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ABSTRACT  

Ankle fractures account for approximately 10% of the acute orthopaedic workload and 

patients with unstable fracture patterns are typically offered surgery. Soft-tissue 

complications are unfortunately common and can result in significant morbidity. 

Consequently, there has been recent interest in minimally invasive treatment 

approaches, including intramedullary fixation of the fibula and treating well-reduced 

medial malleolar fractures non-operatively, following fibular stabilisation. This thesis 

aims to examine both concepts further through a series of retrospective, biomechanical 

and randomised controlled trial (RCT) investigations. 

 A prospective database of patients undergoing fibular intramedullary nail 

fixation of an unstable ankle fracture over an eight-year period was developed. This 

database was used to report on the outcome of fibular intramedullary nail fixation for 

these injuries and was also used to compare the outcome of those patients managed 

with or without medial malleolar fracture fixation after intramedullary fibular 

stabilisation. The primary short-term outcome was complications, including construct 

failure requiring revision surgery and medial sided complications. The primary mid-

term outcome was the Olerud-Molander Ankle Score (OMAS). To further evaluate the 

performance of the fibular intramedullary nail against locking plate and 

interfragmentary screw fixation, a cadaveric biomechanical study was performed 

using six matched pairs of cadaveric lower limbs (mean age 86.5 years) with simulated 

AO/OTA 44-B type fractures. The specimens were randomised within each pair and 

tested to failure using a modification of a previously published protocol. Finally, a 

prospective RCT was carried out to compare fixation and non-fixation of an associated 

well reduced medial malleolar fracture (£2 millimetres) after fibular fracture 



 

xi 

stabilisation. The primary outcome measure was the OMAS one-year post 

randomisation. Secondary outcomes included further validated PROMs, 

complications, return to function and treatment satisfaction. 

For the retrospective study of 342 patients (mean age of 64.6 years; range, 21-

96), there were 20 fibular intramedullary nail fixation cases (6%) that required revision 

surgery for construct failure, and these were reviewed to classify failure according to 

‘surgeon error’ (n=13) or ‘device failure’ (n=7). Risk factors for failure were identified, 

including suprasyndesmotic injuries and those constructs with the proximal locking 

screw (PLS) inserted >20mm above the plafond, which have informed technical 

refinements to improve patient care. After a mean follow-up of five years, outcome 

scores were collected from 229 patients, who in general reported a ‘good’ outcome 

according to a median OMAS of 80/100. From this database a refined cohort of 247 

patients was analysed; 193 (78.1%) had received medial malleolar fracture fixation 

and 54 (21.9%) had not. Following retrospective review, there was no difference 

between the groups with respect to fixation failure (p=0.634) or loss of talar reduction 

(p=0.157). Medial sided soft tissue complications were more frequent following 

fixation and 10% of patients required surgery to address these. Medial sided 

radiographic union at the point of discharge was lacking in 16 (29.6%) patients in the 

non-fixation compared with 22 (11.4%) in the fixation group (p=0.002). The median 

mid-term OMAS was comparable between the two groups (p=0.885). 

 In a cadaveric setting, the fibular intramedullary nail and locking plate with 

interfragmentary screw fixation demonstrated comparable biomechanical properties 

including torque to failure, stiffness and energy absorbed (all p>0.05). The 
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intramedullary nail failed primarily at the lateral ligament complex and at a greater 

angle of rotation (p=0.046), but the clinical significance of this latter finding is unclear.  

Preliminary results from the prospective RCT are reported from 106 

participants randomised to fixation (n=53) or non-fixation (n=53) of an associated 

well-reduced medial malleolar fracture after fibular stabilisation. The baseline 

demographics and injury characteristics were comparable (all p>0.05). One hundred 

patients (94.3%) were reviewed one year following surgery. There was no significant 

difference in the OMAS at any assessment point during the trial (all p<0.05) or any of 

the secondary outcomes at one year, including patients experiencing complications 

(64.0% vs. 62.0%; p=0.836). Whilst not statistically significant, more patients in the 

non-fixation group experienced a major complication (18.0% vs. 8.0%; p=0.137). 

Medial malleolar non-union was evident in three patients (6.0%) in the non-fixation 

group compared with no patients in the fixation group (p=0.242), and seven patients 

developed an asymptomatic pseudoarthrosis of the medial malleolus. Multivariate 

linear regression analysis identified smoking (p=0.006) and medial malleolar non-

union (p=0.002) as predictive of a poor outcome according to the OMAS, but treatment 

group allocation was not (p=0.357).  

The findings of this thesis support the use of the fibular intramedullary nail 

in the management of unstable ankle fractures. The mechanical failure rate, mid-term 

patient reported outcome and biomechanical properties are encouraging. Non-

operative management of medial malleolar fractures as part of unstable fracture 

patterns is corroborated by both the retrospective and prospective data reported in this 

thesis. However, the prospective RCT remains under-powered and subsequent 

reporting of results upon trial completion is required to validate these findings. 
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LAY SUMMARY 

Ankle fractures are common and potentially problematic injuries. In those injuries 

where the ankle joint is malreduced (not in a good position), patients generally need 

surgery, but this carries risk. Complications including infection and wound break down 

can cause long term problems. Some patients require more surgery to remove 

metalwork if it gets infected or causes irritation, but this carries further risk and does 

not always guarantee improvement. Consequently, there has been recent interest in 

minimally invasive treatment approaches to ankle fracture surgery. In these situations, 

the surgeon may make smaller incisions (cuts) and in some instances, if the bones are 

well aligned, may not need to insert metalwork into all of the bones that are broken. 

This may apply particularly to the bone on the inner aspect of the ankle, called the 

medial malleolus. This thesis aims to investigate these treatment approaches further. 

 A database of patients who underwent ankle fracture surgery with a fibular 

intramedullary nail was reviewed. This implant is inserted through small incisions and 

could be thought of as ‘keyhole ankle surgery’.  Patients were followed up five years 

after their surgery to record short-term complications and longer-term progress 

through the collection of a series of validated patient outcomes. The same database of 

patients was used to study a smaller group of 54 patients who in addition to a fibular 

intramedullary nail did not have the inner bone of their ankle (medial malleolus) 

treated surgically. This patient group was compared against a larger group of patients 

who received surgery to their medial malleolus, to assess complications and longer-

term functional outcome. The fibular intramedullary nail was then tested 

biomechanically using cadaveric limbs against locking plate fixation, which is another 

implant that has previously been linked to soft tissue complications. The specimens 
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were randomised within each pair to receive one of the two implants and tested using 

a previously published protocol. Finally, a randomised controlled trial (RCT) was 

conducted to recruit eligible patients with ankle fractures to receive either fixation or 

non-fixation of a well-aligned medial malleolar fracture after fixation of the fibular 

fracture. Participants were followed up over a one-year period. 

Following review of the database of 342 patients, 20 (6%) required further 

surgery to re-fix the ankle. The majority were due to technical errors made by the 

surgeon. These cases were examined in detail to allow a greater understanding of the 

technique and make procedural refinements, in the hope of improving future patient 

care. The smaller group of 54 patients treated without fixation of the medial malleolar 

fracture performed equally well to those treated with fixation and had a lower rate of 

soft tissue complications. However, this study had some limitations including a lack 

of complete follow-up in some patients. Biomechanically, the fibular intramedullary 

nail was found to perform comparably to the locking plate. The nail benefits from 

being inserted through much smaller incisions, which may reduce soft-tissue 

complication rates clinically. Finally, results from the RCT are reported in the first 100 

patients (50 in each group) to complete the one-year follow-up. Unfortunately, the trial 

was significantly affected by the COVID-19 pandemic but is now nearing completion. 

Provisional findings would suggest that there is no functional difference between the 

two groups one year after surgery or at any time point during the trial period.  

The findings of this thesis support the use of the fibular intramedullary nail 

when managing unstable ankle fractures. Further work, including reporting of final 

results from the RCT contained within this thesis, is required to confirm that treating 

well-aligned medial malleolar fractures without surgery is beneficial for patients. 
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1.1 Introduction  

Ankle fractures are the second most common orthopaedic trauma presentation in the 

United Kingdom (UK), accounting for approximately 10% of the acute workload3. In 

addition to the healthcare costs of managing patients with ankle fractures4, 5, the impact 

of these injuries on patient quality of life should not be underestimated6. Despite their 

incidence and the developing experience of ankle fracture management, it is apparent 

that there are still opportunities for optimisation of patient care. Minimally invasive 

treatment approaches in the operative management of unstable ankle fractures may 

offer advantages over traditional practices, through the reduction of complications. 

 

1.1.1 Defining the unstable ankle fracture  

For the purpose of this thesis, only ankle fractures deemed unstable and therefore 

requiring surgical fixation have been included in the studies presented in each chapter. 

The ankle joint and its associated stability can be thought of as a ring, whereby the 

bones and ligamentous structures surrounding the ankle contribute to multi-directional 

stability7. If this ring is broken in two or more places, such as a bimalleolar ankle 

fracture or a lateral malleolar fracture with associated deep deltoid ligament injury, the 

talus is no longer reduced within the mortise and the injured ankle joint is deemed 

unstable. With an improved understanding of the biomechanics of the ankle joint and 

rehabilitation protocols, it is generally accepted that fractures with a single break in 

the ‘ring of stability’ can be managed non-operatively, often in a weightbearing 

orthosis8-10. These injuries will not be considered in this thesis.  
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1.2 Anatomy 

The ankle joint complex describes the tibiotalar and inferior tibiofibular articulations 

of the lower limb. It can be divided anatomically by its osseous and soft tissue 

components. 

 

1.2.1 Osseous anatomy 

The ankle joint is an anatomically stable articulation, owing to the bony support and 

congruency afforded by the distal tibial and fibular articular surfaces which form the 

mortise (Figure 1.1). The superior, lateral and medial articular surfaces of the talus are 

tightly bound within the mortise to form the tibiotalar joint; a hinge-type synovial joint 

which primarily permits dorsiflexion (flexion) and plantarflexion (extension), with a 

normal range of motion from 13–33o of dorsiflexion to 23–56o of plantarflexion11. The 

distal tibiofibular joint, also referred to as the syndesmosis, is a non-synovial 

amphiarthrodial joint. Whilst it allows limited movement between the distal fibula and 

tibia it enables accessory gliding, a movement that is crucial in maintaining the ankle 

complex mechanics and provides additional structural support to the mortise12. The 

distal bony extensions of the mortise make up the three malleoli, described below. 
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Figure 1.1: Osseous anatomy of the tibiotalar joint. Adapted from: Gray’s Atlas of Anatomy. 2nd ed. 
Elsevier; 2015)13. 

 

The lateral malleolus is formed by the pyramidal shaped distal fibula and 

provides a lateral buttress to the tibiotalar joint. The lateral surface is convex and 

contiguous with the triangular diaphysis. The medial surface is similarly convex and 

articulates with the concaved lateral process of the talus. The posterior edge of the 

medial border of the fibula is flattened to allow passage of the peroneal tendons, 

through the malleolar fossa (Figure 1.1). The distal fibula is roughened along its distal 

tip, anterior and posterior borders, allowing attachment of the lateral ligament complex 

described below. The medial malleolus is formed by the pyramidal distal extension of 

the medial tibia. The detailed clinically relevant anatomy of the medial malleolus was 

first described in 1979 by Pankovitch and Shivaram14, and consists of a convex and 

smooth medial subcutaneous surface and a smooth concaved articular surface, lined 

with hyaline cartilage (Figure 1.2).  
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Figure 1.2:  Osseous anatomy of the medial malleolus.  

 

The anterior process (zone 1), extending to the very distal tip of the malleolus, 

also known as the anterior colliculus (Latin: “mound”) is roughened for the 

attachment of the anterior fibres of the superficial deltoid ligament (SDL). Posterior to 

the anterior colliculus and separating it from the posterior colliculus (zone 3), lies the 

intercollicular groove (zone 2), which provides an attachment site for the deep anterior 

talotibial component of the deep deltoid ligament (DDL). The posterior colliculus in 

comparison is broader than the anterior colliculus, although has a smaller articular 

surface and provides attachment for the remaining components of the DDL.  Finally, 

the tibial plafond terminates as the posterior malleolus and represents a lipped structure, 

which limits posterior talar translation and serves as an attachment for the posterior 

inferior tibiofibular ligament (PITFL) and joint capsule. 
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 The talus is the second largest tarsal bone and is unique in two respects. It has 

no muscular attachments and has a large surface covering of hyaline cartilage (60%). 

It comprises three distinct articular surfaces as part of the tibiotalar joint, for 

articulation with the distal tibia, lateral and medial malleoli respectively. It articulates 

via a series of facets with the navicular and calcaneus.  

 

 

Figure 1.3: Osseous anatomy of the talus. Taken from: Gray’s Atlas of Anatomy. 2nd ed. Elsevier; 
2015)13. 
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1.2.2 Ligamentous anatomy 

During physiological loading of the ankle joint, the congruency of the articular 

surfaces limit talar rotation and translation, thereby affording primary stability15.  

Secondary stability is provided by the joint capsule and ligamentous structures, which 

are particularly crucial during the dynamic phases of ankle joint motion as the joint is 

progressively loaded and unloaded. These are broadly divided into two categories: 

1. Ligaments of the lateral and medial ankle (Figure 1.4) – the lateral ligament 

complex comprises three distinct ligaments: the anterior talofibular ligament 

(ATFL), calcaneofibular ligament (CFL) and posterior talofibular ligament 

(PTFL). The ATFL is the principal stabilising ligament and resists anterior 

talar translation relative to the tibia. The CFL originates at the roughened 

posterior edge of the lateral malleolus and passes posteriorly as a thin, cord-

like structure, inserting onto a small tubercle along the lateral calcaneus. The 

PTFL originates on the medial surfaces of the lateral malleolus and courses 

posteriorly to attach along the posterior aspect of the talus. The medial deltoid 

ligament takes origin from the medial malleolus and together with the 

malleolus is often referred to as the medial malleolus osteoligamentous 

complex (MMOLC)16. The deltoid ligament is anatomically divided into 

superficial (tibiocalcaneal, tibionavicular & superficial tibiotalar) and deep 

(anterior & posterior tibiotalar) components.  

 

2. Ligaments of the distal tibiofibular joint – the syndesmosis is tightly bound by 

a series of four ligaments, comprising the anterior inferior tibiofibular ligament 
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(AITFL), posterior inferior tibiofibular ligament (PITFL), inferior transverse 

ligament (ITL) and interosseous ligament (IOL).  

 

 

Figure 1.4: Ligamentous structures of the ankle joint. Taken from: Gray’s Atlas of Anatomy. 2nd ed. 
Elsevier; 2015)13. 
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1.3 Epidemiology of ankle fractures 

Ankle fractures are common, with an annual incidence of 137.7/100,000/year reported 

in a major Scottish city between 2010 and 201117. More recently in Norway, Elsoe et 

al included 9,767 patients over a 10-year period and found a mean incidence of 

168.7/100,000/year with the overall incidence higher in women (179.5/100,000/year) 

compared with men (157.1/100,00/year)18. In this study, considerably more patients 

presented during the winter, when the weather conditions were particularly hazardous; 

this is in keeping with experiences in the UK19. Whilst young men and elderly women 

are particularly at risk3, 20, traditionally giving rise to a classic bimodal distribution, 

this pattern now appears to be changing with a predominant bimodal distribution 

observed in women but a unimodal distribution amongst men with the incidence 

steadily decreasing with age (Figure 1.5)18. A universally observed trend is that of 

increasing fractures in the elderly, which has risen dramatically over the last 30 years 

and no doubt will continue to rise with an increasing life expectancy20, 21. Despite the 

predominant low-energy mechanism, elderly patients can present with more 

significant injuries, including complex and/or open fractures, often associated with 

significant morbidity. This has led some to re-think ankle fractures as the ‘new 

geriatric hip fracture’22. 
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Figure 1.5: The incidence of ankle fractures per sex and age group over time. Taken from: Elsoe et al. 
Population-based epidemiology of 9767 ankle fractures. Foot Ankle Surg. 2018;24(1);34-918.  

 

The three most common mechanisms of injury include simple falls from 

standing height (60%), sports (20%) and road traffic accidents (5-10%)18. Isolated 

fracture of one malleolus (unimalleolar), principally the lateral malleolus, is by far the 

most common trauma presentation (60-70%), with bimalleolar (15-20%) and 

trimalleolar (7-12%) fracture configurations comprising the remaining cases18, 20, 23. 

Approximately 2% of ankle fractures present with an associated open injury20.  
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1.4 Assessment and classification of ankle fractures 

1.4.1 Clinical assessment 

Clinical assessment starts with a focused history and examination in the presenting 

environment, including questions regarding the mechanism of injury and early 

recognition of associated injuries. Documentation of relevant comorbidities that are 

associated with complications following ankle fracture including diabetes mellitus24-

28, peripheral neuropathy27, 29, 30, peripheral vascular disease27, 29, 31, steroid medication 

usage27, chronic renal impairment32, alcohol excess33, 34, and tobacco smoking24, 34, 35 

is critical. Obesity in particular has been shown to be associated with a poor outcome 

following fixation, including a significantly increased risk of infection36, 37 and 

diabetic patients have the highest risk of amputation for the management of a 

complication following ankle fracture fixation (OR 7.42)38. Examination of the skin 

integrity, circulation and sensation must be performed and clearly documented. Whilst 

in general, open fractures are associated with high energy injuries in younger patients, 

open ankle fractures frequently occur in the elderly population; around 12% of patients 

aged 60 years39. These cases classically present as a transverse laceration on the medial 

side of the ankle, where the delicate skin splits under tension22. Fractures of this nature 

are treated as per local open fracture management policy. In the presence of gross 

clinical deformity, neurovascular compromise, or threatened skin integrity, it is 

acceptable to reduce and hold these injuries expediently with a temporary plaster 

before radiographs are performed.  
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1.4.2 Imaging 

In the absence of concerning clinical features described above, radiographs should be 

performed before attempting reduction of a fracture-dislocation. Standard 

anteroposterior (AP) and lateral radiographs centred on the ankle joint are 

recommended (Figure 1.6). In the presence of proximal fibular tenderness, radiographs 

of the knee must be obtained. If the adequacy of talar reduction is uncertain, a mortise 

view should be performed.  

 

 

Figure 1.6: Standard AP and lateral radiographs of the elbow demonstrating a trimalleolar ankle 
fracture with talar shift. 

 

Radiographs in the current plaster or splint should be taken to confirm talar 

reduction (Figure 1.7) before the patient is either transferred from the Emergency 

Department (ED) for ongoing Orthopaedic management or discharged home. 
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Malreduced ankle fractures are at risk of significant post-injury swelling, skin 

compromise and ongoing chondral injury, which must be identified and rectified early.  

 

Figure 1.7: Post-manipulation radiographs demonstrating adequate talar reduction. 

 

The neurovascular status must be assessed and documented following 

reduction. As discussed at the start of this thesis, initial radiographs may confirm a 

stable fracture configuration, with no evidence of talar shift. These injuries are 

routinely placed into a removable orthosis and allowed to weight bear as tolerated, 

with early outpatient review8-10, 40. Stress views (both manual and gravity assisted) 

have historically over-diagnosed instability resulting in a high false positive rate41, 42 

and are often poorly tolerated by patients; they are rarely used today in the UK to 

assess stability.  
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For more complex fracture patterns, including fractures of the posterior 

malleolus, computed tomography (CT) imaging of the ankle joint is recommended by 

some authors43-45, with some demonstrating a change in management plan in 

approximately a quarter of cases (23%)45. CT imaging has been recommended for 

other clinical situations including syndesmotic injuries, plafond impaction, distal tibial 

proximal fracture extension and transitional ankle fractures in the adolescent 

population46. MRI has been used in experimental settings, largely aimed at assessing 

the integrity of the deltoid ligament and/or syndesmosis47, 48, but due to cost and 

availability is not routinely used in clinical practice. 

 

1.4.3 Classification systems 

There have been numerous classifications of ankle fractures described. The first, by 

Percival Pott in 175849 simplifies the injury based on the number of malleoli involved: 

unimalleolar, bimalleolar or trimalleolar. Despite its simplicity, this system is 

commonly used in clinical practice due to its reproducibility amongst both junior and 

senior clinicians, although fails to differentiate between stable and unstable injuries. 

Danis and Weber later proposed their classification of fibular fractures based on the 

fracture location in relation to the distal tibiofibular joint50. Although this classification 

concentrates solely on the lateral malleolus, it does provide some guidance on fracture 

stability, with Weber-C (suprasyndesmotic) fractures in general being classified as 

unstable50, 51. 
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AO/OTA classification 

This classification system is used both in clinical practice and as a research tool52. To 

summarise, it numerically denotes the ankle joint and its corresponding malleoli as 

‘44’. The level of the fracture in relation to the syndesmosis, as previously described 

in the Danis-Weber system50, is recognised as A (infrasyndesmotic), B 

(transyndesmostic) or C (suprasyndesmotic). Further subsets describe the presence or 

absence of medial or posterior malleolar fractures and are given a number between 1 

and 3 (Figure 1.8). 

 

 

Figure 1.8: AO/OTA classification of ankle fractures52. 
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Rodriguez et al performed a unique study, analysing videos from a social media 

platform of individuals sustaining potential ankle fractures53, and found the AO/OTA 

system to more consistently predict fracture morphology (81%), compared with the 

Lauge-Hansen (65%) when studying 30 videos of injury and 26 cases of confirmed 

ankle injury53. Juto et al randomly selected 152 ankle fractures registered in the 

Swedish Fracture Register and assessed the inter-observer and intra-observer 

reliability of the AO/OTA system54, noting a substantial agreement (0.6-0.8) in both 

instances according to the Cohen’s kappa statistic. In a revised version of this system 

in 201855, more details regarding fracture morphology and/or ligamentous instability 

based on radiographic subluxation have been included. 

 

Lauge-Hansen classification 

This classification has become one of the most widely used systems and was created 

to guide the closed reduction of ankle fractures56. It describes firstly, the position of 

the foot at the time of injury (supination or pronation) and then secondly, the direction 

of the deforming force (abduction, adduction or external rotation). Thirteen possible 

fracture combinations were proposed from their work involving cadaveric tibiae 

(Table 1.1).  Despite its popularity, this classification system has some limitations. 

Gardner et al evaluated its accuracy using MRI scans of patients with ankle fractures 

and found that 53% of fractures that were classifiable with the Lauge-Hansen system 

demonstrated patterns of ligamentous injury and fracture patterns that did not coincide 

with the described stages57. Kwon et al performed a study similar to that conducted by 

Rodriguez et al53, analysing videos from a social media platform of individuals 
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sustaining potential ankle fractures58. When matched against the confirmed fractures 

radiographically, the Lauge-Hansen system was only 58% accurate in predicting the 

fracture pattern based on the mechanism of injury. Others have found that the system 

may reliably predict injury to the syndesmosis with a sensitivity and specificity of 92% 

in both instances59. Despite limitations, it continues to be widely adopted in both the 

literature and clinical practice, as it frequently informs the type of treatment, including 

surgery, that is required.  

 

Category  Structures injured 

Supination external rotation (SER)  

- Stage I Rupture of anterior inferior tibiofibular ligament 

- Stage II Oblique / spiral fracture of the distal fibula 

- Stage III Posterior inferior tibiofibular ligament / posterior malleolus avulsion 

- Stage IV Medial malleolus fracture / deltoid ligament rupture 

Supination adduction (SAD)  

- Stage I Transverse distal fibula fracture 

- Stage II Vertical fracture of the medial malleolus 

Pronation external rotation (PER)  

- Stage I Medial malleolus fracture / deltoid ligament rupture 

- Stage II Rupture of anterior inferior tibiofibular ligament 

- Stage III Oblique or spiral supra-syndesmostic fibula fracture 

- Stage IV Posterior inferior tibiofibular ligament / posterior malleolus avulsion 

Pronation abduction (PAB)  

- Stage I Medial malleolus fracture / deltoid ligament rupture 

- Stage II Rupture of anterior inferior tibiofibular ligament 

- Stage III Transverse or comminuted supra-syndesmostic fibula fracture 

Table 1.1: The Lauge-Hansen classification of ankle fractures56. 
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Medial malleolar fractures 

Herscovici et al proposed their fracture classification for isolated fractures of the 

medial malleolus60, based on a modification of the system proposed by Muller et al61 

and the previous work of Pankovich and Shivaram14, 62. The system simplifies fractures 

into four types based on the AP radiograph (Figure 1.9); type-A avulsion fractures of 

the medial malleolar tip, type-B fractures occurring between the tip and the level of 

the plafond, type-C fractures occurring at the level of the plafond and type-D fractures 

extending in a vertical direction from the medial corner of the plafond.  

 

 

Figure 1.9: Herscovici classification of medial malleolar fractures with radiographic examples60. 
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The main drawback of the classification is the utilisation of a single view 

radiograph (AP), when the medial malleolus is a 3-dimensional structure. The system 

recently underwent assessment for inter-observer reliability, intra-observer 

reproducibility and accuracy of diagnosis in a study by Aitken et al63. This study 

concluded that the classification was substantially reproducible (k = 0.64) but only 

moderately reliable (k = 0.54). Type-C fractures at the level of the tibial plafond were 

the most difficult to identify accurately amongst a group of suitably qualified observers. 

Additionally, 18% of fractures (out of a total cohort of 130 radiographs), were 

unclassifiable based on the current system. Despite these limitations, the system is the 

most utilised for classification of medial malleolar fractures to date. 

 

Posterior malleolar fractures 

The accuracy of posterior malleolar fracture fragment size measurement on the lateral 

radiograph has been fiercely contended64, 65. With the modern accessibility of non-

contrast CT imaging, pre-operative scanning of ankle fractures has enabled to the 

development of classifications systems. The most widely used is the Haraguchi 

classification following a study of axial CT scans in 57 consecutive patients presenting 

with unstable ankle fractures66. Three types were described: type-1 wedge shaped 

fracture fragment involving the posterolateral corner of the plafond, type-2 transverse 

medial extension into the medial malleolus and type-3 small shell fracture of the 

posterior lip of the plafond. Whilst previously thought to be uncommon, a large 

fragment extending into the medial malleolus (type-2) was seen in almost 20% of cases, 

leaving the authors to conclude that CT scanning should be recommended for all 
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injuries with a posterior malleolar fracture. Current work by Blom et al concluded that 

type 2 fractures were associated with a poorer clinical outcome according to the Foot 

and Ankle Outcome Score (FAOS) on multivariate analysis67. The Haraguchi 

classification system has been recently modified by Mason et al44, to include an 

additional injury type, the posterior pilon. This modified system is becoming 

increasingly popular within the surgical literature43, 68, 69. 
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1.5 Outcomes following operative management 

It is recognised that patients undergoing surgical fixation of unstable ankle fractures 

do not universally return to their pre-injury baseline. Following surgery, recovery 

continues over a 12 month period70 and at the end of this, approximately 60% of 

patients report ongoing pain and/or functional limitation as measured by validated 

patient reported outcome measures (PROMs)71, 72. Patients who experience significant 

complications following surgery invariably have poorer outcomes73. 

To identify areas for future research, it is important to understand the 

complications associated with the operative management of unstable ankle fractures.  

Complication rates of 40% are not uncommon in the published literature29, 73, 74, 

ranging from mild metalwork associated pain/discomfort to significant deep peri-

prosthetic infection requiring amputation. A significant proportion of complications 

are soft tissue in nature and future research should be aimed at reducing these rates. 

 

1.5.1 Infection and wound healing 

Infection is one of the most feared complications following ankle fracture fixation, due 

to the potential sequalae of sepsis control surgery (repeat debridement), long-term 

antibiotics, risk of construct failure, non-union and unfortunately in a small number of 

patients, amputation24. The development of infection is associated with a negative 

functional outcome and patient satisfaction75, 76. SooHoo et al conducted a large 

population based study including 57,183 patients undergoing surgical fixation post-

ankle fracture over a 10-year period31. The overall post-operative wound infection rate, 

recorded from patients readmitted to hospital with infection was 1.44%, increasing to 
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4.57% in open fractures, 7.71% in complicated diabetes mellitus and 6.87% in patients 

with peripheral vascular disease. They found no difference in infection rates between 

fracture classification or institution (high volume vs. low volume). The overall low 

rate of 1.44% likely underestimates the true incidence of infection, as the authors only 

included patients readmitted and will not have captured infections diagnosed in the 

community or remote clinics.  

Sun et al included 1,510 patients in a multi-centre study and found an overall 

inpatient diagnosed infection rate of 4.37% with a deep infection rate of 1.32% and 

superficial infection rate of 3.05%37. They defined a surgical site infection according 

to national guidelines, including a combination of clinical signs and bacterial culture 

results. Following multivariate analysis, significant risk factors for infection included 

older age, greater body mass index (BMI), high-energy injury, open injury, chronic 

heart disease, history of medical allergies and greater surgeon experience. This final 

risk factor was likely confounded by the fact that senior surgeons operated on the most 

complex fracture patterns. Unlike other authors24, 25, 28, 34, 77, they did not find an 

association between infection and diabetes mellitus. Ovaska et al conducted a case-

control study including 1,923 surgically managed ankle fractures over a four-year 

period and found an overall infection rate of 13.9% based on clinical signs and 

symptoms of surgical site infection34. Deep infection was diagnosed in 131 patients 

(6.8%). A single pathogenic organism was cultured in 67% of cases and the remaining 

33% were polymicrobial. On univariate analysis, diabetes mellitus was found to be 

strongly associated with increased deep infection risk. Following multivariate analysis, 

increased risk of deep surgical site infection was associated with tobacco use, duration 

of surgery >90 minutes and application of a post-operative plaster outside the 
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operating theatre. Schade et al reviewed early post-operative infections following 

ankle fixation (within 30 days of surgery)25. Significant risk factors for infection 

included diabetes (both insulin and non-insulin dependent), American Society of 

Anaesthesiologists (ASA) grade 3 or above and surgery in an inpatient setting 

(compared with outpatient/day surgery). These large studies provide robust data 

regarding the overall incidence of short-term infection requiring readmission to 

hospital but may have missed some infections presenting at outpatient follow up. 

Miller et al followed up 478 patients over an eight-year period in the outpatient 

setting78. They reported an infection rate of 3.2%, following a strict peri-operative 

protocol including delayed surgery until resolution of all blisters, five days of post-

operative antibiotics and a minimum of six weeks non-weightbearing for all patients. 

Whilst the infection rate was low, the management protocol may be deemed somewhat 

unpractical for patients and in fact enforcement of weightbearing restrictions for all 

patients may have deleterious effects79-81.  

Infection and wound healing difficulties continue to present management 

challenges and future research should explore treatment approaches that aim to 

minimise these complications. 

 

1.5.2 Symptomatic metalwork 

Pain overlying metalwork following ankle fixation is unfortunately common, 

occurring in up to 1/3 of patients73, 82 and many individuals request elective removal. 

Yet despite re-operation, up to 50% will notice no improvement in symptoms82, 83. 

Whilst it has not been possible to guarantee improvement in pain levels following 
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removal, some authors have demonstrated functional benefit. Williams et al identified 

an improvement in the Short Musculoskeletal Functional Assessment (SMFA) score 

six months after elective removal in a cohort of 43 patients84, although the clinical 

significance of this small improvement is debatable. Overall, 121 patients were 

approached and 78 failed to respond, which may represent significant responder bias.  

Sanders et al evaluated functional improvement in 179 patients undergoing implant 

removal below the level of the knee, including the ankle joint85. Whilst a statistically 

significant improvement in the Lower Extremity Function Scale (LEFS) was detected, 

the difference fell three points short of the minimum clinically important difference 

(MCID) and 31 patients (17.3%) experienced a post-operative surgical site infection. 

Additional risks, including infection, neurovascular injury, broken/retained implants 

and hypertrophic scarring have been reported following elective removal83, 86, 87. Reith 

et al specifically investigated patient satisfaction following elective metalwork 

removal in several clinical situations including post-ankle fracture fixation87. The 

overall patient reported complication rate in 332 patients was 10%, with the majority 

of these related to impaired wound healing. Despite this complication profile, overall 

patient satisfaction was high with 96% of patients stating they would choose implant 

removal again, especially if pain was the primary indication. The results of this study 

must be cautiously interpreted due to the high ‘drop-out’ rate of 36% of patients in the 

initial 565 cohort.  

The economic burden of metalwork removal must be considered. Whilst 

metalwork removal following fracture fixation often used to be routine88, the incidence 

following ankle fracture fixation now appears to be reducing89. Given current 

healthcare financial constraints, surgeons must counsel patients regarding the realistic 
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result of metalwork removal and potential complications. Reducing the amount of 

metalwork implanted into the ankle at the time of fracture fixation has perceivable 

benefits if a comparable post-operative outcome is achievable.  

 

1.5.3 Neurological injury 

Neurological injury is reported following treatment of ankle fractures. When exposing 

the fibula through a lateral surgical approach, the superficial peroneal nerve (SPN), 

sural nerve (SN) and their respective branches are at risk of iatrogenic injury90, 91. The 

posterolateral approach, also used to access posterior malleolar fractures has also 

shown to place the SN at risk along the entire length of exposure92. Redfern et al 

performed a cross-sectional retrospective study investigating the rate of symptomatic 

SPN injury following both operative (n=56) and non-operative treatment (n=64) at a 

mean follow-up of two years93. In those patients undergoing ORIF surgery, 21% had 

ongoing pain, which was felt to be attributable to a SPN injury when examined 

clinically, compared with 9% in the non-operative group. Whilst SPN trauma at the 

time of injury could be expected to occur in both groups, iatrogenic injury during 

surgery likely explains the higher rate in the operative group. Given the anatomical 

course of the saphenous nerve and its two branches, a cadaveric study by Mercer et al 

recommended placing incisions around the medial malleolus as close to the malleolar 

tip as possible when fixing medial malleolar fractures in order to reduce the risk of 

nerve injury and painful neuroma formation94. Neuropathic pain secondary to ankle 

fracture fixation has been reported in up to 23% of patients following surgery and can 

result in significantly impaired health-related quality of life95.  
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1.5.4 Post-traumatic osteoarthritis 

In stark comparison to the hip and knee joints, up to 80% of osteoarthritis affecting the 

ankle is post-traumatic in origin (PTOA)96-98. Injuries including intra-articular 

fractures and high-grade ankle sprains result in pathological changes to articular 

congruity and subsequent joint malalignment, which stimulate degenerative processes 

and have shown to result in inferior patient outcome following fracture99. Furthermore, 

the initial chondral damage at the time of acute injury is felt to play a role in the 

development99, 100. Takakura et al included 18 patients with primary varus 

osteoarthritis treated with a distal opening wedge osteotomy and described one of the 

most common classification systems used today101. Takakura’s classification is limited 

by its description of patients only with varus OA. A modification of the Kellgren and 

Lawrence classification system by Holzer et al, has been described in the more 

contemporary literature102. Lubbeke et al identified specific risk factors for the 

development of PTOA following internal fixation of unstable ankle fractures over an 

18 year follow up period103. Advanced radiographic changes (Kellgren and Lawrence 

grades 3 and 4) developed in 36% of patients with specific risk factors including a 

Weber C fracture, presence of a medial malleolar fracture, age >30 years at the time 

of injury, BMI ≥25kg/m2 and increasing duration of follow up following surgery (>20 

years). Patients with ≥3 risk factors had a 60-70% probability of developing PTOA 

and the results of this study can be used to inform patients regarding their risk of future 

degeneration. However as with all longer-term studies there was a significant loss to 

follow up (34%), which makes examining outcomes in patients who develop PTOA 

following ankle fracture difficult.  
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1.5.5 Non-union 

The FDA define a non-union as a fracture that persists at a minimum of nine months, 

without progression in the preceding three months. Whilst this encompasses all 

fractures, most, including malleolar fractures should unite before this and usually by 

six months. More pragmatically, fracture union can be defined clinically by the 

absence of motion and pain at the fracture site and radiographically by the presence of 

bridging callus in at least three of four cortices on orthogonal views. Interpretation of 

radiographic fracture union of the malleoli is difficult with plain XR, and CT can be 

used if there are clinical concerns. In this context, a general approach according to 

Frölke et al104, defines a non-union as localised pain with either hypertrophic or 

atrophic radiographic changes, and a pseudoarthrosis as having similar radiographic 

appearances as non-union but without localised pain.  

Malleolar non-union is uncommon following operative management but has a 

higher incidence in those injuries treated conservatively. Early work published by 

Mendelsohn et al in 1965 suggested that non-union of the medial malleolus (7%) was 

more common than that of the lateral malleolus (1%), following closed fracture 

management105. From their clinical series of 253 ankle fractures they concluded that 

non-union of the medial malleolus, although more common, was associated with far 

less pain and disability compared with the lateral equivalent, due to the development 

of a fibrous non-union. A more recent meta-analysis of aseptic fibular non-unions was 

performed by Bhadra et al106. Of the twelve studies included with an age range of 10-

72 years, they found an overall incidence of fibular non-union of up to 5.4% (119 non-

unions). Non-union was diagnosed in 80% of the cases based on persistent localised 

pain in the absence of radiographic union by 24 weeks post-injury. The authors also 
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included studies with fractures managed conservatively both in isolation and in the 

presence of a tibial fracture treated with intramedullary nailing, which over-estimates 

the true incidence of non-union in isolated surgically treated ankle fractures. With 

these fractures excluded, the re-calculated incidence of fibular non-union in rotational 

ankle fractures was stated as 1%, with the distal fibula being the most common site 

(87%), due to exposure to shear, torsion, rotation, and compression forces in this 

region, permitted at the distal tibiofibular joint. 

Medial malleolar non-union was first studied in detail by Banks et al in 1949107, 

who concluded that non-union of the medial malleolus was not associated with inferior 

outcomes as long as the non-union was of a ‘strong fibrous’ composition and the 

tibiotalar alignment had been anatomically restored. Indications for intervention 

included significant ongoing localised pain, radiographic ankle instability and 

persistent tibialis posterior tenosynovitis. Malleolar non-union can be surgically 

managed using unicortical cancellous lag screw fixation with or without bone graft108, 

bicortical screw stabilisation with autologous tibial bone grafting109 tension-band wire 

(TBW) with or without bone graft110, 111, or direct fragment excision108. The authors of 

these studies report good-excellent patient outcome with no further complications and 

union between four and seven months following non-union surgery. Functional 

outcomes and range of motion were comparable to patients receiving surgery for acute 

ankle fracture fixation108.  
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1.6 Conservative management of unstable ankle fractures 

The chapters contained within this thesis report on the operative management of 

unstable ankle fractures. Whilst is it generally accepted that in this clinical situation 

patient outcome is improved with operative intervention, there has been recent interest 

in conservative management, which should be acknowledged. Sanders at al conducted 

a small (n=81) multicentre randomised controlled trial comparing conservative and 

operative management of unstable isolated fibula fractures (SER4)112. They found no 

difference in functional outcome but did detect a higher rate of delayed union/non-

union and ongoing displacement in those patients managed conservatively in cast. 

Willet at al conducted the Ankle Injury Management (AIM) trial across 24 sites5, 

which compared close-contact casting (CCC) with internal fixation in 620 patients 

over the age of 60 years. With a 96% follow-up rate, the authors reported equivalent 

patient outcome at six months according to the OMAS. However, 23% of CCC patients 

required either further manipulation (n=10, 4%) or delayed internal fixation (n=52, 

19%). A further 15% of patients went on to radiographic malunion. In the operative 

arm, 11% of patients experienced a wound related complication and 1% underwent 

further surgery to manage a soft-tissue complication. Whilst the authors suggested 

CCC is as effective as internal fixation, the study has been criticised due to the 

unpredictable nature of CCC in maintaining talar reduction113, 114. A subsequent mid-

term follow up study reported the overall reoperation rate was twice as high in the 

CCC group compared with the internal fixation (31% vs. 16%)115. A recent systematic 

review and meta-analysis by Larsen et al concluded that for ankle fractures that do not 

demonstrate initial talar instability or in cases where the talus can be reduced and 

controlled by closed techniques, patient outcome was comparable to operative 
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intervention116. The eight studies contained demonstrated considerable heterogeneity 

in terms of the included fracture patterns, patients, methodological quality and duration 

of follow-up, which must be acknowledged. Reducing the number of incisions around 

the ankle intuitively aims to reduce the soft tissue complication rate. However, an 

entirely conservative approach has resulted in sub-optimal outcomes primarily related 

to talar malreduction5, which may impact on longer-term PTOA rates. With this in 

mind, research into the selective fixation of individual components of the acute ankle 

fracture represents an important area of future investigation. This approach to 

management may satisfy the ultimate goal of ankle fracture treatment; stable 

anatomical reduction with minimal incisions and early mobilisation114.   
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1.7 Current treatment concepts in ankle fracture fixation 

There are a range of strategies to consider when surgically managing unstable ankle 

fractures; the selection of which is typically determined by fracture pattern, bone 

quality, condition of the soft-tissue envelope, and surgeon experience. In order to 

highlight present-day practice and identify potential research areas, current treatment 

concepts are outlined below, including those techniques and implants that aim to 

reduce soft-tissue complications. These have been divided anatomically for clarity. 

 

1.7.1 Lateral malleolus fixation 

The fibula is considered by many as the key stabiliser of the ankle joint, following the 

combined biomechanical and clinical work of Yablon et al117. The current gold 

standard for fracture fixation is open reduction internal reduction (ORIF), with plates 

and screws.  This treatment approach is unfortunately associated with high soft tissue 

complication rates as described earlier in this chapter. This has led to an awareness of 

percutaneous techniques, such as minimally invasive plate osteosynthesis (MIPO)118-

120 and intramedullary stabilisation121-126. 

 

Plate fixation 

Traditionally, distal fibula fractures have been treated with plate fixation, commonly 

placed laterally, and supplemented with an interfragmentary lag screw or 

posterolateral as an anti-glide plate127, 128. Posterolateral plating has been shown to 

provide extra stability in elderly osteoporotic bone137 and reduce soft tissue 

complications including requirement for metalwork removal128, 129. Previous concerns 
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regarding peroneal tendon irritation130, is less of an issue that previously thought131. 

Fixation challenges presented by osteoporotic patients have encouraged the use of 

locking plates39, 132, 133. Cadaveric biomechanical studies have demonstrated superior 

failure properties of locking plates with respect to torque to failure, angle at failure and 

maximal torque, that is independent of bone mineral density (BMD), compared with 

non-locking alternatives134. Others have not been able to corroborate similar findings 

when assessing differences in both bending and torsional stiffness in cadaveric fibulae 

fixed with locking and non-locking constructs135-137, or in simulated comminuted 

suprasyndesmotic injury patterns138. Despite potential clinical advantages, some 

authors have found justification of the six-fold cost difference compared with 

semitubular plating (£674 vs. £105) difficult139. Tsukada et al performed a small 

prospective randomised controlled trial comparing locking plate (n=22) and non-

locking plate (n=26) fixation for AO/OTA 44B type fractures over a 12 month follow 

up period140. They found no difference in clinical outcomes including fracture union, 

functional outcome or complications including infection and metalwork irritation. 

Similar findings have been reported when using low-profile locking plates141, 142. Some 

have reported unacceptably high rate of soft tissue complications following locking 

plate fixation85, including three times higher wound complication rate (17.5% vs. 

5.5%) and significant increase in major complications including further surgery to 

remove metalwork. One solution to the high soft tissue complication rate described is 

the MIPO technique, which has demonstrated positive outcomes in small retrospective 

series118, 119. However, ongoing concerns regarding infection (9%) and wound 

dehiscence (25%) have been reported by Bazarov et al120 and anatomical studies have 

demonstrated risk of superficial peroneal nerve entanglement143.  
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Plate fixation in high-risk patient groups, include the elderly, diabetics and 

those with neuropathy has been associated with high complication rates including loss 

of talar reduction, requirement for revision and amputation77, 132.  In these situations, 

the insertion of multiple screws across the syndesmosis ‘tibial-pro-fibular’ has been 

recommended to achieve superior screw purchase. Whilst this technique is supported 

by biomechanical144 and clinical data145, 146, it still requires an extensive open approach, 

and with this the attendant soft-tissue complication profile. Alternatives to plate 

fixation, including intramedullary stabilisation may offer potential solutions. 

 

Intramedullary stabilisation 

Intramedullary fixation confers several benefits: firstly, the intramedullary nature of 

the implant offers biomechanical advantages through its load-sharing property, which 

may allow patients to mobilise earlier. Secondly, the implants are inserted 

percutaneously, with reduced insult to the overlying soft-tissue envelope. 

Intramedullary fixation of the fibula has historically been performed with a variety of 

implants including rods, single screws and unlocked nails147-150. Pritchett et al 

conducted the first randomised controlled trial comparing Rush rod fixation with AO 

plating of distal fibular fractures in two groups of elderly patients (n=25 per group)150, 

reporting improved functional outcome in the intramedullary group, with less 

operative morbidity. Similarly, single screw fixation has previously been studied 

positively in both biomechanical147 and clinical151, 152 settings, with the benefits of 

reduced incision morbidity and cost. The development of surgical techniques and 

implants has advanced significantly over the last decade. Ramasamy et al analysed a 



Minimally Invasive Treatment Approaches in the Operative Management of Unstable Ankle Fractures 

Chapter 1. Introduction and literature review 

34 

small cohort of nine elderly patients managed with the Stainless Steel Taper (SST) nail 

(Biomet, Swansea, UK) and reported good-excellent outcomes in the majority of 

patients, with only one patient requiring further intervention (ankle arthrodesis)153. 

Rajeev at al reported their experience with the same SST nail in a group of 24 

patients154. Whilst the authors reported a low complication rate, the mean OMAS was 

only 57, indicating that most patients experienced a poor functional outcome following 

surgery. Asloum et al published their experience with the Epifisa Nail (FH 

Orthopaedics Inc, New York, USA) in a prospective randomised controlled trial 

comparing the intramedullary nail with standard plate fixation155. Sixty patients were 

followed up over a one-year period and those patients in the nail group reported 

significantly better outcomes according to the OMAS and Kitaoka score, with less soft 

tissue complications. One drawback of this study was the high rate of cross-over from 

nail to plate fixation (seven patients) as the single-size Epifisa nail was too bulky for 

a narrow fibula to accept in some patients. The Acumed fibular intramedullary nail 

(Acumed, Hillsboro, Oregon, USA) was introduced to overcome some limitations of 

previous implants, by improving modularity and allowing trans-syndesmotic 

stabilisation. The fibular nail is supported by retrospective cohort studies121-125, 156-159, 

biomechanical work160, 161 and prospective randomised clinical trials162, 163. Whilst the 

increasing number of publications concerning the fibular nail represents a possible 

enthusiasm for the implant, the studies to date comprise small patient numbers (16-

105 patients)121-126 with limited short term follow-up (≤12 months)121, 122, 155, 156, 158, 162, 

164 and whilst they report improvements in soft tissue complications compared with 

plate fixation, they generally do not discuss or describe potential modes of treatment 
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failure. This is an important component during the development of both new 

techniques and implants, that warrants further research.  

 

Alternative fixation techniques 

Lag screw only fixation has been investigated in both biomechanical165 and clinical 

studies166, 167. Misaghi et al created fibula osteotomies in 40 sawbone models and 

assigned four groups of fixation technique: single lag screw, double lag screw, triple 

lag screw and a single lag screw combined with a 1/3 tubular neutralisation plate165. 

Double and triple lag screw fixation demonstrated similar biomechanical properties to 

lag screw and plate fixation, with no difference in torque to failure. Supporting 

evidence from two small clinical studies including 25166 and 47167 patients respectively 

demonstrated reduced soft tissue infection rates and metalwork related complications 

(5%) compared with lag screw and plate fixation (50%), when using a minimum of 

two lag screws in isolation. However, this technique relies on good bone quality with 

no comminution to enable satisfactory screw purchase, and a long oblique/spiral 

fracture pattern to permit multiple lag screw fixation, which limits its everyday 

applicability. 

 

1.7.2 Medial malleolus fixation 

Traditionally, the medial malleolus was considered to be the primary bony stabiliser 

of the ankle joint in an unstable fracture pattern168, but was later challenged by the 

work of Yablon et al117. Herscovici et al recommended that isolated medial malleolar 

fractures could be safely treated non-operatively in a short-leg, non-weight bearing 
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cast, with excellent functional and patient reported outcomes, regardless of initial 

fracture displacement from their series of 57 patients60. However more recently, 

displaced (³2mm) isolated fractures169 and/or those associated with a more unstable 

pattern such as bimalleolar fractures are generally managed operatively, commonly 

with either screw fixation, tension band wire construct or modern implants designs. 

 

Screw fixation 

Various types, diameters, lengths and configurations of screw fixation have been 

proposed. Traditional teaching by the AO group recommends two 4.0mm partially 

threaded cancellous screws inserted parallel and supplemented with washers in the 

case of porotic bone. In the majority of cases a 35–45mm screw is selected for fixation 

as longer than this risks bypassing the best quality cancellous bone for thread 

purchase170. In the relatively common clinical scenario of poor bone quality with 

inadequate purchase in metaphyseal bone, fully threaded cortical screws, engaging the 

far (lateral) cortex of the tibia have been described, with supportive clinical and 

biomechanical results171-175. A recent systematic review of the literature by Yammine 

et al has supported the use of fully threaded cortical (both unicortical and bicortical) 

over partially threaded screws due to shorter union times and lower rates of secondary 

intervention for metalwork removal176. Where cancellous lag screws are used, there is 

cadaveric biomechanical evidence to suggest that fully threaded cancellous screws 

generate more fracture site compression than partially threaded cancellous screws177.  

 As elective removal of symptomatic metalwork following fracture fixation 

remains an issue73, 82, 83 and the insertion of implants, including screws can cause 
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iatrogenic injury to local structures178, 179, approaches to inserting less metalwork 

around the ankle remains an area of active interest. Buckley et al have challenged the 

concept of double screw fixation for all medial malleolar fractures180, in a RCT 

comparing single screw (SS) with double screw (DS) fixation in unstable fracture 

patterns. They reported no difference in the primary outcome measure (Short Form 

Survey-36 questionnaire) or secondary outcomes including failure of fixation, 

operating time, length of hospital stay or complications between the two groups. The 

most striking finding was that 14 patients in the DS group crossed over into the SS 

group intraoperatively as the surgeon felt that the fragment was too small to safely fix 

with two screws. Mandel et al supported this concept with their large retrospective 

study of 196 patients, finding no difference between SS and DS fixation in any of their 

primary or secondary outcome measures181. These two studies lend support to SS 

fixation, especially if the fragment is too small to accommodate two screws safely. It 

may be that even in unstable ankle fractures, well-reduced medial malleolar fractures 

may not require screw fixation at all, as long as the fibula has been securely stabilised. 

This concept was investigated by Hoelsbrekken et al182, who randomised 100 patients 

into either internal fixation or non-operative treatment a well-reduced (<2mm 

displacement) medial malleolar following plate fixation of the fibula. Eighty-two 

patients were followed up over a mean period of 39 months. There was no difference 

in the OMAS, AOFAS score or pain VAS between the two groups and the non-union 

rate in the non-operative was 9% compared with 0% in the fixation group, but this did 

not negatively affect patient reported outcome. On retrospective review, three of the 

four patients had a poorly reduced fracture of >2mm displacement, which is a crucial 

to consider when applying the results to clinical practice and agrees with the findings 



Minimally Invasive Treatment Approaches in the Operative Management of Unstable Ankle Fractures 

Chapter 1. Introduction and literature review 

38 

of Hanhisuanto et al169. This study was limited by a 20% loss to follow-up, but the 

results certainly ask questions of the necessity for internal fixation of well-reduced 

medial malleolar fractures, even in unstable injury patterns and represents an area of 

future research interest.  

 

TBW fixation 

Distal, transverse fractures can be managed well with TBW constructs, offering 

reliable fracture union and a lower revision rate, compared with lag screw fixation (5% 

vs 24%)183. Cadaveric biomechanical work has demonstrated that cancellous lag 

screws provide only 47% of the strength (resisted fracture displacement in tension) of 

a TBW construct in B-type fractures184. TBW constructs are also recommended for 

fixation of small fragments, which are not large enough to accept a screw, or in poor 

bone quality, where thread purchase may be challenging184. In severely comminuted 

fractures, TBW constructs may act as a ‘raft’ to support the zone of comminution. 

Previous studies have reported reasonable overall patient reported outcomes, but with 

a high rate of medial sided pain and metalwork removal185-187, it is generally accepted 

that this technique should be used in reserve. In an attempt to overcome soft-tissue 

complications, stainless steel wire has been replaced with knotless systems, through a 

combination of low-profile wires and tapes. Biomechanical188, 189 and clinical 

studies190 investigating these constructs have demonstrated promising results, with a 

reduction in implant removal compared with traditional TBW (0% vs 8%)190 but to 

date the cost-effectiveness of these more expensive interventions remains unproven.  
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Zones of fixation 

Due to the anatomical relationship of important structures with the medial malleolus, 

including the tibialis posterior tendon (TPT) and associated neurovascular bundle, the 

‘safe zone’ for screw insertion has been described by Femino et al178. The TPT travels 

intimately around the posterior colliculus; abrasion at this level can lead to pain, 

attrition and subsequent late rupture. Three zones of screw insertion are described 

based on a lateral view of the ankle (Figure 1.10) and relate to the three colliculi of the 

malleolus as previously discussed. Screw placement in zone 3 resulted in significant 

risk of injury to the TPT. Based on this finding surgeons should consider the necessity 

of placing screws outwith the anterior colliculus. Zhang et al supported the findings of 

this study following CT imaging analysis of 215 ankles191. These findings support a 

move away from DS fixation for medial malleolar fractures.  

 

 

Figure 1.10: Lateral ankle radiograph (A) and sawbone model (B) demonstrating the safe zone (zone 1 
- green) of the medial malleolus. 
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Plate fixation 

Vertical shear fractures are inherently unstable and given the partial articular nature of 

the fracture pattern some authors have reclassified these injury patterns as a ‘pilon 

variant’192. Divergent partially threaded screws have been shown to provide superior 

biomechanical qualities to that of parallel screws193. More recently, antiglide plate 

fixation has been investigated through a series of biomechanical studies. Wegner et al 

compared four fixation groups using synthetic distal tibiae194. Anti-glide plating 

supplemented with bicortical screw fixation perpendicular to the simulated fracture 

was significantly stiffer and able to withstand higher loads to failure than fixation with 

bicortical, parallel unicortical or divergent unicortical screws. Jones et al supported  

these findings when comparing a similar modified construct against traditional 

antiglide plating (without compression screws) and a precontoured medial malleolar 

hook plate195, demonstrating significantly superior stiffness in the modified antiglide 

plating group. Given the relative rarity of these injuries, level-1 prospective 

randomised data is difficult to gather and therefore the majority of conclusions are 

drawn from laboratory studies194-196.  

 

Alternative implants 

Alternative implants including headless compression screws (HCS) have been studied. 

Barnes et al followed up 44 patients managed with HCS fixation over a mean period 

of 35 weeks197. None of the patients developed a non-union or required further surgery 

to remove symptomatic metalwork. Despite this, 23% of patients still described 

discomfort around the screw entry point, despite satisfactory radiographs.  This 
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suggests that patient discomfort following fixation is likely related to the scar tissue 

and may explain why symptoms persist even following elective removal82. Similar 

findings have been published by Bulut et al185 and Tekin et al198, who reported low 

rates of metalwork removal185, 198 but overall no significant difference in patient 

reported outcome185. Bioabsorbable implants have shown promise when compared 

against conventional metallic screws199, 200, with reduction in the requirement for 

metalwork removal, but overall, no difference in time to fracture union or patient 

outcome. There have been previous concerns regarding inflammatory reactions, 

implant fracture and cost. Currently there does not appear to be strong enough 

evidence to support routine use but this represents an area of future research interest.  

 

1.7.3 Posterior malleolus fixation 

The management of posterior malleolar fractures remains controversial201, 202. 

Previously, fragment size has been used to guide the requirement for fixation based on 

cadaveric laboratory studies measuring associated changes in joint contact pressures203, 

204. Some have questioned the validity of this concept201. Ongoing sagittal talar 

displacement is associated with a higher rate of post-traumatic osteoarthritis205, but 

interestingly fragment size is not. CT imaging has changed how surgeons think about 

both fracture morphology and classification, including the impact this has on guiding 

management44, 66, 67. Given the site of tibial attachment of the PITFL, there is evidence 

to suggest that fixation of a large posterior malleolar fracture reduces the necessity for 

syndesmotic stabilisation43, 206, 207. There are currently no high-quality RCTs 

investigating posterior malleolar fixation, although the POSTFIX multicentre trial is 
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ongoing and aims to provide clarity on the potential benefits of internal fixation of 

medium sized fragments (5-25% tibial articular surface) in Weber B-type injuries208. 

Posterior malleolar fractures can be treated with either plate or screw fixation. 

 

Plate fixation 

Plate fixation and in particular the posterolateral approach was popularised by Talbot 

et al209 and later by Tornetta et al210. Plate fixation is felt to offer improved resistance 

to fracture displacement compared with screw fixation (both AP and PA)211. O’Connor 

et al retrospectively compared 27 patients managed with either posterior buttress 

plating or AP screws and found superior post-operative SMFA scores in the plating 

group, but no difference in ankle joint range of motion or radiographic degeneration 

at mid-term follow up212. Verhage et al studied 52 patients managed with posterior 

plating (n=40) or screw fixation (n=12) via a posterolateral approach213. All fractures 

reduced anatomically, and the syndesmosis was deemed to be stable after fixation in 

82% of patients, obviating additional stabilisation. Complications included superficial 

infection (n=1), SN injury (n=2) and radiographic PTOA (n=4), with one patient 

progressing to ankle replacement two years after surgery. Similar complication 

profiles have been described in recent systematic reviews214, 215 and large retrospective 

work69. More significant complications, including major vascular injury resulting in 

trans-tibial amputation have been reported following the posterior plating216. It appears 

that a combined posterolateral approach with posterior plating improves radiographic 

outcomes, including anatomical restoration of the articular surface213, 217, although 

articular reduction may be improved simply during screw fixation with technical 
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modification (Figure 1.11). The lack of data to suggest clinically important superiority 

of posterior plating over screw fixation, combined with the attendant complication 

profile requires future investigation.  

 

Screw fixation 

Screw fixation offers the advantage of smaller incisions, reduced soft-tissue trauma 

and is supported by positive patient reported outcomes218. Screws can be inserted 

either anterior to posterior (AP) or posterior to anterior (PA). AP screws are generally 

introduced through percutaneous incisions with the patient safely positioned supine. 

The fragment is reduced closed through ligamentotaxis, exploiting the posterior 

capsular attachment during ankle dorsiflexion. Additional technical modifications can 

improve articular reduction without the necessity of large incisions (Figure 1.11).  

 

 

Figure 1.11: Posterior malleolar fracture fixation with AP screws following fracture reduction using a 
percutaneously periosteal elevator. 
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However, this minimally invasive approach does not allow direct visualisation 

of fracture reduction or removal of incarcerated fragments. Additionally, screw 

insertion may cause iatrogenic injury to the anterior anatomic structures at the ankle219. 

Similarly, purely percutaneously inserted screws from posterior to anterior (PA) place 

the sural nerve and FHL muscle belly at risk of injury220.  Consequently, some authors 

have reported excellent outcomes with PA screw fixation through a small 

posterolateral approach, with equivalent outcomes to posterior plating217 and improved 

outcomes compared with AP screw fixation221. Kang et al reported positive patient 

reported outcomes in individuals managed with percutaneous partially threaded 

cannulated screw fixation (PA) at six months and one year, when retrospectively 

compared against a group of patients treated conservatively222. However, there was no 

difference in time to union and the significant difference in outcome was not 

maintained after two years.  Current understanding would suggest that not all posterior 

malleolar fractures need fixing and future research is likely to focus on appropriate 

selection of those that do and with this in mind, fragment specific fixation67, 214, 223.  

 

1.7.4 Syndesmosis stabilisation 

Ankle fractures with associated syndesmotic injury occurs in approximately 20% of 

operatively managed cases224. There remains a degree of uncertainty concerning the 

diagnosis and appropriate management of syndesmosis injuries, which continues to 

stimulate debate225-230. Stabilisation can be performed with screw fixation or a 

suspensory device. As previously discussed, a more ‘anatomical’ approach to 

syndesmosis stabilisation by tensioning the PITFL through posterior malleolar fracture 
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fixation, is felt to provide sufficient stability without the need for trans-syndesmotic 

fixation201, 206, 227, 231. Further research in this area is awaited. 

 

Screw fixation 

Screw fixation is currently considered as the ‘gold standard’ for syndesmosis 

stabilisation224. Debate continues regarding optimal screw diameter (3.5mm or 

4.5mm). Biomechanical studies have not consistently demonstrated significant 

differences in load to failure or fibula displacement between the two sizes when tested 

under laboratory conditions232, 233. Once the ligamentous components of the 

syndesmosis have healed, screw breakage is often inevitable. Smaller 3.5mm screws 

are at higher risk of breakage234, although given the dynamic nature of the syndesmosis 

this may in fact improve function235, 236. Larger 4.5mm screws have been shown to 

lead to higher rates of soft-tissue irritation, requiring elective removal237. 

Biomechanical testing has demonstrated greater load to failure during external rotation 

stress testing, when using double screw fixation compared with a single screw238, but 

the clinical significance of this is remains unclear. The number of cortices engaged by 

the screw(s) has been a popular topic of research. A number of biomechanical239 and 

clinical240 studies comparing three or four cortices of fixation have found no difference 

with regards to laboratory tested stability and clinical outcomes, although tricortical 

screw fixation has been shown to provide more ‘dynamic’ fixation and therefore may 

result in less requirement for elective removal241. 

Elective screw removal internationally is dependent on specific hospital 

protocols and occurs in around 50% of cases224. Whilst some authors have not 
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witnessed syndesmosis widening upon elective removal236, 242, others have reported 

unexpectedly high rates of recurrent diastasis and infection, therefore questioning the 

necessity of the secondary procedure243. A recent systematic review by Dingemanns 

et al included two RCTs and nine case-control series comparing syndesmosis screw 

retention and elective removal243. The review concluded by finding no evidence that 

screw removal significantly improved functional outcome compared with retention. 

They hypothesised that the vast majority of retained screws were likely broken and/or 

loose and in some instances patients with retained screws outperformed those who 

underwent elective removal235, 236, 244. Other authors have claimed more explicitly that 

removal of intact retained screws improves patient outcome, but removal of broken or 

loose screws does not and consequently should be avoided245. To reduce the 

requirement for re-operation, bioabsorbable screws have been investigated against 

titanium screws by Sun et al in a prospective RCT246. Both implants provided similar 

mid-term functional outcome, but there was a significantly higher complication rate in 

the bioabsorbable screw group including heterotopic ossification and foreign body 

reaction requiring surgical intervention. Despite the high rate of secondary 

intervention following screw stabilisation, some authors have established a practice of 

‘safe and cost-effective’ removal in the outpatient setting247.  

 

Suspensory device repair 

The syndesmosis is a dynamic joint, permitting fibular rotation and translation. 

Consequently, suspensory devices including suture button repair have been shown to 

recreate the native biomechanics of the syndesmosis, reduce implant breakage, and 
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decrease malreduction225, 248-250. Recently, Raeder at al conducted a prospective 

randomised trial including 97 patients randomised to either suture button (SB) or 

4.5mm quadricortical syndesmosis screw (SS) fixation225. At mid-term follow up, both 

groups reported excellent outcomes according to the AOFAS and OMAS, which were 

both statistically significantly better in the SB group, but not clinically significant with 

only a five-point median difference in the OMAS. Similar differences in functional 

outcome were observed at earlier outcome points including six months, one year and 

two years. Radiographic osteoarthritis was three times higher in the SS compared with 

SB group, which may be an important determinant of function in the longer term. A 

similar trial again conducted by Raeder et al251, randomised 113 patients to SB or SS 

fixation (3.5mm tricortical screw). The authors found no significant difference 

according to the AOFAS, OMAS, MOXFQ, complications or radiographic parameters, 

therefore concluding that SS fixation was in fact a favourable cheaper alternative to 

SB fixation. They hypothesised that the more flexible nature of the smaller diameter 

screw may explain the differences in outcome, compared with the more rigid 4.5mm 

quadricortical SS fixation225. 

 Several systematic reviews have been performed comparing SB and SS 

fixation229, 248, 250. These have suggested that SB repair result in less constrained 

syndesmotic reduction which therefore may permit movement that is more 

physiologically representative of the native joint250 and have a lower rate of re-

intervention for removal229, 248, although soft-tissue irritation from the suture button 

knot continues to be a major indication for unplanned surgery252. Despite the 

differences in rates of implant removal, patient reported is often comparable229. SB 

devices are currently substantially more expensive than SS fixation and further work 
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in this area based on cost-effectiveness analyses is required. The necessity of elective 

removal, dependant on local protocol would be expected to be a confounding factor in 

these calculations.     
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1.8 Limitations of the evidence and directions for research 

Debate regarding the management of each component of the unstable ankle fracture 

continues, for example, screw fixation versus suture button repair of the 

syndesmosis225, 226, 229, 251, 253 and the necessity of posterior malleolar fixation based on 

size and/or fracture morphology43, 68, 208, 213, 254. Whilst these have been acknowledged 

in this introductory chapter, it is beyond the scope of this thesis to address each one. It 

is clear from the literature that there is emphasis on techniques and implants aimed at 

reducing the incidence of complications following fixation, many of which are soft 

tissue in nature. Treatment of lateral and medial malleolar fractures may be addressed 

through minimally invasive techniques and/or approaches to management, which may 

improve patient outcomes. These will be investigated further in this thesis. 

 

1.8.1 Lateral malleolus fixation 

Whilst both conventional non-locking and locking plate fixation provide satisfactory 

stabilisation of the fractured fibula, concerns regarding soft tissue complications have 

encouraged the development of percutaneous intramedullary techniques147-149 and 

implants123-125, 155, 157, 158, 162-164, 255. However, there are limited data on the longer-term 

surveillance of patients treated with intramedullary stabilisation with majority of the 

literature comprised of studies with a maximum follow up duration of 12 months121, 

122, 155, 156, 158, 162, 164. Future research is required to assess longer term patient outcome 

to ensure satisfactory results continue beyond this short-term assessment period. 

Whilst the biomechanical properties of the fibular intramedullary nail have been 

compared with neutralisation plate fixation161, comparisons with locking plate fixation 

are limited to supra-syndesmotic injuries only160. As the intramedullary nail was 
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introduced to overcome some of the management challenges presented by patients 

with poor bone quality, further biomechanical work comparing intramedullary and 

locking plate fixation for common osteoporotic fibular fractures will add to the 

understanding of the implant’s capabilities.  

 

1.8.2 Medial malleolus fixation 

There has been a recent shift away from the philosophy that unstable medial malleolar 

fractures require fixation with two screws to prevent fracture fragment rotation. 

Buckley et al and Mandel et al demonstrated the clinical equivalence of single screw 

fixation in their prospective and retrospective studies respectively180, 181. Hoelsbrekken 

et al advanced this concept further in their prospective RCT182, by comparing the 

outcome of patients treated with or without fixation of a well-reduced medial malleolar 

fracture following fibular stabilisation. This is the only study of its kind to date and 

was limited by the small sample size and lack of pre-operative PROMs. Successful 

union of medial malleolar fractures without the requirement for internal fixation 

addresses three potential operative complications: post-operative infection, damage to 

local structures and removal of symptomatic metalwork, which have all shown to be 

substantial and latterly not necessarily improved following elective removal24, 82, 95, 178, 

179, 197. This treatment concept warrants further research and lends itself well to both 

retrospective cohort and prospective RCT investigation.  



Minimally Invasive Treatment Approaches in the Operative Management of Unstable Ankle Fractures 

Chapter 1. Introduction and literature review 

51 

1.8.3 Thesis aims and hypotheses 

To address the current limitations of the literature, this thesis will aim to: 

1. Investigate the longer-term outcome of patients managed with a fibular 

intramedullary nail, including examination of failed fixation cases in order 

identify procedural refinements that might improve future patient care. 

2. Compare the biomechanical failure properties of the fibular intramedullary nail 

with a locking plate and interfragmentary lag screw construct in a cadaveric 

setting. 

3. Compare the outcome of patients treated with or without internal fixation of a 

well-reduced medial malleolar fracture following fibular stabilisation in both a 

retrospective and prospective setting. 

 

The work in this thesis aims to test to following hypotheses: 

1. Fibular intramedullary nail fixation results in satisfactory patient outcome 

beyond short-term follow up with an acceptable rate of mechanical failure and 

low soft tissue complication rate. 

2. Locking plate and interfragmentary lag screw fixation is superior to fibular 

intramedullary nail fixation when tested to failure in a cadaveric setting.  

3. Internal fixation of well-reduced medial malleolar fractures following fibular 

stabilisation is superior to non-fixation.
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2. PATIENTS AND METHODS 
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2.1 Patients and database construction 

All studies presented in this thesis were performed at the Edinburgh Orthopaedic 

Trauma Unit (EOTU). For each of the planned studies (excluding Chapter 4: cadaveric 

biomechanical study) the following data were collected as a minimum following 

review of electronic healthcare records and where possible, patient consultation: 

patient demographics including age and sex, side injured, mechanism of injury, 

chronic medical co-morbidities, medications, allergies, smoking and alcohol 

consumption, ASA grade and pre-injury functional status including mobility, 

employment and physical activity. The presenting fracture configuration and any 

associated injuries, including open fractures were classified following review of 

records and digitalised radiographs. A summary of the classifications used is found in 

Section 2.2 of this chapter and have previously been discussed in Chapter 1, Section 

1.4. Details of anaesthesia, surgical management, post-operative immobilisation, 

weightbearing restrictions, physiotherapy, complications and subsequent treatments 

including the requirement for further surgical intervention were recorded. The 

prospective nature of the RCT presented in Chapter 6 allowed for additional data to be 

collected. A methodological overview of each study is described below.  

 

2.1.1 Chapter 3. Modes of failure of the fibular intramedullary nail 

Following advice from the South-East Scotland Research Ethics Service, formal 

ethical approval was not required for this study (appendix 1). An existing prospective 

database of surgically managed ankle fractures presenting to the EOTU, between 2002 

and 2016 was used to identify those patients with an unstable ankle fracture that 

underwent fixation with a fibular intramedullary nail. Due to an electronic 
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organisational upgrade including the digitalisation of radiographs, patients between 

2002 and the beginning of 2008 did not have accessible radiographs for comprehensive 

review and were therefore excluded. Patients were further excluded if they lacked 

complete electronic clinic notes and/or radiographs at the following key timepoints: 

time of injury, intra-operative fluoroscopy, two weeks post-operative and six to eight 

weeks post-operative. Patients were contacted for the collection of mid-term outcome 

scores via postal questionnairea, or structured telephone interview for non-responders. 

The primary short-term outcome was mechanical failure requiring revision surgery. 

The primary mid-term outcome was the OMAS256, which has been described in detail 

in Section 2.5. The detailed methodology for this study is found in Chapter 3, Section 

3.4. 

 

2.1.2 Chapter 4. Biomechanical comparison of the fibular intramedullary 
nail versus locking plate and lag screw fixation in the management 
of distal fibula fractures 

Formal ethical approval was not required for this cadaveric biomechanical study. 

Permission was obtained from the head of anatomy at the University of Edinburghb,c. 

Specimens were tested at the local University Orthopaedic engineering department and 

 
a Thank you to Mrs Deborah MacDonald for her help with processing postal questionnaire. 
b Thank you to Professor Gillingwater for permission to use cadaveric specimens supplied by 
the University of Edinburgh anatomy department. 
c I would like to express my gratitude to the donors and their families; without whom this study 
would not have been possible.  
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accompanied by a certified anatomist in possession of a Human Tissue Authority 

(HTA) anatomy licence, both during transportation and mechanical testingd.  

Six matched pairs of cadaveric lower limbs intact from foot to knee joint were 

supplied by the local University anatomy department. They were thawed from -20oC 

to room temperature for 24 hours prior to preparation. Upon thawing the proximal tibia 

was disarticulated from the knee joint at the level of the proximal tibiofibular joint. 

The remaining stages of preparation and testing were initially identical to the technique 

described by Smith et al161, except for the substitution of a 1/3 tubular neutralisation 

plate for a pre-contoured distal fibular locking plate. The technique was modified after 

an initial failure of proximal specimen fixation. This is described as part of the detailed 

study methodology in Chapter 4, Section 4.4.  

 

2.1.3 Chapter 5. Medial malleolar fracture fixation in combination with 
fibular intramedullary nailing: a retrospective review 

Following advice from the South-East Scotland Research Ethics Service, formal 

ethical approval was not required as this study (appendix 1). The same existing 

prospective database of all surgically managed ankle fractures presenting to the EOTU, 

described in Chapter 3 was analysed. The database was further refined by excluding 

patients without an associated medial malleolar fracture. Electronic healthcare records 

and radiographs were analysed to document post-operative complications. Patients 

were contacted for the collection of mid-term outcome scores via postal questionnaire 

 
d Thank you to Mr Iain Campbell, Anatomy manager at the University of Edinburgh for 
supervision of specimens both during transportation and mechanical testing. Thanks also to 
Mrs Laura Shiels for her help with storage and preparation of specimens. 
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or structured telephone interview for non-responders. The primary short-term outcome 

was difference in complications between the two groups. The primary mid-term 

outcome was the OMAS256. The detailed methodology for this study is found in 

Chapter 5, Section 5.4. 

 

2.1.4 Chapter 6. Prospective RCT: MOON trial 

This study was a fully registered prospective randomised, controlled, unblinded, single 

centre trial including patients with unstable fractures of the ankle joint. Ethical 

approval was granted by the South-East Scotland Research Ethics Service (appendix 

2).  The inclusion criteria were adult patients (³16 years) who had sustained a closed, 

isolated unstable (bimalleolar or trimalleolar) fracture of the ankle joint, which 

required surgical fixation. Patients were excluded if they did not have capacity to 

consent to treatment, were unable to comply with follow-up at the study centre over a 

one-year period, had an associated lower limb injury, open fracture, neurovascular 

injury or significant involvement of the distal tibial plafond (‘pilon’ type injury). 

Further exclusion criteria included vertically unstable medial malleolar fractures 

(supination-adduction type injuries) and those patients who either declined or were 

medically unfit for surgery. Patients engaged in a current pharmacological clinical 

study and those patients in which the treating consultant felt that inclusion was not in 

the patient’s best interest were also excluded. The primary outcome was the OMAS256 

recorded one year following surgery (date of randomisation). Secondary outcome 

measures comprised both surgeon and patient reported outcomes, in addition to 

complications. 
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Recruitment to this trial was suspended in February 2020 due to the worldwide SARS-

CoV-2 virus pandemic. Recruitment then re-started on the 15th of June 2020 after 

appropriate authorisations. The final patient was recruited in August 2020, with final 

outcome score data collected at the end of August 2021. Consequently, the results 

presented in this chapter of the thesis include the first 100 participants to complete 

both one-year questionnaire and radiographic follow-up.  

 

Power analysis 

A power calculation was performed by an independent statistician, employed through 

the local University Clinical Research Facilitye. It has been shown that a difference of 

10 points in the OMAS represents the MCID for conditions around the foot and ankle, 

including osteoarthritis256. The multicentre AIM trial by Willet et al5 set a between 

groups equivalence margin of 6 points with respect to the OMAS.  Therefore, to show 

a clinically relevant difference of 10 points in the OMAS at one year between the two 

groups, a power calculation indicated a total sample of 128 participants would be 

required (64 in each group) assuming a common standard deviation (SD) of 20 points, 

80% power and 5% level of significance. To account for loss to follow-up this number 

was increased by 20% to 154 participants (77 in each group). In the event of participant 

cross over between groups, intention to treat (ITT) analyses were to be performed. The 

detailed methodology for this study is found in Chapter 6, Section 6.4.  

 
e Thank you to Dr Cat Graham for help with the power calculation and statistical guidance. 
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2.2 Radiographic classification 

In all studies, the presenting radiographs were reviewed, firstly to confirm injury and 

secondly to classify the fracture. For complex fractures, CT scanning was arranged at 

the discretion of the treating surgeon. Associated injuries identified radiographically 

elsewhere in the body were documented. In relation to the MOON trial (Chapter 6), 

patients with injuries that might have impacted on rehabilitation including significant 

lower limb or spinal injuries were excluded at the first point of clinical assessment.  

 Detailed radiographic assessment was performed using calibrated digitalised 

radiographs viewed on the Picture Archiving and Communication System (PACS, 

Rochester, NY: Carestream Health, Inc). Classification of fractures and detailed 

measurements were performed by me and two other senior orthopaedic registrarsf . 

The assistance of other individuals in this situation is acknowledged in each chapter.  

 

2.2.1 Ankle fractures 

Standard AP and lateral radiographs of the ankle joint from the time of injury and post-

reduction were used to classify all injuries. It was important to use both as the post-

reduction radiograph, in plaster was frequently more useful for classification and 

measurement of an associated fracture of the posterior malleolus than the radiograph 

at the time of injury. The same was true for medial malleolus fracture classification. 

Fractures were classified according to the Lauge-Hansen56 system in all studies 

 
f Thank you to Mr Samuel Mackenzie and Miss Katrina Bell for assistance with radiographic 
classification and measurements. 



Minimally Invasive Treatment Approaches in the Operative Management of Unstable Ankle Fractures 

Chapter 2. Patients and methods 

59 

(Chapter 1, Section 1.4; Table 1.1). In the MOON trial (Chapter 6), the AO/OTA52 

fracture classification was also included (Chapter 1, Section 1.4; Figure 1.8). 

 

2.2.2 Fibular nail construct assessment 

Intraoperative and postoperative radiographs were assessed for adequacy of fracture 

reduction and implant position in Chapter 3. Reduction quality was assessed using the 

criteria described by Burwell and Charnley257, and described as either ‘anatomical’, 

‘fair’ or ‘poor’. The accuracy of the measurements was improved by first calibrating 

against the known major diameter of the cortical locking screws (3.5mm). Assessment 

of the fibular nail construct included measurement of nail length, width, number of 

distal locking screws (DLS) and number of proximal locking screws (PLS). The length 

of the PLS was also recorded, as was the distance from the centre of the most inferior 

PLS to the articular margin of the tibial plafond (Figure 2.1).  

 

Figure 2.1: Radiographic assessment of the fibular intramedullary nail construct. 
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2.2.3 Medial malleolar fractures 

Standard AP and lateral pre-operative radiographs were used to classify all medial 

malleolar fractures using the Herscovici classification60 (Chapter 1, Section 1.4; Figure 

1.9). For patients to be eligible for randomisation in the MOON trial (Chapter 6) their 

associated medial malleolar fracture required to be well reduced following fibular 

stabilisation. Based on the findings from previous studies169, 182, fracture reduction was 

considered acceptable within two millimetres of an anatomical position when assessed 

using AP fluoroscopy with the ankle in neutral flexion. In Chapter 6 (MOON trial) a 

non-union was defined as localised pain with radiographic changes consistent with 

non-union at the 12-month assessment point. A pseudoarthrosis was used to describe 

the same radiographic features, but without localised pain, as per Frölke et al104.  
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2.3 Surgical techniques 

2.3.1 Fibular intramedullary nailing 

The Acumed Fibula Rod (Hillsboro, Oregon, USA) was used in all cases that involved 

intramedullary stabilisation of the fibula. This device is a solid titanium implant 

available in two diameters (3mm and 3.6mm) and three lengths (110mm, 145mm and 

180mm). Where possible, the wider nail was used with a length that allowed passage 

of the nail at least 20mm beyond the fracture. In younger patients the diameter of the 

fibular diaphysis can limit access for the wider nail and a 3mm diameter was selected 

to reduce the risk of periprosthetic fracture during impaction. 

Although the technique can be modified at various stages to help reduce the 

fibular fracture and improve implant position, the overall technique followed a series 

of key steps. A smooth 1.6mm guide wire was initially placed at the fibular tip and 

visualised using both anteroposterior and lateral intra-operative fluoroscopy. The wire 

was advanced approximately 20mm under fluoroscopic guidance. An opening power 

reamer was then passed over the Kirschner wire to open up the distal fibula. T-handled 

reamers of increasing size were then passed across the fracture site and into the 

proximal fragment. The smaller reamer (3.1mm) allowed passage of the smaller nail 

(3.0mm), whereas the larger reamer (3.7mm) allowed passage of the 3.6mm nail. An 

appropriately sized nail between 110mm and 185mm was then inserted using the jig 

until the distal end of the nail was flush with the fibular tip. In most cases the insertion 

of the nail indirectly reduced the fibular fracture. The jig was then externally rotated 

by 30 degrees from the horizontal to allow for some internal rotation of the distal 

fragment during fracture reduction and permit anatomical placement of the trans-

syndesmotic screw (fibula-pro-tibia). The nail was first locked distally with either one 
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or two 3.5mm DLS(s) inserted through the targeted guide in an anterior to posterior 

direction, with care taken to abut, but not penetrate the posterior cortex of the fibula, 

reducing the risk of peroneal tendon irritation. Restoration of fibular length and 

rotation was achieved by back slapping the nail once it had been locked distally whilst 

applying controlled rotatory refinements. The final construct was then secured by 

inserting either one or two PLS(s) using the targeted guide from a lateral to medial 

direction. The PLS(s) passed across the syndesmosis are routinely inserted regardless 

of whether a syndesmotic diastasis was present or not. The selection of nail length, 

nail width, number of DLS and PLS was left to the discretion of the operating surgeon 

and was dictated by the fracture morphology and anatomy of the fibula. 

 

2.3.2 Fibular plating 

The pragmatic nature of the MOON trial presented in Chapter 6 allowed the surgeon 

to select the technique of fibular fracture fixation. Where open reduction and internal 

fixation was performed, the majority of cases utilised a 1/3 tubular plate, supplemented 

by an interfragmentary lag screw. In this technique, a standard approach to the distal 

fibula was taken through skin and subcutaneous fat, with care taken not to injure the 

SPN. Sharp dissection down to the level of the fracture allowed the fracture site to be 

visualised and cleared of periosteum and haematoma. Where possible the fracture was 

reduced and help with reduction forceps. An appropriately sized interfragmentary 

3.5mm cortical lag screw was then inserted after preparing the near cortex with a 

3.5mm drill and the far cortex with a 2.5mm drill. A 1/3 tubular plate of appropriate 

length was used in neutralisation mode and secured with proximal bicortical screws 

and distal cancellous screws. The stability of the syndesmosis was then assessed with 
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either an external rotation test or via attempted manual translation of the fibula, whilst 

evaluating the joint fluoroscopically. In the case of osteoporotic bone, a pre-contoured 

distal fibular locking plate, with or without interfragmentary lag screw fixation was 

used in a small number of cases in Chapter 6. The technique was similar to that 

described for the 1/3 tubular plate fixation, except for the substitution of plate type and 

locking screws distally. Locking plates were used in the biomechanical study outlined 

in Chapter 4 and followed the same surgical principles.  

 

2.3.3 Medial malleolar fracture fixation 

The technique for fixation of an associated medial malleolar fracture was left to the 

discretion of the treating surgeon in Chapters 3, 5 and 6. Generally, the fracture was 

approached through a direct medial incision, based over the malleolar tip. Superficial 

dissection through skin and then careful dissection through subcutaneous fat allowed 

identification and protection of the long saphenous vein. The fracture site was then 

identified and cleared of both haematoma and any infolding periosteum. The fracture 

was reduced with pointed reduction forceps and fixed with either one or two partially 

threaded cancellous screws in most cases. In some instances, where the malleolar 

fragment was comminuted or the fragment size precluded the safe insertion of a screw, 

a TBW construct was used. 

 

2.3.4 Posterior malleolar fracture fixation 

Fixation of an associated posterior malleolar fracture was left to the discretion of the 

treating surgeon in Chapters 3, 5 and 6. In the vast majority of cases, an associated 
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fracture was fixed if it contributed to posterior talar instability either demonstrated at 

the time of injury or when stressed intra-operatively. Fixation was achieved with either 

AP cancellous screws or posterior tibial buttress plating. In some instances, cannulated 

screws were inserted after over-drilling temporary guidewires, which had the 

advantage of improved temporary fracture reduction and control over screw placement. 

Posterior buttress plating was performed through a standard posterolateral approach, 

exploiting the internervous plane between flexor hallicus longus (tibial nerve) and the 

peroneal compartment (SPN).  
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2.4 Post-operative management 

2.4.1 Immobilisation 

The default immobilisation device in the EOTU was a removable orthosis, especially 

for those patients included in Chapter 6. This was routinely fitted by a physiotherapist 

in the immediate post-operative period. In select cases where the bone quality was 

poor or the patient was not compliant with weightbearing restrictions, a plaster was 

applied. Plaster casts were historically routinely applied in our service, but with a 

greater understanding of the benefits of early weightbearing in removal orthoses this 

practice now applies only to select cases79, 81, 258-262. 

 

2.4.2 Weightbearing status 

The default weightbearing status in the EOTU was for full immediate weightbearing 

after surgery, especially for those patients included in Chapter 6. This was based on 

mounting evidence of the benefits of this intervention79, 81, 258-262. Indications for non-

weightbearing included a confirmed radiographic syndesmosis injury, history of 

peripheral neuropathy, poor patient compliance or in select situations where the 

treating surgeon felt that non-weightbearing would be in that particular patient’s best 

interest. In this situation the patient was advised against weightbearing for between six 

and eight weeks.  

  

2.4.3 Metalwork removal 

Metalwork was not routinely removed following ankle fracture surgery in the EOTU 

unless specifically requested by the patient due to ongoing well-localised symptoms. 
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2.5 Outcome measures 

2.5.1 Patient reported outcome measures (PROMs) 

The primary PROM used throughout this thesis was the OMAS256. Other outcome 

measures used included the Manchester-Oxford Foot Questionnaire (MOXFQ)263 and 

the EuroQol-5D (EQ-5D)264.  

PROMs have several potential benefits, predominantly the shift of focus away 

from surgeon to patient assessment of outcome. It is possible to collect PROMs 

remotely, allowing repeated collection of surveillance outcome data during a clinical 

trial, without the requirement for regular outpatient review. This may have logistical 

and financial benefits for both the patient and research department. One potential 

drawback of using PROMs is the reliance on the patient to first be able to read the 

questions, understand what is asked of them and then be able to accurately select which 

option is relevant to them. Indeed, some authors have suggested that the typical 

readability of written PROMs are up to seven years above that of the average adult 

literacy in the UK265. Allowing a family member or friend to help them complete the 

PROMs may represent ‘proxy respondent bias’ and must be considered266. Details of 

each outcome measure, including the limitations are discussed below. 

 

Olerud Molander Ankle Score  

The OMAS256 was developed for the evaluation of patient symptoms following ankle 

fracture (Figure 2.2). It has been retrospectively well validated71, 72, 267, translated into 

a number of languages268, 269 and is the focus of a number of current large multicentre 

lower limb trauma trials5, 9, 270.  This outcome tool includes nine questions: the first 



Minimally Invasive Treatment Approaches in the Operative Management of Unstable Ankle Fractures 

Chapter 2. Patients and methods 

67 

three focus on primary complaints (pain, stiffness, swelling), the middle four focus on 

patient function (stair climbing, running, jumping, squatting), and the final two 

questions focus on the impact on everyday life (mobility and current level of 

employment/activity). A final score is awarded from 0-100 with 100 representing the 

best possible outcome. When the score was developed in 1984, the authors correlated 

the final score with an outcome category: 0-30 (poor); 31-60 (fair); 61-90 (good); 91-

100 (excellent). A recent study by Garratt et al271 found the OMAS to have acceptable 

levels of internal consistency, test-retest reliability and correlated strongly with other 

lower limb injury outcome scoring systems and measures of general health, including 

the EQ-5D. Whilst the OMAS focuses primarily on physical limitations, it fails to 

measure the impact of ankle trauma on mental/emotional well-being, i.e., it has poor 

psychometric qualities272, which makes collection of a general health outcome data, 

such as the EQ-5D all the more important.  
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Figure 2.2: The Olerud Molander Ankle Score (OMAS). 
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Manchester-Oxford Foot Questionnaire 

The MOXFQ263 is a validated assessment tool for foot and ankle surgery (Figure 

2.3)263, 273-275. It includes 16 questions, divided into three subscales: walking/standing 

(seven items), pain (five items) and social interaction (four items). Each question is 

scored from 0-4 with 0 indicating the best outcome. The overall score out of 64 is then 

converted to a metric score out of 100 (MOXFQ-Index), where 100 denotes the worst 

score. The MCID has been defined as a change of 13 points for each of the three 

domains274. The MOXFQ has since been used in other foot and ankle trauma studies, 

and found to have superior responsiveness when compared to the American 

Orthopaedic Foot and Ankle Society (AOFAS) score275 and Self-Reported Foot and 

Ankle Outcome Score (SEFAS)276. It has also been found to correlate well with 

general heath outcome measures including the EQ-5D277. This allows for direct 

assessment and comparison of global foot and ankle outcome rather than the individual 

domains and has been statistically validated278. The main drawback of the MOXFQ is 

the absence of the word ‘ankle’ in the questions, which currently asks questions 

pertaining to the ‘foot’. It was therefore essential to instruct patients when completing 

this PROM to answer based on their current assessment of their foot-ankle as a single 

unit. As with the OMAS, none of the questions directly assess mental health, which 

may be a significant determinant of outcome, particularly pain.  
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Figure 2.3: The Manchester-Oxford Foot Questionnaire (MOXFQ). 
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EuroQol-5D 

The EQ-5D264 is a widely used multi-attribute utility instrument (MAUI). It is a 

valuable tool in the assessment of health-related quality of life (HrQOL), and provides 

an overall score between -0.59 and +1, where 0 is equal to the state of death and +1 

indicates the best possible outcome (Figure 2.4). The three-level (3L) version of the 

EQ-5D was used and comprises five dimensions: mobility, self-care, usual activities, 

pain/discomfort and anxiety/depression. A supplementary step in completion of the 

EQ-5D allows the patient to subjectively record an overall assessment of their general 

health using a visual analogue scale graded between 0-100, with 100 indicating the 

best possible health. The EQ-5D is quick to complete and unlike the OMAS and 

MOXFQ, includes a brief assessment of the individual’s current mental health.  
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Figure 2.4: The EuroQol-5D-3L (EQ-5D) score. 
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2.5.2 Subjective outcome measures  

Subjective outcome measures have been used throughout this thesis, but mainly in 

Chapter 6 and included general health and pain. Where appropriate, patient return to 

function (employment and physical activity), in weeks was recorded.  

 

2.5.3 Patient reported experience measures (PREMs) 

PREMs are used to collect data on patients’  views of their experience whilst 

receiving treatment. They do not reflect the outcome of care, but the process of 

receiving care279. Whilst several validated PREM questionnaires have been recently 

developed, to prevent over burdening patients, overall satisfaction with the process of 

care was used as the only PREM in this thesis. Patients were asked to award of score 

between 0-100, with 100 indicating ‘extremely satisfied’. Although patient satisfaction 

is frequently used as an assessment tool in clinical studies and by healthcare policy 

makers, it is often difficult to distinguish between satisfaction with the process of care 

and satisfaction with the overall treatment outcome. It must be remembered that 

satisfaction can be significantly affected by a number of factors, including but not 

limited to pre-operative expectations, pain relief, staff communication and patient 

mental health status280, 281.  
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3. INVESTIGATING MODES OF FAILURE OF THE 
FIBULAR INTRAMEDULLARY NAIL 

Material from this chapter has been published in the Journal of Orthopaedic Trauma 

(JOT) in 2019282, appendix 5. 

Carter TH, Mackenzie SP, Bell KR, Bugler KE, MacDonald D, Duckworth AD, et al. 

Optimizing Long-Term Outcomes and Avoiding Failure With the Fibula 

Intramedullary Nail. J Orthop Trauma. 2019;33(4):189-95. 
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3.1 Aims and Hypothesis 

The aim of this chapter was to retrospectively review both the short and mid-term 

outcome of patients presenting with acute ankle fractures who underwent fibular 

intramedullary nail stabilisation within a single orthopaedic trauma service.  

 The hypothesis was that given the intramedullary nature of the device, the 

fibular nail provides satisfactory stability with an acceptable rate of mechanical failure 

and longer-term patient reported outcome.  
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3.2 Chapter Summary 

Review of a single-centre prospective trauma database identified all patients managed 

over an eight-year period with a fibular intramedullary nail. The mean age of the 342 

patients included was 64.6 years (range, 21-96; SD, 17.1) and there were 251 women 

(73.4%). The most common mechanism of injury was a fall from standing height 

(n=302, 88.3%). There were 21 open fractures (6.1%) and 60 patients (17.5%) had a 

syndesmosis injury. The primary short-term outcome was mechanical failure requiring 

revision. The primary mid-term outcome was the OMAS. 

 Twenty cases (5.8%) required revision due to mechanical failure at a mean 

interval of 3.5 weeks between index procedure and revision. Thirteen (3.8%) were due 

to surgeon error and seven (2.0%) were due to device failure. Eight cases of surgeon 

error resulted in a recurrence of syndesmotic diastasis (n=8). Five failures (1.5%) 

occurred due to inadequate fracture reduction and/or poor technical execution. Seven 

device failures (2.0%) occurred due to failure of the PLS. Positioning the PLS >20mm 

above the plafond was significantly associated with an increased risk of mechanical 

failure (p=0.003). A further 16 patients (4.7%) required re-operation due to lateral 

sided metalwork irritation or infection control. At a mean follow up of 5.1 years (range, 

0.7-8.4) the median OMAS was 80/100. Mechanical failure resulted in poorer 

outcomes in general and significantly so in respect of the OMAS (p=0.045). 

 This chapter explored risk factors for mechanical failure of the fibular 

intramedullary nail and has identified procedural refinements to reduce the incidence 

of future failure. These include performing a dynamic stress test of the syndesmosis, 

inserting two PLSs in cases of confirmed syndesmosis injury and/or poor bone quality, 
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exploiting the denser subchondral bone within 20mm of the tibial plafond, and 

engagement of the fibular nail itself with the PLS head when the lateral fibular cortex 

provides insufficient purchase. Clinical and biomechanical comparisons with other 

implants such as locking plates may provide further evidence for the efficacy of the 

intramedullary nail.    
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3.3 Chapter Introduction 

Open reduction and internal fixation (ORIF) of unstable ankle fractures is the most 

common surgical strategy for their management globally. Over the last two decades 

an increasing use of the fibular intramedullary nail has been observed within the 

EOTU; a pattern which has resonated within the recent literature.  The fibular 

intramedullary nail is supported by retrospective121, 122, 125, 126, 156, 159, 164, 255, 283, 

prospective RCT162, 163 and biomechanical data160, 161. Whilst the device was reserved 

for the management of ankle fractures in elderly patients based on the results from the 

prospective RCT by White et al162, with added familiarity, the indications have been 

expanded to now include younger, more active patients. With increasing practice and 

knowledge of the implant capabilities, an evolution of the design and surgical 

technique has been witnessed in the EOTU, progressing from a fully unlocked to a 

locked, length stable construct with improved rotational control (Figure 3.1).  

 With the development of any implant and/or surgical technique, the reporting 

of fixation failures and patient outcome is essential to allow greater understanding and 

further refinement. This chapter investigates the short and mid-term outcome of 

unstable ankle fractures managed with fibular intramedullary nail fixation. The 

incidence of failure, in addition to the modes and risk factors are presented. Finally, 

patient reported outcome at mid-term follow up is evaluated. 
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Figure 3.1: The evolution of the fibular intramedullary nail technique. 
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3.4 Patients and Methods 

3.4.1 Patients and database construction 

A retrospective analysis of a prospectively collected single centre trauma database, 

described in Chapter 2, Section 2.1, containing 362 cases was performed. Patients were 

excluded if they lacked a minimum of six weeks post-operative radiographic follow 

up (n=20). This identified a study cohort of 342 fractures in 342 patients, who were 

managed according to the surgical principles described in the paper by Bugler et al 

(2012)124 and outlined in Chapter 2, Section 2.3. Electronic patient records were 

assessed for demographics, injury characteristics, operative data, complications 

including mechanical failure, subsequent treatments and/or procedures. The patient 

selection and outcome process are summarised in Figure 3.2. 

 

Figure 3.2: Flowchart that demonstrates the patient selection and outcome process. 
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3.4.2 Radiographic classification 

Ankle fractures were classified according to the Lauge-Hansen56 system (Chapter 1, 

Section 1.4; Table 1.1). Assessment was made of both the quality of reduction and the 

fibular nail construct itself (Chapter 2, Section 2.2). Post-operative radiographs were 

evaluated for talar malreduction and fixation failure requiring revision surgery, by two 

authors (THC and TOW)g. Failures were divided into two categories: surgical error or 

device failure. Surgical errors were subdivided into inadequate reduction/poor nail 

insertion technique, or the failure to prescribe or maintain post-operative protection of 

a syndesmotic injury. A failure was attributed to the device if it occurred following 

appropriate operative technique and satisfactory post-operative management. Device 

failures were subdivided into the location at which the construct had failed: the 

intramedullary nail, DLS(s), or PLS(s).  

 

3.4.3 Surgical management 

Patient care was supervised by a total of twelve fellowship trained orthopaedic trauma 

consultants and the surgical procedures were performed by 52 surgeons of mixed grade 

from junior registrar to senior consultant level. The technique for fibular 

intramedullary nailing has been described in Chapter 2, Section 2.3. Post-operative 

management followed the principles outlined in Chapter 2, Section 2.4. 

 

 
g Thank you to Mr Tim White for assistance with the assessment of radiographs. 
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3.4.4 Outcome assessment 

Short-term outcome 

All patients underwent short-term follow up at the study centre, including a minimum 

of a two week and a six to eight week post-operative outpatient review. The primary 

short-term outcome was failure defined as any case that required revision surgery due 

to an inadequate mechanical construct. Complications including re-operation for the 

removal of symptomatic metalwork and/or for the treatment of infection were 

recorded.   

An AP and lateral radiograph of the ankle joint was performed to assess for fixation 

failure, metalwork position and to monitor fracture union. For those patients making 

satisfactory progress at the six to eight week review appointment, it was not 

uncommon for patients to be discharged even if radiographic union was not established. 

Patients were provided with contact information to arrange further outpatient review 

in the event of complications and/or concerns.  

 

Mid-term outcome 

Mid-term outcome was primarily collected via postal questionnaireh, followed by a 

structured telephone review for non-respondersi. Two validated lower limb PROMs 

were collected: the OMAS256 and the MOXFQ263. The EQ-5D264 was used as a marker 

 
h  Thank you to Mrs Deborah MacDonald, database and clinical research manager at the 
University of Edinburgh, for assistance with sending and processing postal questionnaires. 
i Thank you to Mr Marcus Hollyer and Miss Emma Gill, medical students at the University of 
Edinburgh, for assistance with data collection. 
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of general health status. Patients were asked to complete a health and pain VAS, in 

addition to rating their overall satisfaction with treatment. Each outcome measure has 

been discussed in Chapter 2, Section 2.5. 

 If the patient was in employment and/or engaged in physical activity before 

their injury they were asked to record the number of weeks, it took them following 

surgery to return. Finally, patients were asked to provide details regarding subsequent 

surgery as a result of a persistent problem following their surgery or injury. 

 

3.4.5 Statistical analysis 

Data analysis was performed using IBM SPSS software version 23.0 (Armonk, NY: 

IBM Corp). Data normality was assessed using the Shapiro-Wilk test. Student’s 

unpaired t-test was used to analyse parametric continuous data and the Mann-Whitney 

test was used for continuous data that did not follow a normal distribution. Categorical 

binary data including surgical construct parameters (i.e., nail length and number of 

locking screws) were analysed using either the chi-square test (all observed 

frequencies in each cell >5) or the Fisher’s exact test (one cell had observed frequency 

of ≤5). Spearman correlation was used to measure the strength of association between 

two continuous variables. Two-tailed p-values were reported and a p-value of <0.05 

was considered significant. 
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3.5 Results 

3.5.1 Patient demographics and injury characteristics 

The mean age of the 342 patients was 64.6 years (range, 21-96; SD, 17.1; Table 3.1). 

There were 251 women (73.4%) and 91 men (26.6%). The median number of 

comorbidities per patient was 3 (IQR, 2-5), with diabetes mellitus being the most 

common (17.5% of cohort). Obesity defined by a BMI of  ³30 kg/m2 was present in 

13.2% of the study cohort. Twenty-one patients (6.1%) had confirmed osteoporosis at 

the time of injury and were taking prescribed pharmacological treatment. The majority 

of patients (74.3%) took regular medications with a median number of medications 

per patient of 4 (IQR, 2-7). One quarter (24.9%) of patients were smokers at the time 

of injury and 7.3% (n=25) drank alcohol in excess of recommended limits, defined as 

>14 units/week. Over half of the patients (54.1%) were classified as an ASA grade 2. 

The majority (75.4%) were independently mobile and 60.5% were retired. 

The right ankle was injured in 56.7% (n=194) of cases (Table 3.2). Twenty-six 

fractures (7.6%) were sustained through a high energy injury mechanism. The most 

common mechanism of injury was a fall from standing height (n=302, 88.3%).  There 

were 21 open fractures (6.1%) and a syndesmotic injury was present in 60 cases 

(17.5%). According to the Lauge-Hansen classification there were 270 (78.9%) 

supination-external rotation (SER) type fractures, 46 (13.4%) pronation-abduction 

(PAB) fractures, 19 (5.6%) pronation-external rotation (PER) fractures and seven 

(2.1%) supination-adduction (SAD) fractures. An associated medial malleolar and 

posterior malleolar fracture were present in 73% (n=248) and 43% (n=146) of cases 

respectively. 
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(n/% unless otherwise stated) Total Cohort (n=342) 

Mean age (range; SD) 64.6 (21-96, 17.1) 

Sex  

- Man 91 (26.6) 

- Woman 251 (73.4) 

Median comorbidities (IQR) 3 (1-4) 

- Diabetes 61 (17.5) 

- Insulin dependent diabetes 25 (7.3) 

- Immunosuppression 10 (2.9) 

- Steroid use 14 (3.8) 

- Renal impairment 29 (8.5) 

- Peripheral neuropathy 20 (5.9) 

- Ischaemic heart disease 51 (14.9) 

- Obesity (BMI 30+) 45 (13.2) 

- Osteoporosis 21 (6.1) 

Regular medication 254 (74.3) 

Median number of medications 
(IQR) 

4 (2-7) 

Smoker 85 (24.9) 

Alcohol excess (>14 units/week) 25 (7.3) 

ASA grade  

- 1 55 (16.1) 

- 2 185 (54.1) 

- 3 91 (26.6) 

- 4 11 (3.2) 

Pre-injury mobility status  

- Independent 258 (75.4) 

- Walking stick or frame 79 (23.1) 

                                 - Wheelchair 5 (1.5) 

Pre-injury employment status  

- Employed 105 (30.7) 

- Unemployed 30 (8.8) 

- Retired 207 (60.5) 

Table 3.1: Patient demographics. 
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(n/% unless otherwise stated) Total Cohort (n=342) 

Side of injury  

- Right 194 (56.7) 

- Left 148 (43.3) 

High energy injury mechanism 26 (7.6) 

Mechanism of injury  

- Fall from standing height 302 (88.3) 

- Fall from height 19 (5.6) 

- Assault 2 (0.6) 

- Sport 6 (1.8) 

- Road traffic accident 8 (2.2) 

- Other 5 (1.5) 

Open fracture 21 (6.1) 

Lauge-Hansen classification  

- SER 270 (78.9) 

- PAB 46 (13.4) 

- PER 19 (5.6) 

- SAD 7 (2.1) 

Syndesmosis diastasis 60 (17.5) 

Associated medial malleolar fracture 248 (72.5) 

Associated posterior malleolar fracture  146 (42.7) 

Table 3.2: Injury characteristics. 
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3.5.2 Surgical management 

Surgery was performed under image intensifier guidance according to the technique 

outlined in Chapter 2, Section 2.3. An anatomical or fair fracture reduction was 

achieved with the fibular intramedullary nail in 330 cases (96.5%); in 148 cases 

(43.3%) the reduction was anatomical and in 182 cases the reduction was fair (53.2%) 

according to the criteria described by Burwell and Charnley (Chapter 2, Section 2.2). 

Twelve cases (3.5%) were classified as a poor reduction and of these two cases 

required revision surgery for mechanical failure and are included in Table 3.4. Further 

peri-operative data including grade of surgeon, post-operative immobilisation and 

weightbearing status are presented in Table 3.3 

 

(n/% unless otherwise stated) Total Cohort (n=342) 

Grade of surgeon  

- Consultant 73 (21.3) 

- Fellow 25 (7.4) 

- Registrar 244 (71.3) 

Post-operative immobilisation  

- Plaster cast 183 (53.5) 

- Removable orthosis 159 (46.5) 

Post-operative weightbearing status  

- Full 187 (54.7) 

- Partial 50 (14.6) 

- Non 105 (30.7) 

Table 3.3: Peri-operative data. 
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3.5.3 Short-term outcome 

Mechanical construct failure 

Mean short-term follow up was six months (range, 6 weeks–7 years). Twenty cases 

(5.8%) required revision surgery due to mechanical failure of the fibular 

intramedullary nail construct (Table 3.4). Of these failures, 13 (3.8%) were due to 

‘surgeon error’ and seven (2.0%) were due to ‘device failure’. All failures occurred 

within 12 weeks of surgery, with a mean period of 3.5 weeks from index procedure to 

revision. The mean patient age in this group was lower than that of the total cohort at 

62.0 years (range, 24-93 years; SD, 15.0). The median number of comorbidities was 

equal with three comorbidities per patient in both the failure and non-failure groups. 

There was a comparable incidence of specific medical comorbidities in the failures 

group compared with the total cohort, including diabetes (n=3, 15%), obesity (n=2, 

10%), renal impairment (n=1, 5%) and peripheral neuropathy (n=1, 5%).  

 The majority of cases of ‘surgeon error’ were secondary to either inadequate 

identification or protection of the syndesmosis leading to recurrence of syndesmotic 

diastasis, which occurred in eight cases (40% of failures; patient 1-8 in Table 3.4) and 

resulted in a post-operative radiographic diastasis (Figure 3.3). Seven of the eight cases 

were revised to reduce the syndesmosis and secure with the addition of a second PLS, 

which was inserted either through the alignment jig or freehand if there was concern 

about the screw being inserted too close to the articular margin of the tibiotalar joint.  
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Case Age Injury Description of failure Revision procedure(s) 

Surgeon error: inadequate identification or protection of a syndesmosis injury 

1 56 SER Recurrence of syndesmotic diastasis Addition of 2nd PLS 

2 87 PAB Recurrence of syndesmotic diastasis Addition of 2nd PLS 

3 24 PER Recurrence of syndesmotic diastasis Addition of 2nd PLS 

4 40 SER Recurrence of syndesmotic diastasis Addition of 2nd PLS 

5 54 SER Recurrence of syndesmotic diastasis Addition of 2nd PLS 

6 54 SER Recurrence of syndesmotic diastasis Conversion to plate and screws 
with 3x trans-syndesmotic screws 

7 37 PAB Recurrence of syndesmotic diastasis Addition of 2nd PLS 

8 48 PAB Recurrence of syndesmotic diastasis Addition of 2nd PLS 

Surgeon error: fracture malreduction or poor nail insertion technique 

9 63 SER Failure to engage distal fragment Conversion to plates and screws 

10 60 SER Failure to engage distal fragment Circular frame fixation  

11 78 SER Inadequate talar reduction Conversion to plate and screws 

12 61 SER Inadequate talar reduction Conversion to plate and screws 

13 56 PAB Inadequate talar reduction Nail revision with two PLS 

Device failure: all PLS related 

14 93 SER PLS back out Addition of 2nd PLS 

15 74 SER PLS back out Addition of 2nd PLS 

16 86 PAB PLS back out Addition of 2nd PLS 

17 60 PAB PLS back out Conversion to Steinman pins + 
cast 

18 68 SER PLS back out PLS re-tightened to engage nail 

19 66 SER PLS back out Conversion to plate and screws 

20 72 SER PLS back out Further failure with conversion to 
DC plate and screws 

Table 3.4: A summary of mechanical construct failures.  
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Figure 3.3: Post-operative diastasis requiring revision surgery. 

  

Poor intra-operative technique resulted in mechanical failure in a further five 

cases (25% of failures group). In two cases the fibula was poorly reduced, resulting in 

no engagement of the distal fragment with the intramedullary nail, followed by 

subsequent catastrophic failure (Figure 3.4). One of these cases ultimately required the 

application of a circular frame to achieve stability and union. In the other three cases 

the talus had not been adequately reduced, with two cases requiring early revision to 

conventional plate and screw fixation. The fifth case was revised by simply inserting 

a second PLS to facilitate talar reduction through medialisation of the fibula. 
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Figure 3.4: Poor fracture reduction with missed distal fragment resulting in early failure. 

 

 Seven failures occurred due to device failure, all of which occurred at the 

interface between the intramedullary nail and the PLS. Backout of this screw with 

resultant loss of control of the distal fragment and subsequent talar displacement was 

the most common mode of failure related to the device itself (Figure 3.5). The mean 

age in this cohort of seven patients was 10 years older than the mean age of the total 

cohort at 74.1 years (range, 67-93; SD, 12.0). The radiographic bone quality was 

poorer in this group with evidence of osteopenia; three of the seven patients were on 

pharmacological treatment for osteoporosis. In this situation, the PLS had been left 

abutting the lateral cortex of the fibula, but given the poor bone quality, the screw head 

had lost cortical purchase and subsequently loosened over time. Four of these cases 

were salvaged by inserting a second PLS to supplement the construct. In one case the 

current PLS was simply reinserted in the more proximal hole and tightened to fully 

engage the nail itself (Figure 3.5). There were no cases of nail fracture or DLS failure. 
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Figure 3.5: PLS failure resulting in revision surgery. 

 

Risk factors for construct failure  

Variables were assessed for their association with construct failure and are presented 

in Table 3.5. Statistically significant injury factors included the presence of a 

syndesmotic injury (p=0.006) and a PAB type injury (p=0.035). Finally, placement of 

the PLS was important to the success of the operation, whereby insertion >20mm 

above the level of the plafond, in the distal tibial metaphysis was strongly associated 

with increased risk of failure (p=0.003). The number of PLS, DLS, length of screws 

and length and width of intramedullary nail were not associated with construct failure 

(all p>0.05; Table 3.5). Despite older patients in general having poorer bone quality, 

increasing age was not associated with risk of failure (p=0.627).   
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Variable p-value 

Patient factors  

- Sex 0.718a 

- Age at surgery 0.627b 

Injury factors  

- Associated syndesmotic injury 0.006*a 

- Pronation-Abduction (PAB) injury 0.035*a 

- Absence of associated posterior malleolar fracture fixation 0.262a 

- Absence of associated medial malleolar fracture fixation 0.197a 

Implant/construct factors   

- PLS sited >20mm above the plafond 0.003*a 

- Number of PLS (1 or 2) 0.831a 

 - Length of PLS (30-65mm) 0.337b 

- Number of DLS (1 or 2) 0.367a 

- Length of DLS (14-20mm) 0.442b 

- Fibular nail length (110mm, 145mm, 180mm) 0.141a 

Table 3.5: Factors associated with construct failure. (* statistical significance reached, a Chi-squared 
test, b Student’s unpaired t-test). 

 

Soft-tissue complications 

Thirteen patients (3.8%) not included in the cohort of 20 failed cases required further 

surgery for removal of symptomatic metalwork; removal of nail and all locking screws 

(n=5, 1.5%), PLS alone (n=5, 1.5%) and DLS alone (n=3, 0.9%). The incidence of 

lateral sided infection was 3.2% (n=11). These cases were managed with oral 

antibiotics alone (n=6), intravenous antibiotics alone (n=2) or implant removal 

supplemented by intravenous antibiotics (n=3). Therefore, the overall rate of re-

operation secondary to symptomatic lateral sided metalwork prominence or infection 

was 4.7% (n=16).   
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3.5.4 Mid-term outcome 

Of the 342 patients in the study cohort, 55 (16.1%) had died at most recent follow up 

leaving 287 for potential review (Figure 3.2). PROMs were collected from 229 patients 

(79.8% response rate of available cohort, 67.0% total cohort) with a mean follow-up 

of 5.1 years (range, 0.7-8.4; SD, 3.3). All outcome score data apart from return to 

function was skewed and therefore analysed with non-parametric statistical tests 

(Table 3.6). Twelve patients in the failed fixation group were contacted and their 

outcome was compared against those patients with a successful primary procedure. 

The overall mid-term outcome was classified as ‘good’ (61-90 category)256 with a 

median OMAS of 80 (IQR, 50-95) and mean of 71.0 (range, 0-100; SD, 28.0). 

Outcome scores were generally poorer in those patients requiring revision surgery, 

with statistical significance reached in the primary outcome measure (OMAS; 

p=0.045) and approaching significance in the MOXFQ (p=0.064). There was no 

difference in the EQ-5D (p=0.105), health VAS (0.556), pain VAS (p=0.442) or 

overall treatment satisfaction (p=0.149).  

When assessing return to function, patients in general returned to employment 

quicker than sport with a mean interval of 16.8 and 22.8 weeks respectively. Of the 

four patients in the failures group who were working and/or engaged in sporting 

activity, two returned to these activities after revision surgery. Although the mean 

return to work in the failures group was quicker (Table 3.6), given that only two 

patients were included in this group, this apparent advantage is likely erroneous and 

was not deemed appropriate for further statistical analysis.  
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Outcome measure 
(median, IQR) 

Total Group 
(n=229/342, 67%) 

Failure             
(n=12/20, 60%) 

Non-Failure 
(n=219/322, 68%) 

 

p-value a 

PROMs      

- OMAS 80 (50-95) 65 (36-75) 80 (50-97) 0.045* 

- MOXFQ 10.9 (0-44.0) 31.3 (9.4-79.7) 9.38 (0-42.2) 0.064 

- EQ-5D 0.76 (0.69-1.00) 0.71 (0.65-0.84) 0.80 (0.69-1.00) 0.105 

Health VAS 80 (70-100) 80 (61-90) 80 (70-100) 0.556 

Pain VAS 90 (60-100) 85 (60-100) 90 (60-100) 0.442 

Satisfaction 90 (80-100) 84 (57-92) 90 (79-100) 0.149 

Mean return to function 
in weeks (range, 
SD) 

    

- Employment 16.8 (1-112, 26.5) 14 (12-16, 2.8) 26 (1-112, 60.9) NT 

- Sport 22.8 (0-112, 26.7) 48 (24-72, 25.6) 21 (0-112, 23.9) NT 

Table 3.6: Mid-term patient reported outcome comparison between groups. (* statistical significance 
reached, a Mann-Whitney U test, NT: not tested due to insufficient numbers).  
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3.6 Discussion 

This chapter has assessed the short and mid-term outcome of a large cohort of patients 

managed with a fibular intramedullary nail. This is the first study to report the rate of 

mechanical failure requiring revision surgery and perform a detailed case analysis in 

order to describe key modes of failure. Finally, through the collection of mid-term 

patient reported outcome scores at a mean follow-up period of five years, the results 

from this chapter allow surgeons to counsel patients on the anticipated post-operative 

outcome. 

Intramedullary stabilisation of the fibula is not a new concept. Previous authors 

have historically described fibular fixation using a variety of implants including 

compression screws and rods, with reasonable biomechanical and clinical outcomes147-

150. From this principle, intramedullary nail devices were developed by implant 

companies, including Acumed (Hillsboro, OR, USA). The nailing technique described 

in this chapter has seen significant developments over the last two decades (Figure 

3.1). Before 2008, in the EOTU, the intramedullary nail was routinely inserted with 

no locking screws and required supplementation with a moulded plaster to confer 

additional stability. Patients were prevented from weightbearing after surgery for 

many weeks. This unlocked construct provided no control over fibular length or 

rotation and fibular shortening was unsurprisingly very common; shortening has been 

shown to increase tibiotalar contact pressure284, which can accelerate degenerative 

changes and is clearly a sub-optimal outcome following treatment.  In an attempt to 

counteract this problem, the nail was locked with a single screw distally, inserted from 

anterior to posterior. A second bicortical screw was then inserted proximal to the nail 

tip, aimed at limiting proximal nail migration. Unfortunately, this screw was regularly 
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inserted eccentrically, allowing the nail to bypass the screw and continue to permit 

fibular shortening. By the end of 2008 the ‘gold standard’ technique was presented, as 

described by Bugler et al (2012)124 and since then has formed the basis for the patient 

management described in this chapter. This consisted of an intramedullary nail locked 

with a single distal locking screw (DLS) inserted in an anterior to posterior direction 

and a single proximal locking screw (PLS) inserted from lateral to medial across the 

syndesmosis, irrespective of whether a radiographic diastasis was present or not.  

The finding of a 6% mechanical failure rate is difficult to compare to the 

current literature as few studies have focused on failure as a primary outcome. 

Additionally, no other studies have formulated a description of the modes of failure. 

In the study by Bugler et al124, which included 105 patients, the authors reported a 

failure rate of 7% (seven patients), of whom five required revision surgery124. 

Appleton et al reviewed 37 patients as part of one of the first case series published in 

2006157. Three patients (8%) required revision fixation, but it was felt that failure in 

these cases was secondary to failure of fixation of either the medial or posterior 

malleolus. White et al conducted a prospective randomised controlled trial comparing 

fibular intramedullary nailing (n=50) with traditional plating (n=50)162. They reported 

no mechanical failures in either group, but one case of loss of fracture reduction not 

requiring revision surgery in both groups. Dabash et al included 18 ‘high-risk’ patients 

with underlying significant comorbidities including advanced diabetes, chronic renal 

disease, osteoporosis and alcohol excess122. Despite a poor rate of compliance with 

weightbearing restrictions, the authors did not encounter any cases of failed fixation. 

This observation serves as reassurance given the recognition of increase complications 

in this specific high-risk patient group.   
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The mid-term outcomes presented in this chapter, generally compare 

favourably to the findings of other authors. Rajeev et al reviewed 24 patients managed 

with an alternative locked nail construct (Biomet SST fibular nail, Biomet, Warsaw, 

Indiana) and reported a lower OMAS of 58, but this was in a predominantly older 

patient cohort with a mean age of 79 years154. At a mean follow up of six years, the 

study published by Bugler et al reported a mean OMAS of 65124. Al-Obaidi et al 

followed up 23 patients from an initial cohort of 39 treated with intramedullary nail 

fixation at one year and reported a mean OMAS of 54121. This value is lower than 

reported elsewhere, but their cohort included a greater proportion of open fractures, 

which may explain this poorer value. In agreement with the findings of this chapter, 

the authors describe a case of mechanical failure whereby the construct had been 

unable to maintain mortise containment through post-operative recurrence of 

syndesmotic diastasis and required revision fixation. In the study by White at al 

previously discussed162, at the primary outcome point (one year following surgery) the 

mean OMAS was 62.5, compared with 58.9 in the plating group, which was not 

statistically significant. Two previous studies have demonstrated superior patient 

outcome as reported by the OMAS. In the study by Appleton et al157 the authors 

reported an impressive OMAS at one year of 87. However, the reporting of this 

outcome measure was modified by the authors by excluding the ‘running and jumping’ 

category given the mean age of the patient population, making it difficult to make 

accurate comparisons with the results of the current study. More recently Badenhort 

et al reported a median OMAS of 100 at one year for both intramedullary nailing and 

traditional plate fixation as part of a RCT163. Given the high loss to follow-up and 
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multiple missing data points, this should be interpreted with caution as it is uncommon 

for patients to return to their pre-injury function following surgery71, 72.  

 

3.6.1 Technical refinements 

The results of this chapter have led to several important technical refinements. The 

under recognition of an associated syndesmosis injury resulted in a large proportion of 

failures. Although the insertion of a proximal locking screw into the tibia is a key step 

in the technique, it is recognised that this screw is unlikely to maintain syndesmotic 

reduction, especially if non-weightbearing restrictions are not prescribed or adhered 

to. Once the nail is locked distally and with the jig still attached, the integrity of the 

syndesmosis can be assessed intra-operatively by lateralising the jig whilst the surgeon 

stabilises the affected limb, resulting in a modified ‘stress-test’ (Figure 3.6). If this 

manoeuvre demonstrates a diastasis or a syndesmotic injury is evident on the pre-

operative radiographs, the insertion of a second PLS is now recommended. 
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Figure 3.6: Intra-operative ‘stress-test’ of the syndesmosis with insertion of two PLS. 

 

 In patients without a confirmed diastasis, it is acceptable to insert a single PLS 

to control implant length and rotation. As PLS back-out in this study was related to 

screw position in the distal tibia, it is recommended to insert the most distal screw 

close to the tibial plafond and certainly within 20mm of the articular surface; this 

exploits the denser bone that is found in the subchondral zone of the tibia285. This 

principle is particularly valid in patients with poor quality bone, such as the elderly 

and those with established osteoporosis. However, due to anatomical concavity of the 

plafond, care must be taken to avoid inadvertent articular penetration and assessment 

of screw position on the lateral fluoroscopy view is critical. Finally, in situations where 

the lateral cortex of the fibula does not provide a sufficient purchase for the screw head, 

the screw should be driven in to engage the nail itself, to reduce the risk of screw 

backout and subsequent loss of fracture reduction.  
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3.6.2 Strengths and limitations 

The main strength of this study is the documentation of both the short and mid-term 

outcomes from a large patient population managed according to a published surgical 

technique124, 162. This study is unique in that it begins to identify and describe modes 

of failure in an effort to further refine the surgical technique. A number of findings 

contained within this chapter have been practice changing in the EOTU, which in turn 

will hopefully improve patient care. In addition to data on general health outcomes, 

validated foot and ankle outcome scores have been collected, including the widely 

used OMAS and the more contemporary MOXFQ, adopted extensively in the recent 

foot and ankle literature275, 278, 286. 

 The primary limitation relates to the retrospective design, with a loss to follow 

up of 33% of the total cohort. However, given the mean patient age and the length of 

follow up, half (16%) of these patients died during the follow up period.  It was only 

possible to collect outcome scores from 12 patients in the ‘failure’ group due to patient 

mortality and lack of patient response to multiple contact attempts. National imaging 

archives were searched to look for evidence of late mechanical failure in this group of 

patients and no cases were identified. Whilst only the OMAS demonstrated statistical 

and clinical significance, favouring the non-failure group by a median score of 15 

points, the remaining outcome scores failed to show any significant difference at mid-

term follow up. Given the low numbers in both groups, this is likely to represent a type 

II error. As patients were not reviewed in the outpatient clinic, it has not been possible 

to report on the longer-term radiographic evidence of osteoarthritis. Despite this a 

median total cohort OMAS of 80 represents a ‘good’ outcome and a median EQ-5D 

of 0.76 is comparable, if not better than the median EQ-5D index population norm of 
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0.71 for 65-74 year olds living in the UK287. Finally, pre-operative CT imaging of 

select fracture patterns may have helped operative planning and reduced the incidence 

of mechanical failure through better understanding of the fracture complexity.  

Performing CT scans on failed fixation cases would have afforded a more detailed 

assessment of the mode of failure, in particular where reduction of the syndesmosis 

was not maintained, and this should be the focus of future research to better define the 

modes of failure.  

 

3.6.3  Key conclusions 

The fibular intramedullary nail provides secure fixation with good patient-reported 

outcomes when used in the management of unstable ankle fractures.  Through analysis 

of failed fixation cases, technical refinements including a dynamic intra-operative 

assessment of the syndesmosis and using two PLSs in confirmed syndesmosis injury 

have been proposed to reduce the future risk of mechanical failure.  

 

3.6.4 Directions for future research 

Whilst the intramedullary nail has demonstrated an acceptable rate of mechanical 

failure and positive patient reported outcome at mid-term follow up, the implant itself 

and the technique for insertion does require a degree of familiarity and may not be 

suitable for all fracture patterns and complexities. Future studies that investigate its 

performance against other constructs commonly used in the management of ankle 

fractures, particularly in high-risk patient groups, are required to corroborate the 

findings of this chapter and define the capabilities of the intramedullary nail further.
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4. BIOMECHANICAL COMPARISON OF THE FIBULAR 
INTRAMEDULLARY NAIL VERSUS LOCKING PLATE 
AND LAG SCREW FIXATION IN THE MANAGEMENT 
OF DISTAL FIBULA FRACTURES 

Material from this chapter has been published in the Journal of Orthopaedic Trauma 

(JOT) in 2020288, appendix 6. 

Carter TH, Wallace R, Mackenzie SA, Oliver WM, Duckworth AD, White TO. The 

Fibular Intramedullary Nail Versus Locking Plate and Lag Screw Fixation in the 

Management of Unstable Elderly Ankle Fractures: A Cadaveric Biomechanical 

Comparison. J Orthop Trauma. 2020;34(11):e401-e6. 
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4.1 Aims and Hypothesis 

With a mechanical failure rate of 5.8%, the results from Chapter 3 support the use of 

the fibular intramedullary nail in the treatment of unstable ankle fractures. The mean 

patient age presented in Chapter 3 was 64.6 years and 73% of patients were women. 

The incidence of confirmed osteoporosis, on regular pharmacological intervention was 

only 6.1% (21 patients), although it could be suspected that given the demographic 

described, this figure was likely to have been higher, although not formally diagnosed 

before injury. When ankle fractures occur in this clinical situation, surgeons not 

familiar with the fibular intramedullary nail may favour a distal fibular locking plate 

over conventional non-locking tubular alternatives. However, soft tissue 

complications occur more frequently with locking plates and therefore percutaneous 

intramedullary stabilisation is an attractive alternative. The aim of this chapter was to 

explore this concept further by comparing the biomechanical failure properties of the 

fibular intramedullary nail and distal fibular locking plate in a cadaveric setting. 

 The hypothesis was that locking plate and lag screw fixation is superior to 

fibular intramedullary nail fixation when tested to failure in a cadaveric setting.  
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4.2 Chapter Summary 

This cadaveric biomechanical study included twelve fresh-frozen cadaveric lower 

limbs (six matched pairs), which were systematically prepared, through soft-tissue 

releases and a fibular osteotomy, to create a simulated AO/OTA 44-B type fracture. 

No injury was created on the medial side. The limbs were randomised within each pair 

to receive either a fibular intramedullary nail or a distal fibular locking plate 

supplemented with an interfragmentary lag screw. The limbs were secured on a 

custom-made foot plate with the foot held rigidly in 20 degrees of supination, axially 

loaded to 700N and subjected to progressive external rotation until failure.  

The mean specimen age was 86.5 years (range, 61-97; SD, 13.0). The mean 

torque to failure was greater in the nail group (23.5 N.m) compared with the locking 

plate group (21.6 N.m) but did not reach statistical significance (p=0.463). The nail 

group failed at a significantly greater mean angle of rotation (66.5o) compared with 

the locking plate group (53.3o; p=0.046). There was no difference in construct stiffness 

(p=0.673) or energy absorbed (p=0.075) between groups. The locking plates failed by 

plate and screw pull off at the implant-bone interface (three proximal and three distal 

failures). This contrasted with the nail group, which failed almost exclusively at the 

lateral ligament complex, whilst the fracture-implant construct remained intact.  

This chapter demonstrated that locking plate and lag screw fixation was not 

superior to fibular intramedullary nail fixation when tested to failure in a cadaveric 

setting using elderly specimens. The minimally invasive technique afforded by the 

intramedullary nail does not appear to negatively affect its biomechanical properties. 
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4.3 Chapter Introduction 

Distal fibular locking plate technology has demonstrated biomechanical advantages 

when examined in osteoporotic cadaveric specimens134, 289, although has not 

established comparable clinical merit in both retrospective290 and prospective 

studies140. Their use has been questioned by some given the three-fold increase in 

wound complications290  and substantial cost139, compared with non-locking 

alternatives. Additionally, the benefit of locking plate technology has not been 

sufficiently demonstrated by studies performed in normal bone density291. Other 

authors claim there is no difference in complication rates between the two implants142. 

 Only one biomechanical study has compared the fibular intramedullary nail to 

a locking plate construct. Switaj et al created an iatrogenic comminuted AO/OTA 44-

C type fracture with syndesmotic injury in 20 cadaveric legs (10 matched pairs) and 

found no difference in syndesmotic diastasis during cyclic loading or torque to failure 

during progressive application of external rotation160. With the advantages of the 

minimally invasive technique over a large exposure for plate fixation in 

suprasyndesmotic injuries, the authors concluded that the fibular intramedullary nail 

was an attractive implant choice in this clinical situation. To date, no studies have 

compared the fibular intramedullary nail with a distal fibular locking plate in the 

setting of an AO/OTA 44-B type fracture. This fracture configuration is the most 

common injury pattern seen clinically in the elderly patient group (³60 years) with 

evidence to suggest a rate of 70% of all presenting ankle fractures39. As locking plate 

fixation is currently regarded as the ‘gold standard’, this study aimed to test the 

hypothesis that locking plate and lag screw fixation is superior to fibular 

intramedullary nail fixation when tested to failure in a cadaveric setting.  
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4.4 Methods 

4.4.1 Preparation of specimens  

Following thawing and initial preparation described in Chapter 2, Section 2.1, a soft-

tissue window was created from 20mm distal to the fibular tip and extended proximally 

approximately 120mm (Figure 4.1).  

 

Figure 4.1: Soft tissue dissection to expose the fibula. 

 

The limbs were inspected to rule out previous injury. An iatrogenic supination-

external rotation type injury was created. Firstly, the fibres of the AITFL and PITFL 

were divided using sharp dissection (Figure 4.2). The lateral ligament complex and 

interosseous ligaments were preserved. An osteotomy line was templated, then cut 

using an oscillating saw, starting at the anterior margin of the fibula incisura and 

extended at a 45o angle in a proximal and posterior direction, as would be routinely 

seen in clinical practice (Figure 4.3). No injury was created on the medial side.  
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Figure 4.2: Following division of the AITFL using sharp dissection.  

 

 

Figure 4.3: Osteotomy created at 45o angle to the long axis of the fibula. 

 

The limbs were randomised within each pair, via a simple coin toss 

technique292-294, to receive either a fibular intramedullary nail (Fibula Rod, Acumed, 

Hillsboro, OR, USA) or a pre-contoured distal fibular locking plate (Ankle3, Acumed, 

Hillsboro, OR, USA) supplemented with an interfragmentary lag screw (Figure 4.4)j.  

 
j Thank you to Acumed for providing the implants and instrumentation trays. 
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Figure 4.4: Fibular intramedullary nail and locking plate implants. 

 

In the locking plate fixation group, the technique followed that described in 

Chapter 2, Section 2.3. An interfragmentary 3.5mm cortical screw was first inserted 

perpendicular to the osteotomy. An appropriately sided 6-hole (103mm length) distal 

fibular locking plate was secured against the lateral aspect of the fibula with four 

2.7mm x 16mm unicortical locking screws distally and three 3.5mm x 12mm bicortical 

locking screws proximally. In the intramedullary nail group, the technique followed 

that described in Chapter 2, Section 2.3. Given the mean age of the cadaveric 

specimens and capacious intramedullary canals, the 3.6mm diameter x 110mm length 

nail was used in all cases. The construct was completed with a 3.5mm x 20mm DLS 

inserted in the most proximal of the two available holes, followed by a 3.5mm x 50mm 

PLS inserted across the syndesmosis in the most distal of the two available holes, with 

the jig positioned in 30o of external rotation. 
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4.4.2 Mechanical testing 

All limbs were tested at the local University department of Orthopaedic Engineeringk. 

Each specimen was secured using a custom-made baseplate with a built in 20-degree 

angle. A 5mm threaded pin was inserted through the body of the calcaneus, parallel to 

the intermalleolar axis (Figure 4.5), supporting the foot in rigid supination. The 

specimens were secured proximally via a further 5mm threaded pin inserted through 

the tibia and then fibula approximately 5cm below the proximal tibiofibular joint as 

per the previous study by Smith et al161.  

 

Figure 4.5: Distal transcalcaneal fixation secured into custom-made 20o baseplate. 

 
k Thank you to Dr Rob Wallace at the department of Orthopaedic engineering at the University 
of Edinburgh for assistance with the biomechanical testing and Mr Iain Campbell at the 
University of Edinburgh anatomy department for accompanying the specimens during transit 
and testing.  
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The proximal pin was secured by lowering the mobile arm of the testing 

apparatus to engage the threaded pin within the slotted flanges. Mechanical testing was 

performed using a Zwick/Roell z005 machine (Zwick Roell, GMBH & Co., Germany), 

with a 5kN load cell and a 100N.m torque cell. An initial pre-load of 5N was applied 

to secure the specimen. The specimen was then progressively loaded with 800N of 

force at a rate of 100N/second, to simulate single-leg stance. External rotation at a rate 

of 30 degrees/second was generated by rotating the proximal mobile arm of the testing 

apparatus in a clockwise direction for a left sided limb and anti-clockwise for a right 

sided limb. Measurements included torque to failure in newton-metres (N.m), angle at 

failure in degrees (o), construct stiffness in newton-metres per degree of rotation 

(N.m/o) and energy absorbed in Joules (J).  The point of failure was defined as the first 

point at which the loaded specimen demonstrated a distinct reduction in torque with a 

corresponding increase in angle of rotation. Construct stiffness was calculated using 

the initial linear region of the torque vs. angle graph. Energy absorbed by the specimen 

to induce failure was calculated from the area under the curve. The specimens were 

visually inspected to describe the mode of failure. 

 

4.4.3 Mechanical testing modification 

When testing the first specimen, the 800N force applied through the proximal arm of 

the testing apparatus, followed by internal rotation caused the tibial pin to fracture the 

proximal tibial metaphysis. Examination of this specimen revealed diffuse poor bone 

quality with thin tibial cortices (Figure 4.6). Consequently, the method of proximal 

fixation and force applied to represent weightbearing was modified; the specimens 

were divided 25cm above the distal fibular tip, in the mid- to upper-tibial diaphyseal 
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region, and the surrounding soft tissues were dissected free to allow access to both the 

tibia and fibula. The interosseous membrane was preserved. The force applied was 

reduced from 800N to 700N, again applied at a rate of 100N/second. 

 

Figure 4.6: Failed proximal pin fixation due to tibial fracture. 

 

The specimens were rigidly fixed proximally in custom-made 3mm thick metal 

pots filled with polymethylmethacrylate (PMMA) bone cement (Figure 4.7 & Figure 

4.8). Once the bone cement had set, a 6mm hole was drilled through the metal pot, 

cement mantle and specimen, followed by passage of the original 5mm threaded pin. 

To account for slight vertical malalignment of the limb in the testing apparatus and to 

allow even distribution of load during compression, a 10mm ball bearing was placed 

between the slotted compression plate on the mobile arm of the Zwick machine and 

the specimen (Figure 4.9), as described by Zhao et al295. This series of modifications 

improved proximal tibial fixation and no further fractures were encountered. Distal 



Minimally Invasive Treatment Approaches in the Operative Management of Unstable Ankle Fractures 

 

Chapter 4. Biomechanical comparison of the fibular intramedullary nail and locking plate fixation 

113 

fixation of the specimens, using the custom-made baseplate, remained unchanged. The 

final mechanical testing set-up is demonstrated in Figure 4.10.  

 

Figure 4.7: Proximal fixation with PMMA cement pot (view from the side). 

 

 

Figure 4.8: Proximal fixation with PMMA cement pot (view from underneath). 
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Figure 4.9: Modified proximal fixation technique with ball bearing. 

 

 

Figure 4.10: Final mechanical testing set-up following modification. 
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4.4.4 Statistical analysis 

Data analysis was performed using IBM SPSS software version 23.0 (Armonk, NY: 

IBM Corp). Data normality was assessed using the Shapiro-Wilk test and all 

continuous data was found to follow a normal distribution. Despite this, due to the 

small sample size (six matched pairs) a non-parametric paired samples Wilcoxon rank-

sum test was used to compare the two groups with respect to peak torque to failure, 

angle at failure, stiffness and energy absorbed. A p-value of <0.05 was considered 

significant. Post hoc power analysis was performed for each of the measured 

parameters using G*Power (version 3.9.1.6, Heinrich-Heine-Universität Düsseldorf). 

For a difference of 20% in torque to failure, angle at failure, construct stiffness and 

energy absorbed the power was 26%, 96%, 23% and 75% respectively.   
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4.5 Results 

4.5.1 Specimens 

The mean age at death of the six cadavers was 86.5 years (range, 61-97; SD, 13.0). 

Three (50%) were women. Limited available data on demographics, comorbidities and 

the mode of failure, following visual inspection are summarised in (Table 4.1). 

Table 4.1: Demographic data and failure modes. 

 

4.5.2 Biomechanical testing to failure 

The mean torque to failure was 23.5N.m (range, 9.3-29.3; SD, 7.6) in the nail group 

versus 21.6N.m (range, 5.8-29.3; SD, 8.5) in the plate group (p=0.463,Table 4.2; 

Figure 4.11). The mean angle at failure was 66.5o (range, 46.0-75.0; SD, 10.4) in the 

nail group versus 53.3o (range, 48.0-62.0; SD, 6.0) in the plate group (p=0.046). 

Pair Test 
number 

Age 
(years) 

Sex Comorbidities Mode of failure 

1 1902 83 M Pancreatic cancer, 
ischaemic heart disease 

Nail: lateral ligaments                          
Plate: proximal locking screws 

2 1741 93 M Pneumonia, frailty, chronic 
airways disease 

Nail: lateral ligaments                     
Plate: distal locking screws 

3 1736 88 M Pneumonia, interstitial 
lung disease 

Nail: lateral ligaments                     
Plate: distal locking screws 

4 1911 61 W Cervical cancer Nail: lateral ligaments                     
Plate: proximal locking screws 

5 1907 97 W Frailty, chronic kidney 
disease, dementia 

Nail: fracture (osteotomy) site                  
Plate: proximal locking screws 

6 1904 97 W Forehead squamous cell 
carcinoma, liver disease 

Nail: lateral ligaments                      
Plate: distal locking screws 

Mean 

(range) 

 86.5 

(61-97) 

M:3 

W:3 
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Construct stiffness was greater in the plate group, represented by a steeper gradient in 

the torque to failure curve (Figure 4.11) with a mean stiffness of 0.46N.m/o (range, 

0.11-0.76; SD 0.22) versus 0.43N.m/o (range, 0.22-0.64; SD 0.15) in the nail group 

(p=0.673). The mean energy absorbed was greatest in the nail group with a mean of 

865.2J (range, 233-1122; SD 351) versus 585.8J (range, 169-934; SD 249) in the plate 

group (p=0.075). A torque to failure curve for paired specimen four is displayed in 

Figure 4.12. 

 

Pair Ultimate Torque to 
Failure (N.m) 

Angle at Failure                         
(o) 

Stiffness                                  
(N.m/o) 

Energy Absorbed                    
(J) 

 N P p-val a N P p-val a N P p-val a N P p-vala 

1 28.0 29.3  68.0 48.0  0.51 0.76  1122 562  

2 28.7 21.6  68.2 49.0  0.49 0.56  968 576  

3 23.8 24.0  75.0 62.0  0.41 0.34  1099 702  

4 29.3 20.7  69.8 54.0  0.64 0.53  1090 572  

5 9.3 5.8  46.0 48.0  0.22 0.11  233 169  

6 22.0 28.0  72.0 58.9  0.30 0.46  679 934  

 23.5 

(9.3-
29.3) 

21.6 

(5.8-
29.3) 

0.463 66.5 

(46.0-
75.0) 

53.3 

(48.0-
62.0) 

0.046* 0.43 

(0.22-
0.64) 

0.46 

(0.11-
0.76) 

0.673 865.2 

(233-
1122) 

585.8 

(169-
934) 

0.075 

Table 4.2: Biomechanical testing results. (N: nail, P: plate, a Wilcoxon rank-sum test, * statistical 
significance reached). 
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Figure 4.11: Mean torque to failure curve for all six matched pairs. 

 

 

Figure 4.12: Torque to failure curve for paired specimen four. 
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4.5.3 Modes of failure 

At the end of testing, each specimen was dissected and visually inspected to describe 

the mode of failure. Five of the six intramedullary nail specimens failed at the lateral 

ligament complex, either through a purely ligamentous avulsion or a bony avulsion 

from the distal fibula, at the insertion (Figure 4.13). One nail specimen failed at the 

osteotomy site with loss of reduction and spiral propagation of the fracture. In the plate 

fixation group, three specimens failed due to pull-out of the proximal locking screws 

with an associated fracture of the fibular diaphysis (Figure 4.14) and three failed 

distally through locking screw pull out (Figure 4.15).  

 

Figure 4.13: Intramedullary nail failure with bony avulsion of lateral ligament complex. 
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Figure 4.14: Plate failure with proximal locking screw pull-out and associated fracture. 

 

 

Figure 4.15: Plate failure with pull-out of distal locking screws from the fibula. 
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4.6 Chapter Discussion 

This is the first investigation to directly compare the biomechanical properties of the 

fibular intramedullary nail and distal fibular locking plate in the management of 

AO/OTA 44-B type fractures when tested to failure in a cadaveric setting. Within the 

limitations of the small number of matched paired specimens tested locking plate and 

lag screw fixation was not found to be superior to fibular intramedullary nail fixation 

when measuring torque to failure, angle at failure, construct stiffness and energy 

absorbed. Statistical significance was reached with respect to angle at failure, 

favouring the intramedullary nail. The results of this study support the use of either an 

intramedullary nail or a locking plate in the management of AO/OTA B-type fractures. 

The decision on which implant to use should come down to local resources and 

experience with the specific techniques. The minimally invasive nature of the 

intramedullary nail, combined with the biomechanical findings of this chapter, make 

it an appealing implant to use, specifically in those patients with a compromised soft 

tissue envelope.  

 The values recorded for torque to failure in this study are similar to other 

published literature. Smith et al included ten matched lower limb pairs, comparing the 

fibular intramedullary nail with a 1/3 tubular non-locking plate supplemented with lag 

screw fixation161. The mean torque to failure was 28.4N.m in the fibular intramedullary 

nail group and 22.8N.m in the plate group (p<0.05). The specimens were on average 

4.5 years younger, which may explain why the values are slightly higher than those in 

the current study. The mean difference in torque to failure between the two groups 

investigated in each study was lower in the current study, which may imply that distal 

fibular locking plate fixation is more effective than standard 1/3 tubular plate fixation 
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in managing elderly distal fibula fractures. This concept has been demonstrated by 

Zahn et al, whereby locking plate fixation provided almost three times the torque to 

failure compared with non-locking plate constructs (11.2N.m vs. 4.3N.m)134. However, 

this study was limited by the use of unmatched specimen pairs and the fracture patterns 

were created by application of progressive axial load and torsion, which may have 

significantly limited the quality control of the material included. Conversely, Davis et 

al found that non-locking plates provided the greatest torque to failure, compared with 

locking alternatives137. Their study was however conducted using unmatched 

embalmed cadavers and not fresh-frozen specimens, which makes the findings of their 

study difficult to compare directly. The only published study to date, directly 

comparing the fibular intramedullary nail and locking plate fixation in matched 

cadaveric specimens was performed by Switaj et al (2016)160. This study included 

AO/OTA 44-C type injuries and found a greater torque to failure in the intramedullary 

nail group (29.6N.m vs. 28.1N.m), but without statistical significance. Angle at failure 

was comparable between groups, and significantly greater than that found in the 

current study. This may be explained by the difference in injuries included: type-C 

fractures were replicated iatrogenically by dividing the interosseous membrane and 

interosseous ligament, additional to releases of the AITFL and PITFL. Consequently, 

they are injuries with considerable rotational instability, conceivably permitting a 

greater angle of rotation before failure. Switaj et al concluded that the fibular 

intramedullary nail possessed similar failure characteristics to that of distal fibular 

locking plate fixation in the management of supra-syndesmotic injuries. The results of 

the current study build on these conclusions, through application of similar findings, 
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but applied to a much more commonly presenting fracture pattern, especially in elderly 

osteoporotic bone39. 

 

4.6.1 Strengths and limitations 

The main strength of this study is the investigation of two commercially available 

implants in a well-recognised and frequently managed pattern of ankle fracture 

(AO/OTA 44-B) in an elderly population. The injury was created in a uniform manner 

using a sequence of pre-determined steps, based on a previously published 

technique161. This is in contrast to inducing a fracture mechanically through the 

application of load and progressive axial rotation, as used in other studies134. This 

technique can lead to loss of injury standardisation and as a consequence, wastage of 

precious cadaveric material. The mechanical testing was supervised by a senior 

orthopaedic engineer, who advised on the technique modification following early 

specimen fixation failure.    

This study has limitations. Firstly, the number of matched pairs was small and 

was due to the lack of suitable cadaveric pairs available from the local University 

anatomy department. Unpaired specimens were accessible, but it was felt that using 

specimens of this nature would affect the validity of the results obtained and were 

therefore not considered. Similar studies in the literature have included between seven 

and ten matched pairs (14-20 limbs)127, 138, 160, 161, 289, 291. There was also a lack of bone 

mineral density (BMD) assessment of the specimens and a previous history of 

osteoporosis was not accurately recorded for the cadavers studied. The strict inclusion 

of matched pairs should have minimised any variation in BMD between the two groups. 
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Whilst the specimens were directly inspected during preparation and no evidence of 

injury was detected, radiographs assessing for previous injury were not available. With 

respect to the implant techniques themselves, a transyndesmotic screw was inserted 

through the intramedullary nail as a way of controlling fibular length and rotation. This 

is a critical step in the published technique124, and whilst important, it should be 

acknowledged that this screw was not used in the locking plate group, which was 

instead supplemented with an interfragmentary screw. This may have affected the 

biomechanical properties of the locking plate group and future study should involve a 

third group, which includes locking plate fixation with a transyndesmotic screw. 

Finally, it was not possible to perform cyclical loading of the specimens before testing 

torque to failure, due to limitations of the available orthopaedic engineering facilities. 

Cyclical loading may have delivered a more clinically accurate representation of 

weightbearing but requires additional equipment and is timely due to the repetitive 

nature of the investigation.  

 

4.6.2 Key conclusions 

Distal fibular locking plate and lag screw fixation is not superior to fibular 

intramedullary nailing when tested to failure in an AO/OTA 44-B type fracture pattern 

simulated in elderly cadaveric bone, including torque to failure, angle at failure, 

stiffness and energy absorbed by each construct. The minimally invasive nature of the 

intramedullary nail does not appear to negatively affect its biomechanical properties. 

Whilst both implants afford secure fixation, the percutaneous nature of the 

intramedullary nail make it an attractive treatment option, particularly in the elderly 

and other high-risk patient cohorts.  
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5. MEDIAL MALLEOLAR FRACTURE FIXATION IN 
COMBINATION WITH FIBULAR INTRAMEDULLARY 
NAILING: A RETROSPECTIVE REVIEW 

Material from this chapter has been published in Injury, International Journal of the 

Care of the Injured in 2019296, appendix 7. 

Carter TH, Mackenzie SP, Bell KR, Hollyer MA, Gill EC, MacDonald DJ, et al. 

Selective fixation of the medial malleolus in unstable ankle fractures. Injury. 

2019;50(4):983-9. 
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5.1 Aims and Hypothesis 

At this stage the thesis moves away from fibular intramedullary nail fixation and 

investigates the third aim of the thesis; to compare the outcome of patients treated with 

or without internal fixation of a well-reduced medial malleolar fracture following 

fibular stabilisation.  The aim of the study contained within this chapter was to 

retrospectively compare the outcome of patients with bimalleolar or trimalleolar ankle 

fractures who underwent fibular intramedullary nail stabilisation with or without 

medial malleolar fixation within a single orthopaedic trauma service. 

The hypothesis was that internal fixation of well-reduced medial malleolar 

fractures following fibular stabilisation is superior to non-fixation according to patient 

reported outcomes (primary outcome measure: OMAS) and complication rates.  
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5.2 Chapter Summary 

Review of a single-centre prospective trauma database identified all patients managed 

over an eight-year period with a fibular intramedullary nail. Patients without a medial 

malleolar fracture were excluded. The mean age of the 247 patients included was 66.7 

years (range, 25-96; SD, 16.1 years) and 200 (81.0%) were women. Following fibular 

stabilisation, the medial malleolar fracture was internally fixed in 193 (78.1%) patients 

and managed conservatively in 54 (21.9%) patients. In general, patients in the non-

fixation group were older, women, had more comorbidities and were lower demand. 

The primary short-term outcome was complications, in particular medial sided. The 

primary mid-term outcome was the OMAS. 

 There was no difference between the groups with respect to fixation failure 

(p=0.634) or loss of talar reduction (p=0.157). No patient in either group required 

further surgery for the management of a medial malleolar non-union. Medial sided soft 

tissue complications were more frequent in the fixation group, with 10% of patients 

requiring further surgery for medial complications. Evidence of medial sided 

radiographic union at the point of discharge was lacking in 16 (29.6%) patients in the 

non-fixation group compared with 22 (11.4%) in the fixation group (p=0.002), 

although no patient required further surgery to address a symptomatic non-union. The 

median OMAS at a mean follow-up of 4.8 years was comparable (p=0.885). This 

chapter has demonstrated equivalent mid-term patient reported outcome with reduced 

complication rates following the non-operative management of an associated medial 

malleolar fracture after intramedullary fibular stabilisation. Future high-quality 

prospective work is required to investigate whether a similar treatment approach to 

ankle fractures treated without intramedullary stabilisation is transferrable.  
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5.3 Chapter Introduction 

Whilst isolated, stable fractures of the medial malleolus are frequently treated 

conservatively with good outcomes60, 169, there has been recent interest in the non-

operative management of medial malleolar fractures as part of unstable injury patterns, 

including bimalleolar and trimalleolar injuries182. With potential clinical and 

biomechanical advantages of the fibular intramedullary nail122, 124, 156, 160-162, 255, 297, as 

demonstrated in Chapters 3 and 4 respectively, in addition to concerns regarding 

surgical incisions in vulnerable soft tissues, over recent years a similar management 

trend developed in the EOTU. This was particularly relevant after witnessing a 

reduction in lateral sided wound complications following the increased practice of 

intramedullary nail fixation, yet a continued rate of medial sided infection and request 

for removal of symptomatic medial sided metalwork. This development had 

stimulated some orthopaedic trauma surgeons in the EOTU to selectively leave well-

reduced medial malleolar fractures without fixation following fibular stabilisation with 

an intramedullary nail, especially if there were concerns regarding the condition of the 

soft tissue envelope. This chapter compares the short and mid-term outcome between 

patients managed with and without medial malleolar fixation in combination with 

fibular intramedullary nailing. 
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5.4 Patients and Methods 

5.4.1 Patients and database construction 

A retrospective analysis of a prospectively collected single centre trauma database, 

described in Chapter 2, Section 2.1, containing 362 cases was performed. Patients were 

excluded if they did not have an associated medial malleolar fracture (n=95) or lacked 

a minimum of six to eight weeks post-operative radiographic follow-up (n=20), 

identifying a cohort of 247 fractures in 247 patients. Electronic records were assessed 

for demographics, injury characteristics, operative data, complications, subsequent 

treatments and/or procedures. The patient selection and outcome process are 

summarised in Figure 5.1.  

 

Figure 5.1: Flowchart that demonstrates the patient selection and outcome process. 
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As with the patients included in Chapter 3, fractures were classified according 

to the Lauge-Hansen56 system (Chapter 1, Section 1.4; Table 1.1). Medial malleolar 

fractures were classified using the Herscovici system63 (Chapter 1, Section 1.4; Figure 

1.9). Retrospective assessment of the quality of medial malleolar reduction (non-

fixation group only) was performed using the intra-operative AP fluoroscopy imaging 

and graded as ‘anatomical’ (undisplaced), good (£2mm displacement) and poor 

(>2mm displacement). Post-operative radiographs were assessed for construct failure 

requiring revision surgery, loss of talar reduction and fracture union of both lateral and 

medial malleoli.  

 

5.4.2 Surgical management 

Patient care was supervised by a total of eleven fellowship trained Orthopaedic trauma 

consultants and the surgical procedures were performed by 42 surgeons of mixed grade 

from junior registrar to senior consultant level. The fibula was stabilised with an 

intramedullary nail according to the technique described in Chapter 2, Section 2.3 and 

Bugler et al124. Following fibula fixation, the medial malleolar fracture was then 

assessed intra-operatively by the operating surgeon. In cases where the mortise was 

reduced, and the medial malleolus was deemed well-reduced or within a few 

millimetres of the anatomical position, the decision was taken by the surgeon not to 

expose and fix the fracture. There was no attempt within this patient cohort to define 

medial malleolar reduction further, or to select or randomise cases intra-operatively. 

Where considered necessary, fixation was performed according to surgeon preference, 

either with cancellous screw(s) or a tension band wire construct, as described in 
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Chapter 2, Section 2.3. Post-operative management followed the principles outlined in 

Chapter 2, Section 2.4.  

 

5.4.3 Outcome assessment 

Short-term outcome 

All patients underwent short-term follow-up at the study centre, including a minimum 

of a two week and a six to eight week post-operative outpatient review. Details of 

complications and secondary surgeries, including further operations to address failed 

fixation were recorded at each visit. The primary short-term outcome was 

complications with particular focus on medial sided complications, which included 

superficial or deep infection, wound dehiscence (with or without infection), metalwork 

prominence resulting in localised symptoms and medial malleolar non-union. 

Radiographic loss of talar reduction and the requirement for revision surgery in this 

situation was compared between the two groups. 

 An AP and lateral radiograph of the ankle joint was performed to confirm talar 

reduction, metalwork position and to monitor fracture union. For those patients making 

satisfactory progress at the six to eight week review appointment, it was not 

uncommon for discharge from the service even if radiographic union was not 

established. As it can take up to nine months to confirm radiographic fracture union, 

patients discharged before this point without confirmation of union were described as 

‘lacking radiographic union’.  Patients were provided with contact information to 

arrange further outpatient review in the event of complications and/or concerns. 
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Mid-term outcome 

Mid-term outcome at a mean follow-up of five years, was primarily collected via 

postal questionnaire l , followed by a telephone review for non-responders m . Two 

validated lower limb PROMs were collected: the OMAS256 and the MOXFQ263. The 

EQ-5D264 was used as a marker of general health status. Patients were asked to 

complete a health and pain VAS, in addition to rating their overall satisfaction with 

treatment. Each outcome measure has been discussed in Chapter 2, Section 2.5. 

 If the patient was in employment and/or engaged in physical activity before 

their injury they were asked to record the number of weeks, it took them following 

surgery to return. Finally, patients were asked to provide details regarding subsequent 

surgery as a result of a persistent problem following their surgery or injury. 

 

5.4.4 Statistical analysis 

Data was analysed using IBM SPSS software version 23.0 (Armonk, NY: IBM Corp). 

Data normality was assessed using the Shapiro-Wilk test. Student’s unpaired t-test was 

used to analyse parametric continuous data and the Mann-Whitney test was used for 

continuous data that did not follow a normal distribution. Categorical binary data were 

analysed using either the chi-square test (all observed frequencies in each cell >5) or 

the Fisher’s exact test (one cell had observed frequency of ≤5). Two-tailed p-values 

were reported and a p-value of <0.05 was considered significant. 

 
l  Thank you to Mrs Deborah MacDonald, database and clinical research manager at the 
University of Edinburgh, for assistance with sending and processing postal questionnaires. 
m Thank you to Mr Marcus Hollyer and Miss Emma Gill, medical students at the University 
of Edinburgh, for assistance with data collection. 



Minimally Invasive Treatment Approaches in the Operative Management of Unstable Ankle Fractures 

 

Chapter 5. Retrospective review of medial malleolar fixation in combination with fibular nailing 

133 

5.5 Results 

5.5.1 Patient demographics and injury characteristics 

The mean age of the 247 patients was 66.7 years (range, 25-96; SD, 16.1; Table 5.1). 

There were 200 women (81.0%) and 47 men (19.0%). There were proportionally more 

women in the non-fixation group (n=49, 91.7%) compared with the fixation group 

(n=151, 78.3%), but this did not reach statistical significance (p=0.070). The mean 

patient age in the non-fixation group was significantly higher than the fixation group 

(non-fixation: 72.1 years; range, 31-96; SD, 15 vs. fixation: 65.2 years; range, 25-96; 

SD, 17; p=0.014). Compared with the younger fixation group, patients in the non-

fixation group in general had more comorbidities (p=0.099), were taking more regular 

medications (p=0.009), were less independently mobile (p=0.035) and the vast 

majority were retired (p=0.135). There were more patients with a higher ASA grade 

compared with the non-fixation group, but this failed to reach statistical significance 

(p=0.096; Table 5.1). 
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(n/% unless otherwise stated) Fixation 
(n=193, 78%) 

Non-Fixation 
(n=54, 22%) 

p-value 

Mean age (range, SD)    

Mean age (range, SD) 65.2 (25-96, 17) 72.1 (31-96, 15) 0.003*a 

Sex    

- Man 42 (21.8) 5 (9.3) 0.070b 

- Woman 151 (78.2) 49 (91.7)  

Mean comorbidities (range, SD) 2.9 (0-11, 2) 3.4 (0-8, 2) 0.099a 

- Diabetes 30 (15.5) 13 (24.1) 0.144b 

- Immunosuppression 5 (2.6) 3 (5.6) 0.378c  

 
 

 

 

 

 

- Steroid use 6 (3.1) 4 (7.4) 0.232c 

- Renal impairment 16 (8.3) 19 (16.7) 0.071b 

- Peripheral neuropathy 15 (7.8) 3 (5.6) 0.770c 

- Obesity (BMI 30+) 23 (11.9) 9 (16.7) 0.358b 

Regular medication 148 (76.6) 47 (87.0) 0.009*b 

Mean medications (range, SD) 4.0 (0-15, 4.0) 5.0 (0-21, 4.3) 0.114a 

Smoker 32 (16.6) 4 (7.4) 0.125c 

Alcohol excess (>14 units/week) 12 (6.2) 1 (1.9) 0.308c 

ASA grade    

- 1 28 (14.5) 3 (5.6)  

- 2 96 (49.7) 27 (50.0) 0.096b 

- 3 61 (31.6) 18 (33.3)  

- 4 8 (4.1) 6 (11.1)  

Pre-injury mobility status    

- Independent 149 (77.2) 34 (63.0)  

- Walking stick or frame 41 (21.2) 18 (33.3) 0.095b 

- Wheelchair 3 (1.6) 2 (3.7)  

Pre-injury employment status    

- Employed 58 (30.1) 15 (27.8)  

- Unemployed 17 (8.8) 0 (0) 0.059b 

- Retired 118 (61.1) 39 (72.2)  

Table 5.1: Patient demographics. (* statistical significance reached, a	Student’s	unpaired	t-test,	b	Chi-
squared	test,	c	Fisher’s	exact	test). 
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With respect to injury characteristics there were several differences between 

the groups (Table 5.2). There were no fractures caused by a high energy injury 

mechanism in the non-fixation group compared with 24 (12.4%) in the fixation group 

(p=0.003). All fractures in the non-fixation group were caused by a fall from standing 

height (n=54, 100%). A fall from standing height was the most common mechanism 

in the fixation group (n=164, 85.0%) followed a fall from height (n=11, 5.7%) and 

road traffic accident (n=6, 3.1%). There were no open fractures in the non-fixation 

group compared with 17 (8.8%) in the fixation group (p=0.024). According to the 

Lauge-Hansen classification the most common injury pattern in both groups was a 

SER injury (fixation: n=150, 77.7% and non-fixation: n=46, 85.2%). There was no 

significant difference between groups with respect to injury classification (p=0.188). 

However, the numbers were low in the less common injury patterns, including PER 

and SAD classifications. A radiographic syndesmotic diastasis was present in 

proportionally more patients in the fixation group (n=37, 19.2%) compared with the 

non-fixation group (n=6, 11.1%), but this was not statistically significance (p=0.167). 

The same was true for the presence of a posterior malleolar fracture with 

proportionally more in the fixation group (n=91, 47.2%) compared with the non-

fixation group (n=21, 38.9%; p=0.281). According to the Herscovici classification the 

most common type of medial malleolus fracture in both groups was the type-B injury 

(fixation: n=100, 51.8% and non-fixation: n=26, 48.1%). There were proportionately 

more type-A avulsion fractures in the non-fixation group (n=12, 22.2%) compared 

with the fixation group (n=13, 6.7%). Type-D fractures were more common in the 

fixation group (n=8, 4.1%) compared with the non-fixation group (n=1, 1.9%). These 

proportional group differences were statistically significant (p=0.008). The single 



Minimally Invasive Treatment Approaches in the Operative Management of Unstable Ankle Fractures 

 

Chapter 5. Retrospective review of medial malleolar fixation in combination with fibular nailing 

136 

type-D fracture in the non-fixation group did not have a characteristic infra-

syndesmotic fibular fracture as typically seen in the SAD fracture pattern. 

 

(n/% unless otherwise stated) 
Fixation 

(n=193, 78%) 
Non-Fixation 
(n=54, 22%) 

p-value 

Side of injury    

- Right 109 (56.5) 35 (64.8) 0.272b 

- Left 84 (43.5) 19 (35.2)  

High energy injury mechanism 24 (12.4) 0 (0) 0.003*c 

Mechanism of injury    

- Fall from standing height 164 (85.0) 54 (100.0)  

- Fall from height 11 (5.7) 0 (0)  

- Assault 2 (1.0) 0 (0) 0.102b 

- Sport 5 (2.6) 0 (0)  

- Road traffic accident 6 (3.1) 0 (0)  

- Other 5 (2.6) 0 (0)  

Open fracture 17 (8.8) 0 (0.0) 0.024*c 

Lauge-Hansen classification    

- SER 150 (77.7) 46 (85.2)  

- PAB 26 (13.5) 8 (14.8) 0.188b 

- PER 9 (4.7) 0 (0)  

- SAD 8 (4.1) 0 (0)  

Syndesmosis diastasis 37 (19.2) 6 (11.1) 0.167b 

Associated posterior malleolar fracture  91 (47.2) 21 (38.9) 0.281b 

Medial malleolar fracture classification 
(Herscovici) 

   
- A 13 (6.7) 12 (22.2)  

- B 100 (51.8) 26 (48.1) 0.008b 

- C 72 (37.3) 15 (27.8)  

 - D 8 (4.1) 

 

1 (1.9)  

Table 5.2: Injury characteristics. (* statistical significance reached, b	Chi-squared	test,	c	Fisher’s	
exact	test). 
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5.5.2 Surgical management 

Medial malleolar fracture fixation was performed in 193 (78.1%) cases with either 

3.5mm partially threaded cancellous screw(s) (n=165, 85.5%) or a tension-band wire 

construct (n=28, 14.5%). In the remaining 54 (21.9%) cases the fracture was left 

without fixation following intramedullary stabilisation of the fibula. A radiographic 

example of a patient managed in the non-fixation group (n=54), demonstrating an 

anatomically reduced mortise and fracture of the medial malleolus, following fibular 

intramedullary nail fixation is demonstrated in Figure 5.2.  

 

 

Figure 5.2: Radiographic example of a bimalleolar fracture-dislocation with a well-reduced medial 
malleolar fracture, maintenance of fracture reduction at six weeks and likely progression to union. 
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Intra-operative medial malleolar fracture reduction in the non-fixation group 

was assessed retrospectively from the AP fluoroscopy. An ‘anatomical’ reduction was 

achieved in 35 cases (64.8%), ‘good’ in 14 cases (26.0%) and ‘poor’ (>2mm 

displacement) in five cases (9.2%). In the ‘poor’ group the mean residual displacement 

was 2.9mm (range, 2.5-4.0mm). The mean age of these five patients was 75 years 

(range, 58-84 years). It was not possible to classify the medial malleolar fracture 

reduction quality pre-fixation in those treated with internal fixation. There was no 

significant difference between groups with respect to grade of operating surgeon 

(p=0.273) or post-operative weightbearing restrictions (p=0.673; Table 5.3). In the 

non-fixation group, there was a significantly higher proportion of patients fitted with 

a removable orthosis (non-fixation: n=36/54, 66.7% vs. fixation: n=79/193, 40.9%; 

p=0.001). 

 

(n/% unless otherwise stated) 
Fixation 

 (n=193, 78.1%) 
Non-Fixation 
(n=54, 21.9%) 

p-value b 

Grade of surgeon    

- Consultant 39 (20.2) 9 (16.7) 
 

- Fellow 10 (5.2) 6 (11.1) 
0.273 

- Registrar 144 (74.6) 39 (72.2) 
 

Post-operative immobilisation    

- Plaster cast 114 (59.1) 18 (33.3) 0.001* 

- Removable orthosis 79 (40.9) 36 (66.7) 
 

Post-operative weightbearing status    

- Full 112 (58.0) 28 (51.9) 
 

- Partial 25 (13.0) 9 (16.7) 
0.672 

- Non 56 (29.0) 17 (31.4) 
 

Table 5.3: Peri-operative data. (* statistical significance reached, b all Chi-squared test). 
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5.5.3 Short-term outcome 

Soft tissue and metalwork complications 

Medial sided soft tissue and metalwork associated complications were limited to the 

fixation group. Eighteen (9.1%) patients developed a medial sided infection, of which 

14 (7.1%) were managed with at least one course of oral antibiotics alone, one (0.5%) 

with intravenous antibiotics and three (1.6%) with surgical debridement supplemented 

by intravenous antibiotics. Fourteen (7.3%) patients required surgery for removal of 

prominent medial sided metalwork. In total, 20 (10.4%) patients required further 

surgery for issues related to medial sided complications: 14 (7.3%) for symptomatic 

metalwork, three (1.6%) for infection control and three (1.6%) for revision fixation 

following primary medial sided failure (Figure 5.3). 

 

 

Figure 5.3: Medial malleolar fracture fixation failure, requiring revision surgery. 
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Radiographic union 

Evidence of medial malleolar fracture union at latest radiographic follow-up was 

lacking in 16 (29.6%) patients in the non-fixation group and 22 (11.4%) in the fixation 

group, which was statistically significant (p=0.002; Figure 5.4) These patients had 

satisfied outpatient discharge criteria, despite not demonstrating radiographic union. 

Since discharge, it is understood that none of these patients have required surgery for 

symptomatic malleolar non-union, confirmed by review of electronic patient records, 

the national radiographic archive and mid-term outcome data collection.  

 

 

Figure 5.4: Medial malleolar fracture malreduction in both fixation and non-fixation groups six weeks 
following surgery, with no radiographic evidence of union at this early post-operative stage.  
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Construct failure and loss of talar reduction 

Revision surgery for failed fixation was required in 15 cases (5.9%) of the total cohort. 

Eleven (5.7%) occurred in the fixation group and four (7.4%) in the non-fixation group 

(p=0.634). Post-operative talar displacement, not requiring further intervention 

occurred in three cases (1.2%): two (3.7%) in the non-fixation and one (0.5%) in the 

fixation group (p=0.157). These cases occurred in elderly, low-demand patients who 

made uneventful recoveries and in whom further surgery was not deemed appropriate.  

 

5.5.4 Mid-term outcome 

Of the 247 patients in the study cohort, 49 (19.8%) had died at most recent follow-up 

leaving 198 (81.2%) for potential review (fixation: 38 (19.7%) deceased and non-

fixation: 11 (20.4%) deceased; Figure 5.1). PROMs were collected from 150 patients 

(75.8% response rate of available cohort, 60.7% total cohort) with a mean follow-up 

of 4.8 years (range, 0.7-10; SD, 3.5). All outcome score data was skewed and therefore 

analysed with non-parametric statistical tests (Table 3.6). There was no statistically 

significant difference in any outcome score or measurement of return to function 

between the two groups (all p>0.05).  

Over the longer term no patient in either group required revision surgery for 

symptomatic medial malleolar non-union. Out of the five patients with a ‘poor’ medial 

malleolar fracture reduction, two were deceased and two were uncontactable. The 

single contactable patient with a medial malleolar reduction of 3mm reported an 

excellent outcome according to their OMAS (95), MOXFQ (0.0), and EQ-5D (1.0) 

scores. 
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Outcome measure 
(median, IQR) 

Fixation 
(n=115/193, 60%) 

Non-Fixation 
(n=35/54, 64%) 

p-value a 

PROMs    

- OMAS 80 (45-95) 85 (55-93) 0.885 

- MOXFQ 9.4 (2.2-44.2) 17.2 (3.9-35.9) 0.380 

- EQ-5D 0.81 (0.69-1.0) 0.80 (0.69-1.0) 0.846 

Health VAS 80 (70-100) 81 (75-95) 0.306 

Pain VAS 90 (60-100) 92 (69-100) 0.626 

Satisfaction 87 (70-100) 85 (75-100) 0.410 

Return to function (weeks)    

- Employment 8 (8-14) 6 (4-24) 0.476 

- Sport 12 (10-28) 12 (8-41) 0.771 

Table 5.4: Mid-term patient reported outcome comparison between groups. (a all Mann-Whitney U 
test).  
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5.6 Discussion 

This chapter has compared the short and mid-term outcome of a group of patients 

managed with internal fixation of an associated medial malleolar fracture with a 

smaller group of patients treated non-operatively, following intramedullary fibular 

stabilisation. Internal fixation of medial malleolar fractures in this situation was not 

superior to non-fixation according to the mid-term primary outcome: the OMAS at a 

mean follow up of five years. Additionally, a reduction in medial sided soft tissue 

complications was found in the non-fixation group. Whilst a satisfactory outcome can 

be anticipated following conservative management of isolated medial malleolar 

fractures60, 169, only one study has previously investigated this treatment approach in 

unstable ankle fractures. In the prospective randomised controlled trial by 

Hoelsbrekken et al (2013)182, 82 patients were randomised to either fixation (n=37) or 

non-fixation (n=45) of an associated medial malleolar fracture following fibula 

stabilisation and followed up over a mean period of 39 months. The authors found no 

significant difference in the primary outcome measure (OMAS), reporting a mean 

score of 81 in the non-fixation group and 80 in the fixation group. In keeping with 

these findings, the results from this chapter suggest that there is no difference in patient 

reported outcome between the two groups. In particular, the OMAS score in this 

chapter (80 fixation and 85 non-fixation) was comparable to that published by 

Hoelsbrekken at al182. Furthermore, there was a reduced medial sided complication 

rate in the non-fixation group, lending support to non-operative management in a 

patient group with a somewhat different demographic, compared to the fixation group. 

It is important to acknowledge these differences as they may influence the 

interpretation of these findings and guide future research.  
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The average patient age in the non-fixation was significantly higher (72.1 years 

vs. 65.2 years) with a greater number of comorbidities. There were proportionately 

more patients in the non-fixation group with an ASA-4 grade, indicating that a greater 

proportion suffered with severe systemic disease, although this was not found to be 

statistically significant. Patients were less independently mobile and more likely to be 

retired in the non-fixation group; in summary they were of lower physical demand. In 

terms of the presenting injury, there were no high-energy injuries in the non-fixation 

group compared with 24 (12%) in the fixation group. Proportionately more patients in 

the non-fixation group presented with a type-A fracture according to the Herscovici 

classification. These fractures frequently involve a small bony avulsion, often at the 

attachment site of the superficial deltoid ligament on the tip of the anterior colliculus 

and given their size, are difficult to stabilise with screw fixation. A study by Tornetta 

et al established that fixation of these type-A fractures may not improve ankle stability, 

as the deep deltoid ligament attaches posteriorly and when intact safeguards talar 

reduction298. Treating these specific fractures conservatively is therefore not a new or 

unconventional treatment strategy. However, it had been previously suggested that 

these fractures may benefit from fixation to prevent a painful non-union299. Within the 

limitations of the data collected, with respect to clinically relevant non-union rates the 

results of this study do not support this statement. There is currently no well-defined 

maximum threshold for a type-A distal fracture and therefore a number of the type-A 

fractures identified in the non-fixation group might actually be classified as a smaller 

type-B injury, which are far more common in clinical practice (approximately 50%). 

This criticism of the Herscovici system has been noted as a consensus point in a recent 

appraisal of the classification by Aitken et al63. There were significantly more open 
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fractures in the fixation group, frequently with a distinctive medial sided transverse 

laceration. During the study period, the local policy was to manage these injuries with 

wound debridement and as the fracture was already exposed, it was then reduced and 

internally fixed. Consequently, it is unsurprising that the medial sided wound 

complication rate was higher in the fixation group compared with those patients in the 

non-fixation group, which included no open fractures. Since this study, the safe 

management of an open medial malleolar fracture managed with a fibular 

intramedullary nail alone has been described in a recent case report300.  

There was no difference between groups with respect to post-operative 

weightbearing instruction following surgery with most patients permitted to bear full 

weight. Interestingly there was a significant difference in the number of patients fitted 

with a removable orthosis (moonboot) with proportionately more patients in the non-

fixation group (64.8% vs. 40.9%; p=0.002). An explanation for this might be that the 

surgeons selecting patients to treat non-operatively were more engaged with the recent 

foot and ankle trauma surgery literature, which almost universally supports early 

weightbearing combined with range of movement exercises following ankle fracture 

fixation79, 81, 258-260, 262. A removable orthosis satisfies both recommendations.  

 

5.6.1 Strengths and limitations 

The main strength of this chapter is the documentation of both short and mid-term 

outcomes from a defined patient population managed in a single trauma service. In 

keeping with the strengths of Chapter 3, a series of validated measures of general 

health and lower limb outcomes have been collected256, 263, 264. Given the advanced age 
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of the patient cohort and resultant mortality of nearly 20%, an overall contact rate of 

67% is felt to be acceptable under these circumstances.  

 This study has limitations, the first of which is the retrospective design and 

disparity in the number of patients in each group. No significant difference in any 

patient reported outcome score has been demonstrated, which may represent a type II 

error. It was not possible to contact eight patients (15%) in the non-fixation group, 

who were understood to be alive at the time of collection. The advanced age of this 

group made contact by post and telephone difficult. Despite this, it is incorrect to 

assume that they would have experienced a comparable outcome to that of the 

contacted cohort. It has not been possible to present late radiographic follow-up of 

some patients, with 16 cases (29.6%) in the non-fixation group lacking radiographic 

evidence of union at the point of discharge. However, after searching electronic patient 

records and collecting outcome data, it is understood that no patient has required 

surgery for symptomatic non-union. Without further radiographs beyond nine months, 

it is impossible to define the non-union rate (or pseudoarthrosis in the absence of 

clinical pain). Similarly, assessment for development of PTOA given the nature and 

duration of follow up has not been feasible. This study is prone to selection bias, given 

the number of supervising surgeons involved. Nevertheless, this is a pragmatic 

scenario, representative of daily clinical practice. Finally, the findings can only be 

applied to those patients managed with a fibular intramedullary nail.  
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5.6.2 Key conclusions 

Internal fixation of well-reduced medial malleolar fractures following fibular 

stabilisation is not superior to non-fixation according to patient reported outcome 

measures at a mean follow-up period of five years. Soft-tissue complications rates 

appear lower in the non-fixation group and consequently this treatment approach 

warrants future investigation. 

 

5.6.3 Directions for future research 

Given the inherent study limitations, including selection bias and inclusion of patients 

managed exclusively with a fibular intramedullary nail, a prospective RCT that 

investigates this minimally invasive treatment approach further, including alternative 

methods of fibular stabilisation would help to validate the findings of this chapter. 
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6. MEDIAL MALLEOLUS: OPERATIVE OR NON-
OPERATIVE (MOON TRIAL) - PROSPECTIVE 
RANDOMISED CONTROLED TRIAL OF OPERATIVE 
VERSUS NON-OPERATIVE MANAGEMENT OF 
ASSOCIATED MEDIAL MALLEOLAR FRACTURES 
IN UNSTABLE FRACTURES OF THE ANKLE 

Material from this chapter has been published in BMC Trials in 2019301, appendix 8. 

Carter TH, Oliver WM, Graham C, Duckworth AD, White TO. Medial malleolus: 

Operative Or Non-operative (MOON) trial protocol - a prospective randomised 

controlled trial of operative versus non-operative management of associated medial 

malleolus fractures in unstable fractures of the ankle. Trials. 2019;20(1):565. 
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6.1 Aims and Hypothesis 

The primary aim of this chapter was to determine whether any difference exists in the 

primary outcome measure (OMAS) one-year post-randomisation between operative 

and non-operative management of well-reduced medial malleolar fractures following 

fibular stabilisation in patients undergoing surgical fixation of an unstable ankle 

fracture. The secondary aims were to determine if there were any differences between 

the two groups with regards to the secondary outcome measures including the 

MOXFQ, EQ-5D, complications, return to function and satisfaction.   

 The hypothesis was that internal fixation of well-reduced medial malleolar 

fractures following fibular stabilisation is superior to non-fixation, as measured by the 

OMAS at one-year post-randomisation. The null hypothesis was that there is no 

difference in outcome, as measured by the OMAS at one-year post-randomisation, 

between fixation and non-fixation of well-reduced medial malleolar fractures 

following fibular stabilisation.  
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6.2 Chapter Summary 

A registered prospective randomised, single centre trial which included adult patients 

aged 16 years and older with operatively managed unstable ankle fractures was 

performed. Patients required an associated medial malleolar fracture to meet the 

inclusion criteria. Participants of the trial were randomised to either operative 

(fixation) or non-operative (non-fixation) management of their associated well-

reduced medial malleolar fracture, following satisfactory fibular stabilisation. The 

choice of both lateral and medial sided fixation was left to surgeon discretion, as was 

the requirement for fixation of an associated posterior malleolar fracture. An 

acceptable closed reduction of the medial malleolus confirmed fluoroscopically was 

required (£2 millimetres of displacement) to permit intra-operative randomisation. The 

primary outcome measure was the OMAS one-year post-randomisation (day of 

surgery). Secondary outcome measures included further validated PROMs, 

complications, return to function and treatment satisfaction. 

 There were 106 patients randomised to receive operative (n=53; 50.0%) or 

non-operative (n=53; 50.0%) management. The baseline demographics, fracture 

characteristics and peri-operative data for the two groups were comparable (all p>0.05), 

except for a significantly reduced tourniquet time in the non-fixation group with a 

mean difference of 21.7 minutes (p<0.001). Two (1.9%) patients died of unrelated 

causes and four (3.8%) were lost to follow-up, leaving 100 (94.3%) for review at the 

primary outcome endpoint. At one year following surgery the mean OMAS in the 

fixation group was 76.2 (range, 5-100; SD, 23.2) compared with 72.4 (range 5-100; 

SD, 22.5) in the non-fixation group (p=0.408). There was no statistically significant 

difference in the OMAS between the two treatment groups at any assessment point 
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following randomisation (all p<0.05). Sixteen patients (32.0%) returned to their 

baseline OMAS or above in the non-fixation group compared with 14 patients (28.0%) 

in the fixation group (p=0.663). There were no statistically significant differences in 

any of the secondary outcome measures at one year following surgery, including the 

number of patients that experienced a complication (64.0% vs. 62.0%; p=0.836). 

Proportionately more patients in the non-fixation group experienced a major 

complication (18.0% vs. 8.0%; p=0.137) and more required further surgery to manage 

these complications (14.0% vs. 8.0%; p=0.525), although not statistically significant.  

Medial malleolar non-union was evident in three patients (6.0%) in the non-fixation 

group compared with no patients in the fixation group (p=0.242) and a further seven 

patients developed an asymptomatic pseudoarthrosis of the medial malleolus. 

Multivariate linear regression analysis identified patient smoking (p=0.006) and 

medial malleolar non-union (p=0.002) as predictive of a poor outcome at one year, but 

treatment group allocation was not (p=0.357).  

As this trial is currently under-powered it is not possible to confirm or reject 

the null hypothesis. However, analysis of the data collected so far would suggest that 

internal fixation of an associated well reduced medial malleolar fracture following 

fibular stabilisation does not appear to be superior to non-fixation with respect to 

patient reported outcomes, complication rates, return to function and treatment 

satisfaction. Although not statistically significant, the more major complications 

including painful medial malleolar non-union and the requirement for re-operation are 

higher in the non-fixation group. Subsequent reporting of results from this trial when 

adequately powered will allow more accurate conclusions to be made in the absence 

of potential type II error.   
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6.3 Chapter Introduction 

The results from the retrospective unmatched cohort study presented in Chapter 5 

demonstrated equivalent patient reported outcome following the non-operative 

management of medial malleolar fractures following intramedullary fibular 

stabilisation with an intramedullary nail compared with internal fixation. This concept 

is supported by prospective data published by Hoelsbrekken et al182; a study that was 

limited by a lack of baseline PROMs and small sample size, although adequately 

powered according to the published power calculation.  

A weakness of the retrospective study presented in Chapter 5 was the high rate 

of medial sided ‘lacking radiographic union’ in both the fixation and non-fixation 

groups, related primarily to a deficiency of radiographic surveillance, with many 

patients discharged from clinic between six and eight weeks following surgery. It was 

therefore difficult to quantify the true incidence of medial malleolar non-union and 

pseudoarthrosis in both groups, which remains a major limitation of the study and 

requires addressing in future research. The weaknesses highlighted in the discussion 

of Chapter 5 have been used to inform and carefully design the prospective RCT, 

presented in this chapter. 

From the limited available literature to date, is it clear that further high-quality, 

prospective work is needed to determine if internal fixation of well-reduced medial 

malleolar fractures following fibular stabilisation is superior to non-fixation.   
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6.4 Patients and Methods 

6.4.1 Patients and database construction 

This was a registered single-centre, prospective RCT of adult patients (³16 years of 

age) presenting with an unstable bimalleolar or trimalleolar fracture dislocation of the 

ankle joint (ClinicalTrials.gov ID: NCT 03362229). The trial protocol was published 

in advance of recruitment completion301. The main study centre was a large academic 

trauma centre providing Orthopaedic trauma care for a population of approximately 

850,000. This trial was authorised by the appropriate ethical and clinical trial 

committees (REC: 17/SS/0124, IRAS: 222034; appendix 2).  

 Between October 2017 and September 2019, 106 adult patients with the ability 

to consent into a clinical trial were recruited. Due to the suspension of recruitment 

during the SARS-CoV-2 virus pandemic, it was not possible to recruit all 154 study 

participants before preparing and submitting this thesis. All patients presented with an 

unstable ankle fracture dislocation, requiring operative intervention. The inclusion and 

exclusion criteria are outline in Table 6.1. Daily screening of patient admissions lists 

identified a total of 609 patients presenting with unstable ankle fractures during the 

same study period (average 25 patients/month). Many patients were immediately 

ineligible as their injury did not include a fracture of the medial malleolus (n=207, 

34.0%). The selection and flow of participants are summarised in Figure 6.1. The 

number of participants presented in this chapter falls below the planned recruitment of 

154, including 20% loss to follow-up for reasons detailed in Chapter 2, Section 2.1. 

Future publication of the final results from this trial will be available after the 

submission of this thesis.   
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Inclusion criteria Exclusion criteria 

1. Age ³16 years 

2. Able to consent to treatment 

3. Unstable fracture dislocation of the 

ankle joint requiring operative 

intervention 

4. Closed injury 

5. Weber B & Weber C fractures 

6. Surgery date within two weeks of date 

of fracture 

 

1. Unable to give informed consent 

2. Unable to comply with follow-up 

3. Additional lower limb injury 

4. Open fracture 

5. Associated neurovascular injury 

6. Distal tibial intra-articular fractures 

7. Medial malleolus vertical shear fractures 

8. Isolated medial malleolus fracture 

9. Medically unfit for surgery 

10. Declining inclusion  

11. Current engagement in a pharmaceutical/drug 

trial 

12. Treating surgeon does not feel that inclusion 

in the trial is in the patients’ best interest 

either due to fracture pattern or patient factors 

Table 6.1: Inclusion and exclusion criteria for the trial. 
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Figure 6.1: CONSORT diagram for recruitment and flow of the participants through the trial. 
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Demographic data was documented at the point of recruitment. This included 

age, sex, contact information, co-morbidities, medications, medical allergies, mobility 

status, smoking status, alcohol intake, BMI, occupation, employment status, pre-injury 

physical activity engagement including type and level of activity, mechanism of injury 

and the presence of any associated injuries. Participants were asked to complete a 

retrospective baseline EQ-5D and OMAS at presentation to assess pre-injury general 

and lower limb specific functional status, which was highlighted as a weakness of the 

previously published literature182. 

 

Consent process 

The trial was introduced by a member of the on-call admitting team. A patient 

information sheet (PIS), containing full details of the trial was provided. Consent was 

taken during normal working hours by a member of the trial team, chiefly THC or 

WMOn. Patients were consented on the understanding that allocation of treatment 

group would occur during surgery, as detailed below. The signed consent form 

accompanied the participant to theatre, in addition to the next envelope in the 

randomisation sequence. Out of hours consent was taken by a member of the on-call 

team, who had been educated on the trial in advance of recruitment. 

 

  

 
n Thank you to Mr William Oliver for assistance with recruitment of participants 
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Randomisation and allocation of treatment group 

Randomisation was on a 1:1 basis, stratified by age (³65 years or <65 years) and 

performed by an independent statistician (CG), employed through the local Clinical 

Research Facilityo. Allocation of treatment occurred during surgery, following fibular 

stabilisation. The reduction quality of the medial malleolar fracture was verified by the 

operating surgeon and if deemed acceptable the opaque envelope was opened by an 

independent member of theatre staff. This revealed a sticker specifying ‘FIXATION’ 

or ‘NON-FIXATION’. If the reduction of the medial malleolar fracture was not 

deemed satisfactory, the envelope was not opened and subsequently returned in order 

of the randomisation sequence. In this situation (n=51; Figure 6.1), the participant was 

excluded from the trial, and treated as per their supervising consultant’s practice. 

 

6.4.2 Radiographic classification and assessment of reduction quality 

All radiographs were classified pre-operatively according to the Lauge-Hansen and 

AO/OTA classification systems55, 56 (Chapter 1, Section 1.4). Medial malleolar 

fractures were classified pre-operatively according to the Herscovici classification 

system60 (Chapter 2, Section 2.2). Following fibular stabilisation, the quality of medial 

malleolar fracture reduction was assessed fluoroscopically using an AP radiograph 

with the ankle in neutral position. A fracture was deemed to be acceptably reduced if 

there was no more than two millimetres of residual displacement as seen on the 

 
o Thank you to Dr Cat Graham, statistician for assistance with randomisation and general 
statistical advice  
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radiograph (Chapter 2, Section 2.2). Examples of acceptable and unacceptable 

reductions are demonstrated in Figure 6.2 and Figure 6.3 respectively. 

 

 

Figure 6.2: Acceptable medial malleolar fracture reduction. 

 

Figure 6.3: Unacceptable medial malleolar fracture reduction. 
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6.4.3 Management protocol 

The median time to surgery was two days (range, 0-12), which was comparable 

between both groups (p=0.201). Peri-operative data are summarised in Table 6.5. The 

care of each participant was supervised by an orthopaedic trauma consultant. Surgery 

was performed by a consultant in six cases (5.7%) or a registrar/fellow in 100 cases 

(94.3%). The technique and choice of implant for stabilisation of the fibular fracture 

was at the discretion of the operating surgeon and included plate fixation (n=74, 

69.8%), intramedullary nail (n=29, 27.4%) or syndesmosis screw-only fixation (n=3, 

2.8%). Syndesmosis stabilisation was required in 23 cases (21.7%). Posterior 

malleolar fractures were addressed by the treating surgeon if they contributed to 

overall talar instability and were managed with 3.5mm partially threaded cancellous 

lag screws inserted in an anterior to posterior direction (n=5, 4.7%). Surgical 

techniques have been outlined in Chapter 2, Section 2.3. 

 Patients randomised to non-fixation (n=53) underwent no further surgical 

management of the associated medial malleolar fracture, whilst patients randomised 

to fixation (n=53) received internal fixation. The surgical approach and fixation 

technique was determined by the operating surgeon and comprised 3.5mm partially 

threaded cancellous lag screws (n=50, 94.3%), 3.5mm fully threaded cortical screws 

(n=2, 3.8%), or plate fixation (n=1, 1.9%). Post-operative immobilisation and 

weightbearing status was at the discretion of the treating surgeon and followed the 

principles outlined in Chapter 2, Section 2.4. Surgeons were advised not to allow the 

absence or presence of medial malleolar fracture fixation to influence their prescribed 

post-operative management. 
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The care of all participants during the trial was supervised by two orthopaedic 

consultants (TOW and ADD) with an interest in orthopaedic traumap. Patients were 

reviewed in the outpatient clinic by one of three trauma research fellows (THC, WMO 

and KRB) q . Referral for physiotherapy was considered on an individual basis. 

Metalwork, including syndesmosis screws, was only removed in the clinical situation 

of intolerable discomfort or for control of deep infection. 

 

6.4.4 Outcome assessment 

Assessment points 

All outpatient follow-up assessment was performed in the main study centre and 

included clinical and radiographic review. Participants were reviewed over a one-year 

period at the following timepoints: two weeks, six to eight weeks (depending on 

weightbearing status) and one year (52 weeks). The schedule of assessment points is 

summarised in Table 6.2. To minimise inconvenience, participants were contacted at 

both three (12 weeks) and six months (26 weeks) post-surgery to collect postal 

questionnaire outcome data. 

 

  

 
p Thank you to Mr Tim White and Mr Andrew Duckworth for dedicating research outpatient 
appointments for the review of trial participants 
q Thank you to Mr William Oliver and Miss Katrina Bell for assistance with reviewing trial 
participants in the outpatient clinic 
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 Baseline/ 
Injury 

Week  

2 

Week  

6-8 

Week  

12 

Week  

26 

Week  

52 

Informed Consent X      

Demographics X      

Inclusion/Exclusion Criteria X      

Randomisation X      

Radiographs X X X   X 

OMAS   X X (P) X (P) X 

MOXFQ   X X (P) X (P) X 

EQ-5D   X X (P) X (P) X 

Wound review +/- suture removal  X X    

Pain score   X X (P) X (P) X 

Return to work & sport  X X X (P) X (P) X 

Satisfaction  X X X (P) X (P) X 

Complications  X X X (P) X (P) X 

Table 6.2: Schedule of assessment points; (P) = collected via postal questionnaire. 

 

Primary outcome 

The primary outcome measure was the OMAS256 at one year post randomisation 

(Chapter 2, Section 2.5). Eleven participants completed their one-year outcome scores 

via postal questionnaire due to outpatient appointment restrictions during the SARS-

CoV-2 virus pandemic. They returned for outpatient radiographs when it was deemed 

safe, following completion of a satisfactory risk assessment. 
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Secondary outcomes 

Secondary outcomes included both patient and surgeon reported outcome measures. 

The MOXFQ263 and EQ-5D264 were collected as measures of limb specific and general 

health outcome assessment respectively (Chapter 2, Section 2.5). Additionally, 

participants completed a health, pain and satisfaction VAS assessment, with a score of 

100 indicating the best possible outcome. If applicable, return to function, including 

work and sport was recorded. Finally, treatment complications were documented and 

in general classified as minor if they did not require surgical intervention or major if 

they did29. Minor complications included superficial wound infection, wound 

dehiscence/delayed healing, asymptomatic prominent metalwork, localised ongoing 

pain (≥12 months after surgery) and pseudoarthrosis (painless radiographic evidence 

of non-union). Major complications included deep wound infection requiring 

debridement, failed fixation resulting in loss of talar reduction, non-union (painful 

radiographic evidence of non-union) and symptomatic metalwork, requiring removal. 

Given the nature of the study and the lack of data on the incidence of non-union, 

painful non-union of the medial malleolus was classed as a major complication, even 

if further surgery was not performed. Medical complications including VTE events 

were recorded separately. 

 Radiographic assessment using the intra-operative fluoroscopy was performed 

to determine the reduction quality of the medial malleolus fracture retrospectively and 

classed as ‘anatomical’, ‘good’ (≤2mm displacement) or ‘poor’ (>2mm displacement). 

AP and lateral radiographs of the ankle were performed at each outpatient clinic to 

assess for maintenance of talar reduction, fracture union and evidence of early PTOA. 
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Time to fracture union was assessed periodically according to planned follow-up visits 

and was based on the clinical absence of pain and radiographic evidence of endosteal 

healing. A binary timepoint of union by the second outpatient assessment point (six to 

eight weeks) was recorded to allow comparison between treatment groups. Given the 

duration of follow-up (12 months), it was possible to accurately define both a non-

union and pseudoarthrosis based on the radiographic and clinical assessment.  

Evidence of PTOA was recorded according to the classification described by Holzer102. 

 

6.4.5 Statistical analysis 

A power analysis demonstrated that 77 patients would be required in each treatment 

arm to detect a difference of 10 points (MCID) in the OMAS, accounting for a 20% 

increase to account for loss to follow-up (Chapter 2, Section 2.1)r. Outcomes between 

the two groups were compared using the Chi square test of proportions for binary 

variables or a Fisher’s exact test if one cell in each analysis was <5. According to the 

normality of data, a Student’s unpaired t-test was used to compare continuous variables 

with a normal distribution between two independent groups or a non-parametric 

equivalent (Mann-Whitney U test). A one-way ANOVA or non-parametric equivalent 

(Kruskal-Wallis test) was used when one variable had more than two categories. 

Pearson’s correlation coefficient was used to analyse the correlation between two 

continuous variables. Factors associated with change in OMAS between pre-operative 

baseline and one year were identified through univariate analysis. To limit the number 

 
r Thank you to Dr Cat Graham, statistician for her assistance with the power calculation and 
general statistical advice 
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of variables included in view of the sample size, only variables that showed a trend 

towards significance (p<0.1) or were significantly associated (p<0.05) with the OMAS 

change on univariate analysis were the included in a multivariate linear regression 

model using enter methodology. Two-tailed p-values were reported and a p-value of 

<0.05 was considered significant. 
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6.5 Results 

Demographics  

One hundred and six participants were randomised to either operative (n=53, 50.0%) 

or non-operative (n=53, 50.0%) management of their well reduced medial malleolar 

fracture following fibular fracture stabilisation (Figure 6.1). According to ITT 

principles, only one participant did not receive their allocated treatment; this patient 

was randomised to non-fixation, but the medial malleolar fracture was felt to re-

displace following syndesmosis stabilisation and was therefore fixed. This participant 

was analysed according to their intended group allocation (non-fixation). 

The mean age at injury was 56.5 years (range, 19-92; SD, 16.5). There was a 

substantial sex split with a strong majority of women (n=80, 75.5%) but no significant 

difference between the mean age at injury between the two sexes (p=0.613). Eighty-

one patients (76.4%) had one or more comorbidities and the median number of 

comorbidities was 1 (range, 0-7). The most common ASA grade was 2 (n=47, 44.3%), 

followed by ASA 1 (n=39, 36.8%) and ASA 3 (n=20, 18.9%). Seventy-five patients 

(70.8%) took regular medication, 22 were current smokers (20.8%) and 20 (18.9%) 

consumed alcohol in excess of national recommendations (>14 units/week). The mean 

BMI was 28.5 (range, 18.7-48.8; SD, 5.6) and 35 patients (33.0%) were classified as 

obese (BMI>30). There were proportionately more obese patients in the non-fixation 

group, with a higher mean BMI, but this did not reach statistical significance (p=0.063). 

The demographics of both groups were well-balanced (all p>0.05; Table 6.3). 
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Injury characteristics 

The right ankle was injured in the majority of cases (n=59, 55.7%). The most frequent 

mechanism of injury was a fall from standing height (n=88, 83.0%), followed by sports 

(n=10, 9.4%), fall from height (n=4, 3.8%), direct blow (n=3, 2.8%) and assault (n=1, 

0.9%). Six patients had an associated injury including a contralateral undisplaced distal 

radius fracture, contralateral undisplaced radial head fracture, contralateral forearm 

abrasion, scalp laceration, peri-orbital haematoma and soft-tissue contusion to the 

contralateral leg. As per the exclusion criteria, there were no open fractures. Most 

fractures were trimalleolar (n=60, 56.6%) in configuration. The most common fracture 

pattern according to the Lauge-Hansen classification system was SER type-4 (n=92, 

86.8%) and 44-B2 / 44-B3 (n=46, 43.4% each type) according to the AO/OTA 

classification system. Thirteen participants (12.3%) had a syndesmosis injury visible 

on their presenting radiographs. Sixty participants (56.6%) had a posterior malleolar 

fracture with a mean percentage involvement of the plafond, as measured on the lateral 

radiograph of 16.0% (range, 5-45; SD, 8.8). The most common medial malleolar 

fracture type according to the Herscovici classification was type B (n=67, 63.2%), 

followed by type C (n=34, 32.1%), type D (n=4, 3.8%) and type A (n=1, 0.9%). All 

the type D fractures were in the non-fixation group. Whilst most type D fractures are 

associated with a SAD injury pattern with a vertical fracture line, these fracturs were 

more oblique in orientation, but still classified as a type D according to the Herscovici 

system. The groups were well-balanced with respect to baseline injury characteristics 

(all p>0.05; Table 6.4) 
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Peri-operative data 

There were no statistically significant differences between the two groups with respect 

to wait for surgery, grade of surgeon, anaesthetic type, fibular fixation technique, 

posterior malleolar fixation, post-operative immobilisation, weight bearing instruction, 

VTE prophylaxis or referral for post-operative physiotherapy (Table 6.5). Tourniquet 

time was significantly lower in the non-fixation group by a mean difference of 21.7 

minutes (p<0.001). There were proportionately more patients managed non-weight 

bearing in the non-fixation group (18 patients, 34.0% vs. 9 patients, 17.0%), but this 

was not statistically significant (p=0.071) and may have represented the increased 

requirement for syndesmosis stabilisation in this group (14 patients, 17.0% vs. 9 

patients, 26.4%; p=0.443). An example of a patient managed in the non-fixation group 

is presented in Figure 6.4. 

 

 

Figure 6.4: AP radiographs from a 53-year-old patient who was randomised to non-fixation following 
an anatomical intra-operative reduction and progressed to satisfactory radiographic union.  
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(n/% unless otherwise stated) 
Fixation 

(n=53) 

Non-Fixation 

(n=53) 
p-value 

 Mean age (range, SD) 57.1 (27-87, 15.6) 55.9 (19-92, 17.5) 0.717c 

Sex 

 

   
- Man 10 (18.9) 

 

16 (30.2) 0.176a 

- Woman 43 (81.1) 40 (69.8)  

Side of injury    

- Right 34 (64.2) 25 (47.2) 0.078a 

- Left 19 (35.8) 28 (52.8)  

Smoker 10 (18.9) 12 (22.6) 0.632a 

Number of cigarettes/day (range, SD) 16.4 (3-40,9.8) 15.8 (5-40, 8.4) 0.872c 

Alcohol consumption (units/week) 19.1 (2-150, 29.3) 16.3 (2-80, 17.6) 0.630c 

Alcohol excess (>14 units/week) 11 (20.8) 9 (17.3) 0.653a 

BMI (range, SD) 27.7 (18.7-48.4, 5.4) 29.2 (19.5-45.0, 5.7) 0.194c 

Obesity (BMI >30) 13 (24.5) 22 (41.5) 0.063a 

Co-morbidities ≥1 39 (73.6) 42 (79.2) 0.492a 

Mean comorbidities (range, SD) 1.7 (0-6, 1.3) 1.8 (0-7, 1.7) 0.796c 

ASA grade    
- 1 18 (34.0) 21 (39.6)  

- 2 27 (50.9) 20 (37.7) 0.355a 

 - 3 8 (15.1) 12 (22.6)  

Pre-injury mobility    
- Independent 51 (96.2) 47 (88.7)  

- 1x walking stick 

- 

1 (1.9) 3 (5.7) 0.367a 

- 2x walking stick 1 (1.9) 1 (1.9)  

- Walking frame 0 2 (3.8)  

Employed pre-injury 28 (52.8) 28 (52.8) 1.00a 

Recreational activity pre-injury 29 (54.7) 23 (43.4) 0.244a 

Mean pre-injury OMAS (range, SD) 94.7 (70-100, 9.4) 92.0 (50-100, 14.3) 0.267c 

Table 6.3: Baseline patient demographics. (* statistical significance reached, a Chi-squared test, b 

Fisher’s exact test, c Student’s unpaired t-test).  
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(n/% unless otherwise stated) Fixation 

(n=53) 

Non-Fixation 

(n=53) 

p-value 

 Associated injury 1 (1.9) 5 (9.4) 0.205b 

Mechanism of injury    
- Fall standing height 43 (81.1) 45 (84.9)  

- Fall from height 3 (5.7) 1 (1.9) 0.666a 

 - Direct blow 1 (1.9) 2 (3.8)  

- Sport 5 (9.4) 5 (9.4)  

- Assault 1 (1.9) 0  

Lauge-Hansen classification       

 

   
- SER 48 (90.6) 44 (83.0)  

- PER 2 (3.8) 5 (9.4) 0.449a 

- PAB 3 (5.7) 4 (7.5)  

- SAD 0 0  

AO/OTA classification    
- 44-B2 24 (45.4) 22 (41.5)  

- 44-B3 23 (43.4) 23 (43.4) 0.827a 

- 44-C2 3 (5.7) 3 (5.7)  

- 44-C3 3 (5.7) 5 (9.4)  

Radiographic syndesmosis injury 6 (11.3) 7 (13.2) 0.767a 

Posterior malleolar fracture 27 (50.9) 31 (58.5) 0.435a 

Mean posterior malleolar fracture % 

(range, SD) 

 

 

16.7  

(5-40, 8.3) 

15.8 

(5-45, 9.3) 

0.714c 

Medial malleolar fracture 

classification 

   
- Type A 

Type 

1 (1.9) 0  

- Type B 

-Type 

35 (66.0) 32 (60.4) 0.162a 

- Type C 17 (32.1) 17 (32.1)  

- Type D 0 4 (7.5)  

Table 6.4: Baseline injury characteristics. (* statistical significance reached, a Chi-squared test, b 

Fisher’s exact test, c Student’s unpaired t-test). 
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(n/% unless otherwise stated) Fixation 

(n=53) 

Non-Fixation 

(n=53) 

p-value 

Median days to surgery (IQR) 2 (0-12) 2 (0-10) 0.150c 

Anaesthetic  

 

   

- General 42 (79.2) 

 

44 (83.0) 0.804a 

 - Spinal 11 (20.8) 9 (17.0))  

Grade of surgeon 

 

   

- Consultant 4 (7.5) 2 (3.8) 0.678b 

- Trainee/fellow 49 (92.5) 51 (96.2)  

Fibular fixation    

- Plates and screws 39 (73.6) 

 

35 (66.0)  

- Intramedullary nail 13 (24.5) 

 

16 (30.2) 0.651a 

- Syndesmosis screw 1 (1.9) 2 (3.8)  

Syndesmosis fixation 9 (17.0) 14 (26.4) 0.443a 

Medial malleolar fracture fixation    

- 1x screw 25 (47.2) n/a  

- 2x screw 

 

27 (50.9) n/a n/a 

- TBW 0 n/a  

- Plate  1 (1.9) n/a  

Medial malleolar fracture reduction    

- Good (anatomical) 

Fair (≤2mm) 

Poor (>2mm 

n/a 31 (58.5)  

- Fair (<2mm)  n/a 17 (32.1) n/a 

- Poor (>2mm) n/a 5 (9.4)  

Posterior malleolus fixation 3 (5.7%) 2 (3.8%) 1.000b 

Tourniquet used 50 (94.3) 50 (94.3) 1.000a 

Mean tourniquet time (range, SD) 77.3 (40-124, 18.3) 55.6 (30-92, 14.9) <0.001*d 

Post-operative immobilisation    

- Moonboot 51 (96.2) 49 (92.5) 0.678b 

- Plaster 2 (3.8) 4 (7.5)  

Post-operative weightbearing status    

- Full 44 (83.0) 34 (64.1)  

- Partial 0  1 (1.9) 0.071a 

- Non 9 (17.0) 18 (34.0)  
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Post-operative VTE prophylaxis  5 (9.4) 8 (15.1) 0.555b 

Post-operative physiotherapy 35 (66.0) 34 (64.2) 0.834 a 

Table 6.5: Peri-operative data.  (* statistical significance reached, a Chi-squared test, b Fisher’s exact 
test, c Mann-Whitney U test, d Student’s unpaired t-test). 
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6.5.1 Primary outcome 

At one year following surgery, 100 participants were available for review (94.3% 

follow-up rate). Two participants were deceased and four were lost to follow-up 

(Figure 6.1). Both deceased patients were in the fixation arm and died due to unrelated 

causes (cardiac event and metastatic bowel cancer). Outcome scores were all normally 

distributed. At the primary outcome endpoint, the mean OMAS was 74.3 (range, 5-

100; SD, 22.8). Patients significantly improved from six-eight weeks (41.0) to one 

year (74.3), according to the mean OMAS (p<0.001) but were significantly worse than 

their pre-injury level of 93.4 (range, 50-100; SD, 12.1) one year after surgery 

(p<0.001). Thirty patients (30.0%) returned to their baseline OMAS or above.  

The mean OMAS in the fixation group one-year post-randomisation was 76.2 

(range, 5-100; SD, 23.2) compared with 72.4 (range, 5-100; SD, 22.5) in the non-

fixation group (p=0.408). This mean difference of 3.8 was less than 10 points, which 

was defined as the MCID for the OMAS. There was no statistically significant 

difference in the OMAS between the two treatment groups at any assessment point 

following randomisation (Figure 6.5, Table 6.6). Sixteen patients (32.0%) returned to 

their baseline OMAS or above in the non-fixation group compared with 14 patients 

(28.0%) in the fixation group; this was not statistically significant (p=0.663).  



Minimally Invasive Treatment Approaches in the Operative Management of Unstable Ankle Fractures 

Chapter 6. MOON trial 

 

 

 

173 

 

Figure 6.5: Change in OMAS over time with 95% confidence intervals. 
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Time 
Point 

Outcome measure 

Mean (range, SD) 

Fixation  

(n=50) 

 

Non-fixation 

(n=50) 

 

p-valuea 

Pre-op 

OMAS 

EQ-5D 

Health VAS 

Pain VAS 

94.7 (70-100, 9.4) 

0.90 (0.27-1.0, 0.15) 

80.2 (10-100, 16.9) 

95.7 (40-100, 12.9) 

92.0 (50-100, 14.3) 

0.86 (0.08-1.0, 0.24) 

78.1 (0-100, 20.5) 

91.0 (10-100, 20.7) 

0.267 

0.413 

0.577 

0.168 

6-8 
weeks 

OMAS 

MOXFQ 

EQ-5D 

Health VAS 

Pain VAS 

Satisfaction 

41.4 (5-85, 19.8) 

42.2 (6.3-87.5, 23.8) 

0.65 (-0.02 to 1.0, 0.21) 

81.2 (30-100, 15.5) 

82.4 (0-100, 21.4) 

95.1 (50-100, 10.2) 

40.6 (5-85, 19.7) 

48.3 (0-93.8, 23.4) 

0.55 (-0.24 to 1.0, 0.27) 

74.7 (30-100, 16.5) 

80.9 (30-100, 19.1) 

96.6 (50-100, 8.7) 

0.847 

0.199 

0.073 

0.048* 

0.723 

0.432 

12 weeks 

OMAS 

MOXFQ 

EQ-5D 

Health VAS 

Pain VAS 

Satisfaction 

53.8 (20-10, 24.3) 

40.3 (0-85.9, 23.7) 

0.68 (-0.18 to 1.0, 0.23) 

79.0 (25-100, 14.5) 

75.4 (10-100, 21.5) 

88.5 (50-100, 14.3) 

51.7 (5-85, 22.0) 

47.5 (0-92.2, 24.2) 

0.62 (-0.07 to 1.0, 0.26) 

76.5 (0-100, 18.4) 

72.6 (15-100, 21.5) 

92.2 (60-100, 9.8) 

0.658 

0.134 

0.254 

0.460 

0.512 

0.133 

26 weeks 

OMAS 

MOXFQ 

EQ-5D 

Health VAS 

Pain VAS 

Satisfaction 

68.6 (10-100, 21.8) 

28.4 (0-100, 25.3) 

0.77 (0.07-1.0, 0.21) 

83.1 (30-100, 14.4) 

82.2 (10-100, 20.8) 

92.5 (40-100, 10.7) 

61.1 (15-95, 25.3) 

35.9 (0-95.3, 26.8) 

0.67 (-0.24 to 1.0, 0.28) 

78.7 (10-100, 17.4) 

74.4 (10-100, 24.2) 

92.4 (50-100, 10.2) 

0.119 

0.149 

0.065 

0.177 

0.090 

0.923 

52 weeks 

OMAS 

Change in OMAS  

MOXFQ 

EQ-5D 

Health VAS 

Pain VAS 

Satisfaction 

Return to work (wks) 

Return to sport (wks) 

76.2 (5-100, 23.2) 

18.5 (-15-100, 22.9) 

19.9 (0-93.8, 23.8) 

0.82 (0.62-1.0, 0.24) 

85.8 (40-100, 14.1) 

89.1 (20-100, 20.0) 

96.0 (70-100, 7.2) 

8.2 (1-16, 4.7) 

16.3 (7-39, 9.3) 

72.4 (5-100, 22.5) 

19.6 (-20 to 80, 21.2) 

22.9 (0-81.3, 21.3) 

0.77 (0.69-1.0, 0.24) 

82.9 (10-100, 18.5) 

87.4 (0-100, 18.5) 

97.4 (50-100, 8.0) 

10.4 (0-20, 5.9) 

18.5 (8-48, 13.1) 

0.408 

0.804 

0.496 

0.250 

0.371 

0.663 

0.361 

0.149 

0.482 

Table 6.6: Patient reported outcome measures at each assessment point by treatment group. (* 
statistical significance reached, a Student’s unpaired t-test). 
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6.5.2 Secondary outcomes 

Patient reported outcome measures 

At one year following randomisation the mean MOXFQ for the total cohort was 21.4 

(range, 0-93.8; SD, 22.5), the EQ-5D was 0.80 (range, -0.24 – 1.00; SD, 0.24), the 

health VAS was 84.3 (range, 10-100; SD, 16.4), the pain VAS was 88.2 (range, 0-100; 

SD, 19.2) and the mean satisfaction with treatment was 96.7 (range 50-100; SD, 7.6). 

Except for a significant difference in health VAS at 6-8 weeks following surgery, 

which favoured the fixation group (81.2 vs. 74.7; p=0.048), there were no statistically 

significant differences between the groups at any outcome point according to the 

secondary patient reported outcomes (Table 6.6). 

 

Return to activity 

By one year following randomisation 52 of the 56 participants who were working 

before their injury returned to work at a mean of 9.5 weeks (range, 0-26; SD, 5.5). 

Proportionately more patients in the non-fixation group returned to work (29, 58.0% 

vs. 23, 46.0%), but this was not statistically significant (p=0.091), nor was the time it 

took them to return to work (p=0.149), although return to work was quicker in the 

fixation group by a mean of 2.2 weeks (Table 6.6). Of the 56 participants who 

participated in physical activity before their injury, 53 returned to activity after a mean 

period of 17.3 weeks (range, 2-52; SD, 11.3). Proportionately more participants in the 

fixation group returned to sport (27, 54.0% vs. 26, 52.0%), but this was not statistically 

significant (p=0.801), nor was the time it took them to return to physical activity 

(p=0.482).  
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Complications 

Ninety-eight complications were recorded in 63 patients (63.0%) during their 

treatment with a median of 1 complication per patient (IQR, 1-2). The vast majority of 

these were minor in nature and did not require surgical intervention (Table 6.7). Fifty-

one patients (51.0%) experienced one or more minor complication(s), 11 patients 

(11.0%) experienced one or more major complication(s) and two patients (2.0%) 

experienced both; a breakdown of the number of patients experiencing a complication 

and the specific number of medial and lateral sided complications are presented in 

Table 6.7. The results have been presented in this way for clarity as there was some 

overlap between medial and lateral sided presentations. The most common 

complications were prominent metalwork (n=30, 30%), followed by localised pain 

(n=21, 21.0%) and superficial wound infection (n=13, 13.0%). All superficial 

infections improved with oral antibiotics and wound care alone (Figure 6.6). There 

were no medical complications including VTE.  
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Figure 6.6: Medial wound infection treated with oral antibiotics and regular wound care. 

 

 Thirty-two patients (64.0%) in the fixation group experienced one or more 

complication compared with 31 (62.0%) in the non-fixation group (p=0.836; Table 

6.7).  Proportionately more patients in the non-fixation group experienced a major 

complication (n=9, 18.0% vs. n=4, 8.0%; p=0.137), which largely related to 

symptomatic medial malleolar non-union (n=3, 6.0%) and an increased rate of further 

surgery to manage complications (n=7, 14.0%) including loss of talar reduction (n=3, 

6.0%; Figure 6.7). The three patients that experienced a loss of talar reduction were all 

high-risk. The first was a 79-year-old osteoporotic woman who underwent plate 

fixation of the fibula, which failed rapidly with pull-out of the proximal screws. The 

second case was a 54-year-old heavy smoking woman, with an unrecognised 

syndesmosis injury who was permitted to weight bear immediately following surgery, 

eventually requiring revision syndesmosis fixation and subsequent removal of 

metalwork due to ongoing pain and infection. The third case was a 54-year-old man 

who was a heavy smoker and alcohol dependant. His fracture was under-treated and 
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after it failed a CT scan demonstrated an unstable posteromedial pilon variant. He 

subsequently required a TTC nail arthrodesis (Figure 6.7).  

 

 

Figure 6.7: Early post-operative loss of talar reduction requiring eventual TTC nail fixation. 
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(n/% unless otherwise stated) Fixation 

(n=50) 

Non-Fixation 

(n=50) 

p-value 

Patients with complication(s) 32 (64.0) 31 (62.0) 0.836a 

Patients with minor complication(s) 29 (58.0) 24 (48.0) 0.316a 

Superficial infection 8 (16.0) 5 (10.0) 0.564a 

 - Lateral 5 (10.0) 

 

5 (10.0) 1.000b 

 

 

- Medial 3 (6.0) 0  0.242b 

Wound dehiscence 

Grade of surgeon 

 

1 (2.0) 1 (2.0) 1.000b 

 - Lateral 1 (2.0) 1 (2.0) 1.000b 

 - Medial 0 0 n/a 

Metalwork prominence 19 (38.0) 11 (22.0) 0.081a 

 - Lateral 15 (30.0) 11 (22.0) 0.362a 

 - Medial 11 (22.0) 0 <0.001*b 

Localised pain 11 (22.0) 10 (20.0) 0.806a 

 - Lateral 4 (8.0) 6 (12.0) 0.505a 

 - Medial 10 (20.0) 4 (8.0) 0.084a 

Pseudoarthrosis (painless) 0 7 (14.0) 0.012*b 

 - Lateral 0 0  n/a 

- Medial  0 7 (14.0) 0.012*b 

Patients with major complication(s) 4 (8.0) 9 (18.0) 0.137b 

Failed fixation requiring revision 0 3 (6.0) 0.242b 

Deep infection requiring surgery 

 

1 (2.0) 0 1.000b 

 - Lateral 1 (2.0) 0 1.000b 

 - Medial 0 0 n/a 

Non-union (painful) 

 

0 3 (6.0) 0.242b 

 - Lateral 0 0 n/a 

- Medial 0 3 (6.0) 0.242b 

Medial malleolus non-union requiring 
surgery 

0 1 (2.0) 1.000b 

Removal of symptomatic metalwork 3 (6.0) 3 (6.0) 1.000b 

 - Lateral 1 (2.0) 3 (6.0) 0.212b 

 - Medial 2 (4.0) 0  0.189b 

Further surgery to manage 
complications 

4 (8.0) 7 (14.0) 0.525b 

Table 6.7: Complications during treatment. (* statistical significance reached, a Chi-squared 
test, b Fisher’s exact test). 
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Radiographic outcome and fracture union 

Lateral malleolar fractures united without event in all participants, with no difference 

between groups in the proportion of patients achieving lateral malleolar union by the 

second post-operative outpatient review (p=0.761). Significantly more patients in the 

fixation group (n=41, 82.0%) achieved medial malleolar union by the same assessment 

point compared with the non-fixation group (n=29, 58.0%; p=0.013). At the primary 

endpoint, a medial malleolar pseudoarthrosis (Figure 6.8) occurred in seven patients 

in the non-fixation group (14.0% overall incidence), compared with no patients in the 

fixation group. A further three patients had a painful radiographic non-union (6.0%) 

with one requiring surgery for excision of the non-union fragment (Figure 6.9). In the 

non-fixation group 29 patients (58.0%) had a ‘good’ reduction, 16 patients (32.0%) 

had a ‘fair’ reduction, and five patients (10%) had a poor reduction.  

 

Figure 6.8: Painless medial malleolar pseudoarthrosis, not requiring surgical intervention. 
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Figure 6.9: Symptomatic medial malleolar non-union following poor intra-operative reduction, 
eventually requiring excision of the fragment and deltoid ligament plication, with improvement in 
symptoms. 

 

Pseudoarthrosis/non-union was associated with a poor intra-operative 

reduction quality with only one non-union occurring in the ‘anatomical’ reduction 

group (3.4%). The rate of pseudoarthrosis/non-union increased following a ‘fair’ 

reduction (6/16, 37.5%) and ‘poor’ reduction (3/5, 60.0%; p<0.001). Reduction quality 

was also associated with the development of a pseudoarthrosis (p=0.029), but not non-

union (p=0.091), although the numbers of patients with a non-union was small (n=3). 

Patient outcome was affected by reduction quality with a 20-point difference in the 

OMAS at one-year between the three groups (‘good’: 77.9, ‘fair’: 67.2, ‘poor’: 57.0), 

which trended towards, but did not reach statistical significance (p=0.081; one-way 

ANOVA).  

 

 



Minimally Invasive Treatment Approaches in the Operative Management of Unstable Ankle Fractures 

Chapter 6. MOON trial 

 

 

 

182 

 Radiographic features of PTOA were present in 11 patients in each group at 

the primary outcome endpoint. Patients in the non-fixation group demonstrated higher 

grade changes with two patients classified as grade 4 compared with no patients in the 

fixation group, but this was not statistically significant (p=0.149).  

 

6.5.3 Predictors of outcome 

Univariate analysis identified a number of variables which trended towards (p<0.01) 

significant association with a change in OMAS over the year study period, whereby a 

larger difference represented a poorer outcome; smoking (p=0.006), obesity (p=0.069), 

Weber C injury (p=0.081), syndesmosis fixation (p=0.010), poor intra-operative 

medial malleolar fracture reduction (p=0.098), and the development of a major 

complication (p=0.023), including a medial malleolar non-union (p=0.001). 

Pseudoarthrosis of the medial malleolar was not significant (p=0.882). 

 Multivariate linear regression analysis, controlling for these variables was 

performed (r2=0.367). Smoking (p=0.006) and medial malleolar non-union (p=0.002) 

were the only variables predictive of a poor outcome, according to the overall change 

in OMAS at one year. Treatment allocation was not predictive of outcome (p=0.357). 

The same seven variables were entered into a separate model to predict the final 

OMAS at one-year (r2=0.219); in keeping with results of the first model, smoking 

(p=0.023) and medial malleolar non-union (p=0.016) were predictive of a poor 

outcome (low OMAS).  
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6.6 Chapter Discussion 

This is the largest prospective RCT in the literature comparing operative and non-

operative management of associated medial malleolar fractures following fibular 

stabilisation in patients undergoing surgical fixation of an unstable ankle fracture. 

Despite being currently underpowered, it includes 18 more patients at the primary 

outcome endpoint than the only other published trial182. The patient reported outcome 

according to the OMAS was comparable between the two groups, both at the primary 

outcome endpoint and all other assessment points during the study. Additionally, there 

was no difference in the overall complication rate, although despite not demonstrating 

statistical significance, proportionately more patients in the non-fixation group 

experienced a major complication. The conclusions of this trial must be considered 

cautiously in context of the underpowered nature, especially as this study was not 

powered to detect a difference in complications.  

 In 2013 Hoelsbrekken et al performed the only other prospective RCT in the 

literature including 82 patients, comparing fixation (n=37) and non-fixation (n=45) of 

well-reduced medial malleolar fractures (<2mm displacement) following fibular 

stabilisation182. In keeping with the results presented in this chapter, there was no 

difference in the OMAS between the fixation (80) and non-fixation groups (81) at a 

minimum follow-up of two years. Interestingly the trial by Hoelsbrekken et al reported 

a higher rate of infection in the non-fixation group (9% vs 5%), which is the opposite 

to the results of the current study, whereby lateral sided infection was comparable, but 

medial infection was greater in the fixation group, as was localised medial sided pain 

following surgery. Two patients in the fixation group required further surgery for 

symptomatic medial sided metalwork; in one patient the screw had completely backed 
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out and was threatening the skin and in the second patient the screw had caused 

localised inflammation to the tibialis posterior tendon, a complication which has been 

previously reported178, 179. At the time of surgery there was evidence of tenosynovitis 

of the tibialis posterior tendon, which improved significantly after screw removal. 

Three patients in the non-fixation group required further surgery to remove 

symptomatic lateral sided metalwork, compared with only one patient in the fixation 

group. Whilst not directly related to the medial sided treatment allocation re-operations 

of this nature increased the re-operation rate for the non-fixation group.  

 

 Despite the significant contribution of ankle fractures to the orthopaedic 

workload, there are few studies reporting the rates of medial malleolar non-union. 

Within the confines of the available literature60, 182, published radiographic rates of 

between 4-9% are comparable to those in the present study (6%). Only one patient 

required further surgery, equating to a 2% risk of reintervention to treat medial 

malleolar non-union. The risk of developing a pseudoarthrosis/non-union was directly 

related to the quality of the fracture reduction at the time of surgery; in anatomically 

reduced fractures (n=29) only one patient developed a pseudoarthrosis (3%). Multiple 

linear regression analysis identified patient smoking and non-union as being strongly 

predictive of a poor outcome according to the OMAS, but the development of 

pseudoarthrosis was not. It may have been more correct to not define pseudoarthrosis 

as a minor complication in this chapter, but as the longer-term implications of this are 

unclear it was felt appropriate to include. Whilst it has been conclusively demonstrated 

that smoking has significant negative effects on bone healing302, it was not possible 

with the number of patients in the current study to demonstrate a statistically 
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significant association between smoking and non-union, although smokers were 

proportionately at higher risk of medial malleolar pseudoarthrosis/non-union than non-

smokers (20% vs. 8%; p=0.096). Given that both factors may contribute to a poorer 

post-operative patient outcome, it would be reasonable to not consider conservative 

management of medial malleolar fractures in patients who smoke, especially as lateral 

malleolar non-union was not an observed problem in either group. Post-operative loss 

of talar reduction occurred in three patients, all of whom were in the non-fixation group. 

It was felt that early loss of reduction was secondary to under-treatment of the fibular 

fracture or under-appreciation of the severity of injury including an unrecognised 

syndesmosis injury and an unstable posteromedial pilon variant, all of which were in 

high-risk patients.  

 An advantage of non-fixation was a reduced mean tourniquet time of 21 

minutes compared with fixation of the medial malleolar fracture. This may have 

potential benefits for increasing theatre utilisation and reducing complications 

associated with prolonged tourniquet use in lower limb fracture surgery including 

wound infection303 and post-operative pain304.  

 

6.6.1 Strengths and limitations 

The primary strength of this trial is the excellent compliance with randomised 

treatment allocation, with 99% of the 106 participants receiving their allocated 

intervention according to the ITT principle. The follow-up rate at the primary outcome 

endpoint of 94% serves as an additional strength. Based on the limitations of previous 

research in this area, the inclusion of pre-injury PROMs has enabled new 
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measurements of patient recovery including the difference in OMAS over the study 

period, as well as reporting the percentage of patients returning to their baseline score 

following injury; an outcome metric which may be helpful when counselling patients 

with unstable ankle fractures prior to surgery. With only 30% of patients returning to 

the same patient-reported baseline reminds us that ankle fractures are not benign 

injuries. 

The most significant limitation of the trial is the fact that it is currently under-

powered by 28 patients; therefore, the absence of a statistically significant difference 

between the OMAS at one year may represent a type II error. The reasons for this have 

been explained in Chapter 2, Section 2.1 and the trial is now fully recruited (154 

patients); the trial team remain active with data collection but continue to face 

challenges given the unpredictable nature of the SARS-CoV-2 virus pandemic. 

Another limitation of the study is the lack of surgeon and patient blinding but given 

the nature of the intervention this was not feasible. Acceptable medial malleolar 

fracture reduction based on AP intra-operative fluoroscopy was well-defined before 

the trial commenced and based on the surgeon’s assessment after fibular stabilisation. 

The subjective nature of this unfortunately resulted in five patients being included in 

the non-fixation group that should have been excluded according to the study protocol 

but were analysed, in respect of the pragmatic nature of the study. Three of these 

patients went on to develop a pseudoarthrosis/non-union, which as a result has likely 

over-estimated the true incidence of non-union for the described study cohort. 

Furthermore, we do not have data on medial malleolar reduction quality for all the 

fixation cases as a number of surgeons unfortunately did not save the appropriate intra-

operative fluoroscopy prior to internal fixation. 
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 A final comment on clinical equipoise must be considered. Whilst the study 

team designed and conducted the trial with genuine clinical equipoise and educated all 

trauma consultants on the nature of the trial in advance of recruitment, it was evident 

that a small number of senior surgeons lacked equipoise as the trial progressed. 

Consequently, some patients under the care of these surgeons were excluded from the 

trial as that surgeon felt strongly for or against the principle of non-fixation of medial 

malleolar fractures. Whilst some surgeons felt that the medial malleolus should always 

be fixed, there were several occasions where surgeons excluded patients as they felt it 

was not in their patient’s best interest to be included; they had decided in advance that 

they would treat the medial malleolar fracture non-operatively, usually secondary to 

concerns regarding a poor soft tissue envelope. The study team acknowledge this, but 

do not feel that this had a significant impact on the data collected.  

 

6.6.2 Key conclusions 

Internal fixation of well-reduced medial malleolar fractures following fibular 

stabilisation does not appear to be superior to non-fixation when examined under 

randomised controlled trial conditions although further data collection is required to 

confirm this statistically. Proportionally more patients treated without fixation 

experienced a major complication including the requirement for further surgery. 

Medial malleolar non-union and smoking are predictive of a poor outcome according 

to the OMAS one year following surgery.  
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6.6.3 Directions for future research 

To draw firm conclusions from this trial, ongoing data collection is required. If the 

remaining results follow a similar trend to those currently presented then it is likely 

that each treatment approach results in equivalent patient reported outcome after one 

year. Future research should focus on patients with an ‘anatomical’ medial malleolar 

fracture reduction in a more tightly controlled trial. Allowing a fracture displacement 

threshold of two millimetres has undeniably increased the inclusion of unsuitable 

patients, according to the study protocol, although do provide useful data through their 

inclusion.  
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7.  CONCLUSIONS 
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The aims of this thesis have been satisfied by the findings of each chapter. With respect 

to the first aim, the large retrospective review of 342 patients managed with a fibular 

intramedullary nail (Chapter 3) found a rate of mechanical failure of 6% and allowed 

for the examination of 20 failed fixation cases in detail. This has led to several 

procedural refinements, which have been adopted within the EOTU and have been 

shared with Acumed to make implant modifications. These include the provision of 

headless locking screws within the nail, to prevent screw back out and local soft-tissue 

irritation. Longer-term outcomes collected at a mean follow-up of five years provide 

useful prognostic data, which addresses a limitation of the published literature.  

 The second aim related to the biomechanical failure properties of the fibular 

intramedullary nail compared with locking plate fixation (Chapter 4). Whilst the 

fibular nail is a popular implant choice in the EOTU, it is acknowledged that most UK 

centres will be more familiar with locking plate fixation for elderly ankle fractures. 

The results of this chapter have demonstrated comparable failure properties, in 

particular torque to failure. Whilst the angle at failure was significantly higher in the 

nail group, the clinical significance of this is uncertain and likely reflects the lesser 

fixation constraint of the intramedullary device compared with the more rigid fixation 

afforded by locking plates. An important conclusion to take away is that the proven 

soft tissue benefits of the intramedullary nail do not appear to be offset by a lesser 

biomechanical performance.  

 The third and final aim was addressed by investigations in both a retrospective 

and prospective setting. Whilst the retrospective review of patients with medial 

malleolar fractures treated non-operatively following intramedullary fibular 
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stabilisation (Chapter 5) would suggest comparable mid-term outcome to those 

patients treated with fixation, this study was subject to the typical limitations of 

retrospective study designs, including a large loss to follow-up and lack of 

radiographic surveillance, making it difficult to draw firm conclusions regarding 

medial malleolar union. This treatment concept was then prospectively investigated in 

the RCT presented in Chapter 6. Whilst the findings of this study remain 

underpowered due to the impact of the SARS-CoV-2 virus pandemic, the results to 

date would suggest that internal fixation is not superior to non-fixation, although it is 

not possible to either accept or reject the null hypothesis at present. Additional data 

collection is required to ensure that this finding is not a type II error. Future research 

in this area may need to take on a more restricted approach and only include 

anatomically reduced fractures. It is clear from these results and the literature so far 

that a poorer fracture reduction decreases the likelihood of fracture union, and that 

painful non-union is predictive of a poorer outcome at one year. Peer-reviewed 

publication of the final results of this RCT will add greatly to the current evidence 

base.  
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