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OPERATIONAL DEFINITIONS OF VARIABLES AND KEY CONCEPTS 

Adult: An individual who is 18 years and above. 

Co-morbidities: Pre-existing medical conditions the patients had. 

Gustilo-Anderson classification: classification system for open fractures  

Long bone: It is a type of bone that is longer than it is wide and has a cylindrical or 

tubular structure consisting of diaphysis, metaphysis and an epiphysis at both ends. 

Only the humerus, radius and ulna, femur and tibia and fibula will be considered for 

this study. 

Mechanism of injury: The circumstances or events that led to the injury. 

Open Fractures: Are injuries involving a broken bone that directly communicate with 

the external environment due to breach of the skin's protective barrier exposing the 

fractured bone to potential contamination from the external environment. 

Timing of debridement: Time from injury to beginning of surgical debridement  
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ABSTRACT 

Background: Open injuries of long bones are complex, with substantial implications 

for patients’ well-being. These injuries pose a significant challenge in orthopaedic 

surgery, as they are highly susceptible to infections that can compromise patient 

outcomes and increase morbidity and mortality. Identifying factors that are associated 

with the occurrence of infection among adult patients with open fractures of long bones 

can provide clinicians with information critical in making informed decisions regarding 

fracture management protocols, antibiotic selection, and preventive measures to reduce 

infection and improve patient outcomes.  

Objectives: To describe the characteristics, incidence, patterns of prophylaxis 

antibiotic use and to determine the factors associated with occurrence of infection in 

open long bones fractures among adult patients at Moi Teaching and Referral Hospital 

(MTRH), Eldoret, Kenya.  

Methods: A prospective descriptive study which involved 247 adult patients with 258 

open fractures of long bones admitted at MTRH Orthopaedics wards between January 

2024 and September 2024.  Data from the participants was collected using an 

interviewer-administered questionnaire. Data on socio-demographic and fracture 

characteristics, co-morbidities, Gustilo-Anderson classification, the time of injury, 

duration from injury to debridement, timing and duration of prophylactic antibiotics 

were recorded.  Participants were followed up for 3 months to monitor for development 

of infection using the Center for Disease Control and Prevention (CDC) criteria based 

on clinical features and microbiological culture- sensitivity procedure. There were 230 

participants with 241 fractures analyzed.   

Results: The majority of patients were male (74.3%) with a mean age of 36.9 (SD: 

14.9) years. Road traffic accidents were the leading cause of fractures (65.2%), and 

lower extremity fractures were the commonest (82.2%), primarily affecting the tibia 

and fibula (57.3%). Comminuted fractures were the most frequent pattern (58.5%). The 

overall infection rate was 38.2%, with Staphylococcus aureus being commonest 

isolated organism (20.6%), followed by Escherichia coli (10.8%) and Proteus mirabilis 

(8.7%). Infection rates were significantly higher with delayed surgical debridement, 

increasing from 0% within 6 hours to 72.4% when delayed beyond 48 hours (p < 

0.001). Other factors that increased risk of infection included Gustilo-Anderson type III 

fractures, especially type IIIB, had the highest infection rates (91.2%), smoking (p < 

0.001) and diabetes (p = 0.038). Early prophylactic antibiotic administration reduced 

infection rates. Cefazolin was the commonest used prophylactic antibiotic, with a mean 

duration of 13.6 (SD: 4.6) days. 
Conclusion: Road traffic accidents were the primary cause of open long bone 

fractures, predominantly in young males. The infection rate was higher than 

documented elsewhere, risks being increased with delayed debridement and 

prophylactic antibiotics, type III fractures, smoking, and diabetes mellitus. Cefazolin 

was the commonest prophylactic antibiotic used beyond usual recommended 24 hours. 

Recommendation: Infection prevention strategies must be enhanced. Early surgical 

debridement and antibiotic administration should be prioritized and prophylactic 

antibiotics should follow a standardized protocol to avoid resistance and unnecessary 

healthcare costs. Public health initiatives should improve road safety and educate high-

risk groups. 
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CHAPTER ONE: INTRODUCTION 

1.1 Background 

Open fractures are complex injuries with substantial implications for patients' well-

being. These fractures pose a significant challenge in orthopaedic surgery, as they 

are highly susceptible to infections that can compromise patient outcomes and 

increase morbidity (Coombs et al., 2022). Health facilities can gain valuable 

insights into infection prevention strategies and improve patient care by examining 

factors that influence the occurrence of infection in open fractures among adult 

patients. 

1.1.1 Open Fractures 

According to Sop and  Sop (2022), open fractures involve a broken bone that 

directly communicates with the external environment due to a breach of the skin's 

protective barrier exposing the fractured bone ends to potential contamination from 

the external environment. Most of these fractures occur in patients involved in high 

energy mechanisms events like road traffic accidents or gunshots, however, 

patients can still experience open fractures caused by relatively minor incidents, 

such as a fall, which involve simple low-energy mechanisms (Cross III & 

Swiontkowski, 2008). There are various classification methods of open fractures 

that have been proposed to aid in the communication, categorisation, and guide 

treatment of soft tissue injuries accompanying these fractures. The Gustilo and 

Anderson classification (figure 1) is the most frequently utilized and universally 

accepted method of classifying open fractures. This classification assesses the 

injury based on factors such as the mechanism of injury, wound size, extent to 

which soft tissues have been damaged, and wound contamination (Whittle, 2017).  
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 Type I: Involves a clean wound, usually caused by a low-energy injury. The 

wound size is less than one centimeter and nominal soft tissues have been 

injured. 

 Type II: The size of the wound is more than one centimeter and 

accompanied by a modest injury to soft tissues. May be associated with a 

higher degree of contamination. 

 Type III: These are the most severe and are divided into three categories: 

o Type IIIA: The extent of damage to soft tissues is extensive, however 

there is sufficient skin to cover the fractured bone.  

o Type IIIB: Major loss of soft tissues accompanied by stripping of the 

periosteum, exposing the fractured bone and a higher degree of 

contamination 

o Type IIIC: Arterial injury which requires vascular repair. 

 

 
 

Figure 1: The Gustilo and Anderson Classification (Lasanianos et al., 2015.) 

Wound size 

 ≤1 cm 
Wound size usually >1 cm 

Wound size 

 ≤1 cm 
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The AO classification system (Table 1) is another classification method used to 

evaluate damage to soft tissues in open fractures. In this system, the degree of soft 

tissue damage is classified based on the injury affecting three specific anatomical 

structures: the skin, the muscles and the tendons, and neurovascular tissue 

(Buckley et al., 2017). 

The Tscherne classification of open fractures takes into account wound size, level 

of contamination, and fracture mechanism.  It comprises four grades, ranging from 

Grade I to Grade IV (Ibrahim et al., 2017). In Grade I there is a small puncture 

wound without associated contusion, negligible bacterial contamination and it is a 

low-energy mechanism fracture. Grade II fractures have a small laceration, skin 

and soft tissue contusions, moderate bacterial contamination and they are of 

variable mechanisms of injury. Large laceration with heavy bacterial 

contamination, extensive soft tissue damage, with frequent associated arterial or 

neural injury are considered Grade III fracture while Grade IV fractures are 

associated with incomplete or complete amputation with variable prognosis based 

on location and nature of injury (e.g., cleanly amputated middle phalanx vs. 

crushed leg at the proximal femoral level).   
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Table 1: AO classification system of damage to soft tissues in open fractures 

(Buckely et al., 2017). 

Type of Injury Description 

Skin Lesion (open 

fracture) 

 

IO 1 Skin rupture occurring internally and extending 

outwardly. 

IO 2 Skin rupture less than five centimeters in size, originating 

externally and progressing inwardly, characterized by 

bruised edges. 

IO 3 Skin rupture more than five centimeters in size, 

originating externally and progressing inwardly, with 

intensified bruising and edges showing tissue death. 

IO 4 Severe contusion, abrasion, and significant loss of skin 

due to a deep and extensive injury, including an open 

degloving wound. 

IO 5 Extensive loss of skin resembling degloving wound. 

    Muscle/tendon  

MT 1 Absence of muscle damage. 

MT 2 Limited muscle damage confined to a single compartment 

MT 3 Significant muscle damage affecting more than one 

compartment. 

MT 4 Muscle tear, tendon cut, and extensive muscle bruising 

resulting in a defect. 

MT 5 Development of compartment syndrome or crush 

syndrome, characterized by a broad area of injury. 

Neurovascular  

NV 1 Absence of any nerve or vascular damage. 

NV 2 Nerve injury occurring in isolation 

NV 3 Localized injury to the blood vessels 

NV 4 Extensive and segmented injury to blood vessels 

NV 5 Simultaneous involvement of nerves and blood vessels, 

potentially leading to partial or complete amputation. 

 

1.1.2 Long Bone 

Bones can be classified into five main types: flat, irregular, long, sesamoid and 

short. Long bones are characterized by their cylindrical shape and are longer in 

length than wide. These include the humerus, radius and ulna, metacarpals, femur, 

tibia and fibula, metatarsals and phalanges. Embryonic development of long bones 

through endochondral ossification is a highly regulated and intricate process 

involving the differentiation of mesenchymal cells into chondrocytes, formation of 
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a cartilaginous template, invasion of blood vessels and osteoprogenitor cells, and 

subsequent replacement of cartilage with bone tissue (Setiawati & Rahardjo, 2019). 

This process establishes the foundation for skeletal growth and development, 

ultimately giving rise to the mature skeletal system capable of supporting the 

body's structure and facilitating movement.  

Long bones have three distinct regions: the epiphysis, metaphysis and diaphysis 

(Betts et al., 2017). The epiphysis region of the bone comprises a type of bone 

called cancellous bone. This cancellous bone which is found in both ends of the 

long bone is spongy, has an articular surface covered by hyaline cartilage and 

contains bone marrow that synthesizes blood cells (Shier et al., 2016). The 

metaphysis of a long bone includes an area that consists of the epiphyseal plate. 

During human growth, the presence of the epiphyseal plate facilitates the bones to 

grow in length. In young adulthood, once the growth process stops, the cartilage in 

the epiphyseal plate undergoes ossification and becomes an epiphyseal line (Barrett 

et al., 2019). The diaphysis is the long, hollow shaft between the ends of the bone 

containing a medullary cavity filled with bone marrow. Its outer layer is dense and 

hard compact bone covered by a protective layer called periosteum (Betts et al., 

2017).  

Long bones are an important component of the human skeletal system, serving 

various essential functions in maintaining overall health and functionality. One of 

the primary functions of long bones is to provide mechanical support and structural 

integrity to the body. Long bones, with their cylindrical shape and dense cortical 

bone, bear the majority of the body's weight and assist in maintaining posture and 

also serve as levers for muscle action, enabling coordinated movement and 

locomotion (Su et al., 2019). Muscles attach to long bones via tendons, and when 
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muscles contract, they exert force on these bones, causing them to move around 

their joints. In addition to their role in support and movement, long bones harbor 

red bone marrow, a specialized tissue responsible for hematopoiesis – the 

formation of blood cells (Šromová et al., 2023). Hematopoietic stem cells located 

within the marrow give rise to erythrocytes, leukocytes, and thrombocytes. Thus, 

they play a role in the body's immune response, oxygen transport, and blood 

clotting mechanisms. Long bones serve as reservoirs for calcium and phosphorus, 

storing and releasing these minerals as needed to maintain extracellular ion 

concentrations within narrow physiological ranges therefore contributing to 

mineral homeostasis in the body (Shaker & Deftos, 2023). Long bones are 

susceptible to various injuries and infections which can significantly affect their 

function. Traumatic fractures or bacterial invasion from open fractures can disrupt 

the structural integrity, mechanical support, and physiological functions of long 

bones (Croes et al., 2019, Zheng et al., 2023).   
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Figure 2: Anatomy of a long bone  (Adopted from Betts et al., 2017) 

 

1.1.3 Infection in Open Fractures 

According to the revised guidelines of the Centre for Disease Control and 

Prevention (CDC), infection in open fractures is characterized by a combination of 

clinical symptoms including fever, redness/cellulitis, positive tissue cultures, and 

pus drainage within 90 days (3 months) following the initial procedure in which an 

implant was used and within 30 days if no implant was used (CDC, 2023). Centre 

for Disease Control categorises infections as superficial or deep incisional surgical 

infections. Infection on the outer surface of the tissue, above the fascia is referred 

Endosteum 

Medullary cavity 
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to as superficial and deep infections which occur beneath the fascia, involving 

deeper layers of tissue (CDC & NHSN, 2014). 

Infection is a relatively frequent complication that can have severe implications for 

the patient's health and well-being, leading to increased morbidity and mortality 

rates. Infection from open fracture can result in prolonged hospital length of stay, 

non-union, limb amputation and even death. Therefore, one of the key goals of 

managing open fractures is to minimize infection risk. This can be achieved 

through early prophylactic systemic antibiotics, wound debridement and irrigation 

with normal saline (Coombs et al., 2022). Immediate and thorough wound 

debridement to remove contaminants and devitalized tissue minimizes bacterial 

load and promotes wound healing (Thomas et al., 2021). Early administration of 

broad-spectrum antibiotics tailored to the likely pathogens based on the mechanism 

of injury and degree of contamination helps prevent bacterial colonization and 

systemic spread (Coombs et al, 2022). Furthermore, advancements in wound care 

techniques, including negative pressure wound therapy and tissue engineering 

approaches, hold promise in optimizing wound healing and reducing infection 

rates. 

Timely and accurate diagnosis of infection in open fractures is essential for 

effective management. Clinical evaluation, including assessment of wound 

appearance, signs of inflammation, and systemic symptoms, serves as the initial 

diagnostic step. However, given the limitations of clinical judgment alone, 

adjunctive investigations such as laboratory tests (e.g., white blood cell count, 

inflammatory markers), wound cultures and imaging studies (e.g., plain 
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radiographs, MRI, CT scans, nuclear imaging) can be used in confirming or ruling 

out infection (Govaert et al., 2018). 

1.1.4 Risk Factors for Infection in Open Fracture 

Several factors contribute to the development of infections in open long-bone 

fractures which significantly impact patient outcomes (Coombs et al., 2022). These 

factors include time to surgical debridement, fracture classification, the severity of 

soft tissue injury, patient-related factors such as overall health status, immune 

function, presence of comorbidities (e.g., diabetes), and tobacco use, administration 

of antibiotic prophylaxis, environmental and local factors and surgeon expertise 

(Kortram et al., 2017; Metsemakers et al., 2017; Zalavras, 2017). 

The severity of the fractures, as assessed by the Gustilo-Anderson classification 

system is a common factor that influences the frequency of infection in adults with 

open fractures. As the classification level progresses the rates of infection also 

increase. A study by Zalavras, (2017), revealed that the incidence of infection was 

2% for type I fractures, and it increased up to 10% and 50% for type II and type III 

respectively.   

1.1.5 Management of Infection in Open fractures 

The management of infection in open fractures represents a complex clinical 

scenario requiring a multidisciplinary approach and tailored interventions 

(Metsemakers et al., 2020). A comprehensive approach integrating surgical, 

antimicrobial, and adjunctive therapies tailored to the individual patient's 

presentation and the specific characteristics of the injury is essential for optimizing 

outcomes and reducing the burden of infection in open fractures (Depypere et al., 

2020). 
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1.2 Problem Statement 

Infection in open fractures of long bones poses significant challenges to healthcare 

systems worldwide, as it not only leads to substantial morbidity and mortality but 

also contributes to a considerable economic burden on patients' lives and their 

families (Schenker et al., 2012). Infection associated with open fractures can lead 

to prolonged hospital stays, multiple surgeries, increased healthcare costs, and 

potential long-term disability such as amputation (Olesen et al., 2017). 

A study done at MTRH which assessed the demographic characteristics, 

symptomatology, treatment options and outcomes in patients who had exposed 

bones due to open fractures has shown that 32% of the patients presented with 

infection as the main complication, constituting 60% of all complications (Ayumba 

et al., 2015). This high number of infections observed in aforementioned study 

suggests underlying factors predisposing patients to infection which were not 

explored.  

MTRH covers an area with a population of over 25 million. A high prevalence of 

fractures within the community contributes to the overall burden of open fractures 

and subsequent infections. Most of the cases of open fractures in Kenya and other 

East African countries are due to accidents involving motorcycle and motor 

vehicles, gun-shot wounds, falls and sports injuries (Buteera & Byimana, 2009; 

Ondari et al., 2016; Thuita et al., 2021). Due to the high demand for trauma care at 

MTRH, many patients with open fracture injuries wait 24 to 48 hours before initial 

surgical debridement (Nyamosi, 2019). Timely surgical intervention is recognised 

as critical in reducing infection risk, as delays may lead to prolonged exposure of 

the fracture site and compromised tissue viability (Coombs et al., 2022). Infections 
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in patients presents challenges such as high treatment costs, extended recovery 

period, increasing morbidity as well as psychosocial impact.  

1.3 Justification 

Infection in open fractures of long bones has significant clinical and public health 

implications. Establishing factors contributing to infection rates in these fractures is 

essential for improving patient outcomes, optimizing resource allocation, and 

implementing targeted preventive measures. Investigating the factors associated 

with infection rates will help identify modifiable variables that can be targeted to 

reduce the incidence of infections and improve patient outcomes. Identifying these 

factors will be essential in developing tailored preventive and cost-effective 

strategies to minimize the financial burden of these infections and optimise patient 

care. Understanding the specific characteristics of these fractures, including 

fracture types, patterns, and associated injuries, can provide valuable insights into 

the potential risk factors associated with infection. 

Therefore, this research will be essential for developing evidence-based guidelines 

and interventions to effectively reduce infection risk. Furthermore, this research 

will contribute to developing standardized protocols and guidelines for the initial 

assessment, debridement, antibiotic prophylaxis, wound management, and 

subsequent follow-up care of patients with open fractures. Research on factors 

influencing infection rates in open fractures will also serve as a foundation for 

further studies at MTRH, including prospective clinical trials, comparative 

effectiveness research, or the development of novel interventions to combat 

infection. This research will also guide the development and implementation of 

preventive measures, such as educational programs for clinicians and patients and 

improved adherence to infection control protocols. 
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1.4 Research Question 

What are the factors associated with the occurrence of infection in open long bone 

fractures among adult patients treated at MTRH? 

1.5 Objectives 

1.5.1 Broad Objective 

The study aims to describe characteristics, incidence, patterns of prophylaxis 

antibiotic use and to determine factors associated with the occurrence of infection 

in open long bone fractures among adult patients treated at MTRH, Eldoret, Kenya.  

1.5.2 Specific Objectives 

1. To describe characteristics of adult patients with open long bone fractures 

treated at MTRH. 

2. To describe the incidence of infection among adult patients with open long 

bone fractures at MTRH. 

3. To determine factors associated with the occurrence of infection among 

adult patients with open long bone fracture at MTRH. 

4. To describe the pattern of prophylactic antibiotic use among adult patients 

with open long bone fractures at MTRH. 
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CHAPTER TWO: LITERATURE REVIEW 

2.1 Characteristics of patients with open long bone fractures 

2.1.1 Epidemiology  

The frequency and reasons for open fractures vary across regions and this 

differences are influenced by the socioeconomic and cultural profiles of the 

respective populations (Costa et al., 2022). An international study conducted in 

Europe over a period of fifteen years by Court-Brown et al., (2012),  revealed the 

occurrence of open fractures among adult population at a rate of 30.7 per 100,000 

individuals.  In an earlier study by Court-Brown et al., (1998), the occurrence rate 

of open fracture of long bones was 11.5 per 100,000 persons per year. The overall 

incidence rate of these fractures in England was 6.94 per 100,000 person-years 

(Shah et al., 2022). In a Swedish study aiming to ascertain fracture rates in adults, 

the percentage of open fractures among all fractures was found to be 2.3% (Bergh 

et al., 2021).  

 

In Africa, there need to be more published literature on the frequency of open 

fractures. The epidemiological aspect of this fractures in Africa remains poorly 

documented. Nevertheless, Kombate et al., (2017) suggest that these injuries are 

common in developing countries like Kenya and tend to be severe. The 

predominance of trauma resulting from road traffic accidents, industrial mishaps, 

and interpersonal violence exacerbates the likelihood of encountering open 

fractures, which are often more severe due to delayed or inadequate medical 

intervention. According to Nana et al., (2021), the burden of open fractures in low-

middle income Sub-Saharan African communities is on the rise. Many patients in 

these areas tend to seek surgical treatment after experiencing a delay, resulting in 

severe injuries or complications that are challenging to manage with the available 
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diagnostic and therapeutic resources in local facilities. The scarcity of suitable 

hospital facilities or healthcare infrastructure challenges, cultural factors, a lack of 

healthcare personnel, and financial limitations further complicate the treatment of 

open fractures involving long bones in these communities (Nana et al., 2021).  

 

As a developing nation with limited data concerning the prevalence of open 

fractures, Kenya follows the pattern observed in other low- and middle-income 

countries. Kenya faces a significant burden of injuries, with 88.4 deaths per 

100,000 population attributed to this cause, and over 27% of these injury-related 

fatalities stem from road traffic accidents (Wesson et al., 2015). Various factors 

contribute to the elevated mortality rates associated with injuries in low- and 

middle-income countries, including rapid urbanization, inadequate road 

infrastructure, the widespread use of motorcycles for transportation, lax 

enforcement of road safety regulations, and deficiencies in trauma care systems 

(Botchey et al., 2017). 

2.1.2 Socio-demographic characteristics 

In Europe, a significant number of open fractures was observed in individuals with 

an average age of 45.5 years. Among the affected individuals, 69.1% were males 

and their average age was 40.8 years, while the average age in females was found 

to be 56.0 years of age. The highest incidence of open fractures among adult males 

was seen in ages 15 and 19, with a rate of 54.5 per 100,000 individuals annually. A 

consistent decline follows this incidence, as age increases. Females had an 

unimodal distribution rising from 9.2/100 000 individuals annually in the 15–19-

year group to 14.6/100 000 individuals annually in the 50–59-year group and 

rapidly decreasing thereafter (Court-Brown et al., 2012). An investigation carried 

out in Ethiopia to evaluate the prevalence of delayed hospital presentation among 
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patients with open long bone fractures indicated that 85% of the patients were 

male, resulting in a male-to-female ratio of 5.4:1. The mean age of the patients was 

32 ± 14.23 years, with over 75% falling within the age range of 18 to 45 years 

(Hailu & Mengesha, 2020). Similarly, in a study conducted in Togo, by Kombate 

et al., (2017), open fractures were observed to be common among individuals of 

ages between 16 and 29 years, having an average age of 38.1 years. In this age 

group, males had a higher incidence than females, with a sex ratio of 3:1. These 

findings are consistent with research conducted in the southwestern region of 

Cameroon, where open fractures were observed to be more prevalent in males than 

females and accounted for 75.4% of the cases. In comparison, females constituted 

24.6%, resulting in a sex ratio of 3:1. The research participants had an average age 

of 34.1± 13.67 years, with the age group most susceptible to open fractures falling 

within the range of 20-40 years (Nana et al., 2021). Another study conducted in 

Rwanda, East Africa, also found a male predominance of 77% compared to 

females with an equal ratio of 3:1 and most participants were in the age bracket of 

18 – 44 years (Twagirayezu & Bonane, 2008).  

Limited published literature exists regarding the socio-demographic characteristics 

of open fractures involving long bones in Kenya and locally. The available body of 

research is scanty, providing only fragmentary insights into this facet of orthopedic 

trauma within the region. However, the data that is available has shown similar 

gender distribution and age demographics as in the other regions outside Kenya. A 

local study done at Moi Teaching and Referral Hospital involving patients with 

post-traumatic exposed bones with 97% of the cases having open fractures, has 

also shown a male majority with a higher sex ratio of 5.8:1 and an average age of 

32.5years ± 13.3 (Ayumba et al., 2015). In a separate investigation conducted 
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locally by Ibrahim, (2019), which centered on open long-bone fractures managed 

with external fixators, it was discovered that males comprised 82.1% of the cases, 

with an average age of 37.3 ± 15.2 years. 

Studies have shown that certain occupations may have a higher risk of traumatic 

injuries, including open fractures. According to Costa et al., (2022), 

epidemiological characterization of open fractures in Brazil revealed that the 

demographic group most frequently afflicted comprised farmers (23.38%), self-

employed individuals (11.29%), masons (8.87%), and industrial workers (8.06%). 

Cumulatively, these 4 occupational categories accounted for over half of the total 

cases of open fractures (51.60%). Similar research conducted by Kombate et al., 

(2017) in a Low-Income Country in Africa found that a significant portion of 

individuals with open fractures belonged to liberal professions such as healthcare 

workers, educators, legal practitioners, and journalists. This demographic exhibited 

high levels of activity and mobility, often encountering road accidents, particularly 

when they commute between home and work. In Nigeria, traders were most 

affected by open fractures followed by students and artisans (Odatuwa-Omagbemi, 

2019). In Cameron, the majority of the study cohort, constituting 71.3%, engaged 

in informal occupations, encompassing roles such as farming, business, motorcycle 

riders, construction work, carpentry, hairdressing, driving, domestic service, among 

others. Conversely, 14.9% of participants held formal occupations, including 

positions as civil servants, technicians, and engineers. The remaining individuals 

were identified as students, comprising 13.8% of the total sample (Nana et al., 

2021). A study conducted in Kenya on patients with open fractures of long bones 

treated with external fixation has reported that the majority of patients with open 
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fractures of long bones were farmers with 28% followed by motorists and casual 

labourers with 18.9% and 14.7% respectively (Nyamosi, 2019).  

In terms on education level, subjects examined in the Brazilian study indicated that 

over half of the patients (50.80%) had either completed all or some primary 

education, with a minimal proportion (0.8%) being classified as illiterate. 

Individuals with lower levels of education typically exhibit low professional 

qualification, engage in manual labor, and are more frequently involved in 

hazardous activities, thus increasing susceptibility to open fractures (Costa et al., 

2022). In a study describing the pattens of open fractures of the long bones in the 

lower limb treated across three major hospitals in the southwestern region of 

Cameroon, as reported by Nana et al., (2021), it was revealed that a predominant 

proportion of participants, constituting 89.2%, possessed educational backgrounds 

encompassing both primary and secondary levels. Only 7.2% of the cohort had 

attained tertiary education, whereas 3.6% lacked formal educational attainment. 

Odatuwa-Omagbemi (2019), reported higher cases of open fractures in patients 

with secondary education (42.3%) compared to those with tertiary education 

(32.9%) and primary education (13.5%). This is in contrast to the educational 

attainment described by Nyamosi, (2019) who reported 49.5 % in primary 

education level followed by 36.8% and 9.5% in tertiary and secondary education 

level respectively.  

2.1.3 Fracture Characteristics 

Mechanism of injury  

Open fractures can arise from both high energy and low energy injuries. In a 

European study analyzing the incidence and severity of open fractures over a 15-

year period, the primary causes of these fractures typically included road traffic 
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accidents (RTA), crush injuries, falls, sporting accidents and assaults (Court-Brown 

et al., 2012).   According to Costa et al., (2022), findings from a study conducted in 

Brazil indicate that the predominant trauma mechanisms related to open fractures 

resulted from occupational incidents associated with the operation of industrial and 

agricultural machinery, comprising 39.5%, followed by RTA and falls constituting 

29.0% and 9.7% respectively. In a retrospective observational analysis spanning 

five years, conducted at a tertiary trauma care institute in Saudi Arabia, it was 

observed that RTA emerged as the primary etiology of open fractures, representing 

28.47% of total incidents. Subsequent to this, falls from height, attributed to 

occupational hazards or intentional self-harm, constituted the second most 

prevalent cause at 18.96%, while assault accounted for 2.9% of the identified 

causes (Alhawas & Alghamdi, 2023). 

In Africa, the most common aetiology of open fracture is also RTA involving 

motorbike-motorbike, automobile-automobile, automobile- Motorbike accident, 

automobile –pedestrian, motorbike-pedestrian and cyclist accidents. Other causes 

include occupational accidents, domestic accidents, assaults and sports injuries 

(Kombate et al., 2017). Studies done in Cameroon and Rwanda showed that RTA 

caused an average of 72% of open fractures, with other causes being falls, assaults, 

crush injuries and sports injuries(Nana et al., 2021; Twagirayezu & Bonane, 2008). 

According to a local study by Ayumba et al., (2015), involving patients with 

traumatic exposed bones, motor vehicle accidents accounted for 49.5% of the 

cases, followed by assaults 32.1% and occupational accidents 10.2%. 
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Fracture patterns 

Court-Brown et al., (2012) observed a tendency for open fractures to manifest more 

frequently in the lower extremities compared to the upper extremities, as per their 

15-year review findings. Among open long bone fractures excluding those of the 

hands and feet, 52.6% were located in the lower limbs, whereas 47.4% involved 

long bones of the upper limb. Within the lower limbs category, the majority 

comprised fractures of both the tibia and fibula (35.5%), followed by femur 

fractures (9.2%) and isolated tibia fractures (7.9%). In contrast, among the upper 

extremity fractures, the highest occurrence was noted in isolated radius fractures 

(25.1%), followed by ulna fractures (10.1%), humerus fractures (6.1%), and both 

radius and ulna fractures (6.1%). In the investigation conducted by Costa et al., 

(2020), it was found that upper limb fractures accounted for the majority of open 

fractures, comprising 64.51% of cases, with hand bone fractures representing 

58.02% of all fractures. Among lower limb fractures, both the tibia and fibula were 

most frequently affected, constituting 13.54% of cases. Additionally, 55% of 

fractures occurred on the left side of the body. In a separate study by Alhawas and 

Alghamdi, (2023), it was observed that a significant proportion of open injuries 

occurred in the lower extremities (76.8%), with the tibia being the most commonly 

affected long bone (26.1%), followed by the femur (4.4%). Regarding upper 

extremity injuries, 23.2% of fractures occurred, with the radius and ulna being the 

most commonly injured bones (10.2%), followed by the humerus (5.1%) and radius 

(2.9%). Analysis of fracture laterality revealed that the majority of patients 

sustained injuries on the right side (50.7%), followed closely by the left side 

(49.3%). 
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A similar observation was documented by Kombate et al., (2017), who noted that 

lower extremities injuries are more common than upper extremities with a 

predominance of the tibia/fibula fractures. Nana et al., (2021) conducted research 

which found that concomitant open fractures involving the fibula and tibia were the 

most observed (39.0%). The tibia was the most affected isolated lower limb long 

bone at 38.5%, followed by the femur at 16.4%, with only 1.5% of cases affecting 

the fibula. Notably, these fractures affected the left side of the lower limb, 

accounting for 50.3% of cases compared to 49.2% on the right side. In Rwanda, 

open injuries of the tibia and fibula constituted 69.4% of the cases, while fractures 

of the femur comprised 17.6% of the total (Twagirayezu & Bonane, 2008). 

Previous studies done at MTRH also showed that tibia was the most affected bone 

(Ayumba et al., 2015). A study by Court-Brown et al., (2012) found that most 

(94.2%) cases involved a single bone open fracture, while 5.8% had multiple open 

injuries. 

The patterns of fractures observed in open injuries can vary depending on multiple 

factors, including the mechanism of injury, energy imparted, and the anatomical 

site involved and they have significant implications for patient management and 

outcomes (Almigdad et al., 2022). Common fracture patterns encountered include  

transverse fractures, oblique fractures, spiral fractures, comminuted fractures and 

segmental fractures (Cohen et al., 2016).  Nana et al., (2021) observed that among 

the fracture patterns in open fractures of lower limbs, comminuted fractures were 

the most prevalent at 64.6%, followed by transverse fractures at 14.4%, and 

oblique fractures at 13.3%. In a Nigerian context, Abang et al., (2018) conducted a 

review of open tibial shaft fractures, finding comminuted fractures to be 

predominant at 52.5%, followed by oblique fractures (25%), segmental fractures 
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(12.5%), and transverse fractures (5%). In contrast, Enweluzo et al., (2015) 

reported a different pattern, with oblique fractures being the most frequent (47.2%), 

followed by transverse fractures (32%), and comminuted, segmental, and spiral 

fractures at 11.2%, 5.6%, and 4.1% respectively. However, Kouassi et al., (2021) 

conducted a systematic review across multiple sub-Saharan countries, finding that 

comminuted fractures were the most common pattern (46.4%), followed by 

transverse (28.9%) and oblique fractures (25%). 

Severity of Injury 

Court-Brown et al., (2012), observed that 26.8% of all open fractures injuries were 

classified as Gustilo-Anderson Type III. Among upper limb fractures, 18.6% were 

categorized as Gustilo-Anderson Type III, whereas the proportion was higher at 

42.6% in lower limb fractures.  Several studies in developing countries have 

identified a similar pattern. In Togo, it was observed that Gustilo-Anderson Type 

III open fractures were the most prevalent, contributing 56.3% of the cases. Type II 

fractures accounted for 32.2%, while Type I fractures constituted only 11.5% of the 

total (Kombate et al., 2017). In Cameroon, most injuries were categorised as 

Gustilo-Anderson type II and III. Type IIIA fractures were the most common, 

accounting for 39.0% of the cases. Type IIIB fractures followed by 28.7%, and 

Type II fractures constituted 23.6%. Type IIIC fractures were less frequent, 

comprising only 8.7% of the total cases (Nana et al., 2021). In Rwanda, type III 

fractures were the most predominant, comprising 48.7% of the cases. Among type 

III fractures, 17.6% were classified as type IIIA, type IIIB accounted for 23.8% and 

type IIIC 7.3% (Twagirayezu and Bonane, 2008). There needs to be more data in 

the severity of open fractures among the population in Kenya. However, a study 

conducted in Uganda, which has a comparable population to Kenya has revealed 
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that most open fracture of long bone were type IIIB, accounting for 40.4%. The 

least common clarification was type IIIC, observed in only 3.4% of the cases 

(Kironde et al., 2019). 

2.2 Incidence of infection in patients with open long bone fractures 

2.2.1 Incidence of infection 

Open fractures present an increased susceptibility to infection due to their frequent 

association with substantial bone injury, including periosteal stripping, extensive 

soft tissue damage, and significant contamination (Morgenstern et al., 2018). 

Moreover, in orthopedic trauma surgical interventions, apart from the inherent risk 

posed by normal skin flora, there exists an additional vulnerability to wound 

contamination originating from external sources and hospital-acquired infections 

(Graan & Balogh, 2022). Globally, infections following open fractures range as 

high as 50% among severe or grossly contaminated injuries (Bhandari, 2010; 

Coombs et al., 2022). A study reviewing more than one thousand patients on the 

management of open fractures was conducted through a Systematic Review and 

Meta-Analysis, revealing an aggregate infection rate of 14.3% (Nicolaides et al., 

2021). Subsequent investigations done in different regions have shown variable 

results. A retrospective analysis in the United Kingdom, of three hundred and 

eighty-three cases of open fractures, reported a notably higher incidence of 

infection, with 27% of cases affected (Charalambous et al., 2005). Similarly, a 

prospective observational study conducted in Australia documented an overall 

infection rate of 17% (Enninghorst et al., 2011). A teaching hospital research in 

South East Asia revealed that infection rates post open fractures ranged from 

34.6% to 45.1% (Islam et al., 2022). Research conducted in Brazil, have identified 

infection rates ranging between 13.24% and 18.8% among individuals with open 
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fractures occurring at various anatomical sites ( Fernandes et al., 2015; Guerra et 

al., 2017). Staphylococcus aureus is the most prevalent pathogen in orthopedic 

infections (Islam et al., 2022; Latha et al. 2019). In studies done in India and Brazil 

gram-negative bacteria accounted for the majority of isolates (Guerra et al., 2017; 

Lingaraj et al., 2015). Other isolates included Escherichia coli, Proteus mirabilis 

and Pseudomonas aeruginosa (Islam et al., 2022; Guerra et al., 2017). 

Infections associated with open fractures are more prevalent in developing 

countries compared to developed countries, primarily due to limited healthcare 

infrastructures (Zhang et al., 2022). According to a systemic review that assessed 

treatment of individuals with open tibia fractures in Sub-Saharan Africa, the 

infection rate following open fracture injuries was 30% (Kouassi et al., 2021). A 

study in Nigeria, showed a high proportion of wound infection of 42.5% in open 

fractures which were done initial debridement between one hour and seven days 

post-injury (Odatuwa-Omagbemi, 2019). There is scanty data regarding the 

incidence of infection post-open fractures in Kenya, however, a study done at the 

Nakuru County Hospital, Kenya, which evaluated outcomes of patients treated for 

open femur injuries, demonstrated an infection rate of 13.2% (Kalande, 2018).  

In a local investigation examining the outcomes of open long bone fractures 

managed with external fixation, findings revealed that 23% of the patients 

experienced infection as a complication (Nyamosi, 2019). 

2.2.2 Diagnosis of infection 

Research indicates that infections associated with fractures manifest across a 

spectrum of clinical presentations, posing challenges in distinguishing them from 

noninfectious causes. During the initial postoperative phase, traditional signs of 

infection, including pain, redness, warmth, or swelling, coincide with typical 
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features of normal fracture healing. Subsequently, more subtle clinical 

manifestations such as fracture nonunion or persistent pain may be indicative of 

both infective and noninfective conditions. The complexity and variety of 

infections in fractures presents a diagnostic challenge, impeding the formulation of 

standardized diagnostic criteria (Govaert et al., 2020). In the study conducted by 

(Govaert et al., 2018), which surveyed practitioners engaged in the management of 

patients afflicted with fracture-related infections, findings revealed a lack of 

consensus regarding the most effective diagnostic approach for identifying 

infection or a universally acknowledged definition of fracture-related infection. 

According to Rupp et al., (2024), clinical assessment holds a significant role in 

diagnosing infections related to fractures. In systematic reviews of clinical 

indicators defining infections in fractures, specific criteria including the presence 

of a fistula, sinus, or wound breakdown, along with purulent drainage from the 

wound or the presence of pus during surgical intervention, are considered 

pathognomonic and confirmatory clinical signs for diagnosis (Bezstarosti et al., 

2019; Metsemakers et al., 2018,. Clinical manifestations such as local erythema, 

edema, elevated local temperature, fever (≥38.3°C), or persistent, escalating, or 

new-onset wound discharge beyond the initial postoperative phase suggest the 

presence of infection (Govaert et al., 2020, Metsemakers et al., 2018). 

Serum biomarkers associated with inflammation, such as leukocyte count, C-

reactive protein (CRP), and erythrocyte sedimentation rate (ESR), have been 

extensively investigated for their diagnostic utility in assessing infection presence 

and severity. However, their diagnostic specificity is limited, given that elevations 

in these markers can occur not only during infection but also following trauma, 
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surgical procedures, malignancies, or various other inflammatory states (Rupp et 

al., 2024). Furthermore, these markers may remain within normal ranges even in 

cases of chronic or advanced-stage infections. Although CRP exhibits some 

promise as a diagnostic indicator, analysis of existing literature reveals only 

moderate reliability in terms of sensitivity and specificity (van den Kieboom et al., 

2018). Consequently, these biomarkers should not be solely relied upon to 

definitively confirm or exclude the presence of an infection. 

Imaging techniques are utilized for the comprehensive assessment of bone 

involvement, fracture healing progress, implant stability, and identification of 

anatomical anomalies suggestive of undetectable infections during physical 

examination, as well as for the detection of infection-related complications 

(Stevenson et al., 2022). Initial imaging typically involves conventional 

radiography, facilitating the evaluation of fracture alignment, hardware integrity, 

and periosteal reaction (Rupp et al., 2024). However, conventional radiography's 

ability to detect early infection signs is limited. Advanced imaging modalities such 

as computed tomography (CT), magnetic resonance imaging (MRI), and nuclear 

medicine techniques, including technetium-99m bone scintigraphy and 

fluorodeoxyglucose positron emission tomography (FDG-PET), exhibit enhanced 

sensitivity in identifying soft tissue inflammation, bone marrow edema, and 

sequestra formation indicative of infection associated with fractures (Glaudemans 

et al., 2019, Govaert et al., 2020, Rupp et al., 2024). 
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Microbiological analysis is the gold standard for the identification of pathogens 

and diagnosing infections linked to fractures. Employing microbiological 

diagnostics alongside tissue samples and sonication has improved the efficacy of 

pathogen detection (Rupp et al., 2024). The culture of distinct pathogens from at 

least 2 separate deep tissue/implant specimens is considered a confirmatory 

criterion of infection associated with fractures (Metsemakers et al., 2018). 

Furthermore, the antibiotic susceptibility of the identified pathogens will guide the 

choice of antimicrobial treatment (Govaert et al., 2020).  

Diagnosing infections associated with fractures in resource-limited settings such as 

in low- and middle-income countries is a complex and multifaceted challenge, 

encompassing limitations in diagnostic tools, expertise, socioeconomic factors, 

geographical and cultural barriers (Geurts et al., 2017, Tissingh et al., 2022). In 

such cases several tools have been created to provide objective assessments, 

surveys, and diagnoses of infections. These tools are based on different 

combinations of infection indicators (Herman & Bordoni, 2022).  The two most 

commonly used assessment systems are 

i. Center for Disease Control and Prevention criteria 

ii. ASEPSIS scoring system  

In relevance to fractures, CDC classifies surgical site infections into superficial 

infections and deep infections.  These infections are associated with a surgical 

procedure and manifest at or near the surgical incision or fracture site or in the 

deep tissues within 30 days of the procedure or within 90 days of the procedure in 

cases where prosthetic material is implanted during surgery (Borchardt & Tzizik, 

2018). The ASEPSIS scoring system is a quantitative scoring system commonly 
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utilized for monitoring surgical wound infections. This scoring system assigns 

points based on various criteria and considers multiple parameters such as wound 

appearance, exudate, surrounding tissue and systemic signs. It provides a structured 

approach for evaluating and monitoring surgical wound infections (Copanitsanou 

et al., 2018). Studies comparing the two systems have established that although the 

ASEPSIS score is considered valid and reliable, it missed a significant number of 

patients whom CDC criteria diagnosed and were clinically relevant (Henriksen et 

al., 2010; Wilson et al., 1986). For this reason, it is concluded that CDC criteria is 

the best-established tool to monitor and identify wound infection following 

operative procedures (Henriksen et al., 2010). The CDC criteria used for surveying 

the development of infections in surgical wounds is summarized in the figure 3 

(CDC, 2023). 
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Figure 3: CDC criteria and algorithm for surgical site infection (CDC, 2023) 

Surgical Site Infection (SSI) 

 

Superficial Incisional SSI 

 
Deep Incisional SSI 

 

Occurs within a period of 30 days after the 

surgical procedure 

AND  

Involves only skin and subcutaneous tissue 

of the incision  

AND  

Patient has at least one of the following: 

purulent drainage from the superficial 

incision.  

OR 

Organism were identified from wound by 

an aseptically-obtained pus swab/ specimen  

OR 

a superficial incision that is intentionally 

opened by a surgeon, physician  

AND 

patient exhibits at least one of the following 

signs or symptoms: localized pain or 

tenderness; localized swelling; erythema; 

or heat. 

OR 

Diagnosis of a superficial incisional SSI by 

a physician or physician designee. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Occurs within a period of 30 or 90 days after 

the surgical procedure 

AND  

Patient have deep soft tissues of the incision 

(e.g fascial and muscle layers) 

AND  

Patient has at least one of the following: 

i. Pus draining from the deep incision.  

OR 

ii. a surgeon or physician intentionally 

creates a deep incision and or uses it for 

aspiration. 

AND 

organism(s) present in the deep soft 

tissues of the incision by a culture or 

non-culture based microbiologic 

testing method  

AND 

Patient has at least one of the 

following signs or symptoms: fever 

(>38°C) OR localized pain OR 

tenderness.  

OR 

iii.    During gross anatomical examination, 

histopathological examination, or 

imaging tests, the presence of an 

abscess or other indications of infection 

within the deep incision are identified. 
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2.3 Factors associated with the occurrence of infection in open long bone 

fracture 

The occurrence of infection related to open fractures is influenced by factors such 

as patient-related factors, fracture related factors and health care factors including 

the time duration of initiating prophylactic antibiotics following injury, the timing 

of debridement and irrigation procedures as well as the severity of the fracture and 

soft tissue injury. These factors collectively contribute to the overall risk level for 

infection development in open fractures (Coombs et al., 2022).  

2.3.1 Patient-Specific Factors 

Patients’ ability to resist infection differs depending on their immune status. Some 

factors can impair the patients’ immune response to pathogens, thereby increasing 

their risk of infection (Kortram et al., 2017). In a retrospective multicenter study 

analyzing infection rates following postoperative treatment of open fractures at 

three level I hospitals, researchers discovered that individuals over the age of 40 

were more prone to developing infections, and this age group was identified as an 

independent risk factor for infection (Hu et al., 2020). Kang et al., (2023) 

conducted a comprehensive national cohort study in South Korea focusing on ankle 

fractures, wherein they observed a correlation between age and infection rates 

among the study population. The findings revealed a significant increase in 

infection incidence with advancing age. The infection group had a higher mean age 

of 49.7 years (± 19.99) compared to the non-infection cohort, which displayed a 

relatively lower mean age of 47.2 years (± 18.61). The retrospective study 

conducted by Matos et al., (2015), based on patient records of individuals with 

open fractures, did not identify a statistically significant association between age 

and the incidence of infection following such fractures. The mean age of patients 
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who developed infections was reported as 31.5 ±13.5 years, a figure comparable to 

the mean age of the non-infection group, which was 31.7 ±14.3 years. 

 

In a study conducted by Kang et al. in 2023, it was observed that males exhibited a 

significantly higher odds ratio for developing infections following open ankle 

fractures when compared to females. Similarly, in a systematic review and meta-

analysis encompassing data from 20,367 fractures, it was observed that male 

gender emerged as a statistically significant risk factor associated with the 

occurrence of infectious complications. Male patients displayed a higher 

susceptibility to infections, with a comparative risk of 16.1% compared to 11.6% in 

female with a relative risk (RR) of 1.42, supported by a statistically significant p-

value of 0.004 (Kortram et al., 2017).  The study conducted by Matos et al., (2015) 

did not reveal a statistically significant association between gender and the 

occurrence of infection following open fractures. However, there was a substantial 

prevalence of male patients, accounting for 83.6% of the total cases, compared to 

females. 

 

Several studies have shown linkage between comorbidities and susceptibility to 

developing infection in fractures. Patients suffering from endocrinological and 

cardiovascular disorder, has shown high susceptibility to fracture-related 

infections.  A German study has shown that persons with heart failure or arterial 

hypertension have an increased relative risk of suffering an infection following a 

fracture compared to the general population (Szymski et al., 2022). Diabetes 

mellitus exerts a negative influence on the process of wound healing, rendering 

individuals afflicted with this metabolic disorder particularly susceptible to 

complications following surgical procedures. Emerging evidence has shown that 
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diabetes mellitus significantly increases the risk of postoperative infections among 

surgical patient cohorts (Hu et al., 2020). Hu et al., (2020) identified a range of 

comorbidities associated with the occurrence of infections following operative 

interventions for open fractures in patients. These comorbid conditions 

encompassed a diverse spectrum of medical disorders, including diabetes mellitus, 

hypertension, cardiovascular or cerebrovascular diseases, rheumatoid diseases, 

liver and kidney diseases, chronic respiratory diseases, anemia, benign or 

malignant tumors, and immune system disorders. 

 

According to Kang et al., (2023), as the number of comorbidities increased, the risk 

of infection also significantly increased. The influence of comorbidities on 

infection development following fractures was further described by Saiz et al., 

2022. This study asserted that individuals with open tibial shaft fractures, with 

conditions such as congestive heart failure, bleeding disorders, or obesity, have a 

high risk of developing acute inpatient infections during their initial hospital stay, 

ranging from three to 4.5 times higher compared to patients without these 

comorbidities. Moreover, patients presenting with diabetes, psychiatric disorders, 

hypertension, or chronic obstructive pulmonary disease exhibit a 1.5 to 2-fold 

increased likelihood of developing subsequent infections in comparison to those 

without these underlying medical conditions. 

 

The research conducted by Nåsell et al., (2011) has demonstrated that individuals 

who smoke tend to experience a higher prevalence of postoperative complications, 

including wound infections, following surgical intervention. A recent statistical 

analysis by Sun et al., (2024) also noted history of smoking as a modifiable risk 

factor which heightened risk for postoperative wound infections. Smoking showed 
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a statistically significant difference between the infected and uninfected groups 

among patients undergoing open reduction and internal fixation for tibial plateau 

fractures. Among individuals who developed postoperative wound infections, 

72.73% had a history of smoking, whereas only 38.24% of those without infections 

reported a similar smoking history. This observed disparity yielded a statistically 

significant difference (p = 0.014). According to findings from meta-analyses, 

smoking emerges as a significant risk factor for the development of postoperative 

infections following elective orthopedic and trauma surgeries. In comparison to 

non-smokers, smokers exhibit a substantially elevated relative risk of 2.20 for 

developing such infections (Smolle et al., 2021). Moreover, in fracture surgery, 

smokers face a 2.1 times higher risk of postoperative infections compared to non-

smokers (Smolle et al., 2021). Consistently, another meta-analysis aimed at 

identifying risk factors for infection post open fracture fixation confirmed that 

smokers are at a significantly heightened risk, with a postoperative infection rate of 

17.7% among smokers compared to 13.8% among non-smokers, corresponding to 

a relative risk of 1.29 (Kortram et al., 2017). However, conflicting evidence exists 

regarding the association between smoking and postoperative infection risk. Some 

prior studies, such as those by Tornetta et al., (2020) and Olesen et al., (2017) 

failed to demonstrate a significant correlation between smoking status and the 

occurrence of postoperative infections.  

2.3.2 Fracture Related Factors 

Zalavras, (2017) reported that the severity and extent of contamination of the injury 

influences the incidence of infection following open fractures. Furthermore, the 

rates of infection varied depending on the Gustilo-Anderson type. The infection 

rates in type I fractures was from 0% to 2%. Type II fractures had a higher 
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infection rate, up to 10%. The most severe category, type III fractures, carried a 

significantly higher risk, with infection rates reaching as high as 50%. 

Gustilo and Anderson, (1976) conducted a seminal study where they demonstrated 

that type III open fractures had a greater risk of infection than lower-grade 

fractures. Specifically, type IIIB fractures were associated with high infection rate 

of 52% and type IIIC fractures with 42%. In contrast, type IIIA fractures had a 

lower infection rate of 4%. Infection rates were observed to decrease further in type 

I fractures with 2% and type II fractures, which had a rate of 2.4%. These findings 

shows that the more severe the fracture, the higher the likelihood of infection. A 

large retrospective study that evaluated Gastilo Anderson classification as a 

predictor for infection had comparable results. The risk of infections in type IIIC, 

IIIB and IIIA were 62%, 30% and 14 % respectively. The risk also significantly 

decreased in type II and type I to 8% and 2% respectively (Thakore et al., 2017). In 

a multicenter retrospective analysis focusing on patients diagnosed with infection 

subsequent to operative management of open fractures, the incidence of infection 

also increased significantly with the severity of open fractures, with type III 

fractures having the highest incidence rate. Among the cohort studied, infection 

manifested in 45 cases (6.6%) out of 678 cases classified as type I open fractures, 

164 cases (13.1%) out of 1254 classified as type II, and 292 cases (38.4%) out of 

760 categorized as type III open fracture wounds (Hu et al., 2020).  

The Tscherne classification is another system which assesses the extent of damage 

of soft tissues in open fractures based on the fracture pattern and energy. According 

to Matos et al., (2015) Tscherne type II and type III fractures are associated with a 

greater risk of developing infection, with infection rates of 25.8% and 48.4% 

respectively. Furthermore, studies have indicated that grossly contaminated 
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wounds can considerably raise the risk of developing wound infection (Coombs et 

al., 2022).  

Performing early surgical debridement reduces the risk of wound infection by 

decreasing the bacterial load in the open wound (Coombs et al., 2022). Historically, 

it was recommended that surgical debridement be done within six hours following 

the injury to reduce the risk of infection significantly. Nonetheless, current studies 

have yielded conflicting findings, and the optimal timing for surgical debridement 

remains uncertain (Foote et al., 2021; Srour et al., 2015). In the investigation 

conducted by Matos et al., (2015), an association was observed between the 

occurrence of infection and the duration of exposure of the open fracture prior to 

surgical intervention. The findings revealed a significant correlation between 

infection incidence and exposure time, particularly within the first 24 hours post-

trauma. The patients who developed infections had a mean exposure time of 30.3 

±19.5 hours, whereas those who remained infection-free had a shorter mean 

exposure time of 21.4 ±12.1 hours. In a retrospective cohort investigation, 

Malhotra and colleagues, (2014) conducted a multivariate analysis to assess the 

incidence of deep infections in open extremity fractures relative to the timing of the 

first incisional and debridement (I&D). This study involved the examination of 415 

cases of open extremity fractures. The findings from this analysis revealed a 

significant association between the timing of the initial I&D procedure and 

infection rates, particularly in fractures involving the lower extremities. A delay 

exceeding 8 hours to the first I&D procedure for open fractures of the lower 

extremity was correlated with an increased risk of infection. However, no such 

association was observed for fractures of the upper extremity. 
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Khatod et al., (2003) found in their study that there was no statistically significant 

difference in the time elapsed from injury to the initial incision and debridement 

procedure between fractures that subsequently developed infected and those that 

did not, across various fracture types. Upon further analysis, they also determined 

that there was no difference in the overall infectious outcome when comparing 

cases where the initial irrigation and debridement were performed within 6 hours of 

the injury to those where it was conducted after 6 hours from the time of injury. A 

retrospective study conducted by Li et al., (2020) examined the correlation between 

the length of time from injury to the first debridement of open tibial fractures and 

perioperative infection rates. Their analysis led to the conclusion that the 

occurrence of perioperative infection in patients with open tibial fractures was not 

significantly associated with the timing of the initial debridement. The study 

reported infection rates among different groups based on the time interval between 

injury and the first debridement. The infection rates were 9.2% for individuals 

debrided in less than six hours, 9.5% for those debrided between six and 12 hours, 

11.1% for the 12 to 24-hour group, and 10.5% for patients undergoing debridement 

after 24 hours from injury. While there was an observed trend of increasing 

infection rates with longer delays in initiating debridement, this trend was not 

statistically significant across the four groups. Tornetta et al., (2020) and Singh et 

al., (2012) conducted studies in which participants were categorized into four 

groups based on the timing of debridement following injury: less than 6 hours, 6-12 

hours, 12-24 hours, and more than 24 hours. However, neither study found any 

significant association between the timing of debridement and the occurrence of 

infection. 
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In the study conducted by Matos et al., (2015), internal fixation was selected as the 

treatment modality for 20.5% of the fractures, while casting or external fixation 

was utilized in 79.5% of cases. Despite the variation in treatment approaches, the 

study found no significant association between infection occurrence and the chosen 

treatment method. Similarly, a systematic review and meta-analysis conducted by 

Kortram et al., (2017) evaluating the efficacy of internal fixation versus external 

fixation in the management of open fractures revealed that there was no significant 

difference in the incidence of infection between the two treatment modalities. The 

analysis reported infection rates of 20.7% for cases treated with internal fixation 

and 23.6% for those managed with external fixation. However, in the study by 

Khatod et al., (2003), which focused on assessing the infectious outcomes 

associated with open tibia fractures, various methods of bony stabilization were 

employed. Among the patients who ultimately developed infections, the 

distribution of treatment modalities was as follows: 4% underwent casting, 64% 

were managed with external fixation, 16% underwent open reduction with plate-

and-screw fixation, and an additional 16% received intramedullary fixation. Saiz et 

al., (2022), also argues that patients with open long bone fractures, such as tibial 

shaft fractures that had infection were nearly three times more likely to have had 

external fixation. 

2.3.3 Health Care Related Factor 

Research has established a correlation between the antibiotic delay and a higher 

likelihood of infection. Prompt administration of systemic antibiotics in open 

injuries has been proven to significantly decrease the likelihood of infection 

(Atwan et al., 2020). If administered early, antibiotics will aid the immune system 

and inhibit excessive bacterial replication, which will lead to infection prevention 
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(Coombs et al., 2022). Historically, it was advised to initiate antibiotic prophylaxis 

promptly following the injury. There is currently no established or universally 

agreed-upon optimal timeframe for administration of antibiotics after an injury to 

reduce infection risk. However, a recent study by Suzuki et al., (2023), emphases 

that antibiotics should be administered within three hours after the injury. This time 

frame was considered crucial due to the potential impact of altered circulation and 

bacterial proliferation on the development of infections (Patzakis & Wilkins, 

1989). According to Hoff et al., (2011), antibiotic administration should be done as 

“soon as possible” after the injury. While other studies continue to support the 

evidence of starting antibiotics as soon as possible, some studies urges that 

infection rates following open fracture injuries is not associated with timing of 

initial antibiotics administration (Mundi et al., 2015; Weber et al., 2014). A study 

validating the impact of timing in administering antibiotics to predict infection in 

open fractures illustrated that delaying antibiotic administration by more than two 

hours after the injury is linked to a higher risk of wound infection (Roddy et al., 

2020). In addition, Lack et al., (2015) demonstrated that delayed administration of 

antibiotics was linked to a higher incidence of infection. Infection rate increased 

from 6.8% for those who received antibiotics within an hour to 27.9% in patients 

who were administered after more than ninety minutes (Lack et al., 2015). In a 

study by Penn-Barwell et al., (2012), delaying the administration of antibiotics to 

either six or 24 hours following injury had a significantly adverse impact on the 

infection rate, irrespective of the timing of subsequent surgery. Similarly, in a 

prospective cohort study involving 133 patients, Al-Arabi et al., (2007) classified 

participants into categories based on the timing of antibiotic administration: less 

than 2, 4, 6, 8, 12, and more than 12 hours from injury. Their findings revealed that 
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the timing of antibiotic administration within the first 24 hours had no significant 

effect on the rate of infection. 

Several studies have investigated the impact of primary versus delayed wound 

closure on infection rates in open fractures bones (Hull et al., 2014; Rupp et al., 

2024; Scharfenberger et al., 2017; Tornetta et al., 2020). In a systematic review and 

meta-analysis by Kortram et al., (2017), the comparison between immediate and 

delayed wound closure in the management of open fractures did not reveal any 

significant differences in the development of infectious complications. However, 

contrasting findings were reported in a study by Davis et al., (2015), where patients 

who underwent single-stage definitive fixation and wound coverage were 

compared to those who had definitive fixation and wound coverage at separate 

operations. In this study, a notable difference was observed in favor of the single-

stage approach, with results indicating that 4.2% of patients in the single-stage 

group developed infectious complications, compared to 34.6% in the group 

undergoing separate operations for fixation and wound coverage. While findings 

vary, there is historical evidence to suggest that delayed closure may be associated 

with lower infection rates compared to primary closure (Russell et al., 1990). 

Delayed closure allows for more comprehensive debridement, which reduces the 

bacterial burden and creates an environment conducive to wound healing (Gustilo 

& Anderson, 1976). Conversely, immediate closure without adequate debridement 

may trap bacteria within the wound, increasing the likelihood of infection. 

The duration of surgery and the experience level of the surgeon may influence the 

incidence of postoperative infections. Several studies have shown that longer 

surgical durations and inexperienced surgeons are associated with higher rates of 
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infections in various orthopedic procedures, including open reduction and internal 

fixation of long bone fractures. In a study conducted by Hu et al., (2020), it was 

revealed that surgical procedures lasting longer than 122 minutes were associated 

with a higher risk of infection following operative management of open fractures, 

with a corresponding increase of 2.52-fold in infection risk compared to procedures 

of shorter duration. Moreover, Colman et al., (2013) demonstrated that for each 

additional hour of surgical duration beyond a certain threshold, the risk of infection 

surged by approximately 78%. Hu et al., (2020) also assets that surgical expertise 

in conjunction with a synergistically cooperative surgical team has an influence in 

abbreviating operative durations and consequently mitigating the occurrence of 

infections. In a multivariable analysis conducted by Ovaska et al., (2013), it was 

determined that a surgical duration exceeding ninety minutes was independently 

associated with an increased risk of infection. Similarly, Sun et al., (2024) 

conducted a study where the duration of surgery exceeding 150 minutes emerged 

as a notable factor associated with infection risk. Within their study cohort, the 

incidence of infection was 54.6% in the infected group versus 17.7% in the 

uninfected group among patients undergoing surgeries lasting over 150 minutes 

compared to those with shorter operative durations.   
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Figure 4: Conceptual framework – factors associated with incidence of infection 
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2.4 Patterns of prophylactic antibiotic use in patients with open long bone 

fractures  

2.4.1 Prophylactic use of antibiotics 

Prophylactic antibiotic therapy is considered a standard practice in management of 

open fractures, aimed at reducing the risk of fracture related infection. The 

significance of early initiation of antibiotic prophylaxis was highlighted in a study 

by Melvin et al., (2010). Evidence supports intravenous antibiotic therapy as the 

most significant predictor of developing infection among patients with open 

fractures ( Anderson et al., 2011; Griffin et al., 2012). A systematic review study 

confirmed that antibiotics significantly decreases the occurrence of wound 

infections compared to no antibiotic treatment. Moreover, the choice of antibiotics 

is influenced by factors such as the Gustilo-Anderson classification of the fracture 

and the specific microorganisms known to colonize wound sites. These factors play 

a role in determining the most suitable class and duration of antibiotics for 

effective infection management (Chang et al., 2019). In research conducted in 

Uganda, East Africa, to investigate the utilization of antibiotics in open fractures, 

particularly in terms of timing and antibiotics selection, the findings showed that 

6% of patients did not receive any antibiotics. Among the participants, 54% were 

initiated on antibiotics in the accident and emergency department, 24% in the 

operating room, and 16% during the postoperative phase (Kigera & Shamim, 

2012). 



42 

 

2.4.2 Type and duration of antibiotic use 

Earlier studies, such as the work by Wilkins and Patzakis, (1991), have advocated 

for the use of broad-spectrum prophylactic antibiotic therapy that is effective 

against both gram-positive and gram-negative organisms. Research studies have 

consistently recommended using intravenous antibiotics, specifically first- or 

second-generation cephalosporins like cefazolin, as the preferred choice for 

antimicrobial prophylaxis in open fractures. However, in cases where patients have 

a beta-lactam allergy, clindamycin is considered the most suitable alternative. In 

Gustilo-Anderson type III, studies recommend additional antibiotics against gram 

negative bacteria. This is often achieved by adding gentamicin to the antibiotic 

regimen (Carver et al., 2017). However, even after the initiation of antibiotics for 

open fractures, there remains debate regarding the optimal duration of treatment 

(Atwan et al., 2020; Isaac et al., 2016). Following the closure of Gustilo-Anderson 

type I and II injuries, it is recommended to continue antibiotic coverage targeting 

gram-positive bacteria for twenty-four hours. This is typically achieved by 

administering a first-generation cephalosporin. Antibiotic treatment can minimise 

the risk of infection from gram-positive bacteria during the crucial post-closure 

period (Mundi et al., 2015). In the case of Gustilo-Anderson type III injuries, in 

addition to providing gram-positive coverage, Mundi and colleagues (2015) 

advised to administer an aminoglycoside antibiotic for seventy-two hours 

following the injury. However, it is essential to discontinue the use of 

aminoglycosides beyond twenty-four hours after the closure of the wound. This 

approach ensures proper antibiotic management, considering the fracture’s severity 

and aiming to prevent infection effectively. According to the current AO 

guidelines, for Gustilo-Anderson type I and type II, a first- or second-generation 
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cephalosporin should be administered for twenty-four hours. In the case of Gustilo-

Anderson type III, the guidelines suggest administering a third-generation 

cephalosporin such as ceftazidime in combination with gentamicin for seventy-two 

hours or until closure of soft-tissue, whichever comes first (Buckley et al., 2017). 

Previous research and literature indicated that an appropriate duration for 

administering antibiotics in cases of open fractures ranged from three to five days. 

For Gastilo-Anderson type I and II open fracture wounds, it's recommended to 

administer antimicrobial therapy for three days, while for Gastilo-Anderson type 

III open fracture wounds, a treatment duration of five days is recommended 

(Wilkins & Patzakis, 1991). However, findings from a meta-analysis study by 

Messner et al., (2017), which pooled data from both comparative and observational 

studies focusing on the duration of antibiotic administration in open long bone 

fractures, did not support that prolonged antibiotic regimen lasting more than 72 

hours offered any protective effect against septic complications of open fractures.  

 

The analysis revealed that in Gustilo-Anderson type I and II open fractures, the 

infection rate did not significantly differ when antibiotic treatment exceeded 72 

hours (6%) compared to shorter antibiotic duration (4%). Similarly, for Gustilo-

Anderson type III open fractures, there was no significant difference in infection 

rates (21.3% for prolonged treatment versus 17.7% for shorter treatment). In a 

randomized, double-blind, prospective study by Dellinger et al., (1988), which 

assessed the duration of antibiotics in the setting of open long bone fractures, 264 

cases were randomized to receive either 24 hours or five days of antibiotics post-

operatively. The study concluded that a short course of antibiotics was as effective 

as a longer course in terms of the incidence of infection. Furthermore, Anderson et 

al., (2011) recommends specific antibiotic protocols for different grades of open 
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fractures. For grade I and II open fractures, they suggest administering a first-

generation cephalosporin (such as cefazolin) within 3 hours of injury and 

continuing it for 24 hours. Grade III open fractures necessitate coverage with an 

aminoglycoside alongside a first-generation cephalosporin within 3 hours of injury. 

Antibiotics should be sustained for 48–72 but not beyond 24 hours after wound 

closure. Additionally, if a fracture carries a risk of contamination with Clostridium 

species, like in farm-related injuries, penicillin should be included in the antibiotic 

regimen. In a prospective investigation involving 227 patients with open fractures, 

Vasenius et al., (1998) conducted a comparative analysis between clindamycin and 

cloxacillin. The study revealed clindamycin's effectiveness in managing type I and 

type II fractures, with infection rates of 3.3% and 1.8%, respectively. However, 

concerning grade III fractures, both clindamycin (29.0%) and cloxacillin (51.8%) 

exhibited very high infection rates. This study highlights the effectiveness of gram-

positive coverage for type I and II fractures while emphasizing the importance of 

additional gram-negative coverage in more severe Gustilo type fractures. The 

British Orthopaedic Association (BOA) also provides guidelines and 

recommendations for the appropriate use of antibiotics in open fracture 

management, aiming to prevent infection and optimize patient outcomes. The 

current guidelines outlined by Nanchahal et al., (2009) are as follows: 

 Administration of Co-amoxiclav at a dose of 1.2 g every eight hours or a 

cephalosporin like cefuroxime at a dose of 1.5 g every eight hours 

intravenously as soon as possible after the injury. This antibiotic should be 

continued until the surgical debridement procedure. 

 During debridement, Co-amoxiclav/cephalosporin in combination with 

gentamicin at a dose of 1.5 mg/kg. The Co-amoxiclav/cephalosporin should 
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be continued until definitive closure of the soft tissues or for a maximum 

duration of seventy-two hours, whichever comes first. 

 During the operative procedure, gentamicin at a dose of 1.4 mg/kg and 

vancomycin at 1 g or teicoplanin at 800 mg is administered.  

In East Africa, specifically Uganda, the most frequently administered initial 

antibiotic for open fracture injuries was ceftriaxone, followed by ampiclox, 

cloxacillin, and ciprofloxacin. The duration of antibiotic treatment varied between 

one day and thirteen days. In this study the average duration of the antibiotic 

course was 7.3 days (Kigera & Shamim, 2012). In a local study conducted at 

Kenyatta National Hospital, most cases received intravenous cefuroxime or 

ceftriaxone and, in some cases, combined with metronidazole as prophylactic 

antibiotics. The duration of prophylactic antibiotic treatment was four to five days 

in 54% of the cases and two to three days in 39% of the cases, as reported by 

Macharia, 2020. 

 

Current Guideline at MTRH 

A recent standard operating procedure (SOP) concerning adult antibiotic 

prophylaxis in open fractures at MTRH recommends the prompt administration of 

intravenous antibiotics within the first hour post-injury, accompanied by 

appropriate surgical debridement and fracture stabilization (Kisorio, 2023).  In 

cases where the time of injury cannot be determined, antibiotics should be given 

within one hour of arrival to the emergency department. For Gustilo-Anderson type 

I and type II fractures, first generation cephalosporin (such as Cefazolin) should be 

administered for 24 hours and 24-48 hours respectively, following wound closure. 

In all type III Gustilo-Anderson open fractures, a first-generation cephalosporin for 

gram positive coverage and an aminoglycoside (such as gentamycin) for gram 
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negative coverage should be administered for 48-72 hours post-wound closure. 

Specific considerations include penicillin for farm injuries, flouroquinolones for 

fresh or salt water wounds and doxycycline or third or fourth-generations (e.g., 

Ceftazidine) for salt water wounds.  
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CHAPTER THREE: METHODOLOGY 

3.1 Study Setting  

The study was conducted in the Orthopaedic wards and Orthopaedic Clinics of Moi 

Teaching and Referral Hospital (MTRH). The hospital is located along Nandi Road 

in Eldoret, in Uasin Gishu County, found in Western Kenya’s North Rift region. 

The hospital is a major referral centre with a wide catchment area, catering to over 

25 million people. This setting provides an excellent opportunity to study open 

fractures of long bones among adult patients, considering the hospital's expertise, 

resources, and the diverse population it serves. 

3.2 Study Design 

The study was a prospective descriptive study. Participants were followed up at 

MTRH orthopaedic clinics at two weeks, six weeks and three months from the date 

of surgery for surveillance of development of infection. 

3.3 Target Population 

Patients with open fractures of long bone treated at MTRH were targeted for 

enrolment in the study. For this study, long bones included the humerus, radius and 

ulna, femur and tibia and fibula. 

3.4 Study Population 

The study enrolled all adult patients (18 years and above) with open fractures of 

long bones treated from 1 January 2024 until 30 September 2024 who were 

admitted in the orthopaedics wards of MTRH following debridement. 

 

 

 

3.5 Eligibility Criteria  
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3.5.1 Inclusion Criteria 

 All adult patients (18 years and above) with open fractures of long 

bones treated at MTRH.  

 Patients with confirmed open fractures of long bones, diagnosed based 

on clinical and radiographic evaluation. 

 At least three months of follow-up.  

3.5.2 Exclusion Criteria 

 Patients who had surgical debridement done in other institutions. 

 Long bone fractures other than femur, tibia, fibula, humerus, radius, and 

ulna. 

 Patients with pre-existing wound or infection on the affected limb. 

 Patients whose limbs were amputed following open fracture of long bone. 

 Patients who were transferred to another facility. 

3.6 Sample Size Determination 

The primary objective of this study was to identify factors associated with the 

incidence of infection among adult patients with open long bone fractures at 

MTRH. Assuming an incidence proportion of 50% and a minimum of 10 factors, 

the minimum  representative sample size for the study was estimated using a 

formula by Peduzzi et al., (1996) as follows: 

                        

Where 

n = minimum sample size 

K = 10 -number of factors under consideration  
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p = 50% - estimated proportion of interest 

Substituting for the above values the minimum sample size required was 200 

participants.  

 

To account for potential loss to follow-up, the sample was adjusted using the 

standard formula ( Hulley et al., 2013; Kirkwood & Sterne, 2003): 

 

Assuming an anticipated loss to follow-up of 10% (L= 0.10): 

 

Thus, the final sample size required for the study was 223 participants, ensuring 

sufficient statistical power despite potential dropouts. 

3.7 Sampling Method 

A consecutive sampling method was employed. All eligible individuals who 

provided informed consent during the sampling period (1st January 2024 – 30th 

September 2024) were enrolled in the study.  

3.8 Study Procedure 

The initial encounter with the prospective study participants was after patient 

stabilization and surgical debridement. Eligible patients were identified from the 

Orthopaedic department admission registers. After identification, the purpose and 

procedure, potential risks and benefits of the study were explained to the 

participants, and informed consent obtained.  
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Information on different variables were gathered from patients who had consented 

to be part of the study by interviewing them face-to-face using a questionnaire 

developed based on a comprehensive literature review and consultation with 

experts in the field. Additional information was also collected from the patient’s 

medical records to assess the participants' conditions comprehensively. To monitor 

the development of surgical wound infection, participants were followed up at two 

weeks, six weeks and three months from the surgery date. The monitoring was 

done using the validated CDC criteria data collection tool adopted from “WHO 

Protocol for Surgical Site Infection Surveillance with a Focus on Settings with 

Limited Resources”(WHO, 2018).   

3.9 Data Collection Method  

The principal researcher was responsible for the data collection process. Data 

collection was commenced once informed consent had been obtained from the 

participants. To ensure the security and confidentiality of the collected data, all 

data collection tools, including questionnaires, were stored in lockable filing 

cabinets accessible solely to the principal researcher. This prevented unauthorized 

access to the data and maintain its integrity. After data collection, the questionnaire 

information was transferred to an electronic database. To further safeguard the 

confidentiality of the data, the database was encrypted with a password known only 

to the principal researcher. This encryption protected against unauthorized access 

and ensure the confidentiality of the participants' information.  
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3.10 Study Variables 

Information on independent variables and dependent variables was collected.   

3.10.1 Independent variables 

 Socio-demographic characteristics: Patients' demographic profiles, 

including age, gender, education level (none, primary, secondary and 

tertiary), occupation, and smoking status were collected. 

 Co-morbidities: Pre-existing medical conditions the patients had, such as 

diabetes mellitus, hypertension, cardiovascular or cerebrovascular disease, 

rheumatoid disease, kidney and liver disease, chronic respiratory diseases, 

anaemia or cancers were recorded.  

 Mechanism of injury: The circumstances or events that led to the injury 

included road traffic accident, gunshot, assault, fall, work-related injury, 

sports. 

 Nature of injury: Bones involved were classified as humeral, radio/ulnar, 

femoral, or tibia/fibular, in location. Upper extremity fractures (humeral 

and radio/ulnar) were collapsed into a single category for analysis. 

Similarly lower extremity fractures were also grouped. Additional 

information about the fracture such as laterality to indicate the side of the 

body affected, i.e. whether the left side or right side. 

 Pattern of fracture: The specific classification or pattern of the fracture, 

such as spiral, oblique, transverse, comminuted, etc were recorded. 

 Gustilo-Anderson classification: To categorize and measure the injury's 

severity, the open fractures were graded by the operating surgeon according 

to the Gustilo-Anderson classification, which was determined at the time of 
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the initial debridement in the operating room. The fractures were 

categorized as Gustilo-Anderson type I, II, IIIA, IIIB, and IIIC for analysis. 

 Timing of debridement: Time from injury to surgical debridement was 

determined by historical data. It was defined as the time between the injury 

and the commencement of surgical debridement. For analysis purpose 

patients were divided into five categories based on time from injury to 

surgical debridement: less than six hours, between six hours and twelve 

hours, between twelve hours and twenty-four hours, between twenty-four 

and forty-eight hours and more than forty-eight hours.  

 Time from injury to initiation of antibiotics: The timing of prophylactic 

antibiotic administration following injury was recorded. Patients were 

divided into five categories based on time from injury to initiation of 

prophylactic antibiotics: less than three hours, between three hours and six 

hours, between six hours and twelve hours, between twelve hours and 

twenty-four and more than twenty-four hours.  

 Duration of prophylactic antibiotics: The duration of prophylactic 

antibiotics in open fractures was defined as a period for which antibiotics 

are administered after the injury to reduce the risk of infection. It was 

calculated from the time the first dose of antibiotics is administered after 

the injury to the time of stopping antibiotics without patient having 

developed signs or symptoms of infection or if the patient develops an 

infection during antibiotic course, the duration ends when the infection is 

diagnosed and specific therapeutic antibiotics are initiated to treat the 

infection.  
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 Type of antibiotics used: The choice of prophylactic antibiotic regimen 

used were recorded.  

 Method of fracture stabilisation: The technique or approach for fracture 

immobilization were considered as follows: back-slab or cast, external 

fixation, or internal fixation with Intermedullary (IM) nailing, Plate and 

screws, etc.  

 Surgeons' expertise: Surgeons' experience was categorised as either 

consultant or resident (operating without supervision of a consultant) 

 Duration of surgery: Duration of initial surgical debridement procedure. 

 Wound closure after debridement: Primary closure at the time of 

debridement or wound left open. 

3.10.2 Dependent variable 

 Infection: The criteria to define infection in patients followed the rules of 

the Center for Diseases Control and Prevention which requires either 

clinical signs (purulent drainage from the incision, local pain, tenderness, 

swelling, erythema or heat) along with surgeon’s confirmation of the 

diagnosis or identification of microorganisms in aseptically collected 

specimens for the purpose of diagnosis or treatment. Pin site infections in 

patients who had undergone external fixation were excluded as these are a 

recognized complication of external fixator devices.  

3.11 Data Analysis 

The data was inputted into Microsoft Excel, where it was revised, cleaned, coded, 

and subsequently analyzed utilizing IBM SPSS Statistics 26 (Statistical Package 

for the Social Sciences Software, Chicago, Illinois, USA). Analysis of data 

summarised the study participants’ sociodemographic and clinical characteristics. 
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Categorical variables such as gender, co-morbidities, smoking fracture severity, 

time to debridement, time to antibiotics initiation, wound closure and fracture 

immobilization methods were presented as frequencies and their respective 

percentages while variables that are numerical like age and duration of surgery 

were summarized using either means and their corresponding standard deviation or 

ranges. 

Further analysis was done per each objective as summarized in the table below.  

Table 2: Summary if data analysis procedure 

Objective Outcome  Independent Statistical Test 

One: To describe 

characteristics of adult 

patients with open long 

bone fractures treated at 

MTRH 

Categorical 

variables e.g. 

gender, co-

morbidity 

Numerical 

variables e.g. 

age, time 

- Frequency & 

proportion 

 

Mean & Standard 

Deviation/ Range 

Two: To describe the 

incidence of infection 

among adult patients with 

open long bone fractures at 

MTRH 

Infection:  

(Yes/No) – 

binary 

categorical 

variable 

- Frequency & 

proportion 

 

Three: To identify factors 

associated with the 

occurrence of infection 

among adult patients with 

open long bone fractures at 

MTRH 

Infection:  

(Yes/No) – 

binary 

categorical 

variable 

Categorical 

variables e.g. 

gender, co-

morbidity 

Numerical 

variables e.g. 

age, time 

Chi Square/ Fisher’s 

exact tests 

 

 

t-test/ Mann Whiney 

U test 

 

Binary logistic 

regression 

Four: To describe the 

pattern of prophylactic 

antibiotic use among adult 

patients with open long 

bone fractures at MTRH 

Antibiotic used 

Categorical 

variables 

 Frequency & 

proportion 

 

 

The study findings were presented using figures, tables, and graphs. All the test 

results were deemed statistically significant if p- value was less than 0.05. 
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3.12 Ethical Consideration 

IREC approval and approval from MTRH management as well a research license 

issued by the National Commission for Science, Technology and Innovation 

(NACOSTI) were sought before the commencement of data collection. All eligible 

patients were asked to provide informed consent before participating in the study. 

This was done after explaining the nature of the study including its purpose, 

potential risks and benefits in a language they fully understand. The participating 

patients also receive information about their right to withdraw or drop out from the 

research at any time they wanted to do so without any consequences. 

Patient privacy and confidentiality was maintained throughout the study and when 

depositing the completed thesis in an institutional repository or publishing the 

report in a peer-reviewed academic journal, as per ethical guidelines,   

3.13 Study limitations  

The prospective nature of this study presented certain limitations such as loss to 

follow-up. To mitigate this issue, patient’s contact information was recorded and 

participants were telephonically reminded of their scheduled follow-up visits. 

Home visits were also done for those patients who could not attend clinic follow-

up, solely for completion of data.  
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CHAPTER FOUR: RESULTS 

4.0 Introduction 

This chapter presents the key findings derived from the research investigation, 

aiming to provide a comprehensive overview of the data analysis and outcomes 

addressing the study's objectives. 

A total of 247 participants with 258 open long bone fractures satisfied the inclusion 

criteria and were recruited into the study. The participants were admitted to the 

MTRH Orthopaedics wards from 1st January 2024 to 30 September 2024.  Sixteen 

(16) participants were lost to follow up and one participant died during the study 

period; Therefore, 230 participants with 241 open fractures completed the study 

and had their data analysed.  

 

 

 

 

 

 

 

 

 

 

Figure 5: Recruitment algorithm 

247 participants with 258 long bone open 

fractures satisfied the inclusion criteria and 

were recruited into the study 

16 Loss to follow-up  

 1 died 

230 participants with 241 open fractures 

completed the study 
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4.1 Characteristics of patients with open long bone fractures 

4.1.1 Socio-demographic characteristics 

The sociodemographic characteristics of the 230 participants are summarized in 

Table 3. The ages of the participants ranged from 18 to 91 years with a mean age of 

36.9 ± 14.9 years. Analysis showed that 74.3% of open long bone fractures 

occurred in males with mean age of 35.5 ± 13.2 years and 25.7% occurred in 

females with a mean age of 41.1 ± 18.7 years. The male to female ratio of the 

participants was 3: 1. The majority of the participants 105 (45.6%) had informal 

occupation (motorist, farmers, traders, construction workers, casual labourers, 

domestic workers), 37 (16.1%) had a formal occupation (health carer workers, 

teachers, technicians, administration officers, security officers and engineers), 52 

(22.6%) were unemployed, 16 (7.0%) were students and 20 (8.7%) were 

pensioners. Forty-two (18.3%) of the participants had primary, 97 (42.2%) had 

secondary education while 57 (24.8%) had completed tertiary education. Only 34 

(14.7%) had no formal education. 

Table 3: Socio-demographic characteristics 

  n =230  

Variable Frequency  Percentage (%) 

Age (years)  36.9 (14.9) years  

Range   18 – 91 years  

Gender    

Male 171 74.3 

Female 59 25.7 

Occupation    

Formal  37  16.1 

Informal  105  45.6 

Unemployed 52  22.6 

Students 16  7.0 

Pensioner 20  8.7 

Education    

none 34  14.7 

Primary  42  18.3 

Secondary 97 42.2 

Tertiary 57 24.8 
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The overall age distribution of these open fractures is shown in figure 6 which 

shows that in all patients the highest incidence of open long bone fractures was in 

the 20-25 age group, followed by the 26-30 age group with the least incidence in 

the 61-65 age group. Figure 7 shows that in males the highest incidence of open 

fractures occurred between 26– 30 years and in females the highest incidence was 

in the 20–25-year group. The least incidence of open fracture in males occurred in 

the 61-65 years group and in females the least incidence was in the less than 20 

years and the 51-55 age group.  
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Figure 6: Age distribution 
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Figure 7: Age distribution by Gender 

Table 4: Aetiology of injury 

  n =230  

Mechanism of Injury (Aetiology) Frequency  Percentage (%) 

Road traffic accident 150 65.2 

Assault 32 13.9 

Falls 16 7.0 

Work-Related Injury 11 4.8 

Sports 6 2.6 

Gunshot 14 6.1 

Others 1 0.4 

 

As shown in table 4 the majority of cases were due to road traffic injuries 150 

(65.2%) followed by assaults 32 (13.9%). Other cases on injury included falls 

(7%), work-related injury (4.8%), sports (2.6%) and gunshot injuries (6.1%). 
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4.1.2 Fracture Characteristics 

Table 5 shows that most of the injuries were observed on the lower extremity 198 

(82.2%) compared to the upper extremity 43 (17.8%). In the lower extremity, 

fracture of both tibia and fibula was observed in 138 (57.3%) cases. The femur 

with 41 (17.0%) case was the most isolated lower limb long bone affected, 

followed by the tibia 17 (6.6%) and only 3 (1.2%) cases of the fibula were 

recorded. In the upper extremity fracture of the radius and ulna was seen in 13 

(5.4%) patients and humerus was isolated upper extremity fracture 15 (6.2%). 

Figure 8 illustrates the distribution of fractures across the affected long bones. The 

most common fracture patterns observed were comminuted fracture pattern 141 

(58.5 %), followed by transverse fracture pattern 34 (14.1%) and oblique fracture 

34 (14.1%). These fractures were observed to show a slight predilection for the 

right side 123 (51.0%) compared to the left, 118 (49.0%).  

Table 5: Fracture characteristics 

  N= 241  

Variable  Frequency (n) Percentage (%) 

Bones Involved    

Upper Extremity    

Humerus 15 6.2 

Radius/Ulna 13 5.4 

Radius 3 1.2 

Ulna 12 5.0 

Lower Extremity    

Femur 41 17.0 

Tibia/Fibula 138 57.3 

Tibia 16  6.6 

Fibula 3  1.2 

Fracture Pattern    

Comminuted 141 58.5 

Spiral 19 7.9 

Oblique 34 14.1 

Transverse 34 14.1 

Segmental 13 5.4 

Laterality (side)    

Right 123 51.0 

Left 118 49.0 
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Figure 8: Bones involved 

 

 

Table 6: Fracture severity 

  N=241  

Gustilo Anderson Classification Frequency  Percentage (%) 

I 48 19.9 

II 92 38.2 

III 

 

 

A 61 25.3 

B 34 14.1 

C 6 2.5 

As shown in table 6, among the cases of open fractures, 48 (19.9%) were of type I: 

92 (38.2%) were of type II and a total of 101 (41.9%) were type III according to 

the Gustilo-Anderson classification system of open fracture. Among the type III 

open fractures 61 (25.3%) were of type IIIA, 34 (14.1%) were of type IIIB, and 6 

(2.5%) were of type IIIC.  
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4.2 Incidence of infection in patients with open long bone fractures 

 
 

Figure 9: Occurrence of infection 

Figure 9 illustrates that 92 participants (38.2%) developed infections during the 

three-month follow-up period. Microbial analysis revealed that 93% of these 

infections were monomicrobial in nature, with 35.9% involving Gram-positive 

bacteria and 57.5% involving Gram-negative bacteria. Among the remaining cases, 

3.3% were polymicrobial infections, and 3.3% showed no microbial growth. 

Staphylococcus aureus was the most frequently isolated organism, accounting for 

20.6% of cases. This was followed by Escherichia coli (10.8%), Proteus mirabilis 

(8.7%), Pseudomonas aeruginosa (7.6%), Morganella morganii (7.6%), 

Enterobacter cloacae (6.5%), Coagulase-negative Staphylococci (6.5%), and 

Klebsiella pneumoniae (5.4%). Figure 10 presents the frequency of 

microorganisms isolated from microbial cultures.  
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Figure 10: Micro-organisms isolated 

4.3 Factors associated with the occurrence of infection in open long bone 

fracture 

Table 7: Patient related fractures 

Variable Category Frequency of Infection  p-value 

    No Infection n=142 Infection n= 88   

Age   36.0 (14.5) 39.2 (16.3) 0.12 

 Age group <40 94 (64.4%) 52 (35.6%) 0.35 

  40 - 60 38 (58.5%) 27 (41.5%)   

  >60 10 (52.6%) 9 (47.4%)   

Gender Male 110 (64.0%) 62 (36.0%)  0.24 

  Female 32 (55.2%) 26 (44.8%)   

Smoking No 122 (68.9%) 55 (31.1%) <0.001 

  Yes 20 (37.7%) 33 (62.3%)   

Comorbidities No 105 (64.4%) 58 (35.6%)  0.21 

  Yes 37 (55.2%) 30 (44.7%)   

 

Table 7 summarizes the analysis of patient related factors. The incidence of 

infection based on the age group demonstrated the of age > 40 years was associated 

with fewer incidences of infection. Trend analysis showed that there was no 

significant association between the occurrence of infection and increase in the age 

group (p > 0.05). The results of the multiple logistic regression analysis showed 
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higher infection rate was observed in males compared with females however the 

results were not statistically significant with p>0.24. Smokers had a significantly 

increased risk of infections compared to non-smokers (p< 0.001). Overall, the 

presence of comorbidities was not significantly associated with an increased risk of 

infection in open long bone fractures. However, table 8 shows that patients with 

diabetes mellitus developed more post-operative infections.  

 

Table 8: Comorbidities 
 

Variable Category 

Frequency of Infection (%) 

 p-value 

    No Infection (%)  

Infection 

(%)30   

Comorbidities         

  Diabetes 1 (11.1%) 8 (88.9%)  0.038 

  Hypertension 11 (63.2%) 7 (36.8%)   

  Psychosis  4 (66.7%) 2 (33.3%)   

 

Asthma 3 (100.0%) 0 (0.0%)   

 Alcohol Abuse 3 (60.0%) 2 (40.0%)  

  Renal Failure 4 (80.0%) 1 (20.0%)   

 

Hepatitis 3 (60.0%) 2 (40.0%)   

 COPD 2 (50.0%) 2 (50.0%)  

  Epilepsy 1 (100.0%) 0 (0.0%)   

 

HIV 5 (45.5%) 6 (54.5%)   
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Table 9: Fracture related factors 

Variable Category Frequency of Infection (%) p-value 

  

No Infection (%) Infection (%) 

 Time to 

debridement < 6 hours 
3 (100.0%) 0 (0.0%) 

< 0.001 

 

6- 12 hours 27 (84.4%) 5 (15.6%) 

 

 

12-24 hours 86 (74.8%) 29 (25.2%) 

 

 

24-48 hours 25 (40.3%) 37 (59.7%) 

 

 

>48 hours 8 (27.6%) 21 (72.4%) 

 Severity of injury I  37 (77.1%) 11 (22.9%) < 0.001 

 

II  70 (76.1%) 22 (23.9%) 

 

 

IIIA  37 (60.7%)  24 (39.3%) 

 

 

IIIB 3 (8.8%) 31 (91.2%) 

 

 

IIIC  4 (66.6%) 2 (33.3%)  

 Method of Fixation Cast 15 (71.4%) 6 (28.6%) 0.016 

 

External  56 (51.9%) 52 (48.1%) 

 

 

Internal 78 (69.6%) 34 (30.4%) 

  

Table 9 summarizes the analysis of fracture related factors. There was no infection 

among the patients who had surgical debridement less than 6 hours from injury. 

The infection rate of patients done between 6 hours and 12 hour was 15.6%, with 5 

of 32 patients being infected. In group of 12 hours to 24 hours, the infection rate 

was 25.2% (29 of 115 total cases), the category of 24 hours to 48 hours, the 

infection rate was 59.7% (37 of 62 total cases), and in cases where surgical 

debridement was done after more than 48 hours the infection rate was 72.4% (21 of 

29 total cases)- Figure 11. The infection rate showed increasing trend with delay of 

surgical debridement which was statistical significance between the groups. 

Among the patients who had Gustilo- Anderson type I wound, 11 (22.9%) 

developed infection, 22 (23.9%) among type II, and 57 (56.4%) among type III 

open fracture wounds.  
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Figure 11: Time to surgical debridement (hours) 

Among the sub-groups the Gustilo-Anderson type III the incidences of infection 

were 39.3%, 91.2% and 33.3% for type A, B and C respectively. Infection rates in 

type III fractures was significantly higher than in type I and II fractures (p < 0.001) 

with a significant number of infection among the type IIIB. Among patients with 

eventual infection, 6 (28.6%) were casted, 52 (48.1%) were treated with external 

fixation and 34 (30.4%) underwent internal fixation with either plate-and-screw 

fixation or intramedullary fixation or K wire pinning). There was a statistically 

significant association between the method of immobilization and the occurrence 

of infection, p = 0.016.  
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Table 10: Health care related factors 

 

Table 10 summarises the analysis of health care related factors. The patients were 

placed into five groups of antibiotic administration timing; <3 hours, 3-6 hours, 6-

12 hours, 12-24 hours and >24 hours . The incidence of infection among the 

patients who were administered prophylactic antibiotics less than 3 hours from 

injury was 20.0%, with 7 of 35 patients being infected. The infection rate of 

patients administered between 3 hours and 6 hours was 28.9%, with 13 of 45 

patients being infected. In group of 6 hours to 12 hours, the infection rate was 

33.3% (29 of 87 total cases), in the category of 12 hours to 24 hours, the infection 

rate was 51.1% (24 of 47 total cases) and in cases where prophylactic antibiotic 

was administered after more than 24 hours the infection rate was 70.4% (19 of 27 

total cases). The study showed significant relationship between infection rates and 

the timing of antibiotic prophylaxis in open long bone fracture (Figure 12). 

Variable Category Frequency of Infection  p-value 

    No Infection (%) Infection (%)   

Timing of antibiotic  < 3 hours 28 (80.0%) 7 (20.0%) <0.001 

 

3- 6 hours 32 (71.1%) 13 (28.9%) 

 

 

6-12 hours 58 (66.7%) 29 (33.3%) 

 

 

12-24 hours 23 (48.9%) 24 (51.1%) 

 

 

> 24 hours 8 (29.6%) 19 (70.4%) 

 Wound closure No 9 (19.1%) 38 (80.9%) <0.001 

 

Yes 140 (72.2%) 54 (27.8%) 

 Surgeon expertise Resident  140 (61.7%) 87 (38.3%) 0.98 

 

Consultant 9 (64.3%) 5 (35.7%) 

 Duration of Surgery 

 

103.5 (38.5) 105 (30.1) 0.68 

  

 

      



68 

 

0

10

20

30

40

50

60

70

80

< 3 3 to 6 6 to 12 12 to 24 >24

In
ci

d
en

ce
 
o

f 
in

fe
ct

io
n 

(%
)

Time (Hours)

 
Figure 12: Relationship between timing of antibiotics and occurrence of 

infection 

A significant difference was observed in favour of closure of wound at the time of 

debridement with 27.8% of patients developing infection compared to 80.9% who 

underwent wound closure at a later stage developing infection (p <0.001). In 14 

cases where a consultant orthopaedic surgeon was involved in the initial procedure 

5 cases (35.7%) were complicated by infection compared with 87 cases (38.3%) 

where a resident was involved in the initial surgical debridement procedure. The 

experience of surgeon showed no significant difference in the development of 

infection. The average surgical duration of the debridement was not shown to be an 

independent indicator for development of infection. 

4.4 Patterns of prophylactic antibiotic use in patients with open long bone 

fractures  

Cefazolin monotherapy was the most common parenteral regimen administered, 

followed by cefuroxime and ceftriaxone. The most common double regimen was 

cefazolin and gentamicin followed by cefazolin and metronidazole. Cefazolin, 

gentamycin and metronidazole was the mostly used triple therapy regimen. In the 
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majority of cases, a sequential antibiotic regimen was employed, transitioning from 

parenteral to oral administration, with clindamycin and cefuroxime being the most 

frequently utilized oral antibiotics. The average duration of prophylactic antibiotics 

prophylaxis was 13.6 ± 4.6 days.   

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13: 28 year old female with GA IIIB open fracture of right distal tibia 

and fibula treated with external fixation after debridement and delayed wound 

closure 
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CHAPTER FIVE: DISCUSSION 

5.0 Introduction 

This chapter discuss the results findings as per objective. 

5.1 Characteristics of patients with open long bone fractures 

5.1.1 Socio-demographic characteristics 

The study revealed that the majority of individuals with open long bone fractures 

were males, with a male-to-female ratio of 3:1. The mean age of affected 

individuals was 36.9 ± 14.9 years, with males having a mean of 35.5 ± 13.2 years 

and females 41.1 ± 18.7 years. The highest incidence was observed in the 20–25 

age group, followed by the 26–30 age group, while the lowest incidence was noted 

in the 61–65 age group. 

Gender Distribution 

This study's male-to-female ratio of 3:1 concurs with reports from studies 

conducted in Togo (Kombate et al., 2017) and Cameroon (Nana et al., 2021), both 

of which documented the same sex ratio. Similar trends were observed in Ethiopia, 

where Hailu and Mengesha, (2020) reported a higher male-to-female ratio of 5:1.  

In a study conducted by Ayumba et al., (2015), which evaluated the characteristics 

of 196 patients with post-traumatic exposed bones who underwent surgical 

interventions, a significantly higher male-to-female ratio of 6:1 was observed. The 

predominance of males was similarly noted in Europe, with 69.1% of cases being 

male (Court-Brown et al., 2012). The predominance of males can be attributed to 

increased exposure to risk factors such as occupational hazards, higher 

involvement in physically demanding activities, and a higher likelihood of 

engaging in high-energy trauma mechanisms such as road traffic accidents and 

sports injuries. 
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Age Distribution 

The mean age of 36.9 years observed in this study is consistent with findings of 

Kombate et al. (2017) in Togo who reported an average age of 38.1 years, and 

Nana et al. (2021) in Cameroon who observed a mean age of 34.1 ± 13.67 years. 

Hailu and Mengesha, (2020) in Ethiopia documented a slightly lower mean age of 

32 ± 14.23 years. These findings show that open fractures predominantly affect 

individuals in their most economically productive years, typically between the ages 

of 20 and 40 years. 

The highest incidence was observed in the 20–30 age group for both genders, with 

males peaking in the 26–30 age group and females in the 20–25 age group. This 

age distribution concurred with findings in Rwanda, where Twagirayezu & 

Bonane, (2008) reported most cases within the 18–44 age bracket, and in Ethiopia, 

where over 75% of cases fell within the 18–45 age range (Hailu & Mengesha, 

2020). The ages groups of highest incidences in this study were higher than the 

observations in Europe, where Court-Brown et al., (2012) documented the highest 

incidence among adult males aged 15–19 years. 

Males consistently exhibited higher incidences of open fractures across nearly all 

age groups, with the highest incidence observed between the ages of 26–30 years. 

Conversely, females showed a peak in the 20–25 age group. This suggests that 

individuals in the younger adult age bracket may have greater exposure to high-

energy mechanisms of injury, such as motor vehicle collisions and occupational 

accidents. The least incidence of open fractures in males occurred in the 61–65 age 

group, reflecting reduced exposure to high-energy trauma mechanisms as 

individuals age. Similarly, females showed the least incidence in the less-than-20 
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and 51–55 age groups. Thisconcurs with findings from Kombate et al. (2017), who 

also reported a decline in open fractures among older populations in Togo. In 

Europe, Court-Brown et al., (2012) observed a higher mean age of 45.5 years for 

open fracture patients, with males averaging 40.8 years and females 56.0 years. 

These figures are slightly higher than those in this study and other African studies, 

potentially reflecting differences in demographics and lifestyle in different regions.  

Occupation 

There was a significant occupational trend among individuals affected by open 

long bone fractures. The majority of participants engaged in informal occupations, 

such as motorists, farmers, traders, construction workers, casual labourers, and 

domestic workers. Costa et al., (2022) in Brazil reported that farmers (23.38%), 

self-employed individuals (11.29%), masons (8.87%), and industrial workers 

(8.06%) were the most frequently afflicted. Similarly, Nyamosi (2019) in Kenya 

found that farmers (28%), motorists (18.9%), and casual labourers (14.7%) were 

predominantly affected, reflecting similar trends in occupational exposure to injury 

risks. In Cameroon, Nana et al. (2021), also corroborated the findings of this study 

observing that 71.3% of individuals with open fractures were engaged in informal 

occupations, while 14.9% held formal jobs, and 13.8% were students. These 

proportions closely mirror the findings of this study, emphasizing the increased 

vulnerability of those in informal and physically demanding roles. Additionally, 

Odatuwa-Omagbemi, (2019) in Nigeria reported that traders, students, and artisans 

as the most affected groups, further supporting the significant representation of 

informal and economically active individuals in open fracture cases. The lower 

representation of formal workers in these findings suggests that the nature of 
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injuries in the population may be more closely tied to physically intensive or high-

risk informal activities. 

Education 

The majority of the participants (42.2%) had completed secondary education, with 

only 14.7% of participants having no formal education. Costa et al., (2022) 

reported that over half (50.80%) of individuals with open fractures in Brazil had 

completed some or all primary education, with a minimal proportion (0.8%) being 

classified as illiterate. The study showed that individuals with lower levels of 

education often engage in manual labour and hazardous activities, increasing their 

risk of sustaining open fractures. Similarly, Nana et al., (2021) in Cameroon found 

that 89.2% of participants had primary and secondary education, whereas only 

7.2% had tertiary education, and 3.6% had no formal education. This pattern 

underscores the role of education in influencing occupational choices and exposure 

to high-risk environments. 

In Nigeria, Odatuwa-Omagbemi, (2019) observed a higher prevalence of open 

fractures among individuals with secondary education (42.3%) compared to those 

with tertiary education (32.9%) and primary education (13.5%). Contrastingly, 

Nyamosi, (2019) in Kenya reported that the majority of individuals with open 

fractures (49.5%) had followed by 36.8% with tertiary education and 9.5% with 

secondary education. While the proportions differ slightly, the predominance of 

individuals with primary and secondary education levels across studies shows a 

similar risk profile. 
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5.1.2 Mechanism of injury 

RTA were the leading cause of open long bone fractures, accounting for 150 cases 

(65.2%). This was followed by assaults (13.9%), gunshot injuries (6.1%), falls 

(7%), work-related injuries (4.8%), and sports injuries (2.6%). Court-Brown et al., 

(2012) in Europe identified RTA, alongside crush injuries, falls, sporting accidents, 

and assaults, as the primary aetiologies. In this study, assaults were the second 

most common cause, aligning with findings locally, where Ayumba et al., (2015) 

reported assaults accounting for 32.1% of cases following RTA at 49.5%. 

Similarly, Kombate et al. (2017) in Togo found that RTA involving motorbikes, 

automobiles, and pedestrians were the leading cause of open fractures, with other 

causes including occupational and domestic accidents, assaults, and sports injuries. 

In Cameroon and Rwanda, RTA accounted for an average of 72% of open 

fractures, with falls, assaults, crush injuries, and sports injuries contributing to the 

remaining cases (Nana et al., 2021; Twagirayezu & Bonane, 2008). The findings 

concurs with the 65.2% of RTA-related cases observed in this study, emphasising 

the prominent role of motor vehicle and motorbike incidents as a primary aetiology 

of open long bone fractures, attributable to their high-energy mechanisms. 

In Saudi Arabia, Alhawas and Alghamdi, (2023) reported that RTA represented 

28.47% of open fracture causes, followed by falls at 18.96% and assaults at 2.9%. 

Although the proportion of RTA cases in Saudi Arabia is lower compared to this 

study, the pattern still shows RTA as the leading cause. Falls, which constituted 7% 

of cases in this study, were also a significant cause in Saudi Arabia, often attributed 

to occupational hazards or self-harm. Contrastingly, Costa et al., (2022) in Brazil 

observed that occupational incidents involving industrial and agricultural 

machinery were the primary trauma mechanisms (39.5%), followed by RTA 
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(29.0%) and falls (9.7%). While occupational injuries were less frequent in this 

study (4.8%), they remain a notable contributor to the burden of open fractures.  

5.1.3 Fracture Characteristics  

Bone Involved 

Fractures involving both the tibia and fibula were the most frequently observed, 

occurring in 138 cases (57.3%). These findings concur with those reported by 

Kombate et al., (2017) and Nana et al., (2021), who also observed a predominance 

of concomitant tibia and fibula fractures among lower extremity injuries. Similarly, 

Twagirayezu and Bonane, (2008) in Rwanda reported that open injuries of the tibia 

and fibula constituted 69.4% of cases, while femur fractures accounted for 17.6%. 

Court-Brown et al., (2021) observed a similar trend in their analysis, noting that 

52.6% of open fractures occurred in the lower limbs. Among these, fractures of the 

tibia and fibula were most common (35.5%), followed by femur fractures (9.2%) 

and isolated tibia fractures (7.9%). The tibia has a relatively thin layer of soft tissue 

and skin covering it, especially along its anterior and medial aspects. This makes it 

particularly vulnerable to direct trauma, leading to high incidence open fractures 

involving the tibia bone. 

Upper extremity fractures were less frequent, with 15 cases (6.2%) involving the 

humerus and 13 cases (5.4%) involving both the radius and ulna. These findings 

are different to those reported by Court-Brown et al., (2021), who found that 

isolated radius fractures were the most common upper extremity injury (25.1%), 

followed by ulna fractures (10.1%), humerus fractures (6.1%), and radius and ulna 

fractures (6.1%). Alhawas and Alghamdi, (2023) also observed a different trend 

where upper extremity injuries constituted 23.2% of fractures, with the radius and 

ulna being the most commonly affected bones (10.2%). In contrast to these 
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findings, Costa et al., (2020) reported a higher prevalence of upper limb fractures, 

which accounted for 64.51% of open fractures in their study, with hand bone 

fractures being predominant. This difference may be attributed to factors such as 

inclusion of hand fractures in their study. 

Laterality 

A slight predilection for right-sided injuries was observed in this study, with 123 

cases (51.0%) compared to 118 cases (49.0%) on the left side; however, the 

difference was not statistically different. This distribution concurs with findings by 

Alhawas and Alghamdi, (2023), who reported right-sided injuries in 50.7% of 

cases and left-sided injuries in 49.3%. Nana et al., (2021) also noted a near-equal 

distribution however with the left side being slightly more affected (50.3%) than 

the right (49.2%). 

Fracture Pattern 

This study identified comminuted fractures as the most common fracture pattern, 

observed in 141 cases (58.5%). Transverse and oblique fractures were equally 

prevalent, each accounting for 34 cases (14.1%). Comminuted fractures are 

frequently linked to high-energy trauma, such as road traffic accidents, which were 

the leading cause of injuries in this study. The predominance of comminuted 

fractures is consistent with findings by Nana et al., (2021), who reported a 

prevalence of 64.6% for this fracture pattern in open lower limb fractures. 

Similarly, Kouassi et al., (2021) conducted a systematic review across multiple 

sub-Saharan countries and found comminuted fractures to be the most common 

pattern, accounting for 46.4% of cases. These results reinforce the association 

between comminuted fractures and high-energy mechanisms of injury. Transverse 

fractures were the second most common pattern, aligning with the findings of 
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Kouassi et al., (2021), who reported a prevalence of 28.9%. Nana et al., (2021) also 

observed transverse fractures in 14.4% of cases, closely mirroring the results of this 

study. Oblique fractures accounted for 14.1% of cases in this study, a figure 

comparable to the 13.3% reported by Nana et al., (2021) while Kouassi et al., 

(2021) noted a slightly higher incidence of 25%. Abang et al,. (2015) in Nigeria 

found comminuted fractures to be the most common (52.5%), followed by oblique 

fractures (25%) and segmental fractures (12.5%). Enweluzo et al., (2015) presented 

data from 197 patients on the patterns, aetiology, and treatment outcomes of open 

tibia fractures at a teaching hospital in Lagos, Nigeria. Their findings revealed a 

different pattern, with oblique fractures being the most common (47.2%), followed 

by transverse fractures (32%), and comminuted fractures accounting for only 

11.2% of cases. 

Fracture Severity 

Using the Gustilo-Anderson classification, Type I fractures accounted for 19.9% of 

cases, Type II fractures for 38.2%, and Type III fractures for 41.9%. Among the 

Type III fractures, Type IIIA was the most common, representing 25.3% of all 

cases, followed by Type IIIB at 14.1% and Type IIIC at 2.5%. In Togo, Kombate et 

al., (2017) reported that Type III fractures were the most prevalent, comprising 

56.3% of cases. Type II fractures accounted for 32.2%, while Type I fractures were 

the least common at 11.5%. Nana et al., (2021) in Cameroon observed that Type 

IIIA fractures were the most common, accounting for 39.0% of cases, followed by 

Type IIIB at 28.7% and Type II at 23.6%. Type IIIC fractures were less frequent, 

comprising 8.7% of cases. In Rwanda, Twagirayezu and Bonane, (2008) reported a 

similar dominance of Type III fractures, which constituted 48.7% of cases. Among 

these, Type IIIA accounted for 17.6%, Type IIIB for 23.8%, and Type IIIC for 
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7.3%. A study in Uganda reported a different trend in Type III open fractures with 

a high prevalence of Type IIIB fractures, which accounted for 40.4% of cases 

(Kironde et al., 2019). In the same study, Type IIIC fractures were the least 

common, at 3.4%. This aligns with the current study, where Type IIIB fractures 

were more frequent than Type IIIC fractures. A European study by Court-Brown et 

al., (2012), also reported similar trend, with a high prevalence of Gustilo-Anderson 

Type III fractures. The study’s findings of a higher proportion of Type III fractures 

emphasize the severity and complexity of injuries and demonstrate the burden of 

high-energy trauma, often resulting from road traffic accidents.  

5.2 Incidence of infection in patients with open long bone fractures 

The incidence of infection in long bone open fractures among adult patients in this 

study was 38.2% during the three-month follow-up period. Infections following 

open fractures have been reported to reach as high as 50% in cases of severe or 

grossly contaminated injuries (Bhandari, 2010; Coombs et al., 2022). In South East 

Asia, infection rates post-open fractures ranged from 34.6% to 45.1%, reflecting a 

similar burden of infections (Islam et al., 2022). These parallels show the global 

challenge of preventing infections in open fracture cases, especially in high-energy 

trauma scenarios. However, the infection rate observed in this study is higher than 

reported in some high-income settings, such as the United Kingdom (27%) and 

Australia (17%) (Charalambous et al., 2005; Enninghorst et al., 2011). In South 

America, infection rates for open fractures were also reported to be generally 

lower, ranging between 13.24% and 18.8% (Guerra et al., 2017; Fernandes et al., 

2015). These differences may be attributed to variations in healthcare infrastructure 

and adherence to infection prevention protocols. 
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In sub-Saharan Africa, infection rates are generally higher. Kouassi et al. (2021) 

found an average infection rate of 30% in open tibia fractures in the region, while 

Odatuwa-Omagbemi, (2019) documented an infection rate of 42.5% in Nigeria. 

This aligns closely with the 38.2% infection rate observed in this study. In Kenya, 

studies have reported varying infection rates depending on the anatomical site and 

treatment methods. Kalande, (2018) documented a lower infection rate of 13.2% in 

open femur injuries treated at Nakuru County Hospital, while Nyamosi, (2019) 

observed a 23% infection rate among adult patients treated with external fixation 

for long bone open fractures at MTRH, Eldoret.  

Staphylococcus aureus was identified as the most prevalent pathogen, representing 

20.6% of all isolates, a finding consistent with a study by Islam et al., (2022), 

which identified Staphylococcus aureus, Pseudomonas spp., Escherichia coli, 

Klebsiella spp., and Proteus spp. as common causative agents in open fracture 

infections. Similarly, Latha et al., (2019) reported Staphylococcus aureus as the 

leading pathogen in orthopaedic infections, comprising 48.4% of cases in India, 

emphasizing its significance as a global primary infective organism. 

The predominance of Gram-negative bacteria in this study, accounting for 57.5% 

of isolates, corroborates findings from studies conducted in India and Brazil. 

Lingaraj et al., (2015) reported a 76% prevalence of Gram-negative bacteria among 

bacterial isolates, while Guerra et al., (2017) documented a similar trend, with 

Gram-negative organisms comprising 66.7% of infections in a Brazilian cohort. 

The frequent isolation of Escherichia coli (10.8%), Proteus mirabilis (8.7%), 

Pseudomonas aeruginosa (7.6%), and Klebsiella pneumoniae (5.4%) in this study 

mirrors these findings. Morganella morganii and Enterobacter cloacae were also 
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isolated in significant proportions (7.6% and 6.5%, respectively). These organisms 

are less frequently reported in similar studies but have been documented as 

opportunistic pathogens in traumatic wounds and hospital-acquired infections. 

Guerra et al. (2017) identified Enterobacter aerogenes as a prevalent Gram-

negative pathogen in their study. 

Polymicrobial infections were less common in this study, occurring in only 3.3% of 

cases, consistent with some open fracture studies, which emphasize the 

monomicrobial nature of most infections (Guerra et al., 2017; Islam et al., 2022). 

The absence of microbial growth in 3.3% of cases could be attributed to prior 

antibiotic use before sample collection or suboptimal sample collection techniques. 

This phenomenon has been observed in a study by Islam et al (2022) and 

emphasise the importance of adhering to standardized protocols for obtaining and 

processing microbiological specimens to avoid false-negative results. The high 

prevalence of Gram-negative bacteria suggests the need for empirical antibiotic 

regimens with broad-spectrum activity against these organisms while awaiting 

culture results. The frequent isolation of Staphylococcus aureus also demonstrates 

the necessity of coverage for Gram-positive pathogens in initial antibiotic 

protocols. 

5.3 Factors associated with the occurrence of infection in open long bone 

fractures 

5.3.1 Patient Related Factors 

The incidence of infection in this study did not demonstrate a significant 

association with age, as determined by the Cochran–Armitage test for trend 

analysis (p > 0.05). Although infections were less common among individuals over 

40 years old, this trend was not statistically significant. This finding diverges from 
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some prior research that suggests age as a contributing factor to infection risk. Hu 

et al., (2020) reported that individuals over the age of 40 were more prone to 

developing infections in a retrospective multicenter study. Similarly, Kang et al., 

(2023) found that in the context of ankle fractures, the incidence of infection 

increased with advancing age. In their cohort, the mean age of the infection group 

was higher (49.7 years ± 19.99) compared to the non-infection group (47.2 years ± 

18.61). These findings suggest that advancing age may predispose patients to 

infections due to factors such as comorbidities, declining immune function, or 

delayed wound healing. Matos et al., (2015) reported no statistically significant 

association between age and infection incidence following open fractures. The 

mean age of patients who developed infections (31.5 ± 13.5 years) was comparable 

to that of the non-infection group (31.7 ± 14.3 years). This aligns with the findings 

of this study, where age did not emerge as a significant predictor of infection. The 

discrepancies across studies could be attributed to differences in study populations, 

fracture severity, comorbid conditions, or healthcare settings. 

Males exhibited a higher infection rate compared to females, but the difference was 

not statistically significant (p > 0.24). This concurs with the findings of Matos et 

al., (2015), who also reported no significant association between gender and 

infection rates. However, their study highlighted a substantial male predominance, 

with males constituting 83.6% of the total cases. This overrepresentation of males, 

a common finding in trauma-related studies, may reflect their higher exposure to 

high-energy trauma mechanisms such as road traffic accidents and occupational 

injuries. In contrast, other studies have identified male gender as a significant risk 

factor for infection. Kang et al., (2023) observed a significantly higher odds ratio 

for infection among males in their South Korean cohort. Similarly, a systematic 
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review and meta-analysis by Kortram et al., (2017) concluded that male gender was 

a statistically significant risk factor for infectious complications. Male patients in 

their analysis exhibited a higher infection risk of 16.1%, compared to 11.6% 

among females, with a relative risk (RR) of 1.42 and a p-value of 0.004. The 

proposed explanations for this disparity include behavioural factors such as delayed 

healthcare-seeking, and increased exposure to high-risk environments among 

males. 

This study identified smoking as a significant risk factor for infections following 

open long bone fractures (p < 0.001). Smokers demonstrated a markedly increased 

incidence of infection compared to non-smokers, demonstrating the detrimental 

impact of smoking on wound healing and postoperative outcomes. Nasell et al., 

(2011) reported that smokers tend to experience a higher prevalence of wound 

infections and other complications following surgery. Similarly, Sun et al., (2023) 

observed a statistically significant association between smoking and postoperative 

wound infections, with 72.73% of infected patients having a history of smoking, 

compared to 38.24% among those without infections (p = 0.014). Meta-analyses 

have further substantiated the link between smoking and postoperative infections. 

Smolle et al., (2021) confirmed smoking as a significant risk factor for 

postoperative infections in orthopaedic and trauma surgeries. Kortram et al., (2017) 

reported a postoperative infection rate of 17.7% among smokers compared to 

13.8% among non-smokers, corresponding to a relative risk of 1.29. The 

physiological mechanisms underlying this relationship include impaired 

oxygenation of tissues, reduced immune function, and delayed collagen synthesis, 

all of which contribute to suboptimal wound healing in smokers. However, not all 

studies have demonstrated a significant correlation between smoking and infection 
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risk. Tornetta et al., (2020) and Olsen et al., (2017) failed to establish a significant 

association, suggesting that other factors, such as surgical technique, antibiotic 

prophylaxis, and the severity of injury, may mediate the relationship between 

smoking and infections.  

The presence of comorbidities overall was not significantly associated with an 

increased risk of infection following open long bone fractures. However, diabetes 

mellitus emerged as an exception, with patients with diabetes experiencing a 

significantly higher rate of postoperative infections (p = 0.038). Hu et al., (2020) 

identified diabetes mellitus as a major risk factor for infections in surgical patients, 

attributing this association to hyperglycemia-induced impairments in immune 

response and wound healing. Szymski et al., (2022) demonstrated that patients with 

conditions such as heart failure or arterial hypertension have an increased relative 

risk of infection following fractures. Kang et al., (2023) noted a significant increase 

in infection risk with a rising number of comorbidities, underscoring the 

cumulative effect of multiple health conditions on postoperative outcomes. 

Similarly, Saiz et al., (2022) found that individuals with congestive heart failure, 

bleeding disorders, or obesity faced a three- to 4.5-fold higher risk of acute 

infections during their initial hospital stay compared to those without these 

conditions. Hu et al., (2020) provided a comprehensive overview of comorbidities 

associated with infection risk in open fractures, including hypertension, 

cardiovascular and cerebrovascular diseases, chronic respiratory diseases, liver and 

kidney diseases, and immune system disorders. The diverse range of conditions 

demonstrate the broad spectrum of factors that can compromise the body’s ability 

to combat infection.  
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5.3.2 Fracture Related Factors  

A statistically significant association between the timing of initial surgical 

debridement and the incidence of infection in patients with open long bone 

fractures was observed. The infection rate increased progressively with delays in 

debridement: no infections occurred in patients treated within 6 hours, whereas 

rates rose to 15.6% for debridement performed between 6 and 12 hours, 25.2% for 

debridement between 12 and 24 hours, 59.7% for debridement between 24 and 48 

hours, and 72.4% for debridement beyond 48 hours. These findings strongly 

support the principle of early debridement in the management of open fractures to 

mitigate infection risks. The observed trends concur with the findings of Matos et 

al. (2015), who reported a significant correlation between infection rates and the 

duration of exposure of the open fracture prior to surgical intervention. In their 

study, patients who developed infections had a mean exposure time of 30.3 hours 

(±19.5), while those without infections had a significantly shorter exposure time of 

21.4 hours (±12.1). Similarly, Malhotra et al., (2014) emphasized the significance 

of timely surgical intervention, particularly in lower extremity fractures. Delays 

exceeding 8 hours to the first surgical debridement procedure were associated with 

increased infection rates.  

In contrast, other studies have not consistently demonstrated a significant 

relationship between timing and infection rates. Khatod et al., (2003) did not find a 

statistically significant difference in the elapsed time to initial debridement 

between infected and non-infected cases across various fracture types. Similarly, Li 

et al., (2020), Tornetta et al., (2020), and Singh et al., (2023) observed no 

significant association between the timing of initial surgical debridement and the 

occurrence of infections. These findings challenge the notion of a universally 



85 

 

critical window for debridement and suggest that other factors, such as fracture 

severity, contamination level, and perioperative care protocols, may play 

significant roles in determining infection outcomes. The discrepancies between 

studies could be attributed to variations in study design, patient populations, and 

healthcare system capabilities. For instance, resource-limited settings may face 

logistical challenges that extend the time to surgical intervention, making it 

difficult to isolate the impact of timing from other confounding factors, such as 

delayed antibiotic administration or inadequate follow-up care. Furthermore, 

differences in injury mechanisms, contamination levels, and antibiotic Early 

debridement likely reduces the bacterial load at the injury site, prevents biofilm 

formation, and optimizes the local wound environment for healing.  

The study demonstrated a significant correlation between the severity of open 

fractures, as classified by the Gustilo-Anderson system, and the incidence of 

infections. The findings concur with a study conducted by Zalavras, (2017) who 

reported infection rates of up to 2% in type I fractures and 10% in type II fractures, 

with type III fractures exhibiting rates as high as 50%. This consistency shows the 

role of fracture severity in determining the likelihood of infection. Gustilo and 

Anderson, (1976), in their foundational classification, noted similar trends, with 

type III fractures having substantially higher infection rates compared to types I 

and II. Their study found infection rates of 52% for type IIIB fractures and 42% for 

type IIIC fractures, while type IIIA fractures had a significantly lower rate of 4%.  

The high infection rates observed in type III fractures are consistent with findings 

by Thakore et al., (2017), who reported a 62% infection rate for type IIIC fractures, 

30% for type IIIB, and 14% for type IIIA. The high infection rates in these cases 

likely stem from extensive soft tissue damage, significant contamination, and the 
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complexity of surgical intervention required, including repeated surgical 

debridement and potential use of reconstructive techniques. 

The overall trend of increasing infection rates with fracture severity was also 

observed in a multicenter analysis by Hu et al., (2020), which reported infection 

rates of 6.6% for type I fractures, 13.1% for type II, and 38.4% for type III. These 

findings closely align with the results of this study, further demonstrating the role 

of fracture severity as a determinant of infection risk. The observed infection rates 

for type I and type II fractures in this study (22.9% and 23.9%, respectively) are 

higher than those reported in many other studies. For example, Gustilo and 

Anderson, (1976) reported infection rates of 2% for type I and 2.4% for type II 

fractures, while Zalavras, (2017) reported rates of up to 2% and 10%, respectively. 

This disparity could be attributed to differences in patient populations, healthcare 

infrastructure, and adherence to infection control protocols. In resource-constrained 

settings, delays in accessing care may contribute to higher infection rates. The 

findings of this study show the need for early and aggressive management of open 

fractures, particularly those classified as type III.  

There was also a statistically significant association between the method of 

immobilization and the incidence of infection in open long bone fractures (p = 

0.016). The results showed that external fixation was the most commonly 

associated method of immobilization in patients who developed infections. The 

high rate of infections among patients treated with external fixation concur with the 

findings of Khatod et al., (2003), who reported that 64% of infected cases had 

undergone external fixation, compared to lower rates in those managed with 

casting (4%), plate-and-screw fixation (16%), or intramedullary fixation (16%). 
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Similarly, Saiz et al., (2022) noted that patients with infections were nearly three 

times more likely to have been treated with external fixation, emphasizing the 

potential vulnerability associated with this method. External fixation, while often 

the preferred choice for severe open fractures due to its ability to stabilize fractures 

while accommodating wound management, may increase infection risk due to the 

presence of pins traversing the skin and soft tissues, creating potential entry points 

for pathogens. 

Contrasting these findings, Matos et al., (2015) reported no significant association 

between the method of immobilization and the risk of infection, while Kortram et 

al., (2017) found comparable infection rates between internal fixation (20.7%) and 

external fixation (23.6%). These discrepancies may reflect differences in fracture 

severity. More severe fractures requiring external fixation are inherently at greater 

risk for infection due to extensive soft tissue damage and contamination, rather 

than the fixation method itself being the primary determinant of infection risk. In 

this study, casting was associated with the lowest proportion of infections (28.6%). 

While casting is typically reserved for less severe fractures, its limited use in 

complex cases may explain the relatively lower infection rates.  

5.3.3 Health Care Related Factors 

The timing of antibiotic prophylaxis plays an important role in mitigating the risk 

of infection following open long bone fractures, as demonstrated by the findings of 

this study. Patients were categorized into five groups based on the timing of 

antibiotic administration after injury: less than 3 hours, 3–6 hours, 6–12 hours, 12–

24 hours, and more than 24 hours. A clear trend emerged, with infection rates 

increasing significantly as the delay in antibiotic administration extended beyond 3 

hours. The lowest infection rate was observed among patients who received 
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antibiotics within 3 hours (20.0%), and the rate escalated to 70.4% among those 

who received antibiotics more than 24 hours post-injury. These findings align with 

earlier studies, such as Suzuki et al., (2023), which emphasize that antibiotics 

should be administered as early as possible, ideally within 3 hours of injury, to 

minimize infection risks. Similarly, the classic study by Patzakis and Wilkins, 

(1989) demonstrated a significantly lower infection rate (4.7%) when antibiotics 

were administered within 3 hours of injury, compared to a rate of 7.4% when 

antibiotics were delayed beyond 3 hours. The adverse impact of delayed antibiotic 

administration observed in this study are also consistent with findings by Penn-

Barwell et al., (2012), who noted a significant increase in infection rates when 

antibiotics were delayed to either 6- to 24-hours post-injury. These studies 

collectively demonstrate the protective effect of early antibiotic administration in 

preventing perioperative infections in open fractures. Conversely, some studies, 

such as Al-Arabi et al., (2007), did not find a statistically significant association 

between the timing of antibiotic administration and infection rates.  

The progressive increase in infection rates observed in this study as the delay in 

antibiotic administration extended beyond 6 hours shows the cumulative risk of 

bacterial colonization and subsequent infection. The findings suggest that while 

early antibiotic prophylaxis is important, every hour of delay significantly 

exacerbates the risk of infection. These results therefore, emphasize the need for 

streamlined protocols in the management of open fractures, emphasizing rapid 

initiation of antibiotic prophylaxis.  

The timing of wound closure following surgical debridement has long been 

debated in the management of open fractures. This study showed a significant 
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association between early wound closure and reduced infection rates. Patients 

whose wounds were closed at the time of debridement had an infection rate of 

27.8%, whereas those who underwent delayed wound closure experienced a 

significantly higher infection rate of 80.9% (p < 0.001). These results strongly 

support the benefits of immediate wound closure in minimizing the risk of 

infection in open long bone fractures. The results are consistent with Davis et al., 

(2015), who reported a significant reduction in infectious complications with a 

single-stage approach to fixation and wound closure. Their study found that only 

4.2% of patients in the single-stage group developed infections, compared to 34.6% 

in the group that underwent separate procedures for fixation and wound closure. In 

contrast, historical evidence, such as the work of Russel et al., (1990), suggested 

that delayed wound closure might result in lower infection rates. A systematic 

review by Kortram et al., (2017) found no significant difference between 

immediate and delayed wound closure in terms of infection rates. Such conflicting 

results may be due to the influence of patient-specific factors, fracture 

characteristics, and surgeon expertise on outcomes. 

In this study, neither the surgeon's experience nor the duration of surgical 

debridement was significant predictors of infection. Cases managed by consultant 

orthopaedic surgeons demonstrated an infection rate of 35.7%, compared to 38.3% 

for those managed by residents, with no statistically significant difference (p = 

0.98). Similarly, the mean duration of surgical debridement, which was 103 ± 38.5 

minutes for the non-infection group and 105 ± 30.1 minutes for the infection group, 

did not emerge as a significant predictor of infection (p = 0.68). This concurs with 

previous observations by Hu et al., (2020), who emphasized that a synergistic, 
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well-coordinated surgical team can offset the potential impact of prolonged 

operative times and variable experience levels. 

However, the results differ from several studies that demonstrated the impact of 

prolonged surgical duration on infection risk. Hu et al., (2020) found that 

procedures lasting longer than 122 minutes increased the risk of infection by 2.52 

times compared to shorter procedures. Similarly, Colman et al., (2013) observed 

that every additional hour of operative time beyond a certain threshold increased 

the infection risk by 78%. Ovaska et al., (2013) further noted that surgeries 

exceeding 90 minutes were independently associated with a heightened risk of 

infection. Sun et al., (2023) demonstrated that operations lasting over 150 minutes 

were linked to significantly higher infection rates, with 54.55% of infected cases 

undergoing longer procedures compared to 17.65% in the uninfected cohort. The 

lack of significant differences in our study might reflect the implementation of 

standardized protocols that ensure consistent quality of care, regardless of the 

surgeon's experience level.  

5.4 Patterns of prophylactic antibiotic use in patients with open long bone 

fracture 

In this study, cefazolin monotherapy emerged as the most common parenteral 

regimen. These findings are consistent with the recommendations by Anderson et 

al., (2011), who suggest using a first-generation cephalosporin (e.g., cefazolin) for 

Type I and II open fractures and adding an aminoglycoside for Type III fractures. 

However, these guidelines recommend limiting antibiotic use to 24 hours after 

wound closure for Type I and II fractures and 48–72 hours for Type III fractures, 

significantly shorter than the mean prophylaxis duration in this study, which was 

13.6 ± 4.6 days. The duration of antibiotics is longer than that reported by Declercq 
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et al., (2021), who reported a median antibiotic prophylaxis duration of 4.3 days, 

with a significant proportion of cases extending beyond 72 hours. The international 

consensus guidelines, as referenced by Messner et al., (2017), strongly discourage 

extending prophylaxis beyond 72 hours due to the lack of evidence for added 

protection against infections and the risk of adverse effects such as antimicrobial 

resistance. Obremskey et al., (2020) also reported that prolonged antibiotic 

regimens beyond 72 hours offered no additional benefit in reducing septic 

complications. 

Studies from East Africa also report longer durations of antibiotic prophylaxis, 

likely influenced by differences in healthcare infrastructure, local bacterial 

resistance patterns, and the prevalence of severe fractures. Kigera and Shamim, 

(2012) reported an average antibiotic duration of 7.3 days in Uganda, while 

Macharia, (2020) noted durations of four to five days in 54% of cases at Kenyatta 

National Hospital. These durations remain shorter than those observed in this study 

but reflect regional variability in practices. The prolonged duration of antibiotic 

prophylaxis in this study may be attributed to concerns about high infection risks, 

the severity of injuries, and delays in wound closure. However, extending 

prophylaxis beyond internationally recommended durations raises concerns about 

potential antimicrobial resistance and adverse effects. 
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CHAPTER SIX: CONCLUSION AND RECOMMENDATIONS 

6.0 Introduction 

This chapter cover the conclusions and recommendation of the study. 

6.1 Conclusion 

1. The majority of patients were male with a mean age of 36.9 years. The 

leading cause of injury was road traffic accidents. Most fractures affected 

the lower extremities, particularly the tibia and fibula, with comminuted 

fractures being the most common.  

2. The overall infection rate was 38.2%, with Staphylococcus aureus as the 

predominant pathogen.  

3. Infection rates were higher in severe fractures and cases with delayed 

intervention. Independent predictors of infection included delayed surgical 

debridement, delayed antibiotic administration, severity of the fractures, 

smoking, diabetes, external fixation, and delayed wound closure.  

4. Cefazolin was the most commonly used prophylactic antibiotic, often 

combined with gentamicin or metronidazole, with an average duration of 

13.6 days.  
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6.2 Recommendations 

1. Infection prevention strategies (preoperative measures: early administration 

of broad-spectrum antibiotics and adequate initial wound care; 

intraoperative measures: prompt and thorough surgical debridement, 

copious irrigation, strict aseptic technique, and appropriate fracture 

stabilization; postoperative measures: continued appropriate antibiotic 

therapy, regular wound inspection and dressing changes, early soft-tissue 

coverage, and close monitoring for signs of infection) should be 

strengthened to address the high infection rate (38.2%) among patients with 

open fractures. 

2. Early surgical debridement within 24 hours of injury should be emphasized, 

as delays beyond 48 hours are associated with significantly higher infection 

rates. Wound closure should be performed at the earliest appropriate stage 

to minimize infection risk. 

3. Prophylactic antibiotic administration should adhere to standardized 

protocol, with Grade I and II fractures receiving prophylactic antibiotics for 

no more than 24 hours and Grade III for 48–72 hours, but not beyond 24 

hours after wound closure to prevent antibiotic resistance and unnecessary 

healthcare costs. 

4. Given that road traffic accidents were the leading cause of open long-bone 

fractures, public health initiatives should strengthen road safety measures 

and focus education on high-risk groups such as motorcyclists and 

pedestrians to reduce the incidence of these injuries. 
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APPENDIX II: BUDGET 

BUDGET ITEM QTY UNIT   

(Kenya Shillings) 

TOTAL AMT 

(Kenyan Shillings) 

Equipment 

Reams of Plain 

papers 

8  650.00       5,200.00 

storage 3 300.00      900.00 

Pens 1 box of 50 600.00       600.00 

Storage pen drive 2 / 2G each 1,500.00    3,000.00 

Total    9,700.00 

Proposal development 

Plagiarism index 

check 

 1 800.0      800.00  

Printing and binding 

documents 

8 copies 1,000.00   8,000.00 

Total    8,800.00 

Personnel 

Biostatician services 1 35,000.00   35,000.00 

Total  30,000.00 

Thesis development 

Plagiarism index 

check 

1 5,000.00   5,000.00 

Printing and binding 

documents 

8 copies 1,500.00 12,000.00 

Total 17,000.00 

IREC Approval   1,000.00 

Communication 25,000.00 

TOTAL 136,500.00 

Miscellaneous cost 

(10% of costs) 

  13,650.00 

GRAND TOTAL 100,150.00 
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APPENDIX III: CONSENT FORM 

STUDY TITLE: THE OCCURRENCE OF INFECTION IN OPEN LONG-

BONE FRACTURES AMONG ADULT PATIENTS AT MTRH. 

Introduction  

I am Dr. Kesentseng Kemang, a post-graduate candidate in the Orthopaedics and 

Rehabilitation department at Moi University. As part of studies, I am conducting a 

study focused on identifying factors linked to infection in adult patients diagnosed 

with open fractures of long bones at MTRH.   

Nature of study 

If you or your dependent consent to be part of this study, we will inquire about how 

and when you got injured, operation and antibiotics used. Questionnaire will be 

used to collect such information and then you will be followed up for up to 3 

months after surgery. More information will be collected when you visit the clinic 

for check-up.  

Benefits of the study  

While there are no immediate personal advantages for you as a participant, your 

involvement in this study will be significant in developing guidelines and policies. 

These outcomes will ultimately result in improved healthcare services the hospital 

provides to benefit the community as a whole. 

Harm of the study  

There is no harm expected in participating in this study.  

Privacy and confidentiality: 

Any information collected from you or your dependent will be confidential and 

solely utilized for this research. Your name will not be included in any data 
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collection instruments. All physical documents and computerized records will be 

securely stored, protected by access codes, and kept under lock and key 

Rights to decline or retract participation in the study 

Taking part in this research is entirely optional and you can drop out from it at any 

point you wish to do so.  

Please don’t hesitate to contact Dr. Kesentseng Kemang via mobile phone at 

0114622208 in case of any inquiries or concerns about the study. 

After carefully reading and receiving an explanation of the information stated 

above, I, Mr./Mrs./Miss _________________________________, acknowledge 

that participating in this study is voluntary and I hereby provide my consent to be 

involved in the study. 

I am aware that I can discontinue from participating in the study at any point with 

no negative consequences or harm. 

Patient’s sign.:  __________________________            Date ________________ 

 

Principal investigator’s sign.:  ________________        Date ________________ 
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APPENDIX IV: QUESTIONNAIRE 

Serial no: ………                                                         IP no: ………………………. 

Residential address: …………………….               Mobile no: ……………… 

Section A: Demographic Data and Medical Hostpry       

Age: ………… years  

Gender: [  ] Male   [  ] Female                         

Education: [  ] Primary [  ] Secondary [  ] Tertiary [  ] None  

Occupation: ……………………….  

Smoking history: [  ] Smoker            [  ] Non Smoker 

Co-morbidities: ……………………….. …………………….  

Section B: INURY STATUS 

Date and time injury: ……………………………………………. 

Mechanism of injury: 

[  ] Road traffic accident    [  ] Assault      [  ] Fall    [  ] Work-related injury           

[  ] Sports  [  ] Others (specify)………............... 

SECTION C: HOSPITAL PRESENTATION 

Time of presentation from injury: 

[  ] < 6 hrs [  ] 6-12 hrs  [  ] 12-24 hrs [  ] 24-48 hrs [  ] > 48 hrs  

Diagnosis     

Side: Left [  ] Right [  ] 

Bone involved: 

 [  ] Humerus [  ] Both radius & ulna   [  ] Radius     [  ] Ulna         

 [  ] Femur [  ] Both Fibula & Ulna     [  ]Tibia     [  ] Fibula       

Pattern of fracture: [  ] Spiral  [  ]oblique          [  ] Transverse     [  ] Comminuted 

                                   [  ] Other (specify) …………………………   
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Gustilo Anderson Classification: 

[  ] I  [  ] II   [  ] IIIA  [  ] IIIB   [  ] IIIC 

SECTION D:  MANAGEMENT 

Time from injury to debridement: 

[  ] < 6 hrs  [  ] 6-12 hrs  [  ] 12-24 hrs [  ] 24-48 hrs  [  ] > 48 hrs  

Antibiotics used: 

………………………………………..   ………………………………………..  

………………………………. 

Timing of antibiotic from injury: 

[  ] < 3 hrs [  ] 3 -6 hrs [  ] 6-12 hrs [  ] 12-24 hrs [  ] > 24 hrs  

Duration of antibiotic use :__________________ 

Duration of surgery: _________________________ 

Experience of Surgeon:  

[  ] Consultant        [  ] Resident (specify year:_____________) 

Fracture stabilization  

[  ] Back-slab         [  ] Full cast with a window           [  ] External- fixation  

[  ] Intermedullary (IM) nailing       [  ] Plate and screws       [  ] Other, 

Specify……………. 

Wound closure after Debridement: [  ] Yes        [  ] No   
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SECTION E:  FOLLOW-UP (2 weeks, 6 weeks, & 3 months)  

Table 2:  CDC Criteria data collection tool for surgical wound infection (Adopted 

from WHO) 

 Superficial Infection [  ]  Deep Infection  [  ] 

[  ] Pus draining from the superficial 

incision.  

OR 

[  ] Organism(s) identified (if culture done) 

OR 

[  ] A superficial incision deliberately 

opened  

AND 

[  ] pain or tenderness, swelling; redness; or 

hot to touch. 

OR 

[  ] Clinician diagnosis of infection  

[  ] Pus draining from the deep incision.  

OR 

[  ] A deep incision deliberately opened or 

aspirated by surgeon  

AND 

[  ] Organism(s) identified (if culture done) 

 

AND 

[  ] Fever (>38°C) OR localized pain OR 

tenderness.  

OR 

[  ] Abscess or signs indicating of infection  

Culture result: ……………………….. 

Date of specimen collection: ………………………… 

Organism(s) identified: ……………………… 

Antibiotic sensitivity or resistance: ………………………  
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APPENDIX V:IREC APPROVAL  
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APPENDIX VI:HOSPITAL APPROVAL (MTRH) 
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APPENDIX VII:NACOSTI LICENSE    

 

 

 

 

 

 


