage-
ment, surgical stabilization, and postoperative follow-up.

During the study period, the two hospitals adopted different empirical antibi-
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otic prophylaxis protocols for open fractures. Nkwen Baptist Hospital routinely
administered cloxacillin monotherapy, whereas The People’s Clinic predominantly

used a combination regimen of ceftriaxone, gentamicin, and metronidazole.

2.3. Study Population

The study population comprised all patients diagnosed with open long bone frac-
tures who received definitive management at either study hospital during the
study period.

1) Inclusion Criteria

Patients were eligible for inclusion if they had a confirmed diagnosis of an open
long bone fracture, were managed primarily at Nkwen Baptist Hospital or The
People’s Clinic, had complete medical records documenting fracture characteris-
tics, antibiotic regimen, surgical management, and treatment outcomes, and com-
pleted adequate follow-up to determine the presence or absence of fracture-re-
lated infection.

2) Exclusion Criteria

Patients were excluded if they had incomplete or missing medical records, re-
ceived definitive treatment at another health facility before referral, had patholog-
ical fractures, had pre-existing chronic osteomyelitis before sustaining the frac-
ture, or were lost to follow-up before their fracture-related infection status could
be determined.

3) Follow-Up and Ascertainment of Infection Status

Patients were required to have a minimum documented follow-up period of 12
weeks (3 months) after definitive fracture management to permit assessment of
fracture-related infection. The median follow-up duration was 6 months (IQR: 4
- 9 months). Infection status was determined through review of inpatient records,
operative notes, wound assessment findings, microbiological results where avail-
able, records of additional antibiotic treatment or surgical debridement, and out-
patient follow-up documentation. Patients were classified as having an infection
when documented clinical and/or confirmatory evidence of infection was identi-
fied during follow-up. Patients without documented infection were classified as
infection-free only if they had completed at least 12 weeks of follow-up without
clinical or confirmatory evidence of infection. Patients lost to follow-up before 12
weeks and for whom infection status could not be reliably established were ex-

cluded from the analysis.

2.4. Sample Size and Sampling Technique

A census sampling approach was adopted. All eligible patient records meeting the
inclusion criteria during the study period were reviewed. Among 450 long bone
fractures managed during the study period, 94 open fractures fulfilled the eligibil-

ity criteria and were included in the final analysis.

2.5. Study Variables

1) Dependent Variable

DOI: 10.4236/0jpm.2026.169012

182 Open Journal of Preventive Medicine


https://doi.org/10.4236/ojpm.2026.169012

J. M. Tagakou et al.

The primary outcome variable was the occurrence of fracture-related infection
(FRI) following management of an open long bone fracture.

2) Independent Variables

The independent variables included patient demographic characteristics (age
and sex), hospital of treatment, mechanism of injury, bone involved, Gustilo-An-
derson fracture grade, time from injury to hospital presentation, time to initiation
of antibiotic therapy, time to surgical debridement, antibiotic prophylaxis regi-
men, duration of antibiotic therapy, method of fracture stabilization, presence of
associated injuries, and documented comorbidities.

3) Operational Definitions

Fracture-related infection (FRI) was classified in accordance with the interna-
tional consensus definition proposed by Metsemakers et a/. [7]. Confirmatory cri-
teria included the presence of a fistula, sinus, or wound breakdown communi-
cating with the fracture or implant; purulent drainage or intraoperative pus; mi-
crobiological confirmation from appropriately collected deep tissue or implant
specimens; or histopathological evidence consistent with infection. Clinical, radi-
ological, or laboratory findings that were suggestive but not confirmatory were
considered supportive evidence requiring further investigation. Superficial wound
infections limited to the skin and subcutaneous tissues, without evidence of com-
munication with or involvement of the fracture, were classified separately and

were not considered confirmed FRI.

2.6. Data Collection Procedure

Data were extracted retrospectively from patients’ medical records using a struc-
tured data extraction form informed by established guidance for open-fracture
management and FRI diagnosis [7]-[10]. Information collected included demo-
graphic characteristics, date and mechanism of injury, anatomical location of the
fracture, Gustilo-Anderson fracture grade, initial wound management, timing of
antibiotic administration, prescribed antibiotic regimen, timing of surgical deb-
ridement, method of fracture stabilization, duration of hospitalization, clinical ev-
idence of fracture-related infection, and patient outcomes at follow-up.

Data collection was conducted by trained investigators to ensure consistency
and reliability. All extracted information was cross-checked against operative notes,
inpatient records, and outpatient follow-up files to verify accuracy, resolve dis-

crepancies, and maximize dataset completeness.

2.7. Outcome Measures

The primary outcome was the prevalence of fracture-related infection (FRI) among
patients with open long bone fractures. Secondary outcomes included a compari-
son of infection prevalence between the two antibiotic prophylaxis regimens, an
assessment of the association between Gustilo-Anderson fracture grade and the
occurrence of FRI, and a description of the distribution of open fractures by pa-

tient demographic characteristics and anatomical location.
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2.8. Statistical Analysis

Data were entered into Microsoft Excel, cleaned, coded, and exported to IBM Sta-
tistical Package for the Social Sciences (SPSS) version 23.0 for statistical analysis.
Continuous variables were summarized using means and standard deviations or
medians with interquartile ranges, depending on data distribution. Categorical
variables were summarized using frequencies and percentages. Associations be-
tween categorical variables were assessed using the Chi-square test or Fisher’s ex-
act test where appropriate. Odds ratios (ORs) with 95% confidence intervals (95%
CI) were calculated to estimate the strength of associations. Variables with a p-
value < 0.05 were considered statistically significant. Candidate variables for mul-
tivariable logistic regression were selected based on clinical relevance and/or evi-
dence of association in bivariable analysis. Because only 19 infection events oc-
curred, the number of predictors that could be reliably evaluated was limited. Ac-
cordingly, the multivariable analysis was considered exploratory, and adjusted
odds ratios were interpreted cautiously because of the possibility of model over-

fitting and imprecise estimates.

2.9. Ethical Considerations

Ethical approval for this retrospective study was obtained from the appropriate
Institutional Review Board/Ethics Committee prior to data collection. Permission
to access patients’ medical records was also obtained from the administrative au-
thorities of the participating hospitals. As the study involved a retrospective re-
view of existing medical records with no direct patient contact or intervention,
the requirement for individual informed consent was waived by the ethics com-
mittee in accordance with applicable national and institutional regulations.

Data were extracted exclusively from hospital records using a standardized data
extraction form by trained investigators. To ensure data quality, extracted infor-
mation was cross-checked against operative notes, inpatient records, and outpa-
tient follow-up files. All patient identifiers were removed during data extraction,
and each participant was assigned a unique study identification code to maintain
anonymity. The collected data were stored securely and accessed only by author-

ized members of the research team.

3. Results

A total of 450 patients with long-bone fractures were managed at Nkwen Baptist
Hospital (NBH) and The People’s Clinic (TPC) between January 2023 and January
2024. Of these, 120 patients had open long-bone fractures, and their medical rec-
ords were screened for eligibility. Twenty-six records were excluded: 10 because
of incomplete or missing medical records, 5 because definitive treatment had been
initiated at another health facility before referral, 3 because they involved patho-
logical fractures, 2 because of pre-existing chronic osteomyelitis, and 6 because of
inadequate follow-up or loss to follow-up before infection status could be reliably

determined. The final analysis, therefore, included 94 eligible patients, comprising
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44 patients from Nkwen Baptist Hospital and 50 patients from The People’s Clinic.

3.1. Socio-Demographic Characteristics

Table 1 shows the socio-demographic characteristics of patients. Young adult males
constituted the majority of patients presenting with open long bone fractures. The
mean age of the patients was 34.8 years + 13.7 years (range: 18 - 79 years). Most
patients were between 21 and 40 years (58.5%). Males accounted for 69 (73.4%)

of the cases, giving a male-to-female ratio of 2.8:1.

Table 1. Socio-demographic characteristics of patients (N = 94).

Variable Frequency Percentage (%)

Age Group (years)

<20 9 9.6
21-30 31 33.0
31-40 24 25.5
41 - 50 15 16.0

>50 15 16.0

Sex

Male 69 73.4
Female 25 26.6

3.2. Mechanism of Injury

Table 2 shows that road traffic crashes were the leading mechanism of injury,
accounting for nearly two-thirds of open long bone fractures (64.9%). Falls were
the second most common cause (18.1%), while assault (8.5%), occupational inju-

ries (6.4%), and sports injuries (2.1%) contributed relatively few cases.

Table 2. Mechanism of injury.

Mechanism Frequency Percentage (%)
Road traffic crash 61 64.9
Fall 17 18.1
Assault 8 8.5
Occupational injury 6 6.4
Sports injury 2 2.1

3.3. Anatomical Distribution of Fractures

Table 3 shows the anatomical distribution of open fractures. The tibia/fibula was
the most frequently affected anatomical site, accounting for half of all open frac-
tures (50.0%). The femur (20.2%) and radius/ulna (16.0%) were the next most

commonly involved bones, whereas fractures of the humerus (9.6%) and other
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bones (4.2%) were relatively uncommon.

Table 3. Anatomical distribution of open fractures.

Bone Involved Frequency Percentage (%)
Tibia/Fibula 47 50.0
Femur 19 20.2
Radius/Ulna 15 16.0
Humerus 9 9.6
Others 4 4.2

3.4. Gustilo-Anderson Classification

Table 4 shows the distribution of fractures according to Gustilo-Anderson classi-
fication. Grade II fractures were the most common, representing 42.6% of all open
fractures, followed by Grade I fractures (36.2%). Grade III fractures accounted for
21.3% of cases, indicating that approximately one-fifth of patients presented with

severe open injuries.

Table 4. Distribution of fractures according to Gustilo-Anderson classification.

Grade Frequency Percentage (%)
Grade I 34 36.2
Grade II 40 42.6

Grade III 20 21.3

3.5. Antibiotic Prophylaxis

Preventive antibiotic regimens in the two health facilities are shown in Table 5.
Forty-four patients were managed at Nkwen Baptist Hospital using cloxacillin
monotherapy, whereas fifty patients received a combination of ceftriaxone, gen-

tamicin, and metronidazole at The People’s Clinic.

Table 5. Preventive antibiotic regimens.

Hospital Antibiotic Regimen Patients
NBH Cloxacillin 44
TPC Ceftriaxone + Gentamicin + Metronidazole 50

NBH: Nkwen Baptist Hospital; TPC: The People’s Clinic.

3.6. Prevalence of Fracture-Related Infection

Overall, 19 of the 94 patients developed a postoperative infection, corresponding
to an overall postoperative infection prevalence of 20.2% (95% CI: 12.8% - 29.6%).
Of these 19 postoperative infections, 8 (42.1%) met the consensus criteria for con-

firmed fracture-related infection (FRI), corresponding to a prevalence of confirmed
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FRI of 8.5% (8/94). The remaining 11 infections (57.9%) were superficial wound
infections confined to the skin and subcutaneous tissues, without evidence of
communication with or involvement of the fracture, and were therefore analysed
separately and were not classified as confirmed FRI. Among the 8 confirmed FRI
cases, 6 represented deep fracture-related infections, and 2 had progressed to

chronic osteomyelitis.

3.7. Comparison of Antibiotic Regimens

Table 6 shows the distribution of consensus-confirmed fracture-related infection
according to the antibiotic regimen received. Confirmed FRI occurred in 4 of 44
patients (9.1%) receiving cloxacillin and 4 of 50 patients (8.0%) receiving ceftriax-
one, gentamicin, and metronidazole. There was no statistically significant associa-
tion between antibiotic regimen and confirmed FRI (Fisher’s exact test p = 1.000;
crude OR = 1.15, 95% CI: approximately 0.27 - 4.85). Because the antibiotic regimen
was completely linked to the treatment hospital, this comparison cannot be re-

garded as evidence of therapeutic equivalence between the two antibiotic regimens.

Table 6. Comparison of fracture-related infection according to antibiotic regimen.

Confirmed No Confirmed

i T FRI P !
Regimen FRI FRI otal RI Prevalence
Cloxacillin 4 40 44 9.1%
Ceftriaxone + Gentamicin
. 4 46 50 8.0%
+ Metronidazole
Total 8 86 94 8.5%

Fisher’s exact p = 1.000; crude OR = 1.15, 95% CI: 0.27 - 4.85.

3.8. Fracture Grade and Infection

Table 7 shows the occurrence of consensus-confirmed fracture-related infection ac-
cording to Gustilo-Anderson fracture grade. The prevalence of confirmed FRI in-
creased progressively with fracture severity, from 2.9% (1/34) among Grade I frac-
tures, 5.0% (2/40) among Grade II fractures, to 25.0% (5/20) among Grade III frac-
tures. This pattern indicates a strong association between increasing fracture sever-
ity and the occurrence of confirmed FRI (Pearson y* = 8.97, df = 2, p = 0.011).

Table 7. Fracture-related infection according to Gustilo-Anderson grade.

Gustilo-Anderson Grade Total Confirmed FRI No Confirmed FRI FRI Prevalence

Grade I 34 1 33 2.9%
Grade II 40 2 38 5.0%
Grade III 20 5 15 25.0%

Total 94 8 86 8.5%

Pearson y*=8.97,df=2,p =0.011.
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3.9. Time to Surgical Debridement

Table 8 shows the association between time to surgical debridement and consen-
sus-confirmed fracture-related infection. Confirmed FRI occurred in 1 of 48 pa-
tients (2.1%) who underwent debridement within 6 hours compared with 7 of 46
patients (15.2%) who underwent debridement more than 6 hours after injury. De-
layed debridement was associated with a higher occurrence of confirmed FRI
(Fisher’s exact p = 0.029).

Table 8. Time to debridement and fracture-related infection.

Time to Debridement Confirmed FRI No Confirmed FRI Total FRI Prevalence

<6 hours 1 47 48 2.1%
>6 hours 7 39 46 15.2%
Total 8 86 94 8.5%

3.10. Multivariable Logistic Regression

Because only eight patients met the consensus-confirmatory criteria for fracture-
related infection, the number of outcome events was considered insufficient to
support a reliable conventional multivariable logistic regression model containing
the prespecified clinical predictors. Consequently, adjusted estimates were not re-
ported because of the substantial risk of model overfitting and unstable effect es-
timates. Associations between potential risk factors and confirmed FRI were there-
fore primarily evaluated using bivariable analyses, with Fisher’s exact test applied
where expected cell frequencies were small. Larger prospective studies are required
to determine whether fracture severity, delayed debridement, and other clinical fac-

tors are independently associated with confirmed FRI.

4. Discussion

Fracture-related infection (FRI) remains one of the most serious complications
of open long bone fractures and can lead to repeated surgery, impaired healing,
chronic infection, disability, and substantial healthcare burden [1] [12]. Pre-
venting infection following open fractures is therefore a major priority in ortho-
pedic trauma care. This two-center retrospective study compared two hospital-
specific empirical prophylactic antibiotic strategies and evaluated factors asso-
ciated with FRI among patients managed in the North West Region of Came-
roon. The principal findings demonstrated an overall postoperative wound-in-
fection prevalence of 20.2%, while the prevalence of consensus-confirmed FRI
was 8.5%. Of the 19 postoperative infections identified, 8 met consensus-con-
firmatory criteria for FRI, whereas 11 were superficial wound infections and
were analysed separately [13]. No statistically significant difference in confirmed
FRI was observed between the two hospital/regimen groups. Higher Gustilo-
Anderson fracture grade and delayed surgical debridement were associated with

confirmed FRI in bivariable analyses.
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Importantly, the antibiotic regimen was completely linked to the treatment hos-
pital in this study. Consequently, the observed similarity in infection prevalence
cannot be attributed solely to the antibiotic regimens. Differences between the
hospitals in injury severity, delays in presentation, timing and quality of debride-
ment, fracture fixation, soft-tissue management, postoperative care, and other un-
measured clinical factors may have confounded the comparison. The findings
should therefore be interpreted as a comparison of two hospital-specific manage-
ment strategies rather than evidence of therapeutic equivalence between cloxacil-

lin and triple-antibiotic prophylaxis.

4.1. Prevalence of Postoperative Wound Infection and Confirmed
Fracture-Related Infection

The overall prevalence of postoperative wound infection in this study was 20.2%
(19/94). However, after distinguishing superficial wound infections from infec-
tions meeting consensus-confirmatory criteria for fracture-related infection, 8 pa-
tients had confirmed FRI, corresponding to a prevalence of 8.5%. The remaining
11 cases were superficial wound infections confined to the skin and subcutaneous
tissues without evidence of communication with or involvement of the fracture
and were therefore not classified as confirmed FRI. This distinction is important
because studies using broader definitions of postoperative infection may report
higher infection rates than studies applying contemporary consensus criteria for
FRI. Consequently, comparisons between the present findings and previously
published infection rates should take differences in case definitions and diagnostic
criteria into consideration.

Studies from resource-limited settings nevertheless demonstrate a substantial
infection burden. In a Nigerian prospective series of open fractures, 42.5% of wounds
became infected [14]. In Cameroon, a study of open tibial fractures reported FRI
in 31.4% of patients using the international FRI consensus definition [11]. This
should, however, be softened because the cited studies may not have applied ex-
actly the same consensus-confirmatory definition. Nevertheless, these findings
support the interpretation that infection after open fracture remains an important
problem in sub-Saharan African trauma care.

Several factors may explain these disparities. First, healthcare systems in many
LMICs continue to face shortages of orthopedic surgeons, operating theatre ca-
pacity, advanced imaging facilities, microbiology laboratories, and essential sur-
gical implants. Second, financial barriers frequently delay patient presentation,
diagnosis, and definitive treatment. Third, many patients initially seek care from
traditional bone setters before presenting to the hospital, resulting in increased
wound contamination and delayed initiation of evidence-based management. Fi-
nally, the sociopolitical instability affecting the North West Region of Cameroon
during the study period may have further compromised timely access to emer-
gency trauma services. Collectively, these factors likely contributed to the rela-

tively high prevalence of FRI observed in this study.
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4.2. Demographic Characteristics and Mechanism of Injury

The predominance of young adult males observed in this study is consistent with
trauma patterns reported in African open-fracture series. Approximately three-
quarters of the patients were male, and nearly 60% were aged between 21 and 40
years. In the Nigerian series cited above, most patients were aged 20 - 49 years
[14], while the Cameroonian open-tibial-fracture study reported a mean age of 37.9
years and a male majority [11]. This pattern is plausibly related to greater exposure
to road traffic and occupational hazards among economically active adults.

Road traffic crashes accounted for approximately 65% of all injuries in the pre-
sent study, making them the leading cause of open fractures. This is consistent
with the World Health Organization’s Global Status Report on Road Safety, which
identifies road traffic injury as a major cause of death and disability, particularly
among younger populations [4].

The tibia and fibula were the most commonly affected bones, accounting for
half of all open fractures. This pattern is also reported in open-fracture series from
resource-limited settings; in the Nigerian prospective study, the tibia/fibula was
the most frequently affected site [14]. The limited soft-tissue envelope over much
of the tibia makes it particularly vulnerable to open injury and subsequent con-

tamination.

4.3. Influence of Fracture Severity on Infection

One of the important findings of this study was the progressive increase in con-
sensus-confirmed FRI with increasing Gustilo-Anderson fracture grade. Con-
firmed FRI occurred in 2.9% of Grade I fractures, 5.0% of Grade II fractures, and
25.0% of Grade III fractures. The association between fracture severity and con-
firmed FRI was statistically significant in bivariable analysis. However, because
only eight confirmed FRI events occurred, a conventional multivariable logistic
regression model was considered insufficiently reliable to establish fracture grade
as an independent predictor. The observed association should therefore be inter-
preted cautiously.

These findings are consistent with previous investigations. Gustilo and Ander-
son demonstrated the relationship between severe soft-tissue injury and infection
risk in open fractures [2], and the later Type III subclassification further charac-
terized severe injuries according to soft-tissue damage, contamination, and vas-
cular injury [6]. Contemporary reviews likewise identify increasing Gustilo-An-
derson grade as an important infection risk factor [5].

The biological explanation for this relationship is well established. Severe soft
tissue injury compromises local blood supply, reduces oxygen delivery, impairs
immune cell migration, and creates an environment conducive to bacterial colo-
nization and biofilm formation. Extensive contamination and larger wound sur-
faces further increase the inoculum of pathogenic microorganisms. These factors
collectively impair fracture healing while simultaneously increasing susceptibility

to persistent infection. Consequently, patients with Grade III injuries require par-
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ticularly aggressive multidisciplinary management, including urgent debridement,
broad-spectrum empirical antibiotics when indicated, early soft tissue coverage,
and close postoperative surveillance.

Our findings therefore reinforce the continued clinical value of the Gustilo-An-
derson classification not only as a descriptive grading system but also as an im-
portant prognostic tool for identifying patients at greatest risk of fracture-related
infection. Early recognition of severe injuries should facilitate risk stratification,
individualized treatment planning, and allocation of specialized reconstructive re-

sources where available.

4.4. Comparison of Confirmed FRI between Hospital-Specific
Antibiotic Strategies

The principal objective of this study was to compare two empirical antibiotic
prophylaxis strategies used at the participating hospitals. Patients managed at
Nkwen Baptist Hospital received cloxacillin monotherapy, whereas those treated
at The People’s Clinic received ceftriaxone, gentamicin, and metronidazole. Con-
firmed FRI occurred in 4 of 44 patients (9.1%) managed with cloxacillin and 4 of
50 patients (8.0%) managed with ceftriaxone, gentamicin, and metronidazole. No
statistically significant association was observed between hospital/regimen group
and confirmed FRI. However, because the antibiotic regimen was completely de-
termined by the treatment hospital, these findings cannot establish equivalence or
comparative effectiveness of the antibiotic regimens. Hospital-level differences in
patient characteristics, fracture severity, timing of treatment, surgical management,
and postoperative care may have confounded the observed comparison. Preven-
tion of infection after open fracture depends on multiple components of care, in-
cluding early antibiotics, adequate debridement, stabilization, and soft-tissue man-
agement [8]-[10] [15].

Classic studies established the importance of antibiotic prophylaxis in open
fractures [16], and subsequent evidence-based guidance supports starting antibi-
otics as soon as possible after injury [9] [17]. The present study should therefore
be interpreted as a comparison of hospital-specific strategies rather than as evi-
dence that cloxacillin and triple therapy are therapeutically equivalent.

A Cochrane review found that antibiotic prophylaxis reduces early infection
compared with no antibiotics or placebo, but it did not establish the superiority
of one multidrug regimen over another [18]. Thus, the current data do not justify
a conclusion that broader combination therapy is inherently more or less effective
than a narrower regimen.

Current guidance is not completely uniform regarding spectrum. AAOS rec-
ommends systemic cefazolin or clindamycin for major extremity trauma, with ad-
ditional Gram-negative coverage preferred for Type III (and possibly Type II)
open fractures [8]. BOAST emphasizes immediate intravenous prophylactic anti-
biotics, ideally within one hour of injury, and timely orthoplastic management
[10]. Antibiotic selection should therefore follow an explicit institutional protocol

informed by current guidance and local microbiology rather than routine use of
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the broadest possible regimen.

The comparable outcomes observed in this study should not be interpreted as
evidence that cloxacillin is equivalent to internationally recommended first-gen-
eration cephalosporins. Rather, these findings illustrate that within this dataset,
broader empirical antimicrobial coverage did not compensate for other important
determinants of infection. In real-world clinical practice, antibiotic selection should
always follow established evidence-based guidelines while taking into account lo-
cal antimicrobial resistance profiles and drug availability.

From an antimicrobial stewardship perspective, these observations have im-
portant implications for low-resource settings. Broad-spectrum antibiotic combi-
nations are substantially more expensive than narrow-spectrum agents and may
increase the risk of nephrotoxicity, gastrointestinal complications, Clostridioides
difficile infection, and antimicrobial resistance. Hospitals should therefore de-
velop local treatment protocols supported by institutional antibiograms to ensure

rational antibiotic use while preserving antimicrobial effectiveness.

4.5. Effect of Timing of Surgical Debridement

Delayed surgical debridement was associated with a higher occurrence of consen-
sus-confirmed fracture-related infection. Confirmed FRI occurred in 1 of 48 pa-
tients (2.1%) who underwent debridement within 6 hours compared with 7 of 46
patients (15.2%) who underwent debridement more than 6 hours after injury. Alt-
hough this association was statistically significant in bivariable analysis, the small
number of confirmed FRI events limits the precision of the estimate and precludes
a robust assessment of delayed debridement as an independent predictor.

Historically, a “six-hour rule” was used for debridement. More recent evidence
has questioned a rigid six-hour threshold, and contemporary guidance empha-
sizes timely debridement according to injury characteristics rather than an inflex-
ible universal cutoff [10] [19]. The present study’s association between debride-
ment after six hours and infection should therefore be interpreted as an observa-
tional finding from this cohort, not proof of a universal causal threshold.

Published evidence on the exact timing threshold for debridement is mixed.
Some studies have not found a significant increase in infection when surgery oc-
curred after six hours, particularly when antibiotics were administered early [19].
Accordingly, the present finding of higher infection with debridement after six
hours requires cautious interpretation and confirmation in larger prospective
studies.

In many resource-limited healthcare systems, however, timely debridement re-
mains challenging because of transportation barriers, shortages of orthopedic sur-
geons, limited operating theatre availability, financial constraints, and delayed re-
ferral from peripheral facilities. The sociopolitical instability affecting the North
West Region of Cameroon during the study period may also have contributed to
delays in presentation and definitive surgical management. These systemic barri-

ers highlight the importance of strengthening trauma systems in addition to opti-
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mizing antimicrobial therapy.

4.6. Clinical Implications

The findings suggest that greater fracture severity and delayed surgical debride-
ment are associated with an increased occurrence of consensus-confirmed FRI.
These observations underscore the importance of rapid assessment, appropriate
antibiotic prophylaxis, timely and adequate surgical debridement, fracture stabi-
lization, and appropriate soft-tissue management in patients with severe open
fractures. The absence of a statistically significant difference in confirmed FRI be-
tween the two hospital/regimen groups should not be interpreted as evidence that
the antibiotic regimens are therapeutically equivalent, particularly because the an-
tibiotic strategy was completely linked to the treatment hospital. The findings also
support antimicrobial stewardship and the development of locally appropriate
treatment protocols informed by microbiological surveillance and institutional

antibiograms.

4.7. Limitations

Several limitations should be acknowledged. The retrospective study design is in-
herently susceptible to incomplete documentation, missing data, and information
bias. Variables such as smoking status, diabetes mellitus, nutritional status, con-
tamination severity, microbiological culture findings, antibiotic timing relative to
injury, and patient adherence to postoperative care were not consistently docu-
mented and therefore could not be evaluated. In addition, treatment protocols
may have varied among surgeons, potentially introducing practice-related heter-
ogeneity. Furthermore, only eight patients met the consensus-confirmatory crite-
ria for FRI. This small number of confirmed outcome events substantially limited
statistical power and precluded reliable conventional multivariable logistic regres-
sion. Consequently, associations between fracture severity, delayed debridement,
antibiotic strategy, and confirmed FRI should be interpreted as exploratory rather
than causal or independently predictive. The distinction between superficial
wound infection and confirmed FRI also depended on the completeness of retro-
spective clinical documentation, introducing the possibility of outcome misclas-
sification. Larger prospective studies applying standardized consensus FRI criteria

are required to confirm these findings.

5. Conclusion

Postoperative wound infection occurred in 20.2% of patients with open long-bone
fractures; however, only 8.5% of the study population met consensus-confirma-
tory criteria for fracture-related infection, while superficial wound infections ac-
counted for the remaining postoperative infections. Confirmed FRI occurred
more frequently among patients with severe Gustilo-Anderson Grade III fractures
and those undergoing delayed surgical debridement. No statistically significant

difference in confirmed FRI was observed between the two hospital-specific anti-
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biotic strategies. However, because the antibiotic regimen was completely linked
to the treatment hospital, the findings cannot establish comparative effectiveness
or therapeutic equivalence between the regimens. The small number of confirmed
FRI events also limits statistical inference. Standardized FRI diagnostic criteria,
timely surgical management, evidence-based antibiotic prophylaxis, and prospec-
tive multicentre studies are needed to improve infection prevention and generate

more robust evidence for open-fracture management in resource-limited settings.
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