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ABSTRACT 
Ankle fractures are one of the most common fractures treated in orthopaedic surgery today and 
the trend towards surgical treatment has increased over the past decades. The ankle is though a 
sensitive area for surgical intervention concerning the surrounding soft tissues and early soft 
tissue complications such as infection are dreaded. Later sequelae, such as gait deviation and 
post-traumatic arthritis, might also lead to significant morbidity for these patients. The aim of 
this thesis was firstly to describe the epidemiology of ankle fractures in a large population and 
trends over time. Secondly, the aim was to study complications following ankle fracture surgery 
and to assess possible risk factors for complications, both in a clinical setting as well as in a 
large population. Thirdly, the aim was to study the gait pattern following ankle fracture surgery 
with a three-dimensional gait analysis method focusing on the foot and ankle. 

Study I is a population-based study of adult inpatients treated following ankle fractures in 
Sweden 1987-2004. The study included 91,410 patients, corresponding to a total annual 
incidence rate of 71 per 105 person-years. The annual increase of hospital admissions was 0.2% 
and was dominated by an increase in fracture incidence in the elderly women (0.9%). Mean age 
at admission was significantly higher in the female population. 

Study II is a population-based study of complications in adult inpatients following open 
reduction and internal fixation of ankle fractures in Sweden 2005-2010. The study included 
23,411 patients. Infection was the most common short term complication with an overall rate of 
3.7%. The highest risk of infection was seen in patients with open fractures. Other risk factors 
were diabetes, increasing age, fracture type and transport accidents. The 90 day amputation and 
mortality rates were 0.04% and 0.5% respectively. The overall rate of diagnosis of post-
traumatic osteoarthritis (OA) over the study period was 1.8%. Risk of post-traumatic OA was 
increased in the presence of previous short term complications such as technical failure and 
infection. Arthrodesis surgery followed the pattern of osteoarthritis, while intervention with 
prosthesis surgery was rare. 

Study III and Study IV were clinical studies, where patients admitted to hospital after sustaining 
an ankle fracture requiring surgery were asked to participate in a follow-up study. The patients 
were assessed regarding risk factors for early post-operative complications, as well as possible 
gait deviations one year following surgery. 108 patients were included for early post-operative 
follow up where complications were defined as positive culture from surgical wound site and/or 
prescription of antibiotics because of suspected surgical site infection. The rate of positive 
cultures obtained was 10% and 19% of patients were treated with antibiotics. Age (≥60 years) 
was found as a risk factor for both positive culture and for receiving antibiotics. Care related 
factors such as timing of surgery did not affect the outcome measures significantly. 18 of the 
above included patients accepted further follow up assessing gait pattern following surgery. The 
patients were examined after a mean time of 13 months post-operatively. Three-dimensional 
gait analysis with The Oxford foot model was performed to assess kinematic changes in the 
injured ankle joint or joints in the foot. Both the injured ankle joint and the forefoot were found 
to have a decreased range of motion as compared to the non-injured side and controls. The 
Oxford foot model was an objective way of assessing ankle fractures post-operatively. 
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INTRODUCTION 
Ankle fractures are one of the most common lower extremity fractures treated in 
orthopaedics and during the last decades the trend towards surgical treatment has 
increased1. The aim is to restore normal anatomy and biomechanics of the joint2. 
Complications following ankle fractures can occur both early and late. Surgical 
intervention carries risk of early complications such as infection. The injured ankle 
joint can suffer from later complications such as gait impairment and post-traumatic 
osteoarthritis. 
Risk factors for complications have been identified within the fracture site, the patient 
as well as with the treatment. 
Epidemiological data can be obtained through nationwide registers and enables the 
study of diseases. Descriptive epidemiological data such as incidence, fracture type, 
distribution in age and sex, mechanisms of injury and surgical procedures can provide 
estimates on the burden of disease for the planning and delivery of healthcare. It can 
also serve as a base when discussing causes and prevention of disease. 
The general aim of this thesis, based on four studies, was to study ankle fractures both 
in a clinical and epidemiological setting, to report descriptive data and to assess 
complications and risk factors for complications both in short term and in long term 
follow up. 
In this thesis ankle fractures refer to malleolar fractures in patients aged 15 years and 
older. 
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BACKGROUND 

HISTORICAL ASPECTS 

Fractures in general have been identified as a medical problem throughout history and 
most of Hippocrates essays (about 300 B C) described the management of injuries, 
especially fractures. He gave a rather detailed description of lesions in the region of the 
ankle and stated that they were sometimes in connection with the skin. In the treatment 
he separated between injuries with and without lesions of the skin. In the former, 
reduction was not performed as the patient would die within seven days3. 
Although Hansmann described the first internal fixation by means of plate and screws 
in 1858, Arbuthnot Lane and Albin Lambotte developed this method further4,5. The 
first case of surgery in the talocrural joint was reported by von Volkmann in 18756. 
Initially however, surgical techniques of fracture treatment did combine the 
disadvantages of non-surgical and operative treatment: the osteosynthesis was unstable 
and the fracture site had been exposed with a high risk of infection and disturbed bone 
healing5. In the early 20th century, after introducing radiology into orthopaedic surgery 
together with improved surgical settings such as anesthesia and aseptic surgery, the 
development of surgical methods for fracture treatment was made possible. 
Girdlestone documented knowledge about the biological aspects of fractures and 
handling of the surrounding soft tissues in surgery already in 1932; “union cannot be 
imposed but may have to be encouraged! For a bone is a plant with its roots in soft 
tissues and, when its vascular connections are damaged, it often requires, not the 
technique of a cabinetmaker but the patient care of a gardener”7. These words describe 
well the challenges when dealing with fracture surgery, not only regarding the fracture 
itself, but also the surrounding soft tissues. 

ANATOMY 

The ankle joint (talocrural joint) consists of three bones; tibia, fibula and talus. There 
are three articular surfaces: the upper joint surface, which is the dome of the talus and 
the tibial plafond and the main articulation of the joint; the medial joint surface, 
between the talus and the inner aspect of the medial malleolus; the lateral joint surface, 
between the talus and the inner surface of the lateral malleolus of the fibula8. The upper 
joint surface of the talus is wider in its ventral aspect. The shape of the bone has 
previously been described as a frustum of a cone, thus allowing movement within the 
entire range of motion of the ankle with good contact between the articular surfaces6. 
The tibia and fibula are linked together by the membrana interossea. The membrana 
interossea is also enhanced distally by the ligamentum (lig.) interossea. The joint is 
further stabilized by the anterior and posterior tibiofibular ligaments (syndesmosis) 
which stabilize fibula in the incisura fibularis (of tibia). Laterally, the joint is further 
stabilized by three ligaments; lig. talofibulare anterior, which is a main stabilizer in 
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plantarflexion; lig. calcaneofibulare, which runs obliquely and posterior, and the strong 
posterior talofibulare ligament, located most posterior. The deltoid ligament runs 
medially, and consists of four portions. This ligament complex has its origin in the 
tibia, and has a deep and superficial part with insertions on the talus, calcaneus and 
navicular bone (Figure 1a and 1b)9. These ligaments together thus form a complex also 
including surrounding joints; the talocalcaneal joint and the talonavicular joint. 
 

 
The foot and ankle altogether is a complex anatomical structure consisting of 26 
irregularly shaped bones, synovial joints, ligaments, muscles and tendons acting on 
different segments. It is often divided into four segments; the hindfoot, the midfoot, the 
forefoot and the phalanges (Figure 2)8,10. 
 
 
 
 
 
 
 
 
 
 
 

 

  

Lig. calcaneofibulare 

Lig. Deltoideum 

pars tibiocalcanea 

Figure 1. Ligaments of the ankle joint: a) medial view b) lateral view. 

Figure 2. Segments of the foot:  hindfoot, midfoot, forefoot and phalanges. 

pars tibiotalaris ant. 

pars tibionavicularis 

pars tibiotalaris post. 

Lig. tibiofibulare post.  

Lig. talofibulare post. 
Lig. talofibulare ant. 

Lig. tibiofibulare ant. 

a) b) 

Hindfoot 

Midfoot 

Forefoot 

Phalanges 
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BIOMECHANICS 

Biomechanics in human movement studies the mechanics in the musculoskeletal 
system by analyzing forces and movements and their effects on anatomical structures10. 
In the study of biomechanics in human movement, kinematics and kinetics are key 
terms. Kinematics involves the description of movement independently of the forces 
that cause that movement. It includes data concerning velocity, angles and acceleration. 
Kinetics, on the other hand, is the term of the forces (external and internal) causing the 
movement 11. The three planes of motion in the foot and ankle are defined as sagittal 
plane, frontal plane and transverse plane (Figure 3). From these axis movements of the 
foot and ankle can be identified: (plantar) flexion/(dorsi) extension (sagittal plane), 
inversion/eversion (frontal plane) and abduction/adduction (transverse plane). 
Supination is a combined movement of adduction, inversion and flexion, and pronation 
the opposite with abduction, eversion and extension10. As for kinetics, the foot and 
ankle must both absorb and transmit forces, both internal and external12. Ground 
reaction force (GRF) is usually studied and magnitudes of vertical GRF of between 1.1 
to 1.3 times body weight have been reported depending on walking speed13. 
The ankle joint is often described as a hinge joint with the main motion in the sagittal 
plane (flexion and extension). This is however a limited description. The axis of the 
talocrural joint is neither truly sagittal, frontal nor transverse. It varies between the 
different phases of movement, resulting in a slight inversion during flexion and 
correspondingly extension includes eversion14. This has also been studied by Lundberg 
et al. where the center of rotation was found to be located to the talar trochlea, close to a 
midpoint of a line through the tips of the malleoli15. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The muscles in the foot and ankle are either extrinsic muscles arising from the lower 
leg or intrinsic arising from the foot itself10. The extrinsic muscles do not act on the 
ankle joint alone since no tendons insert on the talus but attach to the calcaneus, the 
navicular bone or more distally. Therefore, even non weight-bearing movements of the 

Figure 3. Three planes of motion: sagittal, frontal and transverse. 

Frontal 

Sagittal 

Transverse 
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ankle involve other joints in the foot14,16. The talocalcaneal joint has three articular 
surfaces and together with the ankle joint it allows the foot to pronate and supinate 
during gait8,12. Beside the ankle joint and the talocalcaneal joint, the midtarsal 
(Chopart´s) joints, the tarsometatarsal (Lisfranc´s) joints as well as the 
metatarsophalangeal joints are included during motion. The midtarsal joints consist of 
two articulations: the talonavicular and the calcaneocuboid. The movement in these 
joints is very small. Also the joint surfaces are not shaped for large movements8. The 
motion of the midtarsal joint assists in the shock absorption of the forefoot contact and 
can be considered as a junction between the hindfoot and the forefoot14. The 
tarsometatarsal joints are only capable of small gliding movements because of their 
relatively flat joint surfaces. The exception, though, is the first metatarsal joint where 
considerable motion is possible10. The metatarsophalangeal joints form “the toe break” 
that allows the foot to roll over the metatarsal heads and the five metatarsal heads form 
a broad area of support in the forefoot14. In walking, the most important movement is 
extension of the metatarsophalangeal joints8. 
There are 10 muscles identified as ankle plantar flexors and dorsi extensors. These 10 
muscles also control the inversion and eversion of the subtalar joint, depending on 
whether they pass medially or laterally of the subtalar joint axis14. The gastrocnemius 
muscle together with the soleus muscle (together triceps surae), are the main plantar 
flexors of the ankle. They are accompanied by weak plantar flexors: flexor hallucis 
longus and flexor digitorum longus, (both flexors of the toes); tibialis posterior 
(inversion and adduction); peroneus brevis and longus (eversion and abduction). The 
main extensor muscle is the tibialis anterior. Extensor hallucis longus and extensor 
digitorum longus extend the toes but are also weak ankle extensor muscles. 
The location of joint axes varies somewhat even in healthy ankles and feet and range of 
motion in the joints differs between subjects. The static characteristics of each 
individual foot will influence its dynamic response to walking and running13. Three 
basic functions of the foot are required: a flexible foot that can act on the variations in 
the external environment; a semi rigid foot that can act as a spring and lever arm during 
toe off and a rigid foot to enable adequate stability for the bodyweight13. To enable 
normal walking, a movement of about 10 degrees of extension and 20 degrees of 
flexion is needed in the ankle joint10,16. Range of motion (ROM) with extension and 
flexion is often used as a measurement of outcome and has also been included when 
developing an ankle specific outcome score6,17. 

GAIT ANALYSIS 

Three-dimensional gait analysis gives information about human walking: normal gait 
or pathological gait and also quantifies and documents impairment following injury, 
development of disease and treatment. 
A normal gait cycle can be divided into stance and swing phase. The stance phase 
refers to the time when the foot is in contact with the underlying surface and represents 
approximately 60% of the gait cycle. The stance phase can be divided into five parts: 
initial contact, when the heel touches the floor; loading response, the second part of the 
initial double stance (double limb support) which continues until the contralateral limb 
is lifted; midstance, begins as the contralateral foot is lifted and continues until the main 
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force is aligned over the forefoot; terminal stance, completes the single limb support. 
The last part of the stance phase, pre-swing, is the second double stance phase. It begins 
with initial contact of the contralateral foot and ends at toe off of the ipsilateral foot. 
The swing phase that follows can be divided into three parts: initial swing, when the 
foot is lifted from the floor and advanced to the level of the opposite foot; midswing, 
follows until the foot is ahead of the supported foot with a vertical tibia (equal hip and 
knee flexors); terminal swing, finishes the swing phase, begins with the vertical tibia 
and ends when the leg moves ahead to prepare for another stance phase8,14. 
A gait cycle can also be defined as stride, which is the initial contact of the foot to next 
initial contact of the same foot. Step, on the other hand, is the initial contact of the foot 
to the initial contact of the contralateral foot14. Another important term within gait 
analysis is cadence: steps per given time (usually minutes). Previous gait studies have 
reveled differences in gait parameters with sex and age, thus matched material is of 
importance in gait analysis research18,19. 
Three-dimensional gait analysis is the state of the art method for the analysis of joint 
kinematics and kinetics in humans and two approaches are usually applied. One 
approach is the use of cortical pins with markers on top20,21. However, the invasive 
nature limits its clinical use. The other approach is to use skin-mounted markers. The 
aim is to define the segments and joints which connect to them in a three-dimensional 
manner. However, conventional gait analysis represents the foot as a single segment 
and can only document ankle motion in the sagittal plane (flexion/extension). This is 
not adequate when describing the complex three-dimensional foot and ankle motion. 
During the last decade, a number of multi segment foot models have been developed 
measuring kinematics, thus leading to differences in segment definitions22-24. The 
Oxford foot model, which is often used, defines the tibia, hindfoot, forefoot and hallux, 
considering the midfoot as a transmitting joint between the hindfoot and forefoot 
segments (Table 1)24-26. The repeatability has been found to be acceptable and artifacts 
from skin movements and defining specific bones seem to be systematic and 
manageable26,27. 

Table 1. Kinematic parameters measured with the Oxford foot model. 

 Frontal plane Sagittal plane Transverse plane 
    
Hindfoot/Tibia Inversion 

Eversion 
Dorsiextension 
Plantarflexion 

Internal rotation 
External rotation 

    
Forefoot/Hindfoot Supination Dorsiextension 

Plantarflexion 
Adduction 
Abduction 

    
Forefoot/Tibia Supination 

Pronation 
Dorsiextension 
Plantarflexion 

Adduction 
Abduction 

    
Hallux/Forefoot - Dorsiextension 

Plantarflexion 
Varus 
Valgus 
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OLERUD MOLANDER ANKLE SCORE (OMAS) 

The Olerud Molander Ankle Score (OMAS) is a self-administered patient questionnaire 
developed to evaluate symptoms following surgery of ankle fractures17. The scoring 
scale is rated from 0 (totally impaired) to 100 (completely unimpaired) and consists of 
nine questions. The first three questions include primary complaints (pain, stiffness and 
swelling), the following four questions cover ability to perform simple tasks (stair-
climbing, running and jumping) and the last two questions concern the patient’s 
situation in everyday life (supports and activities of daily life) (Appendix A). When 
developed, the scoring system was evaluated against four parameters: a linear 
analogue scale, where patients were asked to mark their subjective evaluation on a 15 
cm long linear analogue scale ranged from “totally disabling ankle“ to “perfectly 
normal ankle”; range of motion (ROM) in loaded dorsal extension, compared to the 
non injured side; presence of osteoarthritis (OA), evaluated on standard radiographs, 
compared to the non-injured side and presence of dislocations, evaluated on standard 
radiographs. The scoring scale was developed comparing scores from 90 patients 
operated on for ankle fractures with these four parameters and the OMAS were found 
to correlate well17. 
When using the OMAS in follow up, mean scores of 71-84 and median scores of 60-85 
have been found28-32. These have though included patients with different patient- and 
fracture characteristics, as well as follow up times between 6 months and 5 years. 
Comparison between the OMAS and the general health score SF-36 has shown good 
correlation concerning physical functioning, pain, functional physical limitation as well 
as social functioning and limitations due to emotional problems. The latter findings 
indicate that quality of life is negatively affected in patients following surgery of an 
ankle fracture28. 

FRACTURE CLASSIFICATION 

A classification system for fractures should be easy to use in daily practice. It should be 
based on information easily obtained such as patient history, clinical examination and 
results of radiological investigations. It should also define the severity of the bone 
lesion and serve as a basis for treatment and for evaluation of results. 
The number of malleoli involved can describe ankle fractures: uni-, bi- and trimalleolar. 
During the last century, a number of classification systems have been developed. 
Ashhurst and Bromer made the first classification in 192233. They divided the fractures 
according to the vector of trauma in 300 patients: external rotation, abduction and 
adduction included about 95% of all ankle fractures. The rest were mainly caused by 
compression in the long axis of the limb33. The system was further developed by 
Lauge-Hansen who developed a classification in 1942 after cadaver experiments34. He 
named each type by a double name, where the first part defines the position of the foot 
at the moment of trauma and the second part specifies the direction of the dislocating 
force at the moment of trauma. Lauge-Hansen identified four groups of fractures, each 
with a number of subgroups: supination-eversion fractures, supination-adduction 
fractures, pronation-eversion fractures and pronation-abduction fractures35. The most 
common fractures are in the group of supination-eversion fractures. 
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Lauge-Hansen also described pronation-dorsiflexion injuries. This injury was combined 
with compression of the joint and is thus not a true ankle fracture. Lauge-Hansen also 
described well how the classification could be used as a guide for closed reduction36. 
The Lauge-Hansen classification has been recommended by several authors34,37. 
However, studies have shown high interobserver variation and the system has been 
described as difficult to apply6,38. 
In 1949, Danis described a classification which was more pathological-anatomical and 
designed for application to operative treatment. This system has later been further 
developed by Weber and the AO-group (Arbeitsgemeinschaft für Osteosynthesefragen, 
English: Association for the Study of Internal Fixation/ASIF) founded in 195839. The 
fractures are divided into three fracture types: A, B and C with further subgroups. This 
division is based on the level of the lateral malleolar fracture in relation to the level of 
the syndesmosis (Figure 4). 
 

  
 Fracture type A – injuries below the syndesmosis 
 A1 – isolated lateral lesion (ligament injury or 
 fracture) 
 A2 – lateral lesion with a fracture of the medial 
 malleolus 
 A3 – lateral lesion associated with a postero-medial 
 fracture 
  
 Fracture type B – injuries at the level of the 
 syndesmosis 
 B1 – isolated lateral malleolar fracture 
 B2 – lateral malleolar fracture associated with a 
 medial lesion 
 B3 –lateral malleolar fracture associated with a 
 medial lesion and a postero-lateral fracture 
 
 Fracture type C – injuries above the syndesmosis 
 C1 – simple diaphyseal fracture of the fibula with 
 a medial lesion and/or a postero-lateral fracture 
 C2 – multifragmentary diaphyseal fracture of the 
 fibula with a medial lesion and/or a postero-lateral 
 fracture 
 C3 – proximal fracture of the fibula with a medial 
 lesion and/or a postero-lateral fracture 
 

 
  

Figure 4. Fracture classification according to the AO-group 
(Illustration Gunnar Sandersjöö, Ortopediskt traumakompendium, 
with kind permission).  
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The AO (Danis-Weber) classification system does not take the direction or force of 
injury into account but has been considered easier to use. The interobserver correlation 
has previously been shown to be good40. The frequencies of the different fractures have 
been found to be more stable between studies than for the Lauge-Hansen 
classification41. To enable comparison between groups and studies, Lindsjö has 
compared the two classification systems (Table 2)6. 
 

Table 2. Comparison between Lauge-Hansen and AO classification 
according to Lindsjö6. 

Lauge-Hansen classification  AO classification 
   

Supination Adduction (SA)   
I 
II 

 
A 
A 

   
Supination Eversion (SE)   

I 
II 
III 
IV 

 

B* 

B 
B 
B 

   
Pronation Abduction (PA)   

I 
II 
III 

 
A† 

B* 

C 
   

Pronation Eversion (PE)   
I 
II 
III 
IV 

 

A† 

B* 

C 

C 
   

* Interpreted as a type B injury, even without a lateral malleolar fracture. 
† Medial malleolar fracture, interpreted as a type A injury. 

TREATMENT 

The aim when treating ankle fractures is to re-establish the function of the injured joint. 
This might include reduction of the fracture, retention of the obtained position and 
rehabilitation. This can be achieved in several ways, both non-operatively and 
operatively. When deciding which method to use, the fracture, the conditions of the 
surrounding soft tissues as well as the patient characteristics have to be considered. 
Also, the timing of the planned procedure is of importance: “a good closed reduction 
followed by successful immobilization in a plaster cast is certainly likely to give better 
outcome than is a poorly planned and executed open reduction and internal fixation”42. 
When comparing studies of treatment, one must consider the different inclusion criteria 
and outcome measurements that have been used. 
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NON-OPERATIVE TREATMENT 

The most common method of non-operative treatment is immobilization in a plaster 
cast and this is frequently used for ankle fractures (43-73%)6,43-45. It is, however, 
essential to master the art of “plastercraft”. Charnley attributed failure of non-operative 
treatment to inadequate plaster technique but admitted the difficulty in retaining a good 
reduction46. Bauer et al. found in a randomized control study of closed type B-fractures 
that even though the reduction was considered superior in the operative group, the 
clinical outcome after an average of seven years was comparable to non-operative 
treatment47. Neither could they reveal any significant difference in late follow up (29 
years)48. The favorable outcome of closed treatment of ankle fractures with supination-
eversion subgroup II (type B) has also been supported by others49-52. Pakarinen et al. 
applied a stability based criteria to the AO classification, when deciding upon 
treatment51. This criterion was similar to the recommendations from the AO-group 
which claims that isolated type A-fractures with no medial lesion, as well as non-
displaced type B-fractures with no medial lesion can be treated non-operatively2. 

OPERATIVE TREATMENT 

That dislocated fractures and fractures with ankle mortise incongruity should be treated 
with open reduction and internal fixation to restore the congruity of the joint, has been 
advocated by several authors37,42,45,53-55. The methods of internal fixation have varied 
though. 
Palmer, Wiberg and Cedell described non-rigid, adaptive internal fixation techniques 
with cerclage wiring, staples, pins and small-threaded screws, enough to keep the 
malleolar fragments adapted, combined with a protective plaster cast during bone 
healing53,56,57. This method is still widely used in Sweden. Studies by Ahl et al. have 
shown that it enables anatomical reconstruction and is sufficient for early mobilization 
as well as full weight bearing58-61. Other studies by Olerud et al. have considered the 
non-rigid technique to be inadequate in retaining congruency in bi- and trimalleolar 
fractures which also resulted in a poorer outcome as assessed by the OMAS. 
Anatomical reduction and retention of the unstable fractures was only achieved in 
50%62,63. 
Danis developed the principle of absolute interfragmentary stability, where the internal 
fixation should fulfill the following requirements. (1) Enablement of immediate, active 
movement in the affected region and adjacent joints as soon as wound healing is 
complete. (2) Complete restoration of the original shape of the bone. (3) Direct union of 
the bone without visible callus formation55. With this concept the fractures are treated 
with metal plates and screws (Figure 5). The concept has further been developed and 
spread worldwide by the AO-group2. The outcome of this method has shown good and 
excellent results6,64. The rigid technique has also been found to be superior to the non-
rigid technique when comparing degree of congruency on post-operative radiographs65. 
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SURROUNDING SOFT TISSUE 

At the ankle, the skin is close to the bone due to the lack of protective muscles and 
adipose tissue and therefore limited amount of surrounding soft tissues. The skin is 
therefore easily compromised by the fracture, especially when dislocation occurs. 
The skin consists of two layers: epidermis and dermis. Epidermis consists of four 
cellular strata and is totally avascular: stratum corneum, stratum lucidum, stratum 
granulosum, and stratum germinativum (stratum spinosum and stratum basale). It gets 
nutrition by diffusion from the highly vascularized dermal layer which also gives 
strength and elasticity to the skin. 
The skin around the ankle has gross and histological differences from skin elsewhere. 
Grossly the skin is thinner (1.5-2.5 mm over the medial malleolus compared to 5 mm 
over the soles) and therefore this area is of most concern in dislocated fractures53,66. 
Histologically, the epidermal papillae tend to be flatter over the malleoli than elsewhere 
and there is a sparsity of dermal arterioles compared to other regions. Finally, and 
perhaps most important, there are no deep veins crossing the ankle but the dermis has 
an extensive distribution of superficial veins. Rupture of these venous plexa can cause 
extensive hemorrhage and progressive swelling can easily cause venous 
obstruction66,67. The tissue injury also leads to progressive microvascular perfusion 
failure, microvascular leaking and subsequent edema68. The consequences of these 
events are swelling and sometimes development of blisters. The blisters represent areas 
of epidermal necrosis, with separation from the underlying dermal layer by edema fluid 
(Figure 6)67.   
The incidence rate of blisters has been found to be 2.9% in acute fractures, with a 
slightly higher rate for ankle fractures (4.2%)69. The soft tissue conditions in ankle 
fractures with potential swelling and sometimes blistering have always been of great 
importance when deciding upon the timing of surgery in order to avoid complications 
such as infection and skin necrosis2,45,53. 
 

Figure 5. Open reduction and internal fixation 
according to the AO-group. 
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COMPLICATIONS 

The word “complication”, commonly used both in clinical settings and scientific 
publications may not be clearly defined. It could be further explained by the definition 
adverse event, which is any untoward medical occurrence, unintended disease, injury or 
clinical sign in subjects70. Sometimes these adverse events are judged differently by the 
people involved. A surgeon might consider his or her intervention to be imperfect but 
that may bear no consequence for the patient. When discussing local complications 
following ankle fracture surgery, both adverse events in the course of healing (soft 
tissue complications and technical failures), as well as conditions that might be 
considered as sequelae (gait deviations and osteoarthritis) are usually mentioned. 
Complications can thus occur during different time spans following the injury. 

SOFT TISSUE COMPLICATIONS 

Early soft tissue complications following ORIF of ankle fractures may include wound 
dehiscence, necrosis and infection. It is not easy to differ these complications and in 
previous studies, soft tissue complications following ankle fracture surgery have been 
described in various ways: minor, major, deep infection, superficial infection, cellulitis 
and skin necrosis. Rates of all these different types of complications vary between 5-
27% in these studies40,71-79. Treatment of soft tissue complications includes wound 
dressings, antibiotics and additional surgery. The microbiology of infections has been 
found to differ. Höiness et al. found Staphylococcus Aureus in two out of five 
infections71. In a North American study evaluating pathogens in infections following 
ankle fracture surgery, Staphylococcus Aureus was found to be the most common 

Figur 6. Blistering following ankle fracture. 
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pathogen (65%), of these 23% were resistant to oxacillin (equals to meticillin). The 
infections were found to be polymicrobial in 23%80. 
Rates of revision surgery have been found to vary between 1-6%6,45,71,72,78,81. 
Readmission for wound infection following surgery was found to be 1.44% within 90 
days in a large population based study82. When treatment of soft tissue complications 
fails, amputation may be indicated. In a six month follow up of infected surgically 
treated ankle fractures, three out of 18 patients underwent amputation80. SooHoo et al. 
demonstrated an overall below knee amputation rate of 0.16% within 90 days of injury 
in a population based study of 57,183 patients82. 

TECHNICAL FAILURE 

Reports on technical failure are infrequent in the literature. Sometimes different terms 
such as failed reduction and loss of reduction are used, the latter indicating that primary 
post-operative evaluation of radiographs has been good and failure of osteosynthesis 
occurred later during the post-operative period. Singh et al. reported loss of fixation in 
two out of 62 patients in a retrospective review75. Technical failure and failed reduction 
has been reported to be between 3-6%6,78,79. Nåsell et al. recorded fracture 
malreduction/redislocation defined as “not ever reduced or losing congruency within 6-
8 weeks” in 41 out of 891 patients (4.6%). Of those patients 4.1% had unsatisfactory 
post-operative radiographs and 2.9% were reoperated because of substantial 
malreduction78. 

GAIT DEVIATION 

Many studies have evaluated results following ankle fracture surgery. However, 
assessment has mainly been with subjective functional evaluations such as the OMAS, 
radiographic assessment and objective evaluation of the mobility of the ankle joint 
expressed as loaded plantar flexion and dorsal extension6,17,30,48,83-85. Gait analysis using 
the Oxford foot model provides objective information about gait changes in a three-
dimensional manner. However, few studies with gait analysis following ankle fracture 
have been performed. Lower walking speed, decreased stride length and reduction of 
plantar flexion immediately following heel contact was detected with conventional gait 
analysis one year following ankle fracture surgery86. In a gait analysis study measuring 
plantar pressure distribution 12-36 months following ankle fracture surgery, gait 
asymmetry was found both in the injured subjects as well as in controls. The plantar 
pressure asymmetry in the injured side was interpreted as a compensation mechanism 
for the hind foot that mainly occurred in the forefoot87. 

OSTEOARTHRITIS (OA) 

Osteoarthritis (OA) is an irreversible condition resulting from mechanical and 
biological events affecting the articular cartilage and subchondral bone in a joint. The 
condition is frequently accompanied by pain and stiffness in the affected joint. OA can 
be divided into primary and secondary types. Primary OA usually develops after the 
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age of 50 and the cause is largely unknown. In secondary OA the cause is identified: 
infection, ligamentous instability, congenital anomaly, physeal separation, haemophilia 
and fractures are risk factors for developing secondary OA88. OA in the ankle joint is 
most frequently of post-traumatic origin, 80% as compared to post-traumatic OA of the 
hip (2%) or knee (10%)89. Of the patients presenting with post-traumatic ankle OA, 
malleolar fractures have been identified as the most common cause (37- 53%)90-92. 
Previous clinical studies have shown rates of post-traumatic ankle OA following ankle 
fracture surgery between 15% and 36%. Follow up time differed though from 2-18 
years6,93-95. In a large population based study, the rate of surgery with ankle arthrodesis 
or ankle joint replacement within five years of injury was found to be about 1%82. 

RISK FACTORS 

When evaluating the indication for surgery of an ankle fracture, potential risk factors 
have to be taken into account. They can be related to patient characteristics, fracture 
characteristics or to the care given. Many studies have evaluated ankle fracture surgery 
and its risk factors, however, these have mostly been retrospective. 

AGE 

Age as a risk factor for soft tissue complications following ankle fracture surgery has 
been recognized in several previous studies . These studies have defined elderly as aged 
from 50-80 years96-100. In one of these studies, a cut off age of 60 years was chosen. No 
significant difference in soft tissue complications could be seen compared to controls 
(<60 years)100. Significant difference was found in another study when the cut off age 
was increased to 65 years101. However, no difference between age groups could be 
demonstrated in self reported functional outcome two years following injury in the 
same study. When studying age as a continuous variable, mean age of infected patients 
has been found to be higher, but this was not statistically significant77. Age alone was 
not seen as an independent risk factor by Höiness et al. when stratifying into groups of 
10 years72. In a larger Swedish cohort (n=891), age over 60 was found to be a 
significant risk factor for sustaining a superficial wound infection78. 
As for post-traumatic OA, age 30 or more at injury has been identified as an 
independent risk factor94. Also increasing age at injury correlated to a shorter latency 
time for developing OA according to Horisberger et al92. 

FRACTURE TYPE 

When differentiating fracture types, many factors have to be considered. The rate of 
open fractures has previously been found to be between 2-11%40,76,82,97,102. The relation 
between open fractures and increased risk of adverse events both early and late 
following injury has been stated82,97. However, the preoperative soft tissue affection is 
of great importance also in the closed injury and assessing this may be difficult. There 
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is no clear diagnostic criterion to differentiate between reversibly and irreversibly 
damaged soft tissue2. Höiness et al. found soft tissue affection in 14% of patients 
admitted for ankle fracture surgery72. As for classification of the fracture as a risk 
factor, different systems have been used in previous evaluation. Type B2 and B3 had 
significantly higher rates of soft tissue complications according to Höiness et al40. As 
for later sequelae with OA, patients with type C fractures or, when describing by 
malleoli, the trimalleolar, the medial malleololar and the posterior process fractures, 
were at risk6,82,85,94,95. 

MECHANISM OF INJURY 

To know the mechanism of injury is of great importance, especially when assessing the 
soft tissues around the fracture. The type of trauma and the direction of the force are 
important factors. The mechanism of injury affects the dislocation of the fracture at 
injury and therefore the surrounding soft tissues. Ankle fractures are most commonly 
caused by low-energy accidents such as fall in the same level103. High-energy trauma 
such as transport accidents, crush injuries or falls >5 m have been found to be risk 
factors for soft tissue complications72. This result could not be repeated in a large 
Swedish cohort78. 

COMORBIDITIES 

Diabetes mellitus 
Diabetes mellitus is a chronic disease leading to related comorbidities, e.g. 
vasculopathy, neuropathy and neuroarthropaty of the foot. The burden of diabetes is 
increasing, especially in developing countries, and is therefore an important risk factor 
to assess104. In Sweden, the rate of diabetes was estimated to be 7% for men and 5% for 
women in 2007105. The impact of diabetes following ankle fracture surgery includes 
increased in-hospital mortality, in-hospital post-operative complications and length of 
hospitalization106. Also, increased risk of subsequent surgery because of OA has been 
associated with diabetes82. Risk of post-operative infection has been demonstrated for 
patients with related comorbidities (vasculopathy, neuropathy and neuroarthropathy)107-

109. However, the risk of infection during non-surgical treatement in the diabetic 
population has also been found to be considerable110. 
 
Obesity 
Patients with a body mass index (BMI) greater than 25 are said to be overweight and 
when BMI exceeds 30 they are classified as obese. In the concept of an increased BMI, 
secondary effects such as diabetes might follow and like diabetes the rate of overweight 
and obesity has increased dramatically over the past decades105. As for soft tissue 
complications or self reported functional outcome, no association with increased BMI 
has been found, although these patients have a higher risk of sustaining type B or type 
C injuries111,112. Also, patients with displaced fractures have been found to have a 
higher BMI113. Technical failure was overrepresented in obese patients (6% compared 
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to 2%) in a Finish study by Böstman et al114. BMI was also found to be a risk factor for 
post-traumatic OA when measured at a mean of 18 years following surgery94. 
 
Smoking 
Smoking has been shown to have a negative impact on complication rates following 
surgery115. Smoking is the only risk factor that is possible to intervene instantly and 
smoking cessation prior to acute fracture surgery has previously shown a tendency for 
lower risk of post-operative wound infection116. Smoking has been found to increase 
the risk of soft tissue complications following ankle fracture surgery76,78. Also, it has 
been suggested as a confounder in alcohol abuse72. 
 
Timing 
The influence of timing of surgery related to the time of injury has been debated. Time 
is not always easy to assess, since time from injury to presentation at hospital may be 
difficult to specify. As for the soft tissues, there is no evidence based tool deciding 
when it is optimal to conduct surgery. Sanders described the “wrinkle test” as a guide  
for when to allow ORIF of calcaneal fractures117. This method is often used in ankle 
fracture surgery. 
Timing does also include logistical factors such as availability of operating staff and 
facilities which may be difficult for the treating surgeon to control118. For some 
countries, insurance status might also affect the timing and even lead to 
interinstitutional transfers79,119. The possible adverse effect of night time surgery is also 
an issue. Lindsjö concluded that results following ankle fracture surgery were superior 
for patients with delayed surgery, maybe because surgery had been performed during 
daytime with optimal conditions and rested staff6. 
When assessing soft tissue complications related to the timing of surgery, several cut 
offs for early and delayed surgery have been used indicating a disparity of the concept 
of timing between authors (Table 3). 

Table 3. Timing of surgery related to soft tissue complications. 
First author Year Early Delayed Type of study Significance* 

      
Breederveld120 1988 <24 hours >5 days Retrospective Not found 
      
Carragee79 1991 <4 days >4 days Retrospective Found 
      
Yang74 1992 <48 hours >48 hours Retrospective Not found 
      
Konrath73 1995 <5 days >5 days Retrospective Not found 
      
Höiness71 2000 <8 hours >5 days Retrospective Not found 
      
Höiness72 2003 <8 hours >5 days Prospective Not found 
      
Singh75 2005 <24 hours >24 hours Retrospective Found 
      
Nåsell78 2011 <24 hours >24 hours Prospective Not found 
* Significant increase of soft tissue complications with delayed surgery. 
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Post-operative fixation 
Traditionally the ankle has been protected with a plaster cast following surgery. Also, 
the patients were not allowed to weight-bear. Over the years there has been a trend 
towards a more active rehabilitation. Weight-bearing in a plaster cast following surgery 
has been found favorable, both combined with non-rigid and rigid ORIF 
technique.6,58,59,121. As for active ankle joint movement during the post-operative 
period, studies have shown higher functional scores in early follow up (12 weeks) but 
no difference in ROM or measured quality of life in further follow up (18 
months)122,123. In a review, Thomas et al. concluded that early joint mobilization was 
associated with improved ROM at 12 weeks and quicker return to work. However, 
there was no evidence for improved ROM or better outcome with joint specific scores 
at one year. The early joint mobilization was also associated with a higher risk of 
wound infection124. 

EPIDEMIOLOGY 

The word epidemiology derives from the Greek terms epi=upon, among; demo= 
people, district; logo=study and is defined as the study of disease occurrence. Disease is 
defined widely also to include injury and cause of death. 
The aim of an epidemiological study may either be to describe occurrence of disease 
(descriptive epidemiology) or to investigate causation of disease (etiologic 
epidemiology). Descriptive studies may include variations in disease according to time, 
age and sex and they can be a good basis when planning health service. These studies 
can also raise questions about the cause of disease. Etiologic studies explore the 
causation of disease by evaluating the possible effect of an exposure on the risk of 
developing a disease. An exposure may increase or reduce the risk of disease. This can 
be applied in preventive medicine125. 
Incidence of ankle fractures has varied between studies but most have shown trends 
towards increasing incidence over time43,102,126. Most of these studies, however, have 
included limited number of patients and usually single hospitals or limited areas (Table 
4). Bengnér et al. described an increase from about 65 per 105 person-years to about 
107 per 105 person-years over a 30 year period (1950-1980) in Malmö, the third largest 
city in Sweden126. Comparable to other studies they demonstrated a pronounced 
increase in incidence in elderly women43,44,102,126,127. Several studies have shown a 
switch in sex by age with a greater incidence for younger men and older women127,128. 
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Table 4. Incidence of ankle fractures. 

First author Year Study period Population at risk No of cases Age Incidence rate 
       

Bengnér126 1986 1950-1952 
1980-1982 

192,668  
233,803 

383 
739 

all ages 
all ages 

65 per 105 pyr 
107 per 105 pyr 

       

Daly43 1987 1979-1981 58,000† 314 all ages 184 per 105 pyr 
       

Court-Brown102 1998 1988-1990 410,000 1,500 ≥15 yrs 122 per 105 pyr 
       

Jensen44 1998 1995 198,603 212 all ages 107 per 105 pyr 
       

Court-Brown103, * 2006 2000 534,715 539 ≥12 yrs 101 per 105 pyr 
       

Kannus129 2008 1970 
2006 

651, 923  
1,160,446  

369 
1,670 

≥60 yrs 
≥60 yrs 

57 per 105 pyr 
144 per 105 pyr 

* Study includes several fracture types. Results are given for ankle fractures. † Approximately. 
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AIMS OF THE THESIS 
The general aim of this thesis was to study surgical treatment of ankle fractures both in 
a clinical and epidemiological setting by characterizing the injury in a larger setting. 
Also, the aim was to assess complications and associated risk factors both in the short 
term and long term follow up. 
 
The specific aims were: 

• To assess patient characteristics, fracture characteristics and causes of fracture 
(study I, II, III). 

 
• To report incidences, causes of fracture, surgical procedures and trends over 

time (study I). 
 
• To assess complications and risk factors for complications following ankle 

fracture surgery in short term follow up (study II, III). 
 
• To asses complications and risk factors for complications following ankle 

fracture surgery in long term follow up (study II). 
 
• To identify and quantify kinematic deviations in and around the surgically 

treated ankle joint and to explore whether the functional outcome measured by 
OMAS was associated with kinematic observations (study IV). 
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PATIENTS AND METHODS 
The patients in this thesis were included both in a clinical and epidemiological setting. 
Study designs as well as overview of outcome measures are summarized in table 5. 
 
 

Table 5. Overview of the studies. 

Study I II III IV 
     
Design Population based 

incidence study 
Population based cohort 

study 
Prospective 

observational study 
Prospective 

experimental study 
     
Study period Jan 1987 - Dec 2004 Jan 2005 - Dec 2010 Feb 2005 - Feb 2007 May 2006 - Oct 2008 
     

Sample size  91,410 23,411 108 18 
     
Outcome 
measures 

Descriptive data 
including incidence 
rates and trends over 
time. 

Descriptive data 
including rates of 
complications. 

Descriptive data 
including rates of 
complications. 

Descriptive data on gait 
parameters with 
comparison within and 
between groups. 

  Evaluation of risk 
factors (OR and HR) for 
complications. 

Evaluation of risk 
factors (OR) for 
complications. 

Correlation between 
kinematic observations 
and OMAS. 

 
 

EPIDEMIOLOGICAL STUDIES (I AND II) 

PERSONAL REGISTRATION NUMBER 

All Swedish citizens have a unique 12-digit personal registration number that allows 
identification in national registers and also allows linkage between different registers. 

NATIONAL PATIENT REGISTER 

In the 1960s the Swedish National Board of Health and Welfare (NBHW) started to 
collect data on inpatients at public hospitals and the Swedish National Patient Register 
(NPR) was developed. The NPR has nationwide coverage since 1987 and provides data 
such as age, sex, medical diagnoses, surgical procedures, date of admission and date of 
discharge130. The register also includes data on outpatient visits (not primary care) 
including day surgery since 2001 130. Medical diagnoses and possible causes of injuries 
are based on codes according to the Swedish version of International Classification of 
Diseases (ICD), ICD 7 until 1968, ICD 8 1969-1986, ICD 9 during 1987-1996 (one 
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county, Skåne, used the ICD-9 throughout 1997) and ICD 10 from 1997 and 
onwards131. Surgical procedure codes are extracted according to the Swedish version of 
Classification of Surgical Procedures, which was revised in 1997 131,132. Each care 
episode equals one record in the register and the information can be divided into four 
groups: patient data (personal registration number, sex, age and place of residence); 
geographical data (county, hospital/clinic, department); administrative data 
(inpatients: date of admission and discharge, acute/planned admission, admitted from, 
discharged to) and medical data (main diagnosis, secondary diagnosis, external cause 
of injury, procedures). The register captures more than 99% of all hospital admissions 
in Sweden and the validity has previously been shown to be high133. 

THE CAUSE OF DEATH REGISTER 

Cause of death has been reported in Sweden since 1749. In early days it was reported 
by priests and managed by the Tables Commission (later Statistics Sweden, Sv: 
Statistiska Centralbyrån, SCB) and since 1911 it has nationwide coverage. Since 1994 
the Cause of Death Register is managed by the NBHW and it records data on cause and 
time of death on all deceased Swedish residents. Stillborn infants, persons deceased 
during temporary visit in Sweden (including asylum) and emigrated (non-resident) 
Swedes are not included134. As with the NPR, cause of death is classified according to 
the International Classification of Diseases (ICD)131. 

STUDY POPULATION 

Using the ICD, we identified patients with first occurrence of ankle fractures with the 
relevant codes. In study I, both the ICD-9 and ICD-10 versions were used: lateral 
malleolar fracture closed and open (824C/824D (ICD9) S82.60/61 (ICD10)); medial 
malleolar fracture closed and open (824A/824B (ICD9) S82.50/51 (ICD10)) and bi- 
and trimalleolar fracture closed and open (824E/824F/824G/824H (ICD9) S82.80/81 
(ICD10)). In study II, the codes for proximal fibular fracture, closed and open, were 
also included (S82.40/41). In study I, we included patients 1987 through 2004 and in 
study II, 2005 through 2010. 
External causes of fracture were classified according to ICD external codes (E-codes) 
and grouped into six categories: fall in the same level, fall from height, fall unspecified, 
transport accident, miscellaneous and not reported (i.e. no E-code has been reported to 
the register). 
In study I, surgical interventions were identified by using procedure codes related to 
ankle fracture surgery. The codes were then further grouped into five categories: ORIF, 
closed reduction and external support, external fixation, miscellaneous and not 
reported. In study II, the index surgical intervention was identified by using procedure 
codes related to ORIF. To account for possible surgical delay, all surgical procedures 
recorded within 30 days of first admission for an ankle fracture were considered. 
To allow calculation of incidence, we also obtained data on the calendar period-, age- 
and sex-specific size of the entire Swedish population, provided from the total 
population register maintained by Statistics Sweden135. 
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In study II, the study population was followed after injury and index surgery during the 
study period regarding readmissions as well as outpatient visits in specialist care related 
to the ankle fracture and the surgical intervention. For short term complications, codes 
for infection, technical failure and amputation (below knee-, knee- as well as femoral 
amputation) during the index hospitalization and the following 90 days were registered. 
Long term complications were defined as codes for diagnosis of post-traumatic 
osteoarthritis as well as amputation (as above) in the period following the short term 
complications. In addition, surgical procedures related to osteoarthritis (joint 
replacement and arthrodesis) were registered. 
To estimate possible comorbidities in the patients, codes for diabetes mellitus were 
registered. We also collected data on all hospitalizations as well as visits in public 
outpatient care (not primary care) one year before the injury. 
The mortality rate was assessed at 90 days following the index hospitalization and also 
followed throughout the study period. 

CLINICAL STUDIES (III AND IV) 

INCLUSION 

The study populations in study III and study IV were recruited between February 2005 
and February 2007 at the department of Orthopaedics, Karolinska University Hospital, 
Solna. Patients were prospectively and consecutively included in the Emergency Room 
(ER), when admitted for surgical treatment of an ankle fracture. Exclusion criteria were 
need of walking aid before injury, concomitant injuries in the lower extremities, 
patients transferred after surgery from other hospitals and inability to understand or 
cooperate in the study or to sign the written consent (Figure 7). 
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SURGERY 

ORIF was performed according to the recommendations of the AO-group2. The general 
indication for surgery was incongruity of the ankle joint and/or fracture dislocation of  
> 2 mm on radiological examination. Fixation of the syndesmosis was performed in all 
type C fractures and if pathological motion was found at intraoperative testing. Surgery 
was performed by any of the staff surgeons, senior residents or residents supervised by 
staff surgeons. All patients were operated during day time except for one patient whose 
fracture was too unstable to stay reduced in a semicircular plaster cast. Antibiotics were 
given routinely preoperatively, Cloxacillin 2 g i.v. (Clindamycin 600 mg i.v., if 
allergy). Low molecular weight heparin (LMWH) was administered subcutaneously 
according to our local protocol. Post-operatively the ankle was immobilized in a 
circular plaster cast and patients were allowed weight bearing as tolerated, instructed by 
a physiotherapist. Four patients received a lower leg walker directly after surgery. 

PROTOCOLS 

On admission a total patient demography including comorbidities, smoking habits, 
mechanism as well as time of injury was registered by the patient. During the hospital 
stay a protocol including time of arrival at the ER, primary fracture dislocation and/or 
soft tissue affection, time to surgery, use of tourniquet, length of hospital stay as well as 
fracture classification was completed. Fracture dislocation was based on the clinical 

Figure 7. Inclusion of patients in study III and IV. 

Included in study III 
n=108 

 
 

Included in study IV 
n=18 

Declined inclusion n=7 
Did not meet primary inclusion criteria n=24 

Pilon fracture n=1 
Lost to follow up n=1 

Open fracture n=3 
External fixation n=2 
Diabetic patients n=4 

n=117 

n=119 

Operatively treated ankle fractures 
(Feb 2005-feb 2007) n=150 
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examination by the attending physician at the ER; if present it was instantly reduced 
and temporarily fixated in a plaster cast. Soft tissue affection was also a clinical 
assessment. 

POST-OPERATIVE ASSESSMENT 

In study III, patients were monitored at two and six weeks after surgery regarding soft 
tissue complications and if wound dehiscence, a bacterial culture sample was obtained. 
The attending orthopaedic surgeon evaluated the surgical site and prescription of 
antibiotics was registered, as was any revision surgery. Type of post-operative fixation 
was also registered. 
In study IV, patients were selected on the basis of availability and willingness to 
participate in a gait analysis study approximately one year following injury. An age- 
and sex-matched control group was gathered from a cohort of healthy adults without 
musculoskeletal disease or history of lower extremity injury. The Oxford foot model 
was used, and a set of 36 markers (9 mm) was placed bilaterally on bony landmarks 
corresponding to the femoral condyle, tibia, hindfoot, forefoot and hallux (Appendix 
B). A series of barefoot walking trials along a 10 m walkway at self-selected speed was 
performed, and three-dimensional gait analysis with an 8-camera motion system (Vicon 
MX 40, Oxford, UK) was obtained. Also, the OMAS was recorded. 

STATISTICAL ANALYSIS 

Different statistical methods were used in the studies. When evaluating significances, 
p-values <0.05 were considered statistically significant. 
In study I, we assessed the differences in means using t-tests. Overall and specific 
incidence rates were calculated as the ratio of observed number of fractures to 
population at risk. Confidence intervals (CI) were constructed based on the assumption 
that the number of cases followed a Poisson distribution136. Changes and trends in 
incidence were assessed using Poisson regression models, allowing adjustment for 
possible age and sex differences. Changes in length of hospital stay were assessed using 
univariate linear regression. 
In study II, the risk factors for of short term complication (within 90 days of surgery), 
were assessed by logistic regression and results were presented as odds ratios (OR) 
with Wald 95% confidence limits (95% CL). For long term complications (from 90 
days following surgery until date of complication, death, emigration or end of study), 
Cox’ regression was used and results were presented as hazard ratios (HR) with Wald 
95% confidence limits (95% CL). The risk of long term complications and mortality 
was also assessed using Kaplan-Meier curves. 
In study III, the Mann-Whitney U test and two-sided t-test were used for statistical 
evaluation between groups. Continuous data were presented with mean and standard 
deviation (SD) as well as range. Univariate logistic regression analysis was used to 
evaluate the relationship between outcome variables (complications) and explanatory 
variables (risk factors). 
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In study IV, separate kinematics and temporal-spatial parameters were calculated for 
each gait cycle and an average from the three left and three right gait cycles were then 
used for further statistical analysis. A two-way repeated ANOVA (analysis of variance) 
was used to analyze kinematics and temporal-spatial parameters with side (injured vs. 
non-injured side) as within-group factor and group (ankle fracture vs. control) as 
between-group factor. To determine significant differences between groups, post-hoc 
analysis was performed with Bonferroni correction of p-values. Spearman rank 
correlation was used to assess association between OMAS and inter-segment foot 
kinematic parameters. 
In studies I-III, the SAS System® (SAS Institute Inc., Cary, NC, USA) was used 
(version 9.2 in studies I and II, version 9.1 in study III). In study IV, the SPSS v14 
software (Chicago, IL, USA) was used. 

ETHICS 

All papers were approved by the local ethics committee: DN 2006/156-31 (study I and 
II (additions: 2011/1387-32 and 2012/67-32); DN 03-764 (study III and IV). Patients in 
studies III and IV were given oral and written information and gave their written 
consent to participate. 
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RESULTS 

STUDY I 

Of the 91,410 patients admitted to hospital, overall mean age (SD) was 52 (20) years. 
Men were younger than women (p<0.001) (Table 6). 
The total crude incidence was 71 per 105 person-years (95% confidence interval (CI) 
70-71 per 105 person-years), with a higher incidence for women (79 (CI 78-79) per 105 
person-years compared to 63 (CI 62-63) per 105 person-years for men). Poisson 
regression analysis showed that the overall incidence rate increased by 0.2% per year 
(p<0.001) and the increase was again higher for women (0.3% vs. 0.1%, p<0.001). 
Men had their peak incidence during the first decades of life (15-29 years) with 67 (CI 
66-68) per 105 person-years, while women had an increase of fracture incidence from 
their fifth decade of life with 107 (CI 104-109) per 105 person-years and increasing 
with age (Figure 8). 
When divided by fracture type, the total was dominated by closed bi- and trimalleolar 
fractures with 33 (CI 33-34) per 105 person-years. The closed lateral malleolar fracture 
was most common in men, 30 (CI 30-31) per 105 person-years and the closed bi-
/trimalleolar fractures were most common in women, 43 (CI 43-44) per 105 person-
years (Figure 9). 
The most common mechanism of injury was fall in the same level (64%) and in women 
over 60 years, it accounted for 72% of cases. Open fractures were caused by transport 
accidents in 20% of admissions compared to 9% in the closed fracture group. The 
incidence of fractures from transport accidents decreased by an average of 1.3% per 
year (p<0.001) during the study period. 
Mean hospitalization was (SD) 6.6 (6.6) days. Men were hospitalized for a shorter time 
than women (p<0.001). Average length of stay (LOS) decreased by 0.16 days per year 
in the closed fracture group and by 0.14 days in the open fracture group (p<0.001). For 
women over 60 years the mean LOS (SD) was 10.1 (8.6) days. 
Of all hospital admissions with ankle fractures, 83% resulted in some kind of surgical 
procedure. Of those cases, ORIF was performed in 92%. 2% of the open fractures 
underwent surgery with some kind of external fixation following injury compared to 
0.2% for the closed fractures. 
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Table 6. Demographic characteristics of patients, study I (n=91,410). 

Characteristics Women Men 
     
Number, N (%) 51,700 57% 39,710 43% 
 Closed fracture 50,066 97% 38,391 97% 
 Open fracture 1,634 3% 1,319 3% 
     

Age at hospital admission, N (%)     
 15-29 4,384 8% 9,854 25% 
 30-39 4,557 9% 6,371 16% 
 40-49 7,472 14% 6,891 17% 
 50-59 10,115 20% 6,638 17% 
 60-69 9,646 19% 4,608 12% 
 70-79 8,710 17% 3,455 9% 
 ≥80 6,816 13% 1,893 5% 
     
Mean age (SD) 58 (19) 45 (19) 
 Closed fracture 58 (19) 45 (19) 
 Open fracture 59 (18) 47 (19) 

     
Type of fracture, N (%)     
 Medial malleolar 3,299 6% 4,821 12% 
 Lateral malleolar 18,917 37% 19,572 49% 
 Bi-/Trimalleolar 29,484 57% 15,317 39% 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. Incidence rates (per 105 person-years with 95% CI) of ankle 
fractures in Sweden during the period 1987-2004, stratified by age and sex. 
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Figure 9. Incidence rates (per 105 person-years) of ankle fractures in Sweden during the period 1987-
2004, stratified by age, sex, and type of fracture. Note the different scale for open fractures.   
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STUDY II 

A total of 23,411 patients with ankle fractures were admitted for surgery with ORIF. 
The majority of cases (86%) had no prior hospital admissions registered the year before 
injury and 4% were recorded to have concomitant diabetes according to the NPR 
(Table 7). 

 

Table 7. Demographic characteristics of patients, study II (n=23,411). 

Characteristics  No (%) 
   
Age (years) 15-39 6,051 (26%) 
 40-59 8,584 (37%) 
 60-69 4,827 (20%) 
 70-79 2,485 (11%) 
 ≥80 1,464   (6%) 
   
Sex Women 13,474 (58%) 
 Men 9,937 (42%) 
   
Diabetes No 22,428 (96%) 
 Yes 983   (4%) 
   
Prior hospitalization No 20,144 (86%) 
 1 2,160   (9%) 
 >1 1,107   (5%) 
   
Prior visits No 10,988 (47%) 
 1 5,216 (22%) 
 2 2,654 (11%) 
 >2 4,553 (20%) 
   
Mechanism of injury Fall same level 13,318 (57%) 
 Fall from height 2,332 (10%) 
 Fall unspecified 177   (1%) 
 Transport accidents 1,676   (7%) 
 Miscellaneous 2,121   (9%) 
 Not reported 3,787 (16%) 
   
Type of fracture Lateral malleolar 8,181 (35%) 
 Medial malleolar 1,154   (5%) 
 Proximal fibula 522   (2%) 
 Bi-/Trimalleolar 13,554 (58%) 
   
 Closed fracture 22,679 (97%) 
 Open fracture 715   (3%) 
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Infection was the most common short term complication, with an overall rate of 3.7% 
and the rates were highest in patients with open fractures, diabetes, transport accidents 
and increasing age. In 1.9%, repeated surgery because of technical failure was 
performed (Table 8). Ten patients were amputated during the first 90 days following 
surgery (0.04%). 
The dominating risk factor for infection was open fracture (OR 8.5, CI 7.0-10.3). There 
was an increased risk of infection having sustained isolated medial malleolar fractures 
(OR 1.6, CI 1.2-2.2) and bi- or trimalleolar fractures (OR 1.2, CI 1.0-1.4), compared to 
isolated lateral malleolar fractures. Regarding the risk of short term complication and 
mechanism of injury, the OR for transport accidents was 1.6 (CI 1.3-2.1). Patient 
related characteristics that increased the risk for infection were increasing age (OR 1.8, 
CI 1.4-2.4, age ≥ 80) and diabetes (OR 1.8, CI 1.4-2.3). 
The overall rate of diagnosis of post-traumatic OA over the study period was 1.8%. An 
increased risk of diagnosis of post-traumatic OA was seen in the presence of previous 
short term complications such as technical failure (HR 3.3, CI 2.2-4.9) and infection 
(HR 2.6, CI 1.8-3.6). As for fracture related characteristics, open fracture (HR 3.2, CI 
2.3-4.3) was the strongest predictor for post-traumatic OA, followed by bi-/trimalleolar 
fractures (HR 2.4, CI 1.8-3.0) (Table 9). 
The risk of intervention with ankle prosthesis surgery following diagnosis of post-
traumatic OA in these patients was low with a total rate of 0.06%. None of the patients 
with short term complications were found in this group. 
Arthrodesis surgery, on the other hand, had an overall rate of about 2% over the study 
period. Risk groups for intervention compared to reference groups were in consistency 
with the diagnosis of post-traumatic OA. 
The overall amputation rate over the study period (excluding the amputated patients 
during the first 90 days) was 0.1%, and there was a significant risk for patients with 
early infection (HR 10.7, CI 4.7-24.2), diabetes (HR 8.1, CI 3.8-17.3) and previous 
repeated hospitalizations (HR 7.4, CI 3.0-18.3). No amputations occurred in the age 
group 15-39 years. Using 40-59 years as reference group, the HR for patients aged 80 
years and older was 4.0 (1.4-11.3). Long term complications occurred mainly during 
the first two years following the ankle fracture surgery (Figure 10). 
Mortality rate within 90 days following surgery was 0.5%. 
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Table 8. Rates of short term complications within 90 days of ORIF of ankle fractures according 
to patient and fracture related characteristics. 

Characteristics 
 

N (%) Infection (%) Technical Failure (%) 
 

     
Overall rate  23,411 (100%) 3.7% 1.9% 
     
Age 15-39 6,051 (26%) 2.7% 2.0% 
 40-59 8,584 (37%) 3.1% 2.0% 
 60-69 4,827 (20%) 4.5% 1.8% 
 70-79 2,485 (11%) 5.3% 1.5% 
 ≥80 1,464   (6%) 5.6% 1.0% 
     
Sex Women 13,474 (58%) 3.7% 1.7% 
 Men 9,937 (42%) 3.6% 2.2% 
     
Diabetes No 22,428 (96%) 3.5% 1.8% 
 Yes 983   (4%) 7.3% 2.2% 
     
Prior hospitalization No 20,144 (86%) 3.5% 1.8% 
 1 2,160   (9%) 4.9% 2.0% 
 >1 1,107   (5%) 4.3% 2.2% 
     
Prior visits No 10,988 (47%) 3.5% 1.9% 
 1 5,216 (22%) 3.3% 1.6% 
 2 2,654 (11%) 4.0% 1.7% 
 >2 4,553 (20%) 4.4% 2.1% 
     
Mechanism of injury Fall same level 13,318 (57%) 3.4% 1.6% 
 Fall from height 2,332 (10%) 3.7% 2.1% 
 Fall unspecified 177   (1%) 4.5% 3.4% 
 Transport accidents 1,676   (7%) 5.8% 2.0% 
 Miscellaneous 2,121   (9%) 3.6% 2.7% 
 Not reported 3,787 (16%) 3.8% 2.0% 
     
Type of fracture Lateral malleolar 8,181 (35%) 2.7% 1.4% 
 Medial malleolar 1,154   (5%) 4.8% 1.5% 
 Proximal fibula 522   (2%) 3.6% 1.9% 
 Bi-/Trimalleolar 13,554 (58%) 4.1% 2.2% 
     
 Closed fracture 22,679 (97%) 3.0% 1.8% 
 Open fracture 715   (3%) 23.4% 2.8% 
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Table 9. Hazard Ratios (HR) of post-traumatic osteoarthritis following ORIF of ankle fractures 
according to patient and fracture characteristics as well as short term complications. 
  Crude Fully adjusted 

  HR 95% CI HR 95% CI 
      
Age 15-39 1.0 ref 1.0 ref 
 40-59 1.9 1.5-2.5 1.7 1.3-2.2 
 60-69 1.8 1.4-2.5 1.4 1.0-2.0 
 70-79 1.4 0.9-2.0 1.0 0.7-1.5 
 ≥80 0.8 0.4-1.4 0.5 0.3-1.0 
      
Sex Women 1.2 1.0-1.4 1.0 0.8-1.2 
 Men 1.0 ref 1.0 ref 
      
Diabetes No 1.0 ref 1.0 ref 
 Yes 1.2 0.8-1.9 1.0 0.6-1.5 
      
Prior hospitalization No 1.0 ref 1.0 ref 
 1 1.7 1.3-2.3 1.4 1.1-1.9 
 >1 1.3 0.8-2.0 0.9 0.6-1.5 
      
Prior visits No 1.0 ref 1.0 ref 
 1 1.2 1.0-1.6 1.3 1.0-1.7 
 2 1.2 0.9-1.7 1.2 0.9-1.7 
 >2 1.8 1.4-2.3 1.7 1.4-2.3 
      
Mechanism of injury Fall same level 1.0 ref 1.0 ref 
 Fall from height 2.2 1.7-2.8 1.9 1.5-2.5 
 Fall unspecified 1.1 0.4-3.4 1.0 0.3-3.2 
 Transport accidents 1.6 1.2-2.2 1.4 1.0-1.9 
 Miscellaneous 1.0 0.7-1.4 1.0 0.6-1.4 
      
Type of fracture Lateral malleolar 1.0 ref 1.0 ref 
 Medial malleolar 2.0 1.2-3.2 1.8 1.1-2.9 
 Proximal fibula 2.0 1.0-4.1 2.0 1.0-4.0 
 Bi-/Trimalleolar 2.6 2.1-3.4 2.4 1.8-3.0 
      
 Closed fracture 1.0 ref 1.0 ref 
 Open fracture 5.0 3.8-6.6 3.2 2.3-4.3 
      
Short term complications No infection 1.0 ref 1.0 ref 
 Infection 3.9 2.9-5.4 2.6 1.8-3.6 
      
 No technical failure 1.0 ref 1.0 ref 
 Technical failure 3.7 2.5-5.5 3.3 2.2-4.9 

CI, Confidence Interval; ref, reference value. 
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Figur 10. Rates of post-traumatic osteoarthritis following ankle fracture 
surgery (Kaplan-Meier) divided by no short term complication, infection and 
technical failure. 

STUDY III 

Of the 108 patients included for follow up, 48% (n=52) were women. Mean age (SD) 
was 46 (18) years (range 15-86) and women were significantly older than men 
(p<0.05). Mean Body Mass Index (BMI) was 26.5 (SD 4.4, range 19-42). 
The highest rate of fractures was found within the bi-/trimalleolar fractures (53%, 
n=57), even though the lateral malleolar fractures dominated in the male population 
(61%, n=34). There were three isolated fractures of the medial malleolus, all in the 
male population. The type B-fracture was the most common fracture (75%, n=81) 
according to the AO classification (Table 10). 40 fractures (37%) were dislocated at 
admission and a preoperative tissue affection was seen in 10% (n=11). Patients with 
dislocated fractures had equal BMI to patients with no dislocation. Although excluded 
in follow up analysis, there were three open fractures (3%), four patients who reported 
to be diabetic (3%) and three fractures that were treated with external fixation prior to 
ORIF (3%). 
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The most common mechanism of injury was fall at the same level, 72% (n=78). For the 
elderly women (≥60 years), the rate was 95%. Transport accidents occurred in men 
only (n=3). Mean time (SD) from injury to surgery was two days and nine hours (two 
days 22 hours; range three hours 46 min to 14 days 10 hours) and 53% of the patients 
were operated within 24 hours after presentation at the ER. 
Mean length of hospital stay (SD) was 3.4 days (2.6, range 0-19). Women aged 60 
years and older had a mean length of stay of 4.2 days (2.9, range 2-15). 
 

Table 10. Demographic characteristics of patients, study III (n=108). 

Characteristics Male Female 
   
Age (years), mean (SD) 42 (17) 50 (19) 
   
Sex* 56 (52) 52 (48) 
   
BMI, mean (SD) 27 (3.6) 26 (5.1) 
   
Low energy trauma* 34 (61) 44 (85) 
   
Smoking* 12 (21) 19(37) 
   
Fracture classification*   
AO class A 3 (5) 0 (0) 
AO class B 35 (63) 46 (88) 
AO class C 18 (32) 6 (12) 
   
Unimalleolar 37 (66) 14 (27) 
Bimalleolar, 8 (14) 25 (48) 
Trimalleolar 11 (20) 13 (25) 

* Presented as number (%). 

 

 
During follow up time (six weeks), a total of 14 culture samples were taken. Positive 
cultures were registered in 11 patients (10%) and prescription of antibiotics was 
registered in 20 patients (19%). One major wound complication underwent revision 
surgery. Including the first 90 days following surgery a total of five patients (4%) 
suffered from soft tissue complications requiring surgery. There were no amputations. 
The rate of technical failure was 6%. These occurred in type C fractures (n=4) and type 
B3 fractures (n=3). 
Univariate analysis showed association between age (> 60 years) and prescription of 
antibiotics (p=0.01) as well as positive cultures (p=0.01). Regression analysis did also 
reveal a significant association between fracture dislocation needing immediate 
reduction and positive culture (p=0.02) (Table 11 and 12). 
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Tabell 11. Univariate logistic regression analysis. Odds Ratios (OR) for positive culture due to 
potential risk factors. 

Risk factors Positive Culture 

  No. of cases 
(%) 

No. of events 
(%) OR 95% CI † p-value 

       
Sex Male 56 (52%) 6 (11%) Ref   

 Female 52 (48%) 5 (10%) 0.9 0.3-3.1 1.0 
       
Age (years) 15-39 43 (40%) 1 (2%) Ref   
 40-59 37 (34%) 3 (8%) 3.7 0.4-37.2 0.5 
 ≥ 60 28 (26%) 7 (25%) 14.0 1.6-121.3 0.01 
       
BMI * < 25 46 (43%) 4 (9%) Ref   
 ≥ 25 60 (57%) 6 (10%) 1.2 0.3-4.4 1.0 
       
Time injury-surgery (h)  < 24 47 (44%) 4 (9%) Ref   
 ≥ 24 61 (56%) 7 (11%) 1.4 0.4-5.1 0.9 
       
Mechanism of injury Fall same level 78 (72%) 10 (13%) Ref   
 Other: Falls other 7 (6%) 1 (3%) 0.2 0.03-1.9 0.3 
  Sports injuries 16 (15%)     
  Transport accidents 3 (3%)     
  Other 4 (4%)     
       
Post-operative fixation Plaster cast 65 (60%) 1 (3%) Ref   

 Plaster cast + walker or  
walker only 43 (40%) 7 (16%) 3.0 0.8-10.8 0.2 

       
Smoking No 77 (71%) 7 (16%) Ref   
 Yes 31 (29%) 4 (13%) 1.5 0.4-5.5 0.8 
       
Fracture type Unimalleolar 51 (47%) 5 (10%) Ref   
 Bimalleolar 33 (31%) 4 (12%) 1.3 0.3-5.1 1.0 
 Trimalleolar 24 (22%) 2 (8%) 0.8 0.2-4.7 1.0 
       
Soft tissue affection No 97 (90%) 8 (8%) Ref   
 Yes 11 (10%) 3 (27%) 4.2 0.9-19.0 0.2 
       
Immediate reduction No 40 (37%) 3 (4%) Ref   
 Yes 68 (63%) 8 (20%) 5.4 1.3-21.8 0.02 

* 2 patients did not state their weight. † CI=confidence interval. Significant findings (p<0.05) are shown in bold. 
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Table 12. Univariate logistic regression analysis. Odds Ratios (OR) for prescription of antibiotics due to 
potential risk factors. 

Risk factors Antibiotics 

  No. of cases 
(%) 

No. of events 
(%) OR 95% CI† p-value 

       
Sex Male 56 (52%) 9 (16%) Ref   

 Female 52 (48%) 11 (21%) 1.4 0.5-3.7 0.6 
       
Age (years) 15-39 43 (40%) 4 (9%) Ref   
 40-59 37 (34%) 6 (16%) 1.9 0.5-7.3 0.4 
 ≥ 60 28 (26%) 10 (36%) 5.4 1.5-19.6 0.01 
       
BMI * < 25 46 (43%) 9 (20%) Ref   
 ≥ 25 60 (57%) 10 (17%) 0.8 0.3-2.2 0.8 
       
Time injury-surgery (h) < 24 47 (44%) 6 (13%) Ref   
 ≥ 24 61 (56%) 14 (23%) 2.0 0.7-5.8 0.2 
       
Mechanism of injury Fall same level 78 (72%) 16 (21%) Ref   
 Other: Falls other 7 (6%) 4 (13%) 0.6 0.2-2.0 0.6 
  Sports injuries 16 (15%)     
  Transport accidents 3 (3%)     
  Other 4 (4%)     
       
Post-operative fixation Plaster cast 65 (60%) 9 (14%) Ref   

 
Plaster cast + walker or 
walker only 

43 (40%) 11 (26%) 2.1 0.8-5.7 0.1 

       
Smoking No 77 (71%) 11 (14%) Ref   
 Yes 31 (29%) 9 (29%) 2.5 0.9-6.7 0.1 
       
Fracture type Unimalleolar 51 (47%) 8 (16%) Ref   
 Bimalleolar 33 (31%) 8 (24%) 1.7 0.6-5.2 0.3 
 Trimalleolar 24 (22%) 4 (17%) 1.1 0.3-4.0 0.9 
       
Soft tissue affection No 97 (90%) 15 (15%) Ref   
 Yes 11 (10%) 5 (45%) 4.5 1.0-20.2 0.06 
       
Immediate reduction No 40 (37%) 10 (15%) Ref   
 Yes 68 (63%) 10 (25%) 1.9 0.7-5.2 0.2 

* 2 patients did not state their weight. † CI=confidence interval. Significant findings (p<0.05) are shown in bold. 
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STUDY IV 

The 18 participants, who accepted follow up with post-operative gait analysis, had a 
mean age (SD) of 39 years (13, range 17-64) when admitted for surgery. Mean BMI 
was 24.9 (SD 3.7, range 20.1-32.5). Twelve patients had a lateral malleolar fracture and 
six patients had trimalleolar fractures. According to the AO classification, there were 
two type C fractures and 16 type B fractures. There were no patients with diabetes or 
open fractures but one patient who suffered from post-operative infection requiring 
antibiotics as well as revision surgery. 
Gait deviations were found both compared to controls and to the non-injured side 
(Table 13). In the sagittal plane, reduced range of motion (ROM) as well as less 
maximal plantarflexion was seen during swing phase in the hindfoot/tibia (p=0.002 and 
p=0.003) and forefoot/tibia (p<0.001 and p=0.001) compared to non-injured side. The 
hallux/forefoot segment also showed a reduced ROM (p=0.005) and less maximal 
dorsiextension (p=0.011) in the swing phase compared to the non-injured side. A 
reduced ROM and less maximal plantarflexion as compared to the control was also 
seen in the forefoot/tibia (p<0.001 and p<0.001) in the swing phase for the sagittal 
plane. The transverse plane had less ROM in the forefoot/hindfoot segment compared 
to the non-injured side and control in both stance (non-injured: p=0.020) and swing 
(non-injured: p=0.007, control: p=0.021) phase. Deviations were also seen in the 
forefoot/tibia where less maximal adduction in the swing phase was registered 
compared to the non-injured side (p=0.030). Also the injured side showed a smaller 
ROM compared to the non-injured side (p=0.030). No significant differences were 
found in the frontal plane. 
For temporal-spatial parameters, walking speed, stride and step length were adjusted to 
the limb length of the subject. Compared to the non-injured side, single support time of 
the injured side was shorter (p=0.003) and foot off time earlier (p=0.003). Compared to 
the control, stride length was shorter and foot off time delayed in the non-injured side 
(p=0.002). 
Median OMAS was 85 and a significant fair to moderate correlation was found with 
hindfoot/tibia dorsiextension (r=0.6, p=0.010) and sagittal ROM (r=0.50, p=0.040) in 
the swing phase. Temporal-spatial parameters indicated weak correlation with the 
OMAS. 
The gait deviations observed in this study show a reduced ROM in the injured ankle 
joint as compared to non-injured side and the control. Limited motion was also seen in 
the surrounding joints of the affected limb, such as restricted transverse ROM in the 
forefoot, which could be a sign of residual joint stiffness. Also, the forefoot segment 
could be interpreted as an area for compensation due to the ankle injury. The main but 
only fair-moderate correlation with OMAS was seen in sagittal parameters. 
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Table 13. Summary of results in study IV (case vs. control and injured vs. non-injured side). 
 

 Frontal plane Sagittal plane Transverse plane 
    
Hindfoot/Tibia - injured vs. non- injured 

less plantarflexion at toe off  
less sagittal ROM (swing) 

- 

    
Forefoot/Hindfoot - - injured vs. non- injured 

less transverse ROM (stance + swing) 
case vs. controls 
less transverse ROM (stance + swing) 

    
Forefoot/Tibia - injured vs. non-injured 

less plantarflexion at toe off  
less sagittal ROM (swing) 
case vs. controls 
less plantarflexion at toe off  
less sagittal ROM (swing) 

injured vs. non- injured 
less max adduction (swing) 
less transverse ROM (stance + swing) 
case vs. controls 
less max adduction (swing) 
 

    
Hallux/Forefoot - injured vs. non- injured 

less dorsiextension at toe off  
less sagittal ROM (swing) 

- 
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DISCUSSION 

PATIENT CHARACTERISTICS 

To characterize the patients at risk for an ankle fracture is important when planning 
health care and also for further evaluation of complications, risk factors for 
complications and possible tools of prevention. 
The overall incidence of ankle fractures found in study I, was somewhat lower than 
previously reported. This could be attributed to the fact that this study only included 
inpatients43,102,126. As found by previous authors, the incidence of fractures seems to 
increase over time. The increase was though lower than previously reported102,126. This 
may be due to a change in the Swedish healthcare system, where inpatient care is 
shifted to outpatient care when possible. During 1992 to 2002, the number of hospital 
beds decreased by 47%137. 
The rate of ankle fractures has previously been found to have a fairly equal distribution 
according to sex, both in clinical and epidemiological settings. This was in accordance 
with our findings (study I-III) 43,73-76,82,103,126. However, the mean age differed between 
men and women and more importantly, the life time distribution varied. Men had their 
peak incidence during the first decades of life while women had an increase from their 
fifth decade and increasing with age (study I). Previous studies on ankle fracture 
incidence with regards to sex and age have shown similar results43,44,126. In difference to 
these studies however, our study demonstrated a high fracture incidence in women even 
after the age of 60. Court-Brown and Caesar have previously suggested that older 
people are now much more active than in previous generations103. Besides age and sex, 
incidence can further be divided by fracture type. Court-Brown and Caesar described 
eight different curves of fracture distribution where ankle fractures (characterized by 
number of malleoli) all attributed to different fracture pattern curves103. Study I 
describes the same pattern as for the lateral malleolar and the bi-/trimalleolar fractures. 
Court-Brown and Caesar further interpreted the bi-/trimalleolar fractures as related to 
osteoporosis. Decreased bone mass density has however not been found to be a risk 
factor in ankle fractures when measured in the calcaneus and radius138,139. Regardless of 
that, there was a clear dominance of the more unstable bi- and trimalleolar fractures in 
the elderly women in study I, similar to that in previous studies102,126. Also, ankle 
fractures have been found to predict new fractures including fractures related to 
osteoporosis140-142. 
Other studied risk factors for sustaining ankle fractures are smoking and high 
BMI138,143-146. Smoking as a risk of sustaining an ankle fracture was not studied in this 
thesis. The average BMI for patients in study III was 26.5 (men 27.0, women 26.0) and 
thus supports these findings. Diabetes, a comorbidity related to high BMI, has also been 
discussed as a possible risk factor (or confounder) for sustaining an ankle fracture43. 
The increase of fracture incidence over the study period was most pronounced in 
women older than 60 years with 0.9% per year. An epidemiologic study by 
Kannus et al. showed an increase in incidence of ankle fractures in women over 60 
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years of 164% in the years 1970 to 2000147. A later study by the same author does 
though show a stabilizing and slightly decreasing fracture incidence rate for this group 
from 2000 to 2006 129. The reasons for these dramatic changes remain unknown. In this 
study, it was suggested that this cohort had become healthier with less risk of falls. 
Regardless of that, one can conclude that the increase is of great importance when 
estimating the burden of disease for these patients. Older patients who sustain an ankle 
fracture will most likely require inpatient care, regardless of treatment. The need for 
inpatient care in elderly patients is shown by the fact that the rate of care episodes has 
been equal or increased in patients 75 years and older between 1992-2002, despite the 
reduction of hospital beds and an overall decreased number of care episodes137. 

FRACTURE CHARACTERISTICS 

When classifying fractures according to the AO classification, the type B fracture has 
shown to be the most common type of fracture6,40,72,97,99,148. These were all studies with 
surgically treated ankle fractures though. Likewise, patients in study III presented with 
type B fractures in 75% of cases. As stated earlier, all type B fractures are not the 
equivalent of indication for surgery2. When considering choices of treatment, the 
stability and/or dislocation of the fracture has to be regarded and this is not included in 
the AO or the Lauge-Hansen classification systems. 
When assessing stability, stability criteria have been added to the classification systems. 
Fox et al. based their criteria for unstable fractures on the following: talar displacement 
(>2 mm dislocation), medial tenderness, medial/posterior fracture, type C injury, high-
energy injury and open fracture149. This was equal to the stability criteria used by 
Pakarinen et al51. Fox et al. found medial tenderness in 26% of the patients but found 
this criterion difficult to differentiate from generalized tenderness following injury149. 
Michelson et al. have developed a stability-based ankle classification system based on 
previous clinical studies including ankle fracture instability. The purpose was to aid in 
the decision process in choice of treatment and it was made to serve as a complement to 
the classification systems of the AO-group or Lauge-Hansen150. This algorithm uses 
some of the above listed criteria for potential instability: talar displacement and medial 
tenderness. Also used is the number of malleoli involved. It is evident that neither the 
AO nor the Lauge-Hansen classifications alone do fulfill the demand on serving as a 
basis for treatment. In study III, we used the criteria for instability as incongruity of the 
ankle joint and/or fracture dislocation of >2 mm on radiological examination together 
with the AO classification. 
As in Michelson et al. above, characterization of fractures in study I and II was based 
on the number of malleoli involved, since this is the classification used in the ICD 
system150. The ICD does not differ between bi- and trimalleolar fractures, thus this was 
the overall dominating group in study I and II as well as in study III even though the 
lateral malleolar fractures dominated in the male populations (study I and III). This was 
also in accordance to previous findings75,76,82,95,99,151. 
Besides the classification of bones, it is necessary to evaluate the surrounding soft 
tissues. The open ankle fracture is rare but important to acknowledge. Previous data has 
reported rates between 2-11%40,76,82,97,98,102. The higher rates were found in elderly 
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populations (>65 years)97,98. The two epidemiological studies (study I and II) reported 
identical rates (3%). This was equal to the rate of excluded open fractures in study III. 
Even though there is not a true break of skin (i.e. open fracture), a primary soft tissue 
affection is of interest in the planning of surgery. Using the Tscherne classification of 
closed injuries, Höiness et al. reported primary soft tissue affection in 14% of cases 
admitted for surgery72. In study III, the attending physician reported any affection in the 
soft tissue in 10%. It could be considered as a limitation not to use a proper 
classification system but was regarded as the most appropriate approach considering 
the diverse experience of soft tissue classification among physicians at the ER. 
Registration in this manner has also been used by other authors79. 
Also affecting the soft tissue conditions is the dislocation of the fracture. As with soft 
tissue affection, this was also based on the clinical judgment by the attending physician 
in our study. Our rate of 37% was in accordance with other studies79,93. BMI has been 
considered to be a risk factor for fracture dislocation113. This could not be confirmed in 
our study (study III), where BMI in dislocated fractures was found to be 26.7 compared 
to 26.4 for the non-dislocated. 

MECHANISM OF INJURY 

As in previous studies, fall in the same level was the dominating mechanism of injury 
in study I-III6,44,102. These fractures are often referred to as low-energy fractures and 
have been found to be even more pronounced in the elderly129,147. This was in 
accordance with Study I and study III, where rates were higher in the group of elderly 
women (72% and 95% respectively) and agreed with Pagliaro et al. who demonstrated 
a rate of 83% in a geriatric population97. Open fractures were more likely to be 
associated with transport accidents than closed (study I). Also, the transport accidents 
occurred in men only in study III and a male dominance was also seen in study I. These 
findings emphasize the pattern of ankle fractures with younger men with higher rates of 
high-energy fractures and older women with low-energy fractures. 

SURGICAL PROCEDURE 

In studies II-IV, all patients were treated with ORIF, thus not allowing comparison of 
treatments. In a recent Cochrane review (Aug 2012), surgical treatment of ankle 
fractures was compared to non-surgical treatment with regards to long term functional 
outcome152. The review included four studies and it was concluded that there is 
insufficient evidence to conclude whether to perform surgery or not152. The included 
studies differed for instance regarding patient characteristics (only patients >55 years in 
Makwana et al.) and fracture characteristics (only SE subgroup IV and PE fractures in 
Phillips et al.)42,47,153,154. The authors of the Cochrane review referred to an ongoing 
multicenter study of 81 patients with undisplaced, unstable type B lateral malleolar 
fractures. The primary outcome was functional outcome assessed by SF-36 (physical 
component) as well as OMAS. Patients were randomized to ORIF or treatment with 
plaster cast only. Equivalent functional outcome was found between groups at one year 
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follow up. Rate of soft tissue complications was higher in the surgical group but the 
risk of displacement and non-union was substantially lower155.  
In study I, where all hospital admissions with ankle fractures were recorded, 83% 
resulted in some kind of surgical procedure and ORIF was performed in 92% of those 
cases. These rates were, as expected, higher than previously reported since the study 
only included inpatients6,43,44. 
The timing of the surgical procedure is often considered to be of great interest, 
especially with regards to soft tissue complications. Studies have shown ranges of time 
to surgery between two hours and 31 days, with means of 1.7-3.5 days75,119,156. Our 
mean time to surgery of 2.4 days in study III agrees with these findings. Although 
previous authors have used different cut offs when assessing timing as risk factor, many 
have reported 24 hour rates. Study III reported a rate of 53% surgical procedures within 
24 hours after presenting at the ER in comparison to 39-85% for other 
authors64,75,97,119,151. Lankester et al. reported delays in orthopaedic surgery after 
categorizing admitted injuries according to three groups: A, surgery within 6 hours; B, 
surgery within 24 hours and C, surgery within five days118. They classified the ankle 
fractures in group A if dislocated or else in group B. Using these categories, group B 
included most patients (69%). Of the fractures in group B, only 58% were operated 
within the target time. The majority of the delays (90%) were attributed to lack of 
theatre time. In study III, delays caused by logistical factors were found in 7% (data not 
shown) of the entire study population. In conclusion logistics in hospital care is of great 
importance. True emergencies are often prioritized successfully and surgery within five 
days is often performed as planned (78% and 86% respectively according to Lankester 
et al.). The challenge is to schedule the large amount of fractures that has to be fitted 
within the 24 hour limit. 

LENGTH OF STAY (LOS) 

Mean length of hospital stay was longer in study I as compared to study III. This is to 
be expected, since a decrease in LOS was shown in study I (1987-2004) and study III 
was performed later (2005-2007). Men were hospitalized for a shorter time than women 
(study I and III), although it was not significant in study III. This is most likely 
attributed to the difference in patient characteristics with women being older than men, 
requiring longer hospitalization. Previous studies have reported mean LOS 
differentiating between four and 12 days59,73-76,97,156. The differences may be explained 
by diversity in the patient characteristics, calendar time of the study and the setting 
where the study was performed. In a study by Ahl et al. with similar patient 
characteristics and setting as in study III, mean LOS was four days59. Timing of surgery 
has been found to affect the LOS. In studies comparing surgery before and after 24 
hours of injury, some showed significantly longer hospital stay in the late surgery 
group75,120,151. This could not be confirmed in study III, where LOS was 3.0 days and 
3.8 days respectively (ns). This could again be explained to be due to the Swedish 
health care system where patients are commonly treated as outpatients while waiting 
for surgery and are only admitted during the perioperative period. It has been suggested 
that delayed surgery has been associated with longer post-operative stay75,120,151. Study 
III showed no such association. 
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COMPLICATIONS AND RISK FACTORS 

SOFT TISSUE COMPLICATIONS 

To evaluate the surgical site and its possible complications is a task that is associated 
with several difficulties. Firstly, there is the possible bias of the investigator. To 
evaluate one’s own work might lead to underestimation of possible complications. 
Secondly, it is important to know what to evaluate and how to do it. The Surgical Site 
Infection Task Force categorizes surgical site infections (SSI) into superficial 
infections, deep infections or organ/space infections. If an implant has been put in, a 
SSI can be diagnosed up to one year following surgery157. 
According to them, the superficial SSIs involve the skin and subcutaneous tissues only 
while the deep involve underlying fascia and muscle. This may lead to problems when 
evaluating the surgical site over the ankle since no muscles lie between the malleoli and 
the skin. Since study III was performed in a clinical setting, the evaluations were made 
by anyone of the staff surgeons or residents. Therefore, patients were sometimes 
evaluated by their own surgeons which might have included bias even though 
documentation was according to a special protocol separated from the patients’ records. 
Decision was made to use positive culture from bacterial site as well as prescription of 
antibiotics as outcome measures, since those are measurements requiring an active 
decision by the evaluator. 
The positive culture rate of 10% as well as prescription of antibiotics (19%) were 
within rates of soft tissue complications in previous studies (5-27%)40,71-79. This wide 
range in previous studies could be due to a true difference or due to different criteria for 
the complication. The difference between rates of positive cultures obtained and 
prescription of antibiotics was probably due to overuse of antibiotics when in doubt 
about the soft tissues at follow up. The rate was similar to that in a retrospective review 
performed at our clinic 2000-2002 including 242 ankle fractures where the prescription 
rate was 20%158. Both this review and study III had a rate of revision surgery of 4% 
within the first three months. Previous rates of revision surgery have been found to vary 
between 1-6%6,45,71,72,78,81. In study II, the infection rate was 3.7% of the studied 
population. This was higher than reported by SooHoo et al. in a previous 
epidemiological study where only inpatient data was used82. Since many complications 
are managed in an outpatient setting, we chose to also include records from outpatient 
visits. The register holds outpatient visits since 2001. It does not include primary health 
care and the coverage from private care holders is missing. The coverage from 
outpatient hospital care is almost 100%133. Since the outpatient registration did not start 
until 2001, we chose our study period between 2005 and 2010 to minimize the risk of 
missing data due to a new classification procedure. 
In study III, age (60 years and older) was the only significant risk factor for both 
presenting with a positive culture as well as receiving antibiotics post-operatively, with 
OR 14.0 (CI 1.6-121.3) and 5.4 (1.5-19.6) respectively. This is in accordance with 
Nåsell et al. who also reported age over 60 to be a risk factor for superficial wound 
infection78. This is also supported by Singh et al. who reported a significantly higher 
complication rate in patients aged 70 and older75. Infected patients had a higher mean 
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age by 9.4 years in a study by Saithna et al. although not significant77. This compares to 
a mean age difference of 17 years (positive culture, p=0.03) and 14 years (prescription 
of antibiotics, p=0.02) respectively in study III. The increased risk of soft tissue 
complications in the elderly could be explained by the ageing process where the skin 
changes with slower cell turnover and thinner epidermis with diminished water-binding 
capacity leading to dryness. Besides this, there is also a reduced bloodflow in the skin 
as well as a possible decline of the immune function with age which might affect the 
ability to withstand infections159. Also, age usually includes an increasing number of 
comorbidities. Pagliaro et al. did not identify age as a risk factor, only open fractures 
and number of comorbidities97. His study did only include patients aged 65 and older. 
Except for the exclusion of diabetic patients, comorbidities were not further 
investigated in study III. Increased age (>70 years) contributed to an OR for wound 
infection of 1.8 (70-79: CI 1.4-2.3, ≥80: CI 1.3-2.4) in study II. Also, diabetes was 
equal to that (OR 1.8, CI 1.4-2.3). Comorbidity assessed as prior hospitalization or 
visits was not associated with the risk of wound infection. 
The dominating risk factor for infection in study II was open fractures (OR 8.5, CI 7.0-
10.3) and this was similar findings to SooHoo et al82. Study III did reveal a significant 
association between fracture dislocation needing immediate reduction and positive 
culture (OR 5.4, CI 1.3-21.8). These data could not be obtained through the NPR and 
were therefore not evaluated in study II. The impact of the soft tissues from a dislocated 
fracture is well known53. This will lead to concomitant soft tissue injury. The OR for 
primary soft tissue affection as for prescription of antibiotics was 4.5 (CI 1.0-20.2, ns). 
This again suggests an overuse of antibiotics when in doubt about the soft tissues 
without any evidence of positive culture. 
Timing of surgery includes factors such as transport time from injury site to hospital, 
logistic factors within the healthcare provider, availability of competent surgeons and 
surrounding staff. Timing is therefore difficult to assess, especially within retrospective 
reviews where time before arrival at the ER might not be defined. Also, different time 
frames have been used when discussing early versus delayed surgery. Early surgery 
within 6-8 hours or after a minimum of five days has been recommended by the AO- 
group71,160. Many studies have used 24 hours as cut off though 75,78,151. 
In study III, we could not see any increased risk for complications (positive culture or 
prescription of antibiotics) comparing surgery before and after 24 hours. This is 
supported by a previous Swedish study of 891 patients with a prospective register 
design78. Neither did we see any difference when subgrouping into groups of four: <8 
hours, 8-24 hours, 24-120 hours and >120 hours, although one have to consider the 
limited number of patients (data not shown).  On the contrary, Carragee et al. did find 
an increased infection rate in the late group79. Concerning time limit, the same authors 
noted a significant difference in mean time to surgery of 2.9 days between patients with 
and without complications119. Saithna et al. on the other hand, concluded that lower 
infection rates were seen in patients operated on within six days of injury in a Kaplan-
Meier analysis 77. In a study by Höiness et al. comparing surgery before eight hours or 
after five days, even planned surgery was perfomed evening and night. They 
demonstrated a higher rate of infection in patients operated in the evening71. The 
findings concerning timing thus support that surgery should be performed at the most 
optimal setting. Night time surgery should thus be avoided if the fracture can be held in 
a reduced position without jeopardizing the endresult. 
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Earlier findings of risk factors such as smoking could not be repeated in study III. This 
was probably doe to the small number of patients where a type II error might have been 
introduced. 
The foot and ankle is known to have a high rate of bacterial colonization even after 
proper surgical preparation161. In study III, a number of bacterial species was found. 
This alerts the importance of obtaining relevant cultures before initiating treatment with 
antibiotics. 

TECHNICAL FAILURE 

Technical failure was defined as a new surgical procedure within 90 days because of 
malreduction of the fracture (study II and III). In study II, repeated surgery because of 
technical failure was performed in 1.9%. This rate was considerably lower than the 
prospective data of 6% (study III). The limited amount of cases only enables an 
observational analysis of the technical failure patients in study III; they were all type C 
(n=4) or type B3 (n=3) fractures. Surgery was performed by residents in three of the 
cases, consultants in four. The rate is astonishing though, since a retrospective review 
in our clinic only demonstrated a rate of 0.8%158. This highlights the need of evaluation 
measurements within clinical practice to identify trends of increasing complications for 
prevention to be outlined. 

GAIT DEVIATIONS 

Many studies have evaluated functional outcome following ankle fractures and surgery, 
sometimes in combination with outcome scores. Often movement and possible 
impairment has been assessed by loaded flexion and extension of the ankle 
joint6,17,30,58,59. Within the gait analysis science, few have focused on the ankle joint. 
With the development of specific gait analysis foot models, evaluation of the three-
dimensional movement within the foot and ankle has been made possible. The Oxford 
foot model which uses skin mounted markers has been found to have fair repeatability. 
The artifacts from skin movements have been found repeatable and systematic26. The 
decreased ROM of the injured ankle joint in study IV corresponds well to previous 
findings30. 
In study IV, limited motion was not only observed in the injured ankle joint, but also in 
the joints of the foot. Compared to the non-injured side, decreased sagittal and 
transversal ROM was found in the forefoot and reduced sagittal ROM was observed in 
the hindfoot and hallux segments. Restricted movement due to joint stiffness, swelling 
and pain has been observed by previous authors. Lindsjö reported restricted 
dorsiextension up to 10 degrees with no complaints6. Also, Losch et al. found decreased 
ankle motion in gait analysis with no deficit complaints. The authors suggested that this 
could be due to an adapted strategy for unloading the joint86. 
In study IV, also a less adducted forefoot was observed in swing. This might indicate an 
increased load in the medial forefoot. Pes planus following ankle fractures has been 
reported previously6,45. Lindsjö suggested this to be due to poor reduction of the 
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fracture. Fracture reduction was not evaluated in study IV. The findings indicate the 
occurrence of a slight pes planus following ankle fracture surgery in general. 
The study also observed a fair to moderate correlation with OMAS and kinematic 
parameters in the sagittal plane. This is in contrast to Losch et al. who found no 
significant correlation between gait parameters and subjective score evaluation86. They 
neither used the same gait analysis system nor the OMAS. Results from self reported 
outcome scores are dependent on many factors. The future expectations following the 
injury and treatment are dependent on the information from treating surgeons about 
possible impairment. It is also dependent on the patient’s perception of the information 
given. Also, the OMAS includes questions about disabilities such as running and 
jumping. These measurements may be hard to evaluate within an ageing population. 
Our study population with a range of 17-64 years was too small to allow any further 
analysis of possible bias due to that (study IV). The current findings suggest that even 
with good OMAS, the patients will have residual impairment in the ankle also affecting 
joints in the foot (study IV). Nilsson et al. evaluated performance 14 months following 
surgically treated ankle fractures. They demonstrated a median OMAS of 75 and a 
decreased physical performance, suggesting insufficient rehabilitation as a possible 
reason30. The patients in our study were instructed by a physiotherapist during follow 
up (at 2 and 6 weeks) but type and amount of rehabilitation was not evaluated (study 
IV). One patient in study IV had been treated with revision surgery as well as antibiotics 
due to post-operative infection. He could, however, not be identified as an outlier 
within the gait analysis study, although the OMAS was considerably lower (35). A 
similar finding was found by Höiness et al. who reported significant lower OMAS 
within patients with major complications compared to minor events. The loaded dorsal 
extension was not significantly different between groups81. Also, we could not see any 
gait differences between patients with lateral malleolar and trimalleolar fractures. An 
equal case mix was also studied by Losch et al86. 

OSTEOARTHRITIS 

Previous clinical studies have shown various rates of post-traumatic OA following 
ankle fracture surgery (15-36%)6,93-95. These rates are considerably higher than our 
1.8% but they all differed in the study design compared to study II. The diagnosis of 
OA was evaluated from radiographs in their studies. In study II, diagnosis of post-
traumatic OA or related diseases was identified in the NPR. Thus, these were only 
patients who had sought care on their own request. In a study by Bauer et al. patients 
were followed 30 years following ankle fractures. Only five patients (3.5%) had sought 
medical care because of symptoms related to the ankle. Evaluating the radiographs, 26 
patient (18%) had signs of OA48. 
Also, one can discuss the length of follow up time. The opinion on the time of progress 
into OA following the ankle fracture has varied. Lübbeke et al. presented a follow up 
period of up to 22 years. They claimed that follow up times according to these are 
necessary since the average time to post-traumatic OA was found to be 18 years94. 
Lindsjö followed his study population between 2-6 years following the injury. He 
stated that there was no significant difference in the rate of post-traumatic OA between 
early and late follow up, indicating that the OA develops at an early stage6. This was in 
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occurence with our findings where all long term complications occurred mainly within 
the first two years following the ankle fracture (study II). 
As found by SooHoo et al., open fractures and bi-/trimalleolar fractures were associated 
with increased risk of developing post-traumatic OA82. As for Lübbeke et al. an 
isolated fracture of the medial malleolus also increased the risk of later diagnosis of 
post-traumatic OA94. The processus posterior fragment has earlier been stated as an 
important factor in the risk of developing post-traumatic OA6,48,95. These fractures 
could not be separated and analyzed within the NPR. In study II, high risk was also 
found in patients with previous complications such as infection and technical failure. 
Likewise, Horisberger et al. found that these risk factors shortened the latency time to 
develop post-traumatic OA92. These findings stress the importance of performing 
surgery in an optimal setting to reduce the risk of further complications. 
The risk of intervention with ankle prosthesis surgery was generally low with a total 
rate of 0.06%. None of the patients with short term complications was found in this 
group. 
Arthrodesis surgery, on the other hand, had an overall rate of about 2% over the study 
period. Risk groups for intervention compared to reference groups were in consistency 
with the diagnosis of post-traumatic OA (study II). 

AMPUTATION 

10 of the 23,411 included patients were amputated during the first 90 days following 
surgery in study II whereof one in the youngest age group (0.04%). The overall 
amputation rate over the following study period (excluding the amputated patients 
during the first 90 days) was 0.1%. Since no patient from the youngest age group was 
amputated following 90 days, the age group of 40-49 years served as reference group in 
a Cox’ regression analysis. SooHoo et al. presented a higher overall rate for below knee 
amputations which could be explained by the fact that their population included a 
higher rate of diabetics82. This was also found to be a risk factor in our study (HR 8.1, 
CI 3.8-17.3). Comorbidities leading to hospitalizations were also risk factors (HR 7.4, 
CI 3.0-18.3) as were patients with early wound infection (HR 10.7, CI 4.7-24.2). 
Amputations are rare occurrences following ankle fracture surgery and in clinical 
settings only none or single cases have been reported78,79,97. In study III there were no 
amputations. 

MORTALITY 

Mortality following fractures varies widely. In a study by Moran et al. the 90 day 
mortality in patients with hip fractures was 19%162. The rate continued to rise over time 
and was found to be about 30% after one year. This study population did though have a 
mean age of 80 years (range 17-103) and 61% of the patients were more than 80 years 
old. Van Staa et al. studied epidemiology of fractures in England and Wales. They 
found the mortality following hip fractures to be 14% and 25% respectively at 90 days 
and one year. For fractures of the radius and/or ulna, those figures were considerably 
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lower, 1.8% and 6% respectively. Their study did only include patients 65 years and 
older127. 
In study III, no patients were deceased during the year following injury. The 90 day 
mortality in study II was 0.5%. This corresponds well to mortality following ankle 
fracture surgery within the English National Health Service (0.4%)163. As expected and 
as in their study, mortality increased considerably with increasing age (study II). Our 
rate was slightly lower compared to SooHoo et al. who reported a 90 day mortality of 
1% in a Californian population82. This difference remains unknown but could be due to 
differences in comorbidities. Their rate of diabetics was found to be 10% compared to 
4% in study II. In an ankle fracture population 80 years and older, Shivarathre et al. 
registered high numbers of comorbidities (24% with diabetes and/or multiple 
comorbidities). Still, 83% lived independently and 72% were walking unaided99. The 
90 day mortality rate was high (9%) but the one year mortality was equal to study II 
(12%). In a review of patients with surgically treated ankle fractures 70 years and older, 
the inhospital mortality was 3%. All patients were walkers prior to injury, 80% 
unaided, and 84% returned to their preoperative mobility and residential status98. 
A group of Swedish patients aged 65 and older, examined with SF-36 following ankle 
fracture surgery, was found to have scores equal to age- and gender matched controls at 
12 months follow up. The male study population in this study was even found to have 
significantly higher scores regarding general health compared to controls31. 
In conclusion, in contrast to many other fracture populations, the ankle fracture patients 
tend to be healthy even with increasing age. They have been shown to have good 
chances of regaining previous function. This is also evident considering the low rate of 
health care related contacts preceding the fracture (study II). 
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LIMITATIONS 
In study I, two systems of the ICD (ICD9 and ICD 10) were used as were the 
conversion guides provided by the NBHW. We were not able to study length of stay 
before and after surgery since that is not included in the NPR. 
 
In study II, we had no information regarding other comorbidities than diabetes, this 
including lifestyle factors such as smoking. Also, the NPR does not include laterality. 
 
In study III, a power analysis regarding the risk factors was not performed. Since the 
sample size in the study was limited, risk factors might have been left undetected (type 
II error). The study does though include CI to be able to estimate the uncertainty of 
data. 
 
In Study IV, the patient population was heterogenic in regards to fracture type as well as 
to the fact that it did include one patient with early soft tissue complication. 
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CONCLUSIONS 

GENERAL CONCLUSION 

When performing studies in a clinical setting, detailed data and description of a disease, 
its complications and possible risk factors for complications can be obtained. However, 
the number of patients is sometimes limited. In epidemiological studies, the number of 
patients is often high, with great opportunities for powerful statistical evaluation. 
However, the information available is often insufficient for detailed analysis. In this 
thesis we have used both the clinical and epidemiological setting in trying to reach 
further in the study of ankle fractures and surgery. 
It is important to evaluate complications within medicine, for prevention and for the 
possibility to give the patient accurate information about treatment and complications. 
Evaluation can be done within research projects but also by continuous registration 
within the clinic. The use of registers is therefore common today. These registers 
should not be seen as a burden or criticism but as useful sources for improvement. 

SPECIFIC CONCLUSIONS 

• The burden of ankle fractures is increasing somewhat. The main increase is 
seen within the group of elderly women where bi- and trimalleolar fractures 
caused by low-energy injuries are dominating.  

• Infection is the most common short term complication following ankle fracture 
surgery. Open fractures, diabetes, increasing age and initial fracture dislocation 
are risk factors. 

• Ankle fracture surgery should be performed under the most optimal conditions 
and night-time surgery can generally be avoided. 

• The risk of development of post-traumatic OA is increased in the presence of 
previous early complications such as infection and technical failure.  

• A three-dimensional gait analysis foot model is useful in assessing gait 
deviations following ankle fracture surgery. 

• Both the injured ankle joint as well as joints in the foot are affected during gait 
following ankle fracture surgery.
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FUTURE PERSPECTIVES 
To assess the soft tissues before surgery is always difficult, and it has to be evaluated 
together with several other risk factors. The “wrinkle test” described by Sanders is a 
bedside clinical test highly dependent on the assessor117. Even though the ability to 
examine patients bedside should never be abandoned but always developed and 
improved, an objective measurement to evaluate soft tissues following injury might 
support and improve the judgment. Non invasive objective measurement tools such as 
near-infrared spectroscopy should therefore be further investigated. 
Concerning walking, further analysis with three-dimensional gait analysis of the foot 
combined with a plantar pressure analysis might help to relate the kinematics with 
loading patterns. The plantar pressure analysis is an easier way of assessing the patient 
and could also be a guide in the rehabilitation process. 
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ABSTRACT IN SWEDISH 
Fotledsfraktur är en av de vanligaste frakturer som behandlas inom ortopedin. Trenden att 
behandla dessa frakturer med kirurgi kar ökat. Fotleden är dock ett känsligt område för kirurgi 
med avseende på de omgivande mjukdelarna. Mjukdelskomplikationer efter kirurgi såsom 
nekros (vävnadsdöd) och infektion är något som tas på största allvar. Mjukdelskomplikationen 
kan få betydande konsekvenser för patienten med upprepad kirurgi och i värsta fall amputation. 
Senare sequelae efter fotledsfraktur såsom förändringar i gångmönster och posttraumatisk artros 
kan också komma att påverka patienten väsentligt. Syftet med denna avhandling var dels att 
beskriva epidemiologin för fotledsfrakturer i Sverige. Syftet var även att studera komplikationer 
efter kirurgi av fotledsfraktur i ett kliniskt patientmaterial såväl som i Sverige i stort. De 
komplikationer som studerats är tidiga mjukdelskomplikationer efter kirurgi, förändringar i 
gångmönster efter fotledsfraktur och kirurgi samt posttraumatisk artros. 
Studie I är en deskriptiv epidemiologisk studie baserad på alla vuxna patienter som vårdats i 
slutenvård på grund av fotledsfraktur i Sverige under åren 1987-2004. Studien inkluderade 
91410 patienter, vilket motsvarar en årlig incidens av 71 per 105 personår. Över studieperioden 
ökade andelen vårdtillfällen med 0.2% per år och ökningen dominerade i gruppen kvinnor över 
60 år (0.9%). Medelåldern var signifikant högre hos kvinnor jämfört med män. 
Studie II är en epidemiologisk studie avseende komplikationer efterföljande kirurgi av 
fotledsfrakturer. Studien inkluderade 23411 vuxna patienter som vårdats i slutenvård och 
genomgått kirurgi av fotledsfraktur i Sverige under åren 2005-2010. Eventuella komplikationer 
identifierades såväl i öppen vård som i slutenvård. Den vanligaste tidiga komplikationen var 
infektion (3.7%). Högst risk för infektion förelåg hos patienter som ådragit sig öppen 
fotledsfraktur. Även diabetes mellitus, typ av fraktur, stigande ålder och skademekanism ökade 
risken för infektion. Andelen amputationer inom 90 dagar efterföljande kirurgi var 0.04% och 
mortaliteten 0.5%. Andelen patienter som i efterförloppet erhöll diagnosen posttraumatisk 
artros under studieperioden var 1.8%. Risken för posttraumatisk artros ökade efter tidiga 
komplikationer såsom kirurgtekniska komplikationer och infektion. Riskfaktorer för att 
genomgå steloperation av fotleden efterföljande fotledsfraktur och kirurgi liknade mönstret för 
posttraumatisk artros. 
Studie III och IV var kliniska studier. Patienter som inkom till Karolinska Universitetssjukhuset, 
Solna (februari 2005-februari 2007) med fotledsfraktur där kirurgi ansågs indicerad, tillfrågades 
om deltagande i en uppföljande observationsstudie. Patienterna kontrollerades med avseende på 
tidiga postoperativa komplikationer (inom sex veckor) såväl som eventuella förändringar i 
gångmönster cirka ett år efter skada och kirurgi. 108 patienter inkluderades i tidig uppföljning 
där komplikationer definierades som positiv odling från operationssåret och/eller förskrivning 
av antibiotika. Andelen positiva odlingssvar var 10% och 19% av patienterna erhöll antibiotika. 
Ålder (>60 år) identifierades som riskfaktor avseende såväl positivt odlingssvar som 
antibiotikaförskrivning. Primär dislokation av frakturen som erhållit reposition på 
akutmottagningen identifierades även vara en riskfaktor för positivt odlingssvar. Vårdrelaterade 
faktorer såsom tidsfaktorn mellan skada och kirurgi kunde inte ses påverka resultatet. 
Arton av de inkluderade patienterna genomgick även så kallad tredimensionell gånganalys-
undersökning (Oxford foot model) cirka ett år efter fraktur och kirurgi. 
Gånganalysundersökningen utfördes för att utvärdera förändringar i kinematik i den skadade 
fotleden såväl som i övriga leder i foten. Såväl den skadade fotleden som leder i framfoten 
befanns ha en nedsatt rörlighet jämfört med icke skadad sida samt friska kontroller. Den 
använda fotmodellen ansågs vara en bra objektiv metod att bedöma förändringar i gångmönster 
efter kirurgi av fotledsfraktur. 
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APPENDIX A 
 
Olerud Molander Ankle Score (OMAS) 

Parameter Degree Score 
   
I. Pain None 25 
 While walking on uneven surface 20 
 While walking on even surface outdoors 10 
 While walking indoors 5 
 Constant and severe 0 
   
II. Stiffness None 10 
 Stiffness 0 
   
III. Swelling None 10 
 Only evenings 5 
 Constant 0 
   
IV. Stair-climbing No problems 10 
 Impaired 5 
 Impossible 0 
   
V. Running Possible 5 
 Impossible 0 
   
VI. Jumping Possible 5 
 Impossible 0 
   
VII. Squatting No problems 5 
 Impossible 0 
   
VIII. Supports None 10 
 Taping, wrapping 5 
 Stick or crutch 0 
   
IX. Work, activities of daily life Same as before injury 20 
 Loss of tempo 15 
 Change to a simpler job/part-time work 10 
 Severely impaired work capacity 0 
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 APPENDIX B 
 

Marker name and placement of the Oxford foot model. 

 
 

 
 
 
 
 
 
 

Marker name Position Segment 

L/RMKN Left/Right medial femoral condyle Femur 

L/RLKN Left/Right lateral femoral condyle Femur 

L/RHFB Left/Right head of fibula Tibia 

L/RTUB Left/Right tibial tuberosity Tibia 

L/RSHN Left/Right anterior aspect of shin Tibia 

L/RMMA Left/Right medial malleolus Tibia 

L/RANK Left/Right lateral malleolus Tibia 

L/RPCA Left/Right posterior medial aspect of heel Hindfoot 

L/RCPG Left/Right wand marker on posterior calcaneus Hindfoot 

L/RHEE Left/Right posterior distal aspect of heel Hindfoot 

L/RLCA Left/Right lateral calcaneus Hindfoot 

L/RSTL Left/Right sustentaculum tali Hindfoot 

L/RP1M Left/Right base of first metatarsal Forefoot 

L/RP5M Left/Right base of fifth metatarsal Forefoot 

L/R1DM Left/Right head of first metatarsal  Forefoot 

L/R5DM Left/Right head of fifth metatarsal Forefoot 

L/RTOE Left/Right marker between 2nd and 3rd metatarsal heads Forefoot 

L/RHLX Left/Right base of hallux Hallux 
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