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Abstract 
 

Background: Open fractures are generally very challenging to treat due to the risk of sepsis, 

potential soft tissue loss and subsequent delayed or non-union. This challenge is amplified at the 

ankle joint because of inadequate soft tissue cover and precarious blood supply. 

While fractures around the ankle are the second most prevalent in Kenya, the open type are 

relatively uncommon but have significantly higher rates of ankle stiffness, pain, wound necrosis 

and infection. 

Open fractures are considered emergencies requiring early debridement and stabilization, the 

time of definitive fixation and wound closure however remains controversial. 

Study objective: To evaluate the early functional outcomes of open ankle fractures managed at 

Kenyatta National Hospital (KNH), Aga Khan University Hospital (AKUH) and Presbyterian 

Church of East Africa (PCEA) Kikuyu Hospital. 

Methods: A prospective study carried out at the A&E departments, orthopaedic wards and 

orthopaedic outpatient clinics of KNH, AKUH and PCEA Kikuyu Hospital over a period of 

twelve weeks. Ethical approval was sought from the relevant ethical boards and consent sought 

from each of the 62 patients recruited. 

Data collected included patients‘ demographics, wound characteristics according to the AO 

ankle fracture and soft tissue classification. The time antibiotics were commenced, time from 

injury to initial debridement, stabilization modality and time to definitive wound cover and 

fracture fixation. The patients were assessed on the fourth and the tenth day to for early infection 

and the ASEPSIS score was recorded. The wound was reassessed on the sixth and twelfth week 

determine the degree of delayed and late infection respectively. The fixation modality and 

whether provisional fixation was converted to definite fixation before discharge were recorded. 

Ankle radiographs taken at six weeks were analyzed for adequacy of fracture reduction, 

alignment and stability. Complications, including delayed wound infection, mal-union, stiffness 

and functional outcome based on AOFAS scoring system were recorded at 12 weeks. 

Data Analysis: The compiled data were analyzed using the IBM Corp. Statistical Package of 

Social Science (SPSS) for Windows version 25. Armonk, NY. 

The baseline characteristics were summarized and presented as means, medians and proportions. 
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Bivariate analysis was used to evaluate factors associated with functional outcome. 

Pearson correlation analysis was used to assess the relationship between the intervening variables 

(time to initial debridement, antibiotic initiation, primary fixation and time to definitive fixation) 

with outcomes of interest (adequacy of reduction, infection and functional outcome). 

The Chi-square test was used for inferential statistics, analyzing categorical data such as the AO 

fracture and soft tissue category with the AOFAS score. 

All statistical tests were performed at 5% level of significance (95% confidence interval). The 

results of the study were presented in forms of tables, histograms and pie charts. 

Results: The age of the patients ranged from19 to 63 years with a mean age of 38 years. Of 

these, males formed 77%. AO type B and skin lesion IO 3 were the commonest fracture and soft 

tissue injury seen (64.5% and 47.7% respectively). The incidence of wound infection was 48.4% 

(early), 19.4% (delayed) and 14.5% (late). The radiological assessment of reduction at 6 weeks 

showed that 45% of the patients had anatomic reduction, 31% had fair reduction and 24% had 

poor reduction. At 12 weeks, 49.7% of patients had an AOFAS score above 50%, while 22.6% 

had poor scores (less than 39%). 

The radiological assessment of reduction was poorest among those stabilized with a back slab 

alone, leading to significantly higher rates of infection and poor AOFAS scores. 

The size of initial wound, debridement after 72 hours and the quality of initial fixation had a 

significantly increased the rate of infection and poor functional outcome. Delay in antibiotic 

administration beyond 72 hours also led to increased infection but not to a significant degree. 

Conclusion: Wound debridement within the first 72 hours, early definitive fixation and 

definitive fixation within the first two weeks were the main contributors to reduction of infection 

rates. 

Poor reduction and malunion were associated with higher rates of delayed infection and poor 

functional outcome. Additionally, the loss of reduction and poor stability was noted to be 

significantly higher with use of a back slab splint alone. 

Poor functional outcomes were attributed mainly to infection, poor reduction and failure of 

conversion of provisional fixation to definitive fixation. 
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1. Introduction 
 

Background 

An open fracture is a discontinuity in bone with disruption of skin and underlying soft tissue 

leading to a communication of the fracture and fracture haematoma with the external 

environment (1). Also, there is a varying amount of soft tissue loss and periosteal stripping (2). 

Open ankle fractures are associated with adverse sequelae such as infection, non-union and skin 

necrosis. These may result in prolonged hospital stay, re-operation, arthrodesis and even 

amputation(3–7). The main objectives in open ankle fracture treatment are the prevention of 

infection, promotion of fracture healing and reestablishment of function (6,8,9). 

Open ankle fractures with minimal soft tissue damage (such as from low energy trauma) have a 

good prognosis. However, other factors influence the outcome, including the degree of 

contamination, age, nutritional factors and co morbidities such as diabetes and 

immunosuppresion (2). 

Complex ankle fractures pose a great challenge to many surgeons. The challenge is exacerbated 

by tissue loss. This chapter gives a brief overview of ankle anatomy, epidemiology, 

pathophysiology, classification and management of open ankle fracture. 

Anatomy of the ankle joint 

The ankle joint is a hinged synovial joint of the mortise and tenon variety. Stability of the ankle 

joint is offered by the joint capsule, bony congruency, strong ligaments and crossing tendons 

(10). The deltoid ligament is the primary restraint to anterolateral talar displacement while the 

lateral malleolus acts as a buttress preventing lateral talar displacement. 

The ankle has minimal muscle mass around it (only the belly of the flexor hallucis longus), and 

several tendons hence the blood supply is precarious. 

The major neurovascular bundle (posterior tibial) is located posteromedial and is well protected. 

This accounts for the rare occurrence of neurovascular injuries of the ankle joint (10,11). 

Although posterior tibial tendon rupture is rare, it has been reported in several case series, and it 

is paramount that the surgeon checks at the time of debridement, especially in medial malleolar 

fractures (12). 

A sixth of the body weight is transmitted through the fibular. Ramsey et al. (13) reported that a 

1mm lateral shift reduces the tibiotalar articular area by 42%. 
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Epidemiology 

Ankle fractures are fairly common, accounting for up to 10% of fractures (2,14). Open fractures 

of the ankle are less frequent (3%-6%) (15). Of all open articular fractures, the ankle joint is the 

most frequent accounting for 9.7% of all open articular fractures (1). A study by Kilonzo and 

Lelei at Moi teaching and referral hospital showed a 3.3% incidence of open ankle fractures and 

up to 80% of open ankle fractures reported moderate to severe pain three months after injury 

(16). This was mostly attributed to inadequate reduction with significant talar shift at six weeks 

post-injury. A similar study by Malagala (17) in Mulago Hospital (Uganda) showed 23% of 

ankle fractures were open and these were associated with significantly poor functional outcomes 

compared to closed fractures. 

In a systematic review, Saini et al. found that open ankle fractures were commoner in males and 

usually from direct impact, high energy such as road traffic accidents or skin penetration from a 

sharp bone spike (2). High energy trauma has been associated with more complications (9,15,18– 

20). 

However, the prevalence of low energy open ankle fractures, especially in the elderly, has been 

on the rise in the recent past(2,21–23). An epidemiologic study in Sweden showed a steadily 

increasing prevalence of open ankle fractures in the past decade (0.2% per year), especially 

among the elderly population. Some researchers are describing low energy open ankle fractures 

as a type of fragility fracture (24,25). Similar results were found in the United States, where 

elderly patients with low energy open ankle fractures had high mortality of 27.27%, and 81.81% 

had associated co morbidities (21). In the UK, 20% of open ankle fractures were of women 

>80yrs old (23). 

In the United Kingdom, Brown (26) reported 47.6% of open ankle fractures were Gustilo III, 

with 86.7% of the wounds on the medial side. Santhanakumaran et al. (9) in India found that 

majority of ankle fractures were Gustilo 3 (30.4%) and 60% were bimalleolar. 

 
Pathophysiology 

Immediately after soft tissue injury, humoral and cellular mechanisms are activated, and the 

healing process is initiated. This has 3 phases: exudative/ inflammatory, proliferative and 

reparative phase. During the inflammatory phase, secretion of adrenalin, thrombaxane A2, 

cytokines (Platelet derived growth factor and Transforming growth factor) lead to 



3  

vasoconstriction. This leads to under perfusion of damaged tissues, subsequent hypoxia and 

acidosis (27,28). 

Cytokines secreted strongly stimulate macrophage, neutrophil and fibroblast chemotaxis and 

mitogenesis. The neutrophilic granulocytes move in to remove necrotic debris and produce more 

cytokines. However, the capacity of macrophages in removing debris is limited. Moreover, the 

high contamination and necrotic tissue with reduced perfusion increase the risk of infection. The 

physiologic rationale of surgical debridement is to support phagocytic cells in removing debris 

and necrotic tissue (1,29,30). 

 

Classification of ankle fractures 

The three major classifications of open ankle fractures are:- 

i. Lauge Hansen classification (1) 

ii. Danis-Weber classification (31) 

iii. AO/OTA classification (32) 

The Lauge- Hansen classification focuses on describing the injury mechanism and infers the 

expected ligamentous injuries based on the fracture pattern. Recent studies indicate that Lauge 

Hansen classification should be used with caution when determining actual mechanism as it has 

predicted less the 50% of patient-reported mechanisms of injury. It also has high interobserver 

variability reducing its clinical relevance and does not take into consideration soft tissue status, 

associated injuries, circumstances of the accident in defining the mechanism of injury (33,34). 

There were no studies advocating for its use. 

The Danis-Weber classification is based on the level of lateral malleolar fracture in relation to 

the tibiofibular syndesmosis (35). It is relatively simple and reproducible; hence, it has been 

widely adopted as the classification of choice for ankle fractures (33). It can also be used as a 

prognostic indicator with Weber C having the poorest outcomes. However, the prognosis applies 

for unimalleolar / fibular fracture only and will vary in multiple malleolar fractures (34,36). A 

trimalleolar Weber B will have a worse prognosis than a unimalleolar Weber C (36). 

The AO/OTA classification is a complex anatomical classification was described by Muller (27). 

It uses alpha numerical coding based on: 

 The bones involved (tibia and fibula are designated 4) 

 The location of the fracture (distal tibia-fibular is designated 4) 
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 The morphology of the fracture.( A,B or C with each being further subdivided into 3 

subgroups based on the degree of comminution) 

In an attempt to describe ankle fractures more comprehensively, ankle fractures are classified 

into 27 subgroups (32). This classification broadened the Danis-Weber classification scheme, 

developing a classification based on lateral malleolus involvement and the degree of fracture 

comminution. It describes the extent of instability related to a distinct fracture pattern. It has 

limited inter and intra-observer variability (33). For this reason, the AO-OTA classification was 

used in this study (Appendix 8.4). 

 

Classification of open fractures 

In choosing an appropriate classification system, consideration to all crucial aspects offers the 

best support in selecting the appropriate bone and soft tissue treatment. It also reduces 

complications preventing avoidable treatment errors and offers prognostic value (27). 

The most frequently used classifications of open fractures are (28): 

i. Gustilo and Anderson classification 

ii. Oestern and Tscherne classification 

iii. Hannover classification 

iv. Soft tissue grading system by AO 

The Gustilo and Anderson classification categorizes wounds into three major grades 

commensurate with increased wound size, tissue injury and higher energy mechanisms (8,30). 

This classification is relatively easy and helps in prognostication and planning course of 

management. However, critics of this classification point out that it has been shown to have high 

interobserver variability especially for grade III injuries (1,37). It also does not take into account 

neuromuscular and tendon injuries (27,28). 

The Oestern and Tscherne classification groups soft tissue injuries into four categories based on 

the fracture pattern, the size of the wound and degree of contamination (27). The Tscherne 

classification was found to have higher reliability and better probability in predicting functional 

outcomes than Gustilo and Anderson (38). 

The Hannover fracture scale attempts to improve interobserver reliability and to classify complex 

open fractures more comprehensively. It evolved from the original Tscherne classification after 

analyzing 1000 fractures between 1980-1989 (39). The fracture type (based on AO 
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classification), the neurological status, degree of contamination, bone loss, the duration between 

trauma and treatment and overall injury severity is added up to provide a total score (27). 

The score provides three categories to classify the wound: the size of the wound, area of skin loss 

and deep tissue damage. Neurological assessment during the time of admission is usually 

difficult, but the examination of reflexes allows gross estimation of neurovascular status. Wound 

bacterial culture samples are also taken into account (27). 

The AO group adopted and developed the Hannover classification system to a more 

comprehensive system for fractures with accompanying soft tissue damage. This grading system 

is based on the severity of the injury and categorized into; 

i. skin 

ii. muscles and tendons, 

iii. neurovascular system 

iv. AO fracture classification 

Given the limitations of previously existing classifications already described, and for ease of 

merging the soft tissue status with the fracture classification system, the AO soft tissue 

classification system was used in this study (Appendix 8.4). 

 

Management of open ankle fractures 

There has been an evolution of management of open fractures in four stages: Life preservation 

(where amputation was standard treatment justifiable to save a life), followed by limb 

preservation (debridement) in the 18
th

 Century described by Desault (1), followed by infection 

control (the 1970s) to the current functional restoration as described by Tscherne (30). The 

ortho-plastic approach is now recognized as the standard of care (40). 

Treatment of open ankle fractures remains a daunting task because of the complex Osseo- 

ligamentous complex and paucity of soft tissue envelope. The relatively thin soft tissue cover can 

easily get damaged, increasing the propensity for wound necrosis, infection and impaired 

functional ability (2). The goal is prevention of infection, promotion of fracture healing and 

reestablishment of function (41). To achieve this, effective antibiotic therapy, thorough surgical 

debridement, fracture reduction and stabilization and wound coverage are of paramount 

importance (41). 

Until a century ago, open ankle fractures would almost always lead to sepsis and death (up to 

70% mortality seen with open fractures) (27). Thus immediate amputation was the treatment of 
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choice to save life (42). However, with advances in antimicrobial therapy, wound reconstruction 

and fracture stabilization techniques, there has been a dramatic decline in the rate of mortality 

and limb loss (42). 

The management of open ankle fractures begins with stabilization of the patient following the 

ATLS guidelines (43,44). After stabilization of the patient, a focused history about the 

mechanism of injury, location of the injury, and thorough clinical evaluation determining the 

grade of injury, level of contamination, degree of soft tissue destruction, bone loss and 

neurovascular injury of the affected extremity. Co-morbid conditions should be assessed and 

recorded (44). 

Early antibiotic administration, aseptic dressing and wound assessment is recommended (45). 

Orthogonal radiological views of the affected ankle should be done preferably after attempts of 

reduction and splinting. 

The goals of soft tissue management consist of early surgical debridement and restoration of 

viable soft tissue envelope (46). Given the poor soft tissue cover, preservation of skin viability 

around the ankle is of paramount importance in the successful management of open ankle 

fractures. 
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1.1 Problem Statement 

Open ankle fractures pose a major challenge because of the inherent risk of infection, nonunion, 

compartment syndrome and wound necrosis. These complications are a major clinical burden 

due to the need of multiple surgeries, prolonged hospital stay and even amputation. The 

morbidity and impaired functional ability has a detrimental effect to the patients physically, 

psychologically and socioeconomically. 

In order to reduce the rates of complications associated with open ankle fractures, it is paramount 

to assess the prevalence of these complications the local community and establish a treatment 

protocol that offers the best overall outcome. 

 

1.2 Study question 

What are the early outcomes and complications of open ankle fractures seen in KNH, AKUH and 

Kikuyu Mission Hospital? 

1.3 Justification and Significance 

There is limited local data regarding the functional outcome of management of open ankle 

fractures. This study is expected to help develop a standardized treatment protocol applicable in 

the local region. It will also provide a platform for further research where modifiable 

interventions can be evaluated to improve outcomes of open ankle fractures. 

2.4 Main/Primary objective 

This study aims to evaluate the early outcomes of open ankle fractures managed in KNH, AKUH 

and PCEA Kikuyu hospital. 

2.4 Specific objectives 

1. To determine the factors associated with development of infection of open ankle 

fractures 

2. To determine factors associated with Malunion of open ankle fractures 

3. To determine factors associated with functional limitation following open ankle fractures 
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2. Literature review 
 

Open ankle fractures are considered rare and complex injuries, with an incidence ranging from 

3% to 6% (2,23,47). Despite numerous advances in surgical management and antimicrobials 

available, open ankle fractures are still challenging and pose high morbidity. The present 

challenge is not simply limb salvage but the restoration of maximum function (24). 

However, this chapter will focus mainly on complications associated with open ankle fractures 

and factors related to these complications. These are: 

i. Infection 

ii. Wound necrosis 

iii. Delayed union/non-union 

iv. Post-traumatic osteoarthritis. 

Open ankle fractures have been associated with high rates of morbidity and mortality. However, 

recent advancements in infectious disease control, reconstructive surgery, and damage control 

orthopaedics has helped improve outcomes (48). 

 

2.1 Factors influencing outcome of open ankle fractures 

2.1.1 Infection 

There is a commensurate relationship between the grade of wound injury and the risk of 

developing infection. For example, using the Gustilo and Anderson grading, there is a 0-2% risk 

in type I, 2-12% in type II and 10-50% in type III (3,49). The anatomic location of the fracture 

may help determine the risk of infection. Experimental studies suggest that neutrophil delivery is 

lower in wounds of the lower extremity compared to the upper limb (50). Therefore infections of 

open lower limb fractures occur more frequently compared to the upper extremity. 

There are local and systemic factors that increase the risk of infection. The local factors include: 

 Organic, farmyard, or sewage contamination. 

 Debridement after 24 hours. 

 Poor debridement (retention of foreign debris and nonviable tissues) 

 Insufficient skeletal stabilization. 

 Existence of dead space. 

The systemic factors include the following (1,3,30,51): 

 Presence of shock and ARDS 
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 Compartment syndrome and hypo-perfused tissues. 

 Co morbid factors like diabetes mellitus and a history of smoking. 

 Age above 65 years 

 Poor nutrition. 

 Extended hospital stay 

 Exposure to resistant organisms. 

Wound infections are classified into early (within two weeks), delayed (3-10 weeks) and late 

(after ten weeks) (30). Infections may also be classified as superficial or deep (52). Deep 

infection occurs when pathogenic organisms invade the ankle joint or surrounding soft tissues 

(2). It can be prevented by the preservation of soft tissues, thorough and repeated debridement 

where indicated, and early antibiotic use (49). Deep infection is a major cause of poor functional 

outcome including chronic pain, ankle arthritis and Osteomyelitis (19,53). 

 

Wound infection assessment system 

There is no single method sufficient for infection diagnosis, but multiple methods must be used 

for proper diagnosis. These include repeated measurements of immune-related markers 

(erythrocyte sedimentation rate and C-reactive protein ), deep wound cultures, histopathology, 

radiology (may show periosteal reaction, delayed union or nonunion of the fracture, pin or 

implant loosening indicating the possibility of infection) (6) 

There are various subjective ways developed to evaluate and classify the degree of wound 

infection. The most common classifications are: 

i. The United States Centre for Disease Control and Prevention (CDC) (54) 

ii. English Nosocomial Infection National Surveillance Scheme (NINSS) 

iii. ASEPSIS Wound Scoring System(AWSS) (55) 

The CDC system divides SSI into superficial, deep incisional and organ space-related infection 

occurring within 30 days (51). The NINSS system is a modification of the CDC classification, 

however, pus cells have to be present for cultures to be considered positive and the surgeons‘ 

diagnosis is omitted as a criterion for the diagnosis of surgical site infection. Moreover, there is 

low reproducibility of this scheme (52). 

The AWSS scoring system (Appendix 8.4) is a qualitative score computed using impartial 

criteria based on visual characteristics and consequences of infection. It was developed from a 
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prospective randomized clinical trial in an attempt to objectively assess and take account of 

factors applicable to the development of wound infection after surgery in a reproducible way. 

Wound sepsis is defined as the breakdown of a wound in the presence of pus and infecting 

organism. However, the degree of infection is also of clinical importance. 

In this grading system points (from 0-4) are assigned based on the wound characteristics and the 

proportion (in percentage) of the wound involved. The wound characteristics assessed are: 

i. Serous exudate 

ii. Erythema 

iii. Purulent discharge 

iv. separation of deep tissues 

Additional points are added based on whether 

i. Antibiotics were used to manage wound infection 

ii. Pus was drained from the wound under local anaesthesia 

iii. Wound debridement under general anaesthesia 

After compiling the total points, the wound is graded as: 

 No infection (0-10 points) 

 Disturbance of healing (11-20 points) 

 Minor infection (21-30 points) 

 Moderate infection (31-40 points) 

 Severe infection (more than 40 points) 

Although this scoring system provides more detailed information, it is time-consuming and more 

costly to perform compared to NINNS and CDC (52). However, this system is the most objective 

and repeatable (56). 

Allami et al. (57) concluded that the CDC criteria was subjective and unreliable. There was low 

reproducibility in the use of NINNS (58).In a London study, both the CDC and NINNS systems 

were found to be unreliable (52). Of the three systems, the ASEPSIS was most preferred and was 

used in this study. Culture samples were taken in all wounds suspected to be infected. 
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Debridement and infection control 

Wound infection is as a result of an imbalance between the host defenses and infective organism 

(59). The pathophysiologic basis of performing surgical debridement is supporting the 

phagocytic process of the macrophages in removing necrotic tissue and debris (27). 

Wound irrigation plays a key role in preventing infection by decreasing bacterial load and 

removal of foreign bodies (1,15). High Pulsatile lavage (70 psi @ 1050 pulsations per minute) 

has been considered the most effective for removal of foreign bodies and bacteria. It reduces 

bacterial load 100 folds but has a disadvantage of microscopic damage to bone and increasing 

bacterial dissemination into tissues planes hence precipitating contamination (19,60,61). Low- 

pressure lavage (14psi @ 550 pulsations) is equally effective in reducing bacterial load without 

the harmful effects on tissues. 

Literature recommends a minimum of 9 liters of saline for type III open fracture.(1,27,30,62) 

Normal saline is the solution of choice, as antibiotic solutions have been found not to offer any 

advantage with the risk of impairing wound healing. Antiseptic solutions such as chlorhexidine 

and hydrogen peroxide have a toxic effect on tissues (1,63,64). Although pressure lavage has 

been known to be the most efficient method of removing foreign debris from wounds, it has the 

limitation of causing particulate dissemination further into tissue planes as well as soft tissue and 

bone damage particularly with high-pressure (61). 

Some authors advocate for serial debridement every 48 hours and delay of wound closure until 

negative post debridement cultures are attained. This would provide lower rates of deep infection 

(5.7% in grade 2, 1.3% in grade 3A, 10,6% in grade 3B, and 20% in grade 3C).The downside is 

multiple surgeries required, delay in wound healing and a longer hospital stay with increased risk 

of Nosocomial infection (46,65). 

The timing to surgical debridement has remained controversial over the past. The consensus has 

been all open fractures are considered an emergency and should be debrided as soon as possible. 

The rationale behind this was believed to be from Freidrich's study on guinea pigs in 1898 that 

showed the critical limit of bacterial replication was 6 hours, after which massive bacterial 

replication was observed (28,66). A local study by Abdulhamid assessing the effects of delay in 

debridement in open fractures had similar reports, showed that debridement within 6 hours had a 

significant chance in reducing risk of infection (67). 
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Recent conflicting reports show that the ―6-hour rule‖ has no significant evidence in reducing 

infection rate as long as antibiotics are started early (8,68). Recommendations from 

BOA/BAPRAS guidelines (69) shift the emphasis from emergency surgery to timely surgery (up 

to 24 hours) carried out by experts in orthopaedics and plastic surgery (28). The requirement of 

ortho-plastic collaboration has also been emphasized. This notion has not been accepted in 

various trauma centres around the world who consider a 24-hour window too long (28). Other 

supporting studies also dispute the 6-hour rule and attribute deep infection and poor outcome to 

the type of initial soft-tissue injury severity and loss of reduction, rather than delayed surgical 

treatment (7,42,70,71). 

It has been widely accepted that early surgical debridement remains urgent, reduces risk of 

infection and provide a stable environment for wound healing. However, it is more important to 

stabilize the patient and institute antibiotics than rush for surgical debridement (7,42). Retaining 

marginal viability fragments while removing grossly contaminated or completely devitalized 

bone fragments is favorable to aggressive debridement in reducing excessive bone loss, delayed 

union and need for repeat debridement with comparable infectious risk (72). 

 

Wound closure 

In the past, surgeons were hesitant to close open fracture wounds primarily or early flap coverage 

due to the risk of wound necrosis and infection. There is firm evidence that acute infection after 

open injuries is from hospital-acquired pathogens rather than those acquired at the site of injury 

(73,74). Patzaki et al. (75) established that only 18% of infections were caused by organisms 

initially isolated in the perioperative period. It was concluded that during intervals where wounds 

were left open, the infectious organisms were difficult to control with antibiotics alone. Since the 

fracture site and wound is probably most sterile after satisfactory debridement, that would be an 

opportune time to provide soft tissue cover. Studies by Godina (76) emphasized the advantages 

of early wound cover where there were significantly lower rates of infections (1.5%) and free 

flap failure (0.75%) when wound cover was performed within 72 hours of injury compared to 

after 72 hours where infection rates were increased to 2% and flap failure to 12%. This has been 

corroborated by several recent studies that support early wound coverage (77–80). Early wound 

coverage may be considered after the wound has been thoroughly debrided and edges are 

opposable. 
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Immediate closure refers to closure within 72 hours while delayed closure ranges from 72 hours 

to three months post injury (44). Primary closure of type I, II and a few type III wounds may be 

attempted (81). However, caution is taken in grossly contaminated wounds in which case 

multiple debridement before coverage may suffice(2). Contraindications for immediate closure 

include the following (8,28,82): 

 gross contamination with dirt, farm injuries, freshwater injuries, stagnant water and fecal 

material 

 delay to initiation of antibiotics >12 hours 

 delay of more than 24 hours between injury and primary debridement 

 questionable skin and soft tissue viability at initial surgery where plastic surgeons 

intervention is likely required 

 very high energy injury, where contamination is likely to have been forced into tissue 

planes 

 Host immunosuppresion 

There are advocates for initial debridement followed by delayed wound closure to prevent the 

potential complication of deep infection (41,62,83) and tissue necrosis. The benefit of a staged 

approach is allowing re- debridement in cases of development of necrotic tissue and avoid 

generation of anaerobic environment, which risks the development of Clostridial myonecrosis 

(84). 

Other authors suggest that early closure is beneficial without excessive risks (65,74,85,86). The 

decision to primarily close a wound, delayed closure or allowing secondary healing remains 

controversial because there are no guidelines available to determine which wounds can feasibly 

be closed primarily and which should left open for delayed closure (8,87). Some authors 

recommend primary closure as long as the wound has been adequately debrided, and edges can 

be opposed without tension (87). Additionally, others recommend an attempt to primary closure 

only when the initial injury was a low energy trauma mechanism. They discourage primary 

closure of grade III open ankle fractures (19,46). 

Flap coverage within 72 hours has been shown to have fewer repeat procedures, fewer infection 

and shorter hospital stay than between 72hours and three months (76,88). Early flap coverage 

makes the injury amenable to subsequent procedures. Another study by Benson et al. showed 

significantly fewer infection rates in primary closure compared to delayed closure (89). 
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Role of fracture fixation in prevention of infection 

The importance of fracture fixation is to protect the soft tissues, improved wound care and allow 

fracture healing and allow early mobilization (2). Timing of internal fixation is dictated by the 

state of soft tissues (27). Proper stabilization improves venous return, reduces oedema, promotes 

local neovascularisation and reduce inflammation (90,91). 

The choice of skeletal stabilization includes external fixation alone, external fixation with limited 

internal fixation with screws or K-wires (hybrid) or internal fixation with plates and screws. 

Stable fractures may be splinted in a back slab. Each option has its own merits and demerits. 

Plaster cast may make wound inspection difficult and increase the risk of wound infection. Puno 

et al. reported an infection rate of 15% after the management of open tibial fractures with casting 

(92). 

Internal fixation may be done where there is adequate soft tissue cover. Otherwise, an external 

fixator may be considered (53). The prevalence of infection after implant fixation of open 

fractures varies from 8% (19) to 17% (15), compared to 1.9% in closed fractures (30). 

External fixation provides an easy and versatile mechanism to address a wide variety of ankle 

fractures and soft tissue damage (93). They are mainly used temporarily in the initial phase and 

later converted to definitive fixation. Infection rates are lower when the conversion is done 

within the first week compared to after three weeks, mainly due to pin tract infection (30,94). 

With delayed conversion, pin removal and stabilization with a cast before fixation is 

recommended. 

In a local study by Rashid (94) the incidence of Pin tract infections was 87.7%. This may 

subsequently lead to pin loosening from the reduction of pin- bone interphase. The pins also 

violate muscle compartments and give rise to joint stiffness (27). 

There have been arguments in favour of immediate fixation of open fracture sighting benefits 

such as protection of the soft tissue envelope, minimizing additional trauma from mobile fracture 

fragments, improving soft tissue healing, allowing early mobilization and rehabilitation, and 

reducing infection (11,19,83,95). 

Studies on open tibia plateau fracture showed no correlation between any deep infection and 

distance from plate to pin, pin- plate overlap distance, open fracture classification or status of 



15  

fracture healing (96). Thus, fears that definitive fracture fixation site is contaminated by external 

fixator pins appear not to be clinically grounded. 

 

Antibiotic use and infection control 

The timing of antibiotic therapy plays an important role in the rate of wound infection, with a 

significant reduction if antibiotics are initiated within 3 hours from the time of injury(19). The 

antibiotic chosen depends on the environment the injury occurred and the skin flora (83). 

The commonest organisms isolated are gram-positive (mainly Staphylococcus), followed by 

gram-negative, anaerobic and gas forming bacteria (84,97). The pathogen may be primary 

(present at the time of injury) or secondary (from subsequent contamination) (8). A broad 

spectrum antibiotic such as a first-generation cephalosporin is recommended. Addition of an 

aminoglycoside is recommended for Gustilo III open fractures (45,98). The antibiotics are 

administered up to 48 hours post debridement, as additional antibiotics have been shown not to 

have any additional benefits in preventing surgical site infection. Prolonged antibiotic use has 

been associated with bacterial resistance (69,70,99,100). 

Early antibiotic therapy (within 6 hours) has been shown to reduce the rate of infection 

significantly (68,83). The time of initiation of antibiotic is more significant than the time to 

debridement in preventing deep infections (8,49). Superficial infection usually resolves with 

regular dressing and a course of oral antibiotic therapy (2). 

The degree of bone disruption and soft tissue injury determines the risk of infection (3). 

 
2.1.2 Wound necrosis 

Wound necrosis was found to be the most common complication of open ankle fracture in a 

systematic review with a prevalence of 14% (15) to 18% (19) casting has been associated with 

increased risk of wound necrosis (92). 

In a systematic review assessing open ankle fractures, 81% of patients had satisfactory results 

after immediate ORIF (15,19). 

For periarticular fractures, the decision to convert to definitive stabilization is usually based on 

the condition of soft tissues. A 10-14 day period of latency is required to allow soft tissues to 

recover to the extent where definitive fixation can be undertaken safely (1). 
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2.1.3 Compartment syndrome 

This is an emergency that results from tissue swelling and ischemia within a tight osciofascial 

space after injury or after fracture fixation first described by Volkmann in 1872 (28). It may lead 

to fibrosis, contracture and loss of function (101). The modern definition is the elevation of 

interstitial pressure such that it exceeds capillary perfusion pressure. This is an absolute value of 

more than 30mmhg or difference between diastolic and compartment pressures of more than 

30mmhg. 

Maintaining a high index of suspicion is of paramount significance to proceed early to operative 

intervention where the diagnosis is suspected. Casting may compromise early detection of 

compartment syndrome. Excessive traction across the ankle joint when applying spanning 

external fixator may lead to stretching of muscle compartments and lead to compartment 

syndrome (1). 

 

2.1.4 Nonunion/ Malunion 

This is more common in open ankle fractures because of the soft tissue damage, poor perfusion, 

and increased incidence of infection. It often leads to secondary osteoarthritis and need for 

arthrodesis of the ankle joint (102). This may potentiate the need for multiple surgical 

debridement, and increase risk of nonunion and ankle arthrodesis (53). 

Casting has been associated with an increased rate of up to 70% of non-union (92). 

Spanning fixation has been widely accepted as a mode of temporary periarticular fixation. It 

offers ligamentotaxis and reduces the amount of injury-related oedema by reducing the 

deformity. The external fixator construct is a simple mono-lateral frame in a triangular construct 

with two or three pins in the distal tibia and a centrally threaded calcaneal pin through the 

calcaneal tuberosity. However, this construct is not fully rigid for it can allow rotation around the 

calcaneal pin. This is often countered by the addition of forefoot pins to the base of the first 

metatarsal bone. This also maintains the foot in a neutral position (1). 

The most common complication encountered when utilizing a spanning external fixator is the 

inability to re-establish length. The gradual loosening of the external fixator components before 

definitive reconstruction may occur, causing loss of initial reduction. 

External fixator maintained for a long time acts as a definitive skeletal stabilizer with delayed 

union and Malunion rates as high as 40% (30). Limited internal fixation, in combination with 

external fixation, has demonstrated to work well with periarticular fractures. Inter-fragmentary 



17  

screws seek to achieve direct bone healing using compression while external fixator limit the 

degree of micro-motion (1). 

In an attempt to standardize radiological assessment of fracture union, The University of Toronto 

and McMaster recently developed a scoring system (RUSH and RUST) that has been shown to 

have increased reliability among surgeons and radiographers in assessing fracture healing (109). 

This system assesses the presence of callus and fracture line in four cortices to give a score 

between 4 (no union) and 12 (union). However, there has been no gold standard to compare this 

system with. Hence, it has not been validated as a clinical tool. 

 

2.1.5 Post traumatic osteoarthritis 

This is a well-known complication of ankle fracture and is compounded by open fractures. 

Horiseberger et al. (102) reported a 70% incidence of post-traumatic ankle arthritis and attributed 

it to the failure of restoration of normal anatomy. This mainly involves the failure of reduction of 

lateral talar displacement (16). Ramsey et al. (13) showed that the lateral talar re-displacement of 

1 mm reduces the tibiotalar contact area by 42%. Other factors include fibular malunion with 

shortening and valgus deformity as well as ligamentous injury (5). 

Fixation of the fibular with rash pins, k-wire or plate fixation is recommended to maintain 

length, rotation and lateral wall stability. Fixation failure is high, with spanning external fixator 

(103). 

Burwell et al. (104) came up with an objective classification for assessing ankle reduction 

Radiologically. More than five posterior or lateral displacement of the talus have been shown to 

increase the risk of post-traumatic arthritis by five times. 

The stabilization techniques are varied, and there is no consensus on which is superior to the 

other. Some authors recommend stabilization with a cast or a combination of a cast and 

minimally invasive techniques such as rush pins (10). 

The latency time between injury and development of end-stage OA is 20.9 years (102). In this 

study, time is a limiting factor, but the Burwell radiological assessment score and the AOFAS 

score have been shown to predict the probability of developing post traumatic arthritis positively. 

2.2 American orthopaedic foot and ankle society (AOFAS) outcome classification system 

The AOFAS ankle-hind foot score is one of the commonest used instruments of measuring the 

outcome in patients who have sustained a complex ankle and hind foot injury (105). It combines 
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clinical reported and patient-reported outcome measures (106). Various factors thought to reflect 

the condition of the ankle and foot were considered (Appendix 8.5). These include: 

 Degree of pain 

 Functional limitations 

 Average maximum continuous walking distance 

 Difficulty of walking based on the walking surface 

 Gait anomaly 

 Range of joint motion 

 Ankle- hind foot stability 

 alignment 

These factors are weighted non-numerically based on a grading between 0 and 100 as follows: 

 Excellent= more than 75% 

 Good=60-75%, 

 Fair=40-59 

 Poor= less than 40 (appendix 8.4) 

The AOFAS grading system has the advantage of being applicable in a wide variety of ankle 

disorders while remaining responsive to clinical changes (107). The validity of this scoring 

system has been put into question by various studies that show poor correlation between AOFAS 

and F36 (106,108). However, the AOFAS scoring system is the most widely used outcome 

measure with reliable results and valid conclusions related to foot and ankle quality of life issues 

(109). 

In a study analyzing the outcomes of open ankle fractures in an Indian population (9), 73% of the 

patients had good outcomes based on AOFAS criteria after being managed with debridement and 

fixation with external fixators, with wounds healing by secondary intention in 39% and 34% 

requiring skin grafting and flap cover. 
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3. Patients and methods 

 
Study design 

This was a prospective, cohort study with consecutive patient sampling. 

 
Study setting 

In order to obtain data from all socioeconomic categories, and to achieve the desired sample size 

(considering open ankle fractures are rare), 3 facilities were selected as follows: 

 KNH, located in Upper Hill Nairobi: It is the largest referral hospital in East and Central 

Africa. It mainly caters for patients of low socioeconomic status. 

 PCEA Kikuyu Hospital: Located in Kiambu County and caters mostly to patients of 

middle socioeconomic status. 

 AKUH in parklands is a teaching hospital that largely caters for patients of high 

socioeconomic status. 

The study was carried out in the A&E Departments, Orthopaedic Wards and fracture clinics in 

these facilities. 

 

Study duration 

August 2019- May 2020 (Appendix 8.6) 

 
3.1 Patients 

All patients of 18 years and above presenting to KNH, AKUH and PCEA Kikuyu between 

August 2019 and March 2020 with open ankle fractures were considered for the study. 

 

Selection criteria 

Inclusion criteria: 

1. Patients aged 18 years and above with open ankle fracture 

2. Patients who gave consent/guardian for those with head injury. 

 
Exclusion criteria: 

1. Patients with tibial plafond fractures 

2. Associated crush injury of the foot and mangled extremity 

3. Talus fractures 
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4. Patient with the following co-morbidities that may increase the likelihood of infection 

and delayed union: diabetes mellitus, immunosuppresion (HIV or prolonged steroid use), 

liver failure, renal failure, atherosclerosis and cigarette/tobacco use. 

5. Patients who did not consent to be part of this study 

 
Ethical considerations 

All appropriate institutional and Governmental regulations concerning the ethical use of human 

volunteers was followed during this research. Approval was sought from the Department of 

Orthopaedic Surgery, in the University of Nairobi, after which, permission was sought from 

Kenyatta National Hospital, Ethics and Research Committee (KNH-UoN ERC) (Appendix 8.7) 

Relevant registration certificates and approvals were sought as follows: 

 KNH (Appendix 8.8) 

 National Commission for Science and Technology (NACOSTI) (Appendix 8.10) 

 PCEA kikuyu Hospital approval (Appendix 8.11) 

 AKUH approval (Appendix 8.12) 

Data collection commenced after ethical approval was granted. 

Study participants or their next of kin were requested to give written informed consent. The 

consent sought enabled the principal investigator to take the patient‘s bio-data details as well as 

photos of the wounds and initial ankle radiographs. 

The investigator clarified to the participants the objective of this study. Participation in this study 

was absolutely voluntary. Thus, the participants were informed that they are free to participate or 

even withdraw their participation at any point during the study without any explanation. 

Withdrawal from the study did not influence the participants‘ treatment in any way. 

 
 

Sampling Technique 

Patients were recruited into the study by the principal researcher and three trained assistants 

(fourth year registrars rotating in KNH, AKUH and PCEA Kikuyu who were selected based on 

those rotating in the respective hospitals) . Consecutive sampling technique was used, and each 

patient was assessed on the admission day, day 4, day10, 6
th

 week and 12
th

-week post-injury. 

Only those satisfying the inclusion criteria and gave informed consent were recruited. The data 

sheet (Appendix 8.4 and 8.5) was filled accordingly. 
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On admission, all patients were reviewed and managed by the surgeon on call. They were 

initially assessed and stabilized according to the ATLS protocol, antibiotics were initiated and 

tetanus toxoid or hyper-immune globulin was administered as indicated. The fracture 

classification, soft tissue injury (AO) and the time of initial antibiotic administration was 

recorded in the data sheet. 

The type of initial stabilization was at the discretion of the surgeon on call. The time of initial 

debridement, time and type of initial stabilization modality and soft tissue injury were recorded 

in the data collection sheet after the initial debridement. 

The patients‘ wounds were assessed on day 4, day10, 6
th

 week and 12
th

 week. Their condition 

was recorded on the data sheet as per the ASEPSIS score criteria. Culture specimens were 

collected from septic wounds and recorded in the data sheet. 

The condition of the wound determined whether primary closure, STSG or flap cover was done. 

The stabilization modality at the time of discharge was considered definitive. 

All patients were assessed at six weeks for radiological adequacy of reduction and at 12 weeks 

where the degree of ankle stiffness, pain and functional limitation were assessed using AOFAS 

score. 

Sample size 

The formula below was used to estimate the sample size (110): 

n0 = Z
2
(1-∞/2) x P(1-P) 

d2 

 
The d value considered to be significant was below 0.05(absolute error of 5%) giving us a 

standard normal variant (Z) of 1.96 

Where; 

n0 = sample size determined 

Z
2
 (1-∞/2) =is the standard error of the mean corresponding to a 95% confidence interval and the 

corresponding value from a t-table is 1.96. 

P = Expected prevalence of good functional outcome, anatomic reduction and absence of 

infection. In this case, the value of P was 0.5, the best average estimate for predetermined 

outcomes. 
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d = Target margin of error, which will be 5 %( 0.05) to increase precision. 

n0 = 1.96
2
 x 0.5( 1 – 0.5) 

0.05
2
 

 

Hence n0 = 384 

However, given the small population, the Fischer‘s formula was modified by including the finite 

population correction factor (FPC) as; 

no 

n =    

1 + ( no- 1 ) 
 
 

N 

Where; 

n= the sample from the finite population 

N= Total population; data from KNH registry between Aug and October 2018 showed a total of 

30 open ankle fractures admitted in KNH(average of 10 patients per month). Considering a 4- 

months data collection period, total of 40 patients is expected, with an addition of 18 patients 

from AKUH (8 patients) and PCEA Kikuyu Hospital (10 patients), bringing the total to 58 as the 

total population. 

n0 retains its earlier definition 

Therefore; 

 

384x58 

n = 

384+(58-1) 

 
 

N=50.5~51 

With the assumption of an attrition rate of 10%, the expected sample size was 56. 

Purposive/convenient sampling was utilized based on the defined inclusion criteria until the 

appropriate sample was reached, or a statistically sound level possible under the circumstances 

was attained. 
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3.2 Methods 

Data collection and analysis 

Data were coded, entered and managed in a Microsoft Access database and at the end of data 

collection exported to IBM Corp. SPSS for Windows version 25 for analysis. The baseline 

characteristics were summarized and presented as means, medians and proportions 

Bivariate analysis was used to evaluate factors associated with functional outcome 

Pearson correlation analysis was used to assess the relationship between the intervening variables 

with outcomes of interest (Appendix 8.1). 

The Chi-square test was used for inferential statistics, analyzing categorical data such as the AO 

fracture and soft tissue category with the AOFAS score. 

All statistical tests were performed at 5% level of significance (95% confidence interval). The 

results of the study were presented in forms of tables, histograms and pie charts. 

All information obtained was confidential. All participants were allocated a study serial number 

linking them to their bio-database accessible only to the principal investigator. Patients‘ names 

were not be used. 
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4. Results 
 

Demographic patterns of patient with open ankle fractures 

A total of 65 patients were recruited for this study (48 patients from KNH, 14 from PCEA 

Kikuyu Hospital and 3 from AKUN). However, three were lost to follow up due to relocation. 

The mean patients‘ age was 38 years with a standard deviation (SD) of + 12. The range was 

between 19 and 63 years. 

Majority of open ankle fractures occurred in male patients (77%). This is summarized in table 1 

below. 

Table 1: Open ankle fracture distribution 
 

Demography n % 

Age (years) 

18-30 22 35.5 

31-40 18 29 

41-50 11 17.8 

51-60 9 14.5 

≥61 2 3.2 

Hospital 

KNH 45 72.6 

AKUH 3 4.8 

PCEA Kikuyu 14 22.6 

Sex 

Male 48 77 

Female 14 23 

 

 
AO/OTA fracture and soft tissue distribution 

 
Forty patients (64.5%) had type B (transyndesmotic) fractures, 12 patients (19.4%) by type C 

(suprasyndesmotic), and 10 patients (16.1%) had type A (Infrasyndesmotic) fractures (figure 1) 
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Figure 1: Proportions of open ankle fractures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
(Note: 1, 2 and 3 represent the sub-categories of AO grade 44A, 44 B and 44C) 

 

 
The largest majority of patients (48.3%) had skin wounds of greater than 5cm with contusions 

and devitalized edges (IO3), majority of the patients had no muscle or tendon injury (62.9%) and 

no neurovascular injury (96.8%).This is illustrated on table 2 below. 
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Table 2: Proportions of skin lesion, muscle, tendon and neurovascular injury severity 
 

 n % 

 IO 1 6 9.7% 

 

SKIN LESION 
IO 2 20 32.3% 

IO 3 30 48.3% 

 IO 4 6 9.7% 

 MT 1 39 62.9% 

 MT 2 13 21.0% 

MUSCLE/TENDON INJURY MT 3 4 6.5% 

 MT 4 4 6.5% 

 MT 5 2 3.1% 

 NV 1 60 96.8% 

 NV 2 0 0.0% 

NEUROVASCULAR INJURY (NV) NV 3 2 3.2% 

 NV 4 0 0.0% 

 NV 5 0 0.0% 

 

 
Time from injury to initial debridement 

 
No patient received antibiotics or debridement before 6 hours in all hospitals that the study was 

conducted. Majority of patients received antibiotics and initial debridement 13-24 hours after 

injury (48.4%) and 32.3% respectively. This is illustrated in the graph below. 
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Figure 2: Proportions of time taken to initial antibiotic administration and debridement 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Wound debridement 

 

A total of 30 of the patients (48.4%) had their wounds left open after primary debridement while 

32(51.6%) wounds were closed primarily. Of those closed primarily only 1 had a primary flap 

coverage done. Only 7(11.3%) of the patients were debrided with tourniquet and no debridement 

was done with Pulsatile lavage. 

Fixation after initial debridement 
 

A total of 21 patients (33.9%) had a back slab placed after initial debridement. Only 3(4.8%) 

patients had a hybrid fixation with k-wires and external fixator combined. The proportions of 

fixation modality after initial debridement is illustrated in table 3. 
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Table 3: Proportions of fixation modalities used after initial debridement. 
 

Fixation after initial debridement n % 

Back slab splint 21 33.9% 

K-wires/ rash pin/ screws & back slab 17 27.4% 

K-wires/ rash pin/screws & external fixator 3 4.8% 

Internal fixations with plate and screws 6 9.7% 

External fixator alone 15 24.2% 

 

 
Conversion from temporary fixation to definitive fixation 

 
There were 6 (9.7%) patients who had primary internal fixation (with plates and screws) and 

primary closure immediately after initial debridement. A total of 21 (33.9%) patients had the 

initial fixation converted to definitive fixation prior to discharge at a rate illustrated on figure 

4.The rest of the patients (56.4%) maintained the initial fixation or splint as the definitive 

treatment until they were discharged. 

The graph below illustrates the average time it took to convert to definitive fixation 

 
Figure 3: Mean duration of conversion to definitive fixation 
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Skill level of operating surgeon 

9.7% 
4.8% 

85.5% 

consultant 

senior resident(≥4th year) 

junior resident≤ 3rd year 

 
 

Majority of the initial debridement was carried out by senior residents (≥ 4
th

 year). This was 

followed by junior residents and consultants. They operated on 53, 6, and 3 patients respectively. 

Figure 4: Operating surgeon performing initial debridement and fixation 
 

 
Incidence of infection 

 
Early infection rates were based on wound assessment on day 4 and day 10 to represent the first 

two weeks. A total of 29 of the patients (46.8%) had disturbance of healing (ASEPSIS score 11- 

20). Another 6 (9.7%) patients had moderate infection (ASEPSIS score 31-40) while 13 (21.0%) 

patients had severe infection (ASEPSIS score >40). Only 3 patients (4.8%) had no infection 

(ASEPSIS 0-10) 

The rate of delayed infection was based on evaluation of the wounds at 6 weeks after injury. The 

number of patients with normal healing (ASEPSIS score ≤10) increased to 36 (58.1%). There 

were 14 (22.6%) patients who had disturbance of healing (ASEPSIS score 11-20). Moderate and 

severe infection was reported in 4 (6.5%) and 3 (4.8%) patients respectively. 

The incidence of late infection was recorded on the twelfth week. The number of patients with 

no infection increased further to 45 (72%) and 8 (12.9%) had disturbance of healing. There were 

6 (9.7%) patients who had minor infection. Only 1 (1.6%) patient had moderate infection and 2 

had severe infection at this time. 

This has been illustrated in the chart below (Figure 5). 
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NUMBER OF WOUND ASSESSMENT CHART 
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Figure 5: Incidence of infection over time 
 

 
Factors associated with development of infection 

 

In order to have bivariate outcome measures, the ASEPSIS score was categorized into 

―infection‖ (scores ≥20) and ―no infection (scores <20) categories. The table below summarizes 

the respective proportions of these categories. 
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Figure 6: Proportions of infection over time 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Chi-square test was used to evaluate predictors of poor ASEPSIS score. There was no 

significant difference of infection rates based on sex in all stages of wound assessment (P-value 

0.281-0.978) or the hospital where the patient was managed (P-value 0.413-0.908). There was 

proportional increase in the infection rates with increase in injury severity based on AO fracture 

classification, but not to a significant degree (P-value 0.331-0.56). 

The size of skin lesion had a significant bearing to the risk of early infection (p-value 0.002) but 

not as significant for delayed (p-value 0.427) or late infection (p- value 0.163) 

The time to antibiotic treatment had a negative impact on the rate of early, delayed and late 

infection. There was notable increase in infection rates with delay of more than 24 hours in 

antibiotic administration but not to a significant degree (p-value 0.17-0.2) 

Delay to initial debridement more than 72 hours had a significant influence on the rate of early 

infection (P-value 0.008) but less significant in delayed (P-value 0.79) and late (P-value 0.117). 
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There was a notable significant difference in early infection based on the initial fixation chosen 

(p value 0.028) with internal fixation producing the least ASEPSIS scores throughout the study 

duration. The use of K- wires with a back slab produced the highest infection rates throughout 

the study period. However the differences were less significantly associated with delayed and 

late infections. There was significantly higher rates of early infection (p-value<0.0001) and 

delayed infection (P- value 0.014) but this did not have significant influence on late infection (p- 

value 0.328) 

The quality of reduction has a significant influence on propensity to delayed infection (p-value 

0.01) but less significant attribute to early and late infection (p-value 0.11 and 0.38 respectively) 

It was observed that there is a significant relationship between early infection and prolonged 

hospital stay (p-value 0.004).However, the relationship was less significant for delayed and late 

infection (p- value 0.18 and 0.57 respectively) 

There was no significant relationship between infection rates at every stage with the skill level of 

the surgeon performing the initial debridement (p-value 0.2-0.4). 

Delayed and late infection was significantly associated with poor functional outcome at 12weeks 

(p-value <0.0001 and 0.037 respectively). Early infection had less significant influence to poor 

functional outcomes (p-value 0.237) 

Table 4 summarizes the bivariate analytical results of factors associated with infection of open 

ankle fractures. 
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Table 4: Factors associated with infection (poor asepsis scores) 
 

 EARLY INFECTION DELAYED 

INFECTION 

LATE INFECTION 

% 
Infected 

p-value % 
Infected 

p-value % 
Infected 

p-value 

MEAN AGE 39 0.400 44 0.043 35 0.529 

SEX 
Male 52.1 

0.281 
20.8 

0.585 
14.6 

0.978 
Female 35.7 14.3 14.3 

 A 38.5  
0.562 

0  
0.331 

7.7  
0.550 AO SCORES B 48.8 22 14.6 

 C 62.5 23.1 25 

SKIN LESION 
IO 1 and IO 2 25.9 

0.002 
14.8 

0.427 
7.4 

0.163 
IO 3 and IO 4 65.7 22.9 20 

 <6 hours 0  

 
0.208 

0  

 
0.213 

0  

 
0.172 

TIME FROM INJURY 

TO ANTIBIOTIC 

ADMINISTRATION 

6-12 hours 27.3 18.2 0 

13-24 hours 43.3 13.3 10 

25-48 hours 58.3 41.7 25 

49-72 hours 80 0 40 
 >72 hours 75 25 25 

 <6 hours 0  

 
0.008 

0  

 
0.790 

0  

 
0.117 

TIME FROM INJURY 

TO INITIAL 

DEBRIDEMENT 

6-12 hours 0 25 25 

13-24 hours 30 15 5 

25-48 hours 55.6 22.2 11.1 

49-72 hours 50 10 40 
 >72 hours 90 30 10 

 Back slab splint 33.3  

 
0.028 

23.8  

 
0.423 

14.3  

 
0.616 

FIXATION AFTER 

INITIAL 

DEBRIDEMENT 

K-wires/ rash pin/ screws & back slab 70.6 29.4 23.5 

K-wires/ rash pin/screws & external 

fixator 
100 0 0 

Internal fixations with plate and screws 16.7 0 0 
 External fixator alone 46.7 13.3 13.3 

WOUND 
left open 71.9 

<0.0001 
31.2 

0.014 
18.7 

0.328 
closed primarily 23.3 6.7 10 

DEFINITIVE 

FIXATION 

Yes 45.5 
0.732 

4.5 
0.029 

13.6 
0.884 

No 50 27.5 15 

SKILL LEVEL OF 

PERSON OFFERING 

SERVICE 

consultant 0  
0.228 

0  
0.477 

0  
0.317 senior resident 50.9 18.9 13.2 

junior resident 50 33.3 33.3 

RADIOLOGIC 

CRITERIA OF 

REDUCTION 

Anatomical 39.3  
0.111 

3.6  
0.010 

10.7  
0.308 Fair 68.4 26.3 10.5 

Poor 40 40 26.7 

HOSPITAL STAY 
≤14 days 26.9 

0.004 
11.5 

0.186 
11.5 

0.572 
>14 days 63.9 25 16.7 

 ≥75% (Excellent) 33.3  

0.237 

0  

<0.0001 

4.2  

0.037 AOFAS SCORE 
60-74% (Good) 71.4 0 0 

40-59% (Fair) 52.9 11.8 17.6 

 ≤39% (Poor) 57.1 71.4 35.7 
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poor reduction 

24% 

 
fair reduction 

31% 

anatomical 

reduction 

45% 

Adequacy of reduction 

The adequacy of reduction was evaluated at 6 weeks using the radiological criteria of union (see 

appendix 8.1). A total of 28 patients had anatomical reduction, 19 and 15 patients had fair and 

poor radiological outcomes respectively. This is illustrated in figure 7 below. 

Figure 7: Radiological criteria of reduction 
 

 
The analysis of variance (ANOVA) was used for inferential statistical analysis between 

Malunion rates and possible contributing factors. 

Although females had a higher poor radiological outcome (42.9% in females versus 18.8% in 

males) this difference was not statistically significant (p value 0.051). There was no statistically 

significant difference based on the hospital that the patients were managed (p value 0.745). 

AO group A had better radiological outcomes (57%) than B (39%) and C (46.2%). However the 

overall difference in anatomic, fair and poor outcomes was not significant (p-value 0.382).there 

was a significant relationship between the wound lesion and the radiological outcome at 6 weeks 

(P value 0.038). There were 55.6% of IO 1 and 2 who had anatomical reduction while 37.1% of 

IO 3 and 4 had anatomical reduction. This is illustrated in table 4. 

The modality of initial fixation had a significant impact on the radiological outcome at 6 week (P 

value <0.0001. Anatomical reduction was seen in 100% of patients who had internal fixation 

with plates and screws. Most of the patients with poor radiological reduction had been fixed with 
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a back slab splint alone (42.9%).This is illustrated in figure 8.There was significant improvement 

after conversion from all temporary fixation modalities to fixation with plates and screws (p 

value <0.001). This is summarized in table 5. 

Figure 8: Radiological outcome based on initial fixation modality 
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poor reduction 42.90% 11.80% 33.30% 20% 0% 

fair reduction 0% 70.60% 33.30% 40% 0% 

anatomical reduction 57.10% 17.60% 33.30% 40% 100% 
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Table 5: Factors associated with radiological outcome at 6 weeks 
 

 RADIOLOGIC CRITERIA OF 

REDUCTION 

 

Anatomical Fair Poor p-value 

SEX 
Male % 43.8 37.5 18.8 

0.051 
Female % 50.0 7.1 42.9 

 A % 75.0 12.5 12.5  
0.382 AO SCORES B % 39.0 36.6 24.4 

 C % 46.2 23.1 30.8 

SKIN LESION 
IO 1 and 2 % 55.6 18.5 25.9 

0.174 
IO 3 and 4 % 37.1 40.0 22.9 

 <6 hours % .0 .0 .0  

 
0.471 

TIME FROM INJURY 

TO ANTIBIOTIC 

ADMINISTRATION 

6-12 hours % 63.6 18.2 18.2 

13-24 hours % 53.3 23.3 23.3 

25-48 hours % 16.7 50.0 33.3 

49-72 hours % 40.0 40.0 20.0 
 >72 hours % 25.0 50.0 25.0 
 <6 hours % .0 .0 .0  

 
0.264 

TIME FROM INJURY 

TO INITIAL 

DEBRIDEMENT 

6-12 hours % 100.0 .0 .0 

13-24 hours % 40.0 20.0 40.0 

25-48 hours % 38.9 44.4 16.7 

49-72 hours % 50.0 30.0 20.0 
 >72 hours % 40.0 40.0 20.0 
 Back slab splint % 57.1 .0 42.9  

 
<0.0001 

FIXATION AFTER 

INITIAL 

DEBRIDEMENT 

K-wires/ rash pin/ screws & back slab % 17.6 70.6 11.8 

K-wires/ rash pin/screws & external fixator % 33.3 33.3 33.3 

Internal fixations with plate and screws % 100.0 .0 .0 
 External fixator alone % 40.0 40.0 20.0 

WOUND 
Left open % 31.3 43.8 25.0 

0.038 
Closed primarily % 60.0 16.7 23.3 

DEFINITIVE 
FIXATION 

Yes % 81.8 18.2 .0 
<0.0001 

No % 25.0 37.5 37.5 

SKILL LEVEL OF 

PERSON OFFERING 

SERVICE 

consultant % 100.0 .0 .0  
0.189 senior resident % 43.4 34.0 22.6 

junior resident % 33.3 16.7 50.0 

Hospital stay 
≤14days % 53.8 23.1 23.1 

0.448 
>14days % 38.9 36.1 25.0 

 ≥75% (Excellent) % 95.8 4.2 .0  

<0.0001 AOFAS SCORE 
60-74% (Good) % 28.6 71.4 .0 

40-59% (Fair) % 11.8 58.8 29.4 

 ≤39% (Poor) % 7.1 21.4 71.4 

 

 
Functional outcome 

 

The functional outcome was assessed at 12 weeks using the AOFAS scoring system. Twenty 

four (38.4%) patients had an excellent AOFAS score (>75%). Seven (11.3%) patients had a good 

AOFAS score of 60-74%. 17(27.4%) and 14(22.6%) of the patients had a fair (40-59%) and poor 

(≤39%) AOFAS score respectively. 
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Chi square test was used for bivariate analysis between the AOFAS scores and the age and sex. 

Although there was a worsening AOFAS score with increase of age, the relationship was not 

significant (p value 0.336).There was no significant association between patients‘ gender (p 

value 0.49) 

ANOVA was used to analyze associations between the AOFAS scores and other categorical data 

such as ASEPSIS score, fixation modality and quality of reduction. There was a significant 

correlation between AOFAS score and early, delayed and late ASEPSIS scores (p values of 

0.004, <0.0001 and <0.0001 respectively). 

There was better AOFAS score in those treated with immediate internal fixation (83.3% had 

AOFAS scores above 75%) followed by external fixation (46.7%).Majority of patients fixed with 

minimal internal fixation (k wires) had good and fair AOFAS score regardless of whether a back 

slab or external fixator was used to supplement the fixation. However, these differences were not 

significant (p-value 0.147). Figure 9 summarizes these associations. 

Patients who had initial provisional fixation converted to a definite fixation had an overall better 

functional outcome than those who had the initial fixation maintained until healing (p value 

0.013).There was a significant correlation between anatomical reduction and excellent functional 

outcome (p-value <0.0001).However, there was no significant correlation between the functional 

outcome and the skill level of the operating surgeon or the duration of hospital stay. This has 

been illustrated on table 6. 
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Functional outcomes (AOFAS score) based on initial fixation modality 
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Figure 9: Functional outcomes based on initial fixation modality 
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poor(≤39%) 33.30% 23.50% 0% 20% 0% 

fair(40-59%) 19% 41.20% 66.70% 20% 16.70% 

good(60-74%) 4.80% 17.60% 33.30% 13.30% 0% 

excellent(≥75%) 42.90% 17.60% 0% 46.70% 83.30% 
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Table 6: Factors associated with functional outcomes 
 

 AOFAS SCORE  

>=75% 

(Excellent) 

60-74% 

(Good) 

40-59% 

(Fair) 

<=39% 

(Poor) 

 

n % n % n % n % p-value 

 

 

SEX 

MALE 18 75 7 100 13 76.5 10 71.4  
0.490 

FEMALE 6 25 0 0 4 23.5 4 28.6 

  Back slab splint 9 42.9 1 4.8 4 19.0 7 33.3  

 

 

 

 

0.147 

  K-wires/ rash pin/ 

screws & back slab 

 

3 

 

17.6 

 

3 

 

17.6 

 

7 

 

41.2 

 

4 

 

23.5 

FIXATION AFTER 

INITIAL 

DEBRIDEMENT 

 K-wires/ rash 

pin/screws & external 

fixator 

 

0 

 

.0 

 

1 

 

33.3 

 

2 

 

66.7 

 

0 

 

.0 

  Internal fixations with 

plate and screws 

 

5 

 

83.3 

 

0 

 

.0 

 

1 

 

16.7 

 

0 

 

.0 

  External fixator alone 7 46.7 2 13.3 3 20.0 3 20.0 

  Yes 14 63.6 2 9.1 5 22.7 1 4.5 
0.013 Definitive fixation           

  No 10 25.0 5 12.5 12 30.0 13 32.5 

SKILL LEVEL OF 

PERSON PERFORMING 

PROCEDURE 

consultant 3 100.0 0 .0 0 .0 0 .0  
0.450 senior resident 19 35.8 6 11.3 16 30.2 12 22.6 

junior resident 2 33.3 1 16.7 1 16.7 2 33.3 

  ≤14 days 13 50.0 3 11.5 5 19.2 5 19.2 
0.424 HOSPITAL STAY           

  >14 days 11 30.6 4 11.1 12 33.3 9 25.0 

RADIOLOGIC 

CRITERIA OF 

REDUCTION 

 Anatomical 23 82.1 2 7.1 2 7.1 1 3.6  

<0.0001  Fair 1 5.3 5 26.3 10 52.6 3 15.8 

 Poor 0 .0 0 .0 5 33.3 10 66.7 
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4.1 Study limitations 

1. During this study, a large majority of cases were initially managed by Junior and senior 

residents. Only 3 patients had their debridement done by consultants. This made it 

impossible to make inference on the outcomes based on the level of expertise 

2. This study was carried out in multiple centres in an attempt to include a number of 

patients who would have been managed using uncommon wound debridement techniques 

such as VAC dressing and lavage debridement. However, none of the patients had their 

wounds debrided using these techniques. 

3. There were numerous ways of constructing a spanning external fixator, and some may 

have been more rigid than others. However, no way was found to assess the rigidity of an 

external fixator objectively and attempting to classify this was beyond the scope of this 

study; thus it was assumed that they all had equal rigidity. This study only assessed 

whether minimal internal fixation with screws or wires were used in conjunction with 

external fixation as detailed in the methodology. 

4. For the cases that underwent internal fixation, stainless steel reconstruction plates, a 3
rd

 

tubular plates and titanium-locked plates were used. Although it is known that these 

plates have different biomechanical properties and rates of infection, the patients were 

not stratified based on the implant used as this was deemed to be beyond the scope of this 

study. 

5. This study was limited to patients without co morbidities that are known to increase the 

risk of infection. These include diabetes mellitus, atherosclerosis, smoking, and 

immunosuppresion. Patients with an associated tibial plateau or talus fracture were also 

excluded as outlined in the exclusion criteria. 

6. Due to time constraints, it was not possible to follow up the patients for more than 12 

weeks to assess for overall nonunion, and union. Therefore, an assumption was made that 

the adequacy of reduction at 6 weeks had a direct correlation to the degree of malunion 

once healing was achieved as described in the literature review. 



41  

5. Discussion 
 

Open ankle fracture management remains a daunting task due to the increased risk of wound 

infection, wound necrosis, fracture nonunion and resultant impaired functional ability. 

The aim of this study was to determine the functional outcomes of open ankle fractures seen in 

KNH, PCEA Kikuyu hospital and AKUH. Majority of the patients were managed in KNH, with 

only 3 patients from AKUH included in the study. This limited the ability to infer or compare 

outcomes based on the hospital the patients were being managed. 

In this study, the mean age was 38 years. This is slightly less than the average age found in the 

Indian population (41.7 years) (9).Majority of the patients were male (77%).This is in keeping 

with a study done by Saini et al (2) that found a higher incidence in males. This was attributed to 

the higher incidence of high energy trauma among males which is the leading cause of open 

ankle fractures. 

AO fracture class B was the most common (64.5%) which is comparable with studies in Finland 

(12) and India (14) that also found Danis- Weber B (similar to AO type B) as the most common. 

Majority of the skin lesions were type 3(47.7%) i.e. skin breakage from outside being more than 

5 cm with increased contusion and devitalized edges. This was similar to studies by Brown (15) 

and Dhillon (2) who reported 47.6% and 30.4% of open ankle fractures being Gustilo 3 

respectively. Most of the fractures had no muscle injury or nerve injury. There were only two 

cases of vascular injury (posterior tibial artery) and no case of nerve injury in the study group. 

No patient had antibiotic administration or debridement in the first 6 hours in all hospitals that 

the study was conducted. This was attributed to delay in arrival to hospital. However, majority of 

the patients (66.1%) had antibiotics administered within the first 24 hours. Most of the patients 

had initial debridement between 24 and 48 hours. 

 

Factors associated with developing infection of open ankle fractures 

In this study, the injured ankle was assessed on the first two weeks (day 4 and day 10), the sixth 

week and the twelfth week to ascertain early, delayed and late infection respectively. 

Patients that had a higher AO fracture severity and soft tissue injury severity developed early 

delayed and late infection more than those with less severe injuries, with the soft tissue injury 

being a more significant factor than the fracture severity. This was also reported by Boylston 
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(10), Neubauer (49) and locally by Admani (67). It is attributed to the higher energy involved 

and more tissue injury attained. 

There was a commensurate relationship between delay in antibiotic administration and 

debridement (more than 24 hours) with development of infection. There was a significant 

increased risk of developing early infection if debridement was done after 72 hours compared to 

before 48 hours. This confirms the recommendation by BOA/BAPRAS guidelines (69) that early 

debridement (within 24 hours) has significant benefits in reduction of infection. 

The modality of fixation had a significant influence on the risk of early infection. Fixation with k 

wires and hybrid fixation had a significantly higher risk of early infection than use of an external 

fixation or a back slab alone. This risk drastically dissipated with conversion to internal fixation 

and wound cover. There was no case of wound necrosis, dehiscence or infection in all cases that 

were fixed and wound closed primarily. There was also a significant reduction in hospital stay 

and better reduction with early wound closure and internal fixation. These findings assent the 

advantages of early wound closure and primary fixation described by Bowen (3). 

Poor reduction and Malunion has been associated with delayed infection to a significant degree. 

This exemplifies the argument in favour of immediate or early internal fixation because it 

improves soft tissue healing and allows early mobilization (18,25,83,95). 

There was a progressive reduction of infection over time. This was attributed to repeat 

debridement and antibiotic treatment as well as wound closure and definitive fracture fixation 

within the first month. 

Factors associated with malunion of open ankle fractures 

The radiological criteria described by Burwell (104) was used to assess the adequacy of 

reduction at 6 weeks. It was assumed that by this time the fixation used was applied for definitive 

fixation. There was a significantly better reduction with internal fixation with plates and screws 

than all other fixation modalities. This was followed by use of hybrid fixation and use of external 

fixation alone respectively. The use of a back slab splint had the highest percentage of poor 

reduction at 6 weeks. There was significant improvement in quality of reduction after 

conversion. This emphasizes the importance of conversion to internal fixation as this ensures 
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maintenance of anatomic reduction and minimizes the risk of loss of reduction and malunion 

(102). 

Factors associated with poor functional outcomes of open ankle fractures 

The AOFAS grading system (105) was carried out 12 weeks after injury to assess factors that are 

considered to have a bearing on the functionality of the ankle joint (such as pain, range of 

motion, ability to walk unaided etc). 

A total of 49.7% of the patients had an excellent to good scores while 27.4% of the patients had 

fair outcome scores and 22.6% had poor scores(less than 39%).The proportions of good 

outcomes are considerably less than those reported by Santhanakumaran (9) in an Indian study 

who reported a 73.1% good and 26.9% poor outcome. The study indicates that all patients had 

surgical debridement within 24 hours and early skeletal stabilization and this may have 

contributed to the better outcomes seen (9). 

Poor reduction, infection (especially delayed and late infection) and maintaining initial 

provisional fixation had a significant correlation with poor functional outcome. There was a 

proportionate increase in poor outcomes with increase in age but not to a significant degree. 

There was no correlation between the AOFAS score and the initial fixation after debridement. In 

this regard, no provisional fixation is deemed superior over another. The main influence to better 

outcome was primary internal fixation or conversion to internal fixation. This has been 

emphasized in previous studies (90,91,93). 
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 Conclusion 

6. Conclusion and recommendations 

The following factors were associated with significant reduction in infection: 

i. Beginning antibiotic administration within the first 24 hours after injury 

ii. Wound debridement within the first 72 hours 

iii. Early (within the first 2 weeks) definitive fixation and wound closure 

iv. Conversion from provisional to definitive fixation within the first two weeks 

Regarding fracture fixation, the following was noted: 

i. Poor reduction and malunion was associated with higher rates of delayed infection and 

poor functional outcome 

ii. Loss of reduction and poor stability was noted to be significantly higher with use of a 

back slab splint alone. 

Poor functional outcomes were attributed to the following: 

i. Infection 

ii. Poor reduction 

iii. Failure of conversion of provisional fixation to definitive fixation 

 
 Recommendations 

In order to obtain good functional outcomes, the treatment of open ankle fractures should be 

tailored to preventing infectious complications and Malunion. The following guidelines should 

be applied: 

 Early antibiotic administration: 

Administration of antibiotics within 24 hours significantly reduces the risk of wound infection. 

However, patients tend to arrive to tertiary hospitals more than 24 hours after injury. Paramedics 

and primary care givers should be sensitized on the need to offer prophylactic antibiotics as soon 

as possible prior to referral. 

 Early surgical debridement: 

The initial debridement should be done within 72 hours and involve an ortho-plastic team. The 

plastic surgery team should be involved early so as to plan early wound closure where 

applicable. 

 Early conversion to internal fixation. Aim for anatomic reduction: 
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Since most wounds are not amendable to primary closure, the fixation modality chosen on initial 

debridement should only be temporary especially where the fracture was comminuted or 

unstable. Conversion to internal fixation yields better results with reduced infection rates. 

 

 Disclaimer 

I, Dr. Joseph Irungu Muchugu, have not received any financial benefit or incentives from any 

party or individual that may benefit from this study. 



46  

7. References 

 

 

1. Clarke S, Santy-Tomlinson J. Principles of Trauma Care. Orthopaedic and Trauma 

Nursing: An Evidence-based Approach to Musculoskeletal Care. 2014. 199–220 p. 

2. Saini UC, Dhillon MS, Cheema U, Rajesh K. Open Fractures of the Ankle : Management 

Options and Factors influencing Outcomes. . J Foot Ankle Surg (Asia- Pacific) 

2017;4(December):69–76. 

3. Bowen TR, Widmaier JC. Host classification predicts infection after open fracture. Clin 

Orthop Relat Res. 2005;(433):205–11. 

4. Horisberger M, Valderrabano V, Hintermann B. Posttraumatic Ankle Osteoarthritis After 

Ankle-Related Fractures. J Orthop Trauma. 2009 Jan;23(1):60–7. 

5. Mangwani J, Mehta S, Rees K, Cutler L. Understanding risks and complications in the 

management of ankle fractures. Indian J Orthop. 2014;48(5):445. 

6. Hannigan GD, Pulos N, Grice EA, Mehta S. Current Concepts and Ongoing Research in 

the Prevention and Treatment of Open Fracture Infections. Adv Wound Care. 

2015;4(1):59–74. 

7. Pollak AN, Jones AL, Castillo RC, Bosse MJ, MacKenzie EJ. The relationship between 

time to surgical débridement and incidence of infection after open high-energy lower 

extremity trauma. J Bone Jt Surg - Ser A. 2010;92(1):7–15. 

8. Brien CLO, Menon M, Jomha NM. Contorversies in the management of Open Fractures. 

178 Open Orthop Journal, 2014, 8, (Suppl 1 M7) 178-184. 2014 

9. Santhanakumaran D, Balachandar S, S KA. Outcome analysis of open fractures of the 

ankle joint. 2017;3(4):406–11. 

10. Boylston B. Anatomic and pathologic considerations in compound fractures of the ankle. 

Southern medical journal Vol. 48,. 1955. p. 728–32. 

11. Ngcelwane M V. Management of open fractures of the ankle joint. Injury. 1990;21(2):93– 

6. 

12. Bas M, Lusskin R. Acute Disruption of the Posterior Tibial Tendon Associated with 

Open-Fracture Dislocation of the Ankle. 1997;823–6. 

13. Paul Ramsey BL, Hamilton W, Iro D, Alfred U. Changes in tibiotalar area of contact 



47  

caused by lateral Talar Shift. TBJS vol58 3(1976): 356-7 

14. Sharma GK, Dhillon MS, Dhatt SS. The influence of foot and ankle injury patterns and 

treatment delays on outcomes in a tertiary hospital ; a one-year prospective observation. 

Foot. 2016;26:48–52. 

15. Ovaska MT, Madanat R, Honkamaa M, Mäkinen TJ. Contemporary demographics and 

complications of patients treated for open ankle fractures. Injury. 2015;46(8):1650–5. 

16. Kilonzo N, Mwangi H, Lelei LK, Nyabera S AB. Treatment and Outcome of Ankle 

Fractures at the Moi Teaching and Referral Hospital. AJOL vol. 11 No.1 (2014) 

17. Malagala M. michael J, Prevalence and patterns of ankle joint injuries amongst patients 

with musculoskeletal trauma at mulago national referral hospital. 2014; Makerere 

University Institutional Repository 

18. Kim PH, Leopold SS. In brief: Gustilo-Anderson classification (corrected). Clin Orthop 

Relat Res. 2012;470(11):3270–4. 

19. Hulsker C, Kleinveld S, Zonnenberg L, Hogervorst M, Bekerom MPJ Van Den. Evidence- 

based treatment of open ankle fractures. 2011;1545–53. 

20. Hong-chuan W, Shi-lian K, Heng-sheng S, Gui-gen P, Ya-fei Z. Immediate Internal 

Fixation of Open Ankle Fractures. Foot Ank Int. 2010;31(11):959-964. 

21. Toole WP, Elliott M, Hankins D, Rosenbaum C, Harris A, Perkins C. Are low-energy 

open ankle fractures in the elderly the new geriatric hip fracture? J Foot Ankle Surg. 

2015;54(2):203–6. 

22. Ovaska MT, Madanat R, Mäkinen TJ. Predictors of Postoperative Wound Necrosis 

Following Primary Wound Closure of Open Ankle Fractures. Foot Ankle Int. 

2016;37(4):401–6. 

23. Court-Brown CM, Bugler KE, Clement ND, Duckworth AD, McQueen MM. The 

epidemiology of open fractures in adults. A 15-year review. Injury. 2012;43(6):891–7. 

24. Bugler KE, Clement ND, Duckworth AD, White TO, McQueen MM, Court-Brown CM. 

Open ankle fractures: who gets them and why? Arch Orthop Trauma Surg. 

2015;135(3):297–303. 

25. Wijendra A, Alwe R, Lamyman M, Grammatopoulos GA, Kambouroglou G. Low energy 

open ankle fractures in the elderly: Outcome and treatment algorithm. Injury. 

2017;48(3):763–9. 



48  

26. Court-Brown CM, Caesar B. Epidemiology of adult fractures: A review. Injury. 

2006;37(8):691–7. 

27. Murphy WM, Colton CL, Holz U, Kellam JF, Ochsner PE. AO Principles of Fracture 

Management Classification of Fractures Long Bones. 2006; 

28. Abdullah, Mohammed AH. Orthopaedic trauma: The Stanmore and Royal London Guide. 

Malays Orthop J. 2015;9(3):78. 

29. Hodgson S. AO Principles of Fracture management. Ann R Coll Surg Engl. 2009 

Jul;91(5):448-9 

30. Kulkarni GS, Sushrut B. Textbook of orthopedics and trauma. 3
rd

 ed.Jaypee Brothers 

Medical Publishers Ltd 2016 

31. Gervin K. musculoskeletal danis-weber ankle fracture classification [Internet]. 

32. AO Foundation. Fracture and Dislocation Compendium Vol. 32, Journal of Orthopaedic 

Trauma. 2018. 173 p. 

33. Fonseca LLD, Nunes IG, Nogueira RR, Martins GEV, Mesencio AC, Kobata SI. 

Reproducibility of the Lauge-Hansen, Danis-Weber, and AO classifications for ankle 

fractures. Rev Bras Ortop (English Ed) 2018;53(1):101–6. 

34. Boszczyk A, Fudalej M, Kwapisz S, Klimek U, Maksymowicz M, Kordasiewicz B, et al. 

Ankle fracture — Correlation of Lauge-Hansen classification and patient reported fracture 

mechanism. Forensic Sci Int 2018 Jan;282:94–100. 

35. Hughes JL, Weber H, Willenegger H, Kuner EH. Evaluation of ankle fractures: non- 

operative and operative treatment. Clin Orthop Relat Res.;(138):111–9. 

36. Kennedy JG, Johnson SM, Collins AL, Dallo Vedova P, McManus WF, Hynes DM, et al. 

An evaluation of the Weber classification of ankle fractures. Injury. 1998;29(8):577–80. 

37. Horn BD, Rettig ME. Interobserver reliability in the Gustilo and Anderson classification 

of open fractures. J Orthop Trauma. 1993;7(4):357–60. 

38. Ibrahim DA, Swenson A, Sassoon A, Fernando ND. Classifications In Brief: The 

Tscherne Classification of Soft Tissue Injury. Clin Orthop Relat Res. 2017 

Feb;475(2):560. 

39. Südkamp N, Haas N, Flory PJ, Tscherne H, Berger A.Criteria for amputation, 

reconstruction and replantation of extremities in multiple trauma patients. Chirurg. 1989 

Nov;60(11):774–81. 



49  

40. Jagdeep Nanchahal,Selvadurai Nayagam, Umraz Khan, Christopher Moran, Stephen 

Barrett, Frances Sanderson IP. Open fractures of the lower limb Standards for the 

management of British Orthopaedic Association. 2009 

41. Gustilo RB, Mendoza RM. gustilo Problems in the management of type III open fractures. 

Vol. 24, Journal of Trauma. 1984. p. 742–6. 

42. Schenker ML, Yannascoli S, Baldwin KD, Ahn J, Mehta S. Does timing to operative 

debridement affect infectious complications in open long-bone fractures? A systematic 

review. J Bone Jt Surg - Ser A. 2012;94(12):1057–64. 

43. American College of Surgeons 2008.ATLS: advanced trauma life support for doctors: 

Students course manual. Chicago, IL: American College of Surgeons 

44. Crowley DJ, Kanakaris NK, Giannoudis P V. Debridement and wound closure of open 

fractures: The impact of the time factor on infection rates. Injury. 2007;38(8):879–89. 

45. Penn-Barwell JG, Murray CK, Wenke JC. Early antibiotics and debridement 

independently reduce infection in an open fracture model. J Bone Joint Surg Br. 2012;94- 

B(1):107–12. 

46. Lenarz CJ, Watson JT, Moed BR, Israel H, Mullen JD, MacDonald JB. Timing of wound 

closure in open fractures based on cultures obtained after debridement. J Bone Jt Surg - 

Ser A. 2010;92(10):1921–6. 

47. Thur CK, Edgren G, Jansson KÅ, Wretenberg P. Epidemiology of adult ankle fractures in 

Sweden between 1987 and 2004. Acta Orthop. 2012;83(3):276–81. 

48. Manway J, Highlander P. Open fractures of the foot and ankle: An Evidence-Based 

Review. Foot Ankle Spec. 2015:8(1):59-64 

49. Neubauer T, Bayer GS, Wagner M. Open fractures and infection. Acta Chir Orthop. 2006 

Oct;73(5):301–12. 

50. Lineaweaver W, Seeger J, Andel A, Rumley T, Howard R. Neutrophil Delivery to 

Wounds of the Upper and Lower Extremities. Arch Surg. 1985 Mar 27];120(4):430–1. 

51. Henriksen NA, Meyhoff CS, Wetterslev J, Wille-Jørgensen P, Rasmussen LS, Jorgensen 

LN. Clinical relevance of surgical site infection as defined by the criteria of the Centers 

for Disease Control and Prevention. J Hosp Infect. 2010;75(3):173–7. 

52. Ashby E, Haddad FS, O‘Donnell E, Wilson APR. How will surgical site infection be 

measured to ensure ―high quality care for all‖? J Bone Joint Surg. 2010 Sep;92- 



50  

B(9):1294–9. 

53. White CB, Turner NS, Lee G-C, Haidukewych GJ. Open Ankle Fractures in Patients With 

Diabetes Mellitus. Clin Orthop Relat Res. 2003 Sep;414(414):37–44. 

54. Ashby E, Haddad FS, O‘Donnell E, Wilson APR. How will surgical site infection be 

measured to ensure ―high quality care for all‖? J Bone Joint Surg Br. 2010 Sep;92- 

B(9):1294–9. 

55. Wilson, A P R, T.Treasure, M.F Sturrige, R. N Gruneberg Department of cardiothoracic 

surgery and department of clinical microbiology, University College Hospital. A scoring 

method(ASEPSIS) for postoperative wound infections for use in clinical trials of 

antibiotic prophylaxis. Lancet (London, England) 1984 Feb 8;1(8476):311–2. 

56. Wilson APR, Webster A, Gruneberg RN, Treasure T, Sturridge MF. Repeatability of 

asepsis wound scoring method. Lancet. 1986 May 24;327(8491):1208–9. 

57. Allami MK, Jamil W, Fourie B, Ashton V, Gregg PJ. Superficial incisional infection in 

arthroplasty of the lower limb. J Bone Joint Surg Br. 2005 Sep;87-B(9):1267–71. 

58. Wilson JA, Ward VP, Coello R, Charlett A, Pearson A. A user evaluation of the 

Nosocomial Infection National Surveillance System: surgical site infection module. J 

Hosp Infect. 2002 Oct;52(2):114–21. 

59. Bhatt JR. Early Post-Operative Wound Infections At The Kenyatta National Hospital:A 

Prospective Study. 2003; 

60. Hassinger SM, Harding G, Wongworawat MD. High-pressure pulsatile lavage propagates 

bacteria into soft tissue. Clin Orthop Relat Res. 2005;(439):27–31. 

61. Boyd JI, Wongworawat MD. High-pressure pulsatile lavage causes soft tissue damage. 

Clin Orthop Relat Res. 2004 Oct;(427):13–7. 

62. Gustilo, RB; Anderson J. Prevention of Infection in the Treatment of One Thousand and 

Twenty-five Open Fractures of Long Bones (Gustilo-Anderson). J Bone Jt Surg. 

1975;58(4):523–527. 

63. Anglen JO. Wound irrigation in musculoskeletal injury. J Am Acad Orthop Surg. 

;9(4):219–26. 

64. Anglen JO. Comparison of Soap and Antibiotic Solutions for Irrigation of Lower-Limb 

Open Fracture Wound.A Prospective, Randomized Study; J Bone Jt Surg . 2005 Jul 

1;87(7):1415. 



51  

65. Russell GV, Laurent S, Sasser H, & OTA Open Fracture Study-Group 2005, October 22. 

Immediate versus Delayed Closure of Grade II and IIIA Tibial Fractures:A Prospective, 

Randomized, Multicenter Study. 10/22/05. 

66. Wangensteen OH, Wangensteen SD. Carl Reyher (1846-1890), great Russian military 

surgeon: His demonstration of the role of debridement in gunshot wounds and fractures. 

Surgery 1973 Nov;74(5):641–9. 

67. Abdulhamid Admani A,. The effect of delay in initial debridement on the rate of infection 

in open fractures of the tibial shaft at Kenyatta National Hospital- A prospective study. 

University of Nairobi 2002. 

68. Al-Arabi YB, Nader M, Hamidian-Jahromi AR, Woods DA. The effect of the timing of 

antibiotics and surgical treatment on infection rates in open long-bone fractures: A 9-year 

prospective study from a district general hospital. Injury. 2007;38(8):900–5. 

69. Tilly B. The British Association of Plastic Reconstructive and Aesthetic Surgeons 

Trustees‘ Annual Report . Mar 27 2012 

70. Khan U, Smitham P, Pearse M, Nanchahal J. Management of severe open ankle injuries. 

Plast Reconstr Surg. 2007;119(2):578–89.. 

71. Dulai SK, Buckley R, Weber D, Beaupre LA, Bergman J. Time to Initial Operative 

Treatment Following Open Fracture Does Not Impact Development of Deep Infection. J 

Orthop Trauma. 2014;28(11):613–9. 

72. Ricci WM, Collinge C, Streubel PN, McAndrew CM, Gardner MJ. A Comparison of 

More and Less Aggressive Bone Debridement Protocols for the Treatment of Open 

Supracondylar Femur Fractures. J Orthop Trauma. 2013 Dec;27(12):722–5. 

73. Al-Arabi YB, Nader M, Hamidian-Jahromi AR, Woods DA, Woods DA. The effect of the 

timing of antibiotics and surgical treatment on infection rates in open long-bone fractures: 

A 9-year prospective study from a district general hospital. Injury. 2007 Aug;38(8):900–5. 

74. Farhad O.;Duncan J ; Rudolph R; Greg K, Edward J. Harvey, MD, MSc, FRCSC (a- 

Synthes);McGill University Health Centre, Montreal, Quebec C. Safety of Primary 

Closure of Soft Tissue Wounds in Open Fractures. 10/22/05. p. 46 

75. Patzakis MJ1, Bains RS, Lee J, Shepherd L, Singer G, Ressler R, Harvey F HP. 

Prospective, randomized, double-blind study comparing single-agent antibiotic therapy, 

ciprofloxacin, to combination antibiotic therapy in open fra.J Orthop Trauma. 2000 



52  

76. Godina M. Early microsurgical reconstruction of complex trauma of the extremities. Plast 

Reconstr Surg. 1986 Sep;78(3):285–92. 

77. DeLong WG, Born CT, Wei SY, Petrik ME, Ponzio R, Schwab CW. Aggressive treatment 

of 119 open fracture wounds. J Trauma. 1999 Jun;46(6):1049–54. 

78. Godina M. Early microsurgical reconstruction of complex trauma of the extremities. Plast 

Reconstr Surg. 1986 Sep;78(3):285–92. 

79. Hertel R, Lambert SM, Müller S, Ballmer FT, Ganz R. On the timing of soft-tissue 

reconstruction for open fractures of the lower leg. Arch Orthop Trauma Surg. 1999;119(1– 

2):7–12. 

80. Moola FO, Carli A, Berry GK, Reindl R, Jacks D, Harvey EJ. Attempting primary closure 

for all open fractures: the effectiveness of an institutional protocol. Can J Surg. 2014 

Jun;57(3):E82-8. 

81. Dixon J. Delayed Wound Closure Increases Deep-infection Rate Associated with Lower- 

grade Open Fractures. J Emerg Med. 2014;46(6):876–7. 

82. British Orthopaedic Association & British Association of Plastic,Reconstructive & 

aesthetic. Surgeons Audit: Standards for Trauma; Open Fractures : Dec 2017; 

83. Patzakis MJ, Wilkins J, Moore TM. Use of antibiotics in open tibial fractures. Clin Orthop 

Relat Res Related. 1983;(178):31–5. 

84. Zalavras CG, Marcus RE, Levin LS, Patzakis MJ. Management of open fractures and 

subsequent complications. Instr Course Lect. 2008;57:51–63. 

85. Okike K, Bhattacharyya T. Trends in the management of open fractures: A critical 

analysis. J Bone Jt Surg - Ser A. 2006;88(12):2739–48. 

86. Weitz-Marshall AD, Bosse MJ. Timing of closure of open fractures. J Am Acad Orthop 

Surg. 2002;10(6):379–84. 

87. Hong-Chuan W, Shi-Lian K, Heng-Sheng S, Gui-Gen P, Ya-Fei Z. Immediate Internal 

Fixation of Open Ankle Fractures. Vol. 31, Foot & Ankle International. 2010. p. 959–64. 

88. Liu DSH, Sofiadellis F, Ashton M, MacGill K, Webb A. Early soft tissue coverage and 

negative pressure wound therapy optimises patient outcomes in lower limb trauma. Injury. 

2012 Jun;43(6):772–8. 

89. Benson DR, Riggins RS, Lawrence RM, Hoeprich PD, Huston AC, Harrison JA. 

Treatment of open fractures: a prospective study. J Trauma. 1983 Jan;23(1):25–30. 



53  

90. Bray TJ, Endicott M, Capra SE. Treatment of open ankle fractures. Immediate fixation 

versus closed immobilization and delayed fixation. Clin Orthop Relat Res. 1989:(240):47- 

52. 

91. Johnson EE, Davlin. Open ankle fractures: The indications for immediate open reduction 

and internal fixation. Clin Orthop Relat Res. 1993;(292):118–27. 

92. Puno RM, Teynor JT, Nagano J, Gustilo RB. Critical analysis of results of treatment of 

201 tibial shaft fractures. Clin Orthop Relat Res. 1986 Nov;(212):113–21. 

93. Pape HC, Giannoudis P, Krettek C. The timing of fracture treatment in polytrauma 

patients: Relevance of damage control orthopedic surgery. Am J Surg. 2002;183(6):622– 

9. 

94. Mohammed R. Pin Tract Infection after Uniplanar External Fixation. University of 

Nairobi e-repository 2016 

95. Worlock P, Slack R, Harvey L, Mawhinney R. The prevention of infection in open 

fractures: an experimental study of the effect of fracture stability. Injury. 1994;25(1):31–8. 

96. Laible C, Earl-Royal E, Davidovitch R, Walsh M, Egol KA. Infection After Spanning 

External Fixation for High-Energy Tibial Plateau Fractures: Is Pin Site–Plate Overlap a 

Problem? J Orthop Trauma. 2012 Feb;26(2):92–7. 

97. Dellamonica P, Doyon F, Pradier C, Carsenti-Etesse H, Desplaces N, Tancrède C, et al. 

Epidemiology of Bacterial Infection During Management of Open Leg Fractures. Eur J 

Clin Microbiol Infect Dis. 2006;18(5):315–23. 

98. Hauser CJ, Adams CA, Eachempati SR. Prophylactic Antibiotic Use in Open Fractures: 

An Evidence-Based Guideline. Surg Infect (Larchmt). 2006;7(4):379–405. 

99. Ang B, Teng C, Ng TM, Lye DC, Tai HY, Young B. Nonconcordance with Surgical Site 

Infection Prevention Guidelines and Rates of Surgical Site Infections for General Surgical, 

Neurological, and Orthopedic Procedures. Antimicrob Agents Chemother. 

2011;55(10):4659–63. 

100. Harbarth S, Samore MH, Lichtenberg D, Carmeli Y. Prolonged antibiotic prophylaxis 

after cardiovascular surgery and its effect on surgical site infections and antimicrobial 

resistance. Circulation. 2000;101(25):2916–21. 

101. Guo S, Sethi D, Prakash D. Compartment syndrome of the foot secondary to fixation of 

ankle fracture-A case report. Foot Ankle Surg [Internet]. 2010;16(3):e72–5. 



54  

102. Horisberger M, Valderrabano V, Hintermann B. Posttraumatic ankle osteoarthritis after 

ankle-related fractures. J Orthop Trauma. 2009;23(1):60–7. 

103. Goel S, Elhence A. Ankle spanning external fixator with limited internal fixation for distal 

tibial extra-articular fractures. 2017;5(10):4355–9. 

104. Burwell HN, Charnley AD. the Treatment of Displaced Fractures At the Ankle By Rigid 

Internal Fixation and Early Joint Movement. J Bone Joint Surg Br. 1965;47-B(4):634–60. 

105. Lieshout EMM Van, Boer AS De, Meuffels DE, Hoed PT Den, Vlies CH Van Der, 

Tuinebreijer WE, et al. American Orthopaedic Foot and Ankle Society ( AOFAS ) Ankle- 

Hindfoot Score : a study protocol for the translation and validation of the Dutch language 

version. 2017;1–8. 

106. Kitaoka HB, Alexander IJ, Adelaar RS, Nunley JA, Myerson MS, Sanders M. Clinical 

Rating Systems for the Ankle-Hindfoot, Midfoot, Hallux, and Lesser Toes. Foot Ankle 

Int. 1994;15(7):349–53. 

107. SooHoo NF, Shuler M, Fleming LL, American Orthopaedic Foot and Ankle Society. 

Evaluation of the Validity of the AOFAS Clinical Rating Systems by Correlation to the 

SF-36. Foot Ankle Int]. 2003 Jan 28;24(1):50–5. 

108. Schepers T, Heetveld MJ, Mulder PG, Patka P, Schepers T. Clinical outcome scoring of 

intra-articular calcaneal fractures . J Foot Ankle Surg. 2008;47(3):213-218 

109. Ibrahim T, Beiri A, Azzabi M, Best AJ, Taylor GJ, Menon DK. Reliability and Validity of 

the Subjective Component of the American Orthopaedic Foot and Ankle Society Clinical 

Rating Scales. J Foot Ankle Surg. 2007 Mar;46(2):65–74. 

110. Charan J, Biswas T. How to calculate sample size for different study designs in medical 

research?. Vol. 35, Indian Journal of Psychological Medicine. Wolters Kluwer -- 

Medknow Publications; 2013. p. 121–6. 



55  

8. Appendices 
 

8.1 Conceptual framework 
 

 
 



56  

8.2 Consent form 

STUDY ON EARLY FUNCTIONAL OUTCOMES OF OPEN ANKLE FRACTURES AT 

KNH, AGA KHAN UNIVERSITY HOSPITAL AND PCEA KIKUYU HOSPITAL 

STUDY NUMBER……………………………………………………………………. 

I am Dr. Joseph Irungu Muchugu; a master of surgery in orthopaedic surgery at the University of 

Nairobi. I am conducting a study on the early functional outcomes of open ankle fractures at 

KNH, AKUH and PCEA Kikuyu Hospital. 1would like to recruit you into the study. Your 

participation will involve you giving information concerning your age and your progress and 

functional outcome after twelve weeks. This information will help in analysing and improving 

the management of open ankle fractures 

Your participation in this study will be kept in confidence and your actual name will not be used 

in the study. Confidentiality of information obtained from you will be protected through such 

processes as using code numbers for concealed identity and limiting the number of people with 

access to the information. 

Your participation in this study voluntary and should you wish to withdraw from the study at any 

point then you will be at liberty to do so. 

The benefits to you for being involved in the study include proper immobilization of your injured 

limb to the recommended protocol as well as proper wound care and antibiotic coverage. 

There are no risks from you getting involved in this study. The study findings will not be used 

for any monetary gains. 

Should you decide to withdraw from the study at any point, you will not be subjected to any 

discriminatory treatment. Should you require any further information or clarification then the 

main researcher may be contacted using the contacts on the consent certificate/form. 
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8.3 Consent Certificate 

I certify that the study has been fully explained to me and I am willing to participate in it. 

Participant‘s Signature (or thumbprint)………………………. 

Date…………………………………………… 

I confirm that I have clearly explained to the participant the nature of the study and the contents 

of this consent form in detail and the participant has decided to participate voluntarily without 

any coercion or undue pressure. 

Investigator‘s Signature ....................................................................... Date 

…………………………..……………… 

Witness Signature............................................................Date................................................ 

For Any Enquiries, please contact: 

1. Dr. Joseph Irungu Muchugu, 

Principle investigator 

Mobile number: 0724171746 

E-mail: irungumuchugu@gmail.com 

2. Dr. Kirsteen O. Awori, 

Senior Lecturer, Department of Orthopaedic Surgery, University of Nairobi. 

Mobile number: 0722812499 

Email: kawori@uonbi.ac.ke 

3. Dr. George K. Museve, 

Senior Lecturer, Department of Orthopaedic surgery, University of Nairobi. 

Mobile number: 0733619775 

Email: gkmuseve@gmail.com 

4. Kenyatta National Hospital/University of Nairobi Ethics and Research Committee 

College of Health Sciences 

P.O. Box 19676-00202 

Nairobi 

Telephone: 020-2726300 Ext 44355/+254202726300-9 

Email: uonknh_erc@uonbi.ac.ke 

mailto:irungumuchugu@gmail.com
mailto:kawori@uonbi.ac.ke
mailto:gkmuseve@gmail.com
mailto:uonknh_erc@uonbi.ac.ke
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FORMU LA IDHINI 

NAMBARI YA 

KUSHIRIKI…………………………………………………………………………………….. 

Jina langu ni daktari Joseph Irungu Muchugu, mwanafunzi wa shahada ya juu ya upasuaji wa mifupa 

katika chuo kikuu cha Nairobi. Nafanya utafiti kuchunguza jinsi mbalimbali amabavyo mifupa 

kwenye kifundo cha mguu kiliyovunjiika kikiwa na kidonda pahala palipovunjika.Pia nitatathmini 

aina mbalimbali ya matibabu utakayopata na matokeo yake baada ya wiki kumi na mbili, Utafiti huu 

utahusisha wagonjwa watakaochaguliwa kushiriki ambao wamelazwa kwenye wodi za upasuaji ya 

mifupa katika hospitali kuu ya Kenyatta. Utafiti huu umeidhinishwa na kamati ya utafiti ya chuo 

kikuu cha Nairobi na hospitali kuu ya Kenyatta.. 

Kuhusishwa kwako katika upelelezi huu ni jambo la siri baina yako na mpelelezi, na jina lako 

halite tumika kwenye upelelezi. Matokeo ya upelelezi huu yatakua ni ya siri kati yako na 

mpelelezi mkuu, na siri hii itawekwa kwa njia tofauti kama vile kutumia nambari za siri badala 

ya majina yako, pamoja na kuhusisha wasaidizi wachache katika upelelezi huu. 

Kuhusika kwako katika upelelezi huu ni kulingana na mapendeleo yako na sio lazima, 

naisitoshe, unaweza kujiondoa kutoka upelelezi huu kwa wakati wowote. 

Faida utakayoipata nikusitirishwa mfupa wa paja kwa njia inayofaa kama utapatikana 

kutositirishwa vyema. 

Hakuna hatari au mashaka yanayoweza kutokana na upelelezihuu. Hakuna faida ya pesa zozote 

ambazo zitapatikana kutokana na upelelezi huu. 

Ukihitaji maelezo zaidi unaweza kuwasiliana na mpelelezi mkuu kwa anwani, baruapepe au 

simu zilizoandikwa hapa chini. 

Hati ya Ruhusa 

 
 

Sahihi ya mshiriki...............................................................Tarehe............................................ 

Ninathibitsha yakwamba nimetoa maelezo sahihi kwa mhusika kuhusu huu utafiti na yale yote 

yaliyomo kwa ustadi, naye mhusika ametoa uamuzi wa kushiriki bila ya kushurutishwa. 

 
Sahihi ya mchunguzi………………………………Tarehe……………………… 

Sahihi ya shahidi…………………………………...Tarehe…………………….. 

Ukiwa na maswali yoyote kuhusu utafitihuu, wasiliana na: 
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Dtr. Joseph Irungu Muchugu, mtafiti kanuni 

Simu ya rununu: 0724171746 

Barua pepe: irungumuchugu@gmail.com: 

Dtr. Kirsteen O. Awori , Mhariri Mkuu Orthopaedics, Chuo Kikuu cha Nairobi. 

Simu ya rununu: 0722812499 

Barua pepe: kawori@uonbi.ac.ke 

Dtr. George K. Museve,Mhariri Orthopaedics, Chuo Kikuu cha Nairobi. 

Simu ya rununu : : 0733619775 

Barua pepe: gkmuseve@gmail.com 

hospitali ya kitaifa ya Kenyatta /Chuo Kikuu cha Nairobi,Kamati ya maadili na utafiti 

Chuo cha sayansi ya afya 

Sanduku la posta 19676-00202 

Nairobi 

simu: +254202726300-9 Ext 44355 

barua pepe: uonknh_erc@uonbi.ac.ke 

mailto:irungumuchugu@gmail.com
mailto:kawori@uonbi.ac.ke
mailto:gkmuseve@gmail.com
file:///C:/Users/Cuppycake/Desktop/uonknh_erc@uonbi.ac.ke
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AO/OTA FRACTURE 
MUSCLE/ TENDON INJURY 

NEUROVASCULAR INJURY (NV) 

 

8.4 Data collection sheet 

1. INITIAL ASSESSMENT 

 PATIENT BIODATA  SKIN LESION  

 

IP NO…………………………………. 

STUDY NO…………………………… 

AGE………………………………….. 

SEX Male Female 

TEL NO……………………………… 

DATE……/……/…. (DD/MM/YY) 

 
 

(circle one) 

(Circle one) 
 

 

 

(Circle one) 
 

 
 

(Circle one) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

TOTAL SCORE 
 

44…… IO…… MT.….. NV…..... 
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(Tick one) 

External fixation alone 

Internal fixations with plate and screws 

K-wires/ rash pin/screws & external fixator 

K-wires/ rash pin/ screws & back slab 

Back slab splint 

SKILL LEVEL OF SURGEON PERFORMING THE 

INITIAL DEBRIDEMENT AND FIXATION 

WOUND DEBRIDEMENT 

 

(Tick one) 
 

 < 6 hours 

 6-12 hours 

 12-24hours 

 24-48hours 

 48-72hour 

 >72hours 

(Tick one each) yes no 
 

tourniquet   

Pulsatile lavage   

Primary closure   

Primary flap/STSG   

Wound Left open   

If Pulsatile pressure was used indicate pressures 

used below 

………psi at ............... revolutions 
 

Definitive fixation (circle one) 

Was the temporary fixation converted to 

definitive fixation before discharge 

yes no 

If yes after how long was conversion done 
 

  
 

 

 
PROFFESSIONAL LEVEL (TICK ONE) 

CONSULTANT  

SENIOR RESIDENT(≥ YR.4)  

JUNIOR RESIDENT(< YR. 4)  

<10days (Tick one cell) 

11-21days  

22-28weeks  

≥29weeks  

 

Data collection sheet (2) 

2. INITIAL MANAGEMENT 

TIME FROM INJURY TO ANTIBIOTIC 

ADMINISTRATION 

(Tick one) 

TIME FROM INJURY TO INITIAL 

DEBRIDEMENT 

  < 6 hours  

 6-12 hours 

 12-24hours 

 24-48hours 

 48-72hour 

 >72hours 

FIXATION AFTER INITIAL 

DEBRIDEMENT 
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ASEPSIS SCORE DAY 4 ANY TIME WHILE PATIENT IS ADMITTED 

TOTAL ASEPSIS SCORE 

 
 

 

 

(Circle one in each row) 
 

 The proportion of wound affected (%) 

0 >0-19 20-39 40-59 60-79 80-100 

Serous 

exudates 

0 1 2 3 4 5 

erythema 0 1 2 3 4 5 

Purulent 

exudates 

0 2 4 6 8 10 

Separation 

of deep 

tissues 

0 2 4 6 8 10 

TOTAL 

SCORE 

 
……………/30 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
(PICK THE HIGHER SCORE BETWEEN DAY 4 

AND DAY 10 AND ADD ‗ADDITIONAL 

TREATMENT‘) 

SCORE… ....................... /65 
 

 
 

 
SCORE 

 
MEANING 

TICK ONE 

CELL 

0-10 No infection, normal healing  

11-20 Disturbance of healing  

21-30 Minor infection  

31-40 Moderate infection  

≥41 Severe infection  

ASEPSIS SCORE CATEGORY( first 2 weeks) 

Data collection sheet (3) 

3. WOUND ASSESSMENT FOR EARLY INFECTION IN THE WARD 

ASEPSIS SCORE DAY 10 

Additional treatment yes no 

antibiotics 10 0 

Drainage of pus under 

local anaesthesia 

5 0 

Debridement of wound 

under general anaesthesia 

10 0 

Isolation of bacteria 10 0 

 
TOTAL SCORE 

 
………./35 

 

 The proportion of wound affected (%) 

0 >0-19 20-39 40-59 60-79 80-100 

Serous 

exudates 

0 1 2 3 4 5 

erythema 0 1 2 3 4 5 

Purulent 

exudates 

0 2 4 6 8 10 

Separation 

of deep 

tissues 

0 2 4 6 8 10 

TOTAL 

SCORE 
 
……………/30 
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RADIOLOGIC CRITERIA OF REDUCTION 

Data collection sheet (4) 

4. ASSESSMENT AT 6 WEEKS (DELAYED INFECTION AND REDUCTION) 

TOTAL ASEPSIS SCORE 

 

 

 

 

 

 

 

Circle 1(anatomic/fair/poor) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

(ASEPSIS SCORE PLUS ‗ADDITIONAL 

TREATMENT‘ SCORE) 

…………………/65 

ASEPSIS SCORE WEEK 6 

ANY TIME AFTER PATIENT IS 

DISCHARGED 

ASEPSIS SCORE CATEGORY ( week 6) 

 The proportion of wound affected (%) 

0 >0-19 20-39 40-59 60-79 80-100 

Serous 

exudates 

0 1 2 3 4 5 

erythema 0 1 2 3 4 5 

Purulent 

exudates 

0 2 4 6 8 10 

Separation 

of deep 

tissues 

0 2 4 6 8 10 

TOTAL 

SCORE 

 
……………/30 

 

Anatomical 

 no angulations 

 no more than 1mm longitudinal displacement 

of medial/lateral malleolus 

 no more than 2mm displacement of posterior 

malleolus 

Fair 

 no angulations 

 2-5mm posterior displacement of a large 

posterior fragment 

 No displacement of the talus 

Poor 

 Any medial/lateral displacement of 

medial/lateral malleolus 

 >5mm posterior displacement of posterior 

malleolus 

 Talus displacement/tilt 

 

Additional treatment yes no 

antibiotics 10 0 

Drainage of pus under local 

anaesthesia 

5 0 

Debridement of wound under 

general anaesthesia 

10 0 

Isolation of bacteria 10 0 

 
TOTAL SCORE 

 
………./35 

 
 
SCORE 

 
MEANING 

TICK ONE 

CELL 

0-10 No infection, normal healing  

11-20 Disturbance of healing  

21-30 Minor infection  

31-40 Moderate infection  

≥41 Severe infection  
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ASEPSIS SCORE WEEK 12 ASEPSIS SCORE CATEGORY (week 12) 

TOTAL ASEPSIS SCORE ............ /75 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data collection sheet (5) 

5. 12-WEEK ASSESSMENT (LATE INFECTION AND AOFAS SCORE) 

AOFAS SCORE 

Total Number of surgeries before discharge 

………… 

  The proportion of wound affected (%) 

0 >0-19 20-39 40-59 60-79 80-100 

Serous 

exudates 

0 1 2 3 4 5 

erythema 0 1 2 3 4 5 

Purulent 

exudates 

0 2 4 6 8 10 

Separation 

of deep 

tissues 

0 2 4 6 8 10 

TOTAL 

SCORE 

 
……………/30 

ANY TIME BETWEEN 6-12 WEEKS  

 

 
SCORE 

 
MEANING 

TICK ONE 

CELL 

0-10 No infection, normal 

healing 

 

11-20 Disturbance of healing  

21-30 Minor infection  

31-40 Moderate infection  

≥41 Severe infection  

 

 
EXCELLENT 

 
≥75% 

 

 
GOOD 

 
60-74% 

 

 
FAIR 

 
40-59% 

 

 
POOR 

 
≤39% 

 

 

Additional treatment yes no 

antibiotics 10 0 

Drainage of pus under 

local anaesthesia 

5 0 

Debridement of wound 

under general anaesthesia 

10 0 

Isolation of bacteria 10 0 

Hospital stay >14days 5 0 

 
TOTAL SCORE 

 
………./45 
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8.5 AOFAS scale 

 

   

Data collection Sheet (6)  

PAIN(40 POINTS) (tick one cellin each category) 

None  40 

Mild/occasional  30 

moderate  20 

Severe/almost always present  0 

 
FUNCTION(50 POINTS) 

No limitation, no support  10 

No limitation of daily activity, limitations of recreation activities, no support  7 

Limited daily recreational activity, uses a cane for support  4 

Severe limitation of daily activities, uses walker/crutches/wheelchair/brace  0 

AVERAGE MAXIMUM CONTINOUS WALKING DISTANCE( IN METRES) 

>500 metres  5 

300-499 metres  4 

100-299 metres  2 

<100metres  0 

WALKING SURFACES 

No difficulty on any surface  5 

Some difficulty on uneven terrain, stairs, inclines, ladders  3 

Severe difficulty on uneven terrain, stairs, inclines, ladders  0 

GAIT ABNORMALITY 

None/slight  8 

obvious  4 

marked  0 

SAGGITAL MOTION (FLEXION PLUS EXTENSION) compare with opposite ankle 

Normal/mild restriction(75%-100% of normal)  8 

Moderate restriction(25%-74% of normal)  4 

Marked restriction(<25% of normal)  0 

HINDFOOT MOTION(INVERSION AND EVERSION) compare with opposite foot 

Normal/mild restriction(75%-100% of normal)  6 

Moderate restriction(25%-74% of normal)  3 

Marked restriction(<25% of normal)  0 

ANKLE-HINDFOOT STABILITY(ANTEROPOSTERIOR,VALGUS AND VARUS) compare with opposite foot 

Stable  8 

Definitely unstable  0 
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ALIGNMENT(10 POINTS) 

Good plantar grade foot, ankle and hind foot well aligned  10 

Fair, plantergrade foot, some degree of ankle hind foot malalignment, no observable symptoms  5 

poor, non plantergrade foot, severe malalignment, observable symptoms  0 

TOTAL SCORE /100 
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8.6 Time frame: Gantt chart 
 

Year 2019 2020 

Month 04 05 06 07 08 09 10 11 12 01 02 03 04 05 06 07 

Proposal Writing and 
Presentation 

             

Ethical 
approval 

         

Data Collection and 
analysis 

        

Dissertation 
writing 

            

Presentation of 
results 

                

 

 

8.7 Budget 
 

ITEM QUANTITY UNIT PRICE TOTAL(KSH) 

Stationery:    

 Pens 1 box 400 400 

 Writing pads 5 250 1250 

 Printing fees 9 500 4500 

 Binding fees 9 100 900 

ERC Approval: 

Ethics review fees 

 
1 

 
2000 

 
2000 

Consultation: 

Statistician 

 
1 

 
30000 

 
30000 

Lab oratory: 

Culture and sensitivity 

 
34 

 
1500 

 
51000 

Contingencies - - 15000 

TOTAL   105,050 

This study was funded by the principal investigator. 
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8.8 KNH/UON-ERC Approval 
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8.9 KNH study registration certificate 
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8.10 NACOSTI approval 
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8.11 PCEA Kikuyu Mission Hospital approval 
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8.12 AKUN, IERC and research committee approval 
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8.13 Originality report 
 


