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Understanding risks and complications in the 
management of ankle fractures

Saurabh Sagar Mehta, Kishan Rees, Lucy Cutler, Jitendra Mangwani

Abstract
Ankle fracture (AF) is a common injury with potentially significant morbidity associated with it. The most common age groups affected 
are young active patients, sustaining high energy trauma and elderly patients with comorbidities. Both these groups pose unique 
challenges for appropriate management of these injuries. Young patients are at risk of developing posttraumatic osteoarthritis, with 
a significant impact on quality of life due to pain and impaired function. Elderly patients, especially with poorly controlled diabetes 
and osteoporosis are at increased risk of wound complications, infection and failure of fixation. In the most severe cases, this 
can lead to amputation and mortality. Therefore, individualized approach to the management of AF is vital. This article highlights 
commonly encountered complications and discusses the measures needed to minimize them when dealing with these injuries.
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Introduction

The annual incidence of ankle fractures  (AF) 
is approximately 122-184/100,000 person 
years (1:800).1‑3 The two age groups most commonly 

affected are young active men with high‑energy trauma, 
and older women with low energy trauma.1‑4 The earliest 
description of AF was given by Pott5 and Dupuytren.6 
Although many classification systems are proposed, two 
most widely used ones are the Weber7 and the Lauge‑Hansen 
classification.8‑10 The former is based on the relationship of 
the level of the distal fibular fracture with the syndesmosis, 
in an attempt to quantify stability. The latter is based on a 
cadaveric study involving two aspects the position of the 
foot at the time of injury and the direction of the applied 
deforming force.

Regardless of the method of the intervention, the primary 
intention is restoration of normal anatomy. Complications, 
associated with both nonoperative and operative 
management are an important consideration in decision 
making. For some fracture types, e.g. stable undisplaced 
injuries, nonoperative treatment is the most appropriate 
management as operative management of these types of 
injuries could expose these patients to the unnecessary risks 
of surgery and has been deemed as ‘over treatment’.11‑13

Patient selection is vitally important when deciding the 
type of management. It is well known that patients with 
conditions such as diabetes and peripheral vascular disease 
have an increased risk of complications and unsatisfactory 
outcome.13 There is also controversy in the treatment of 
elderly patients with osteoporotic AF.14

Although the literature is replete with articles on AF,2,11,15,16 
a comprehensive review of complications encountered in 
the management of AF is lacking. This paper provides an 
up‑to‑date review of potential risks and complications in 
the management of this injury and discusses strategies for 
prevention and treatment.

Materials and Methods

We conducted a search for AF complications through 
databases: AMED (Ovid), BNI (Ovid), CINAHL (EBSCO), 
Embase (Ovid), HMIC: DH‑Data and Kings Fund (Ovid), 
Medline (Ovid) and Psycinfo (Ovid) in English language only. 
The papers and systematic reviews were analyzed from this 
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Figure 1: X-ray of ankle joint anteroposterior view showing fracture 
dislocation of ankle. It should be reduced promptly and postreduction 
radiographs should be obtained Figure 2: Clinical photograph showing fracture blisters
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search and also from the Cochrane Database of systematic 
reviews. A further search was made through DynaMed™. 
The search revealed over 1400 papers. The case reports, 
small case series and articles not directly related to AF were 
excluded. The review articles were cross referenced. We have 
included current best evidence available. We (SSM, LC, and 
JM) have included 73 papers discussing complications of AF 
and their prevention with a view to provide answers to some 
common issues faced by Orthopedic surgeon in dealing with 
such fractures in their day‑to‑day practice.

Soft tissue complications
Early complications associated with AF are related to the 
surrounding soft tissue envelope owing to anatomical 
reasons. Only subcutaneous tissue protects both malleoli. In 
cases of fracture dislocation of the ankle, potentially significant 
wound complications can precede any intervention. 
A prompt reduction of the dislocation in the emergency 
department reduces the risk of further damage. Hence, the 
recommendation is to reduce these fractures even before 
obtaining a primary radiograph17,18 [Figure 1]. In cases of 
open fractures, adequate preoperative treatment, with sterile 
dressing and antibiotics within 3 h of injury is imperative.19 The 
British Orthopedic Association (BOA) and British Association 
of Plastic Reconstructive and Aesthetic Surgeons (BAPRAS) 
have produced joint guidelines for the management of open 
fracture.19 Although not specific to AF, given the potentially 
devastating complications, important principles from these 
guidelines apply. The care of soft tissues during manipulation 
and reduction in the emergency department is also important. 
If there is any concern regarding either of these aspects early 
Orthopedic involvement should be sought.

If a delay is contemplated in the definitive management 
due to excessive swelling, the fracture position should be 

closely monitored both clinically and radiologically. In cases 
of tri‑malleolar or unstable bi‑malleolar fractures where 
reduction cannot be maintained by the plaster, an external 
fixator should be applied, as loss of reduction will lead to 
further soft tissue complications.20

Blisters
The incidence of fracture blisters in AF has been reported 
to be 6.6%.21 Blisters have significant implication on both 
nonoperative as well as operative management. Fracture 
blisters are thought to be, as a result, of a cleavage injury at 
the junction of dermis and epidermis.21 Anatomical areas, 
such as the ankle, with closely adhered skin without much 
muscle cover are especially prone.21 There are two types of 
blisters: Hemorrhagic blisters and nonhemorrhagic blisters, 
with former representing a more severe injury.21 Whilst 
some authors advocate letting the blisters resolve before a 
surgical intervention,22 others are proponent of de‑roofing 
these and applying antibiotic cream until reepithelialization 
occurs.23 Although there is no clear consensus on how best 
to manage an AF in the presence of blisters, Uebbing et al. 
concluded that blisters are best left intact and allowed to 
heal prior to surgical intervention21 [Figure 2].

Complications of nonoperative management
In a Cochrane review, which included three randomized 
and one quasi randomized trial with 292  patients, the 
complications of nonoperative treatment included malunion, 
nonunion, pain, loss of function, muscle atrophy, cartilage 
degeneration, stiff/swollen joint, deep vein thrombosis (DVT), 
and pulmonary embolism (PE).1 The length of followup in the 
involved studies varied from 20 weeks to a mean of 7 years.1

Regular outpatient review with radiographs is an important 
part of nonoperative management, especially for the first 
fortnight. Secondary displacement, generally requiring 
surgery,24 (4 out of 38 patients in the study) can occur once 
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the swelling subsides or if the fracture pattern is inherently 
unstable.

The treatment of the majority of Weber type A fracture is 
nonoperative and type C fracture is by open reduction and 
internal fixation (ORIF). Weber type B fractures, comprising 
the remaining 50%, are treated with either method.1 The 
inherent flaw in this approach is that Weber classification is 
unable to assess the intrinsic stability of all AF, which is an 
important consideration when planning treatment.1

Complications of operative management
The primary outcome measures in determining the success 
of operative treatment include functional outcome, pain, 
and major adverse event.25 Major adverse events are defined 
as those that require secondary intervention.25 The other 
complications reported include insufficient primary 
osteosynthesis, soft tissue necrosis, infection, osteitis, 
DVT, delayed union, nonunion, secondary displacement, 
refracture, stiffness, muscular atrophy, tendinous insufficiency, 
sensory deficit, tarsal tunnel syndrome and complex regional 
pain syndrome type 1.14,26,27 Prophylactic antibiotics at the 
time of induction of anesthesia, anatomical reduction and 
stable fixation, care of the soft tissue envelope with minimal 
stripping of the periosteum, risk assessment and appropriate 
treatment for venous thromboembolism  (VTE) and early 
mobilization of the ankle joint can help minimize these 
complications. Anatomical reduction of the AF requires 
knowledge of the normal anatomy. Particular attention 
should be paid to the maintenance of length, alignment 
and rotation of fibula and restoration of syndesmosis. The 
per operative images should critically analyze the length of 
fibula by a tibiofibular line  (radiographic line from distal 
fibular tubercle if drawn toward tibia should pass through 
tibial plafond on the mortise radiograph), circle sign  (on 
the mortise radiograph there is an unbroken circle formed 
between lateral recess of fibula and lateral process of the 
talus).28 There should be equal and parallel medial, superior 
and lateral clear space on the mortise radiograph formed by 
talus, medial malleolus, tibial plafond and lateral malleolus.28 
Circle sign and uniform clear space also indicate restoration 
of fibular rotation and syndesmotic alignment. Another 
sensitive measure of syndesmosis alignment is the tibiofibular 
clear space at level of syndesmosis on the anteroposterior 
radiograph. It is measured at 1 cm proximal to the ankle joint 
there should be <6 mm between the medial border of the 
fibula and the lateral border of the tibial incisura.29 These 
radiological parameters can be equally utilized to assess the 
quality of reduction in nonoperative management of the AF 
as well.28,29

Trimalleolar fractures of the ankle
In a study of 57  patients with involvement of posterior 
malleolus, variability of the fracture types was noted. In 

20 cases, the fracture extended in the medial malleolus. 
Knowledge of this pathoanatomy and careful scrutiny of 
the preoperative imaging is essential for approaching these 
fractures.30

Preoperatively computed tomography is warranted in 
these cases to delineate anatomy of the fracture, presence 
of comminution, impaction of the fragment and to 
plan the approach.30,31 The fractures involving posterior 
malleolus have worse functional outcome up to 1 year but 
not significantly worse after 2 years when compared to those 
without involvement of posterior malleolus.32

It has been shown that when posterior malleolus is 
fractured, posterior syndesmotic ligaments are intact 
and are attached to the fragment.33 In a biomechanical 
cadaveric study (n = 10), it was revealed that by internal 
fixation of the posterior malleolus up to 70% of the stiffness 
of syndesmosis could be restored as opposed to 40% 
restoration by stabilizing just the syndesmosis.33 A study 
with long term followup (mean followup of 13 years and 
n  =  45) has revealed that the outcome is not worse if 
the fragment size <25% of the posterior malleolus is not 
fixed.34 It is important to ensure that posterior fragment is 
well reduced and there is no subluxation of the ankle joint 
once medial and/or lateral malleoli are stabilized.

Infection in ankle fractures
Infection is a recognized complication in the operative 
management of AF. The rate of deep infection in patients 
undergoing ORIF of AF ranges from 1% to 8%.16,18,35,36 
Predisposing factors include advanced age, high energy 
injuries, smoking, diabetes, open fractures, compromised 
soft tissue envelope and alcoholism.16,18,35‑39

Prevention of infection is an important consideration 
in operative management.16,18,35‑39 In cases of operative 
management of AF antibiotic prophylaxis should be 
according to the local policy of the hospital and region. In 
the management of open fractures, we follow the policy 
advocated by the BOA and BAPRAS.19 The aim should be 
to administer antibiotic within 3 h. It is worth noting that 
3 h is the period that is considered from the time of injury 
and not since presentation to the hospital.

Infection in operated closed AF especially in compromised 
hosts can be limb threatening.35 In cases of operated AF, 
which present with infection and presence of metalwork, 
debridement should be performed, and cultures obtained.35 
Metalwork is temporarily retained and culture specific antibiotic 
suppression provided if metalwork is stable and fracture has 
not healed (presentation within 10 weeks of index surgery). 
Final debridement and metalwork removal is performed once 
fracture heals.35 In cases of infected mal‑union or presentation 
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after 10 weeks of index surgery or unstable implant, metalwork 
is removed with initial debridement.35 Antibiotics are continued 
for 6 weeks after final debridement.35

Ankle fractures and diabetes mellitus
Diabetes mellitus  (DM) is a well recognized risk factor 
for infection.35‑44 Infection rates for diabetic patients 
undergoing ORIF of AF can be as high as 60%.35 
Failed treatment of infection in diabetics with AF can 
lead to amputation in 42% of the cases and mortality in 
11%45‑47 [Figure 3a‑f]. The most common organism (65%) 
reported is Staphylococcus aureus.35 Given the high rates 
of infection and amputation, managing AF in patients with 
DM is particularly challenging.

Perioperative glycemic control is very important.39 
Fasting patients need to be on an insulin sliding scale to 
achieve this. DM, particularly when poorly controlled, 
predisposes patients to infection due to increased 

periods of hyperglycemia that causes nonenzymatic 
glycosylation yielding irreversible, advanced glycation 
end products (AGE).39 AGE lead to disruption of soft tissues 
and impaired function.39 Abnormal glucose metabolism 
results in vasculopathy, neuropathy, and inhibition of 
wound healing and impaired immune function thus creating 
conditions that predispose to infection.35,39,40

It is important to take care of the soft tissues perioperatively.39 

Delay in diagnosis or an inadequate immobilization has 
been shown to lead to an increase in Charcot arthropathy.48 
Enhanced fixation with multiple syndesmotic screws has 
been suggested in diabetics with displaced AF even in 
the absence of syndesmotic injury 38,49 [Figure 4]. Robust 
fixation has been recommended universally for operative 
management of AF in diabetic patients.49,50

Based on fair quality evidence deduced from level II 
or level III studies prolonged period of protection with 

Figure  3: (a) X-ray of ankle joint anteroposterior view showing simple bi malleolar fracture in diabetic patient with peripheral neuropathy 
(b and c) X-ray of ankle joint anteroposterior and lateral view showing open reduction and internal fixation performed using standard technique. 
(d) X-ray of ankle joint anteroposterior view showing patient mobilized weight bearing at 6 weeks postoperative. This resulted in failure of fixation 
requiring removal of metal work and (e and f) X-ray of ankle joint anteroposterior and lateral views showing infected nonunion of the fracture
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Figure 4: X-ray of ankle joint anteroposterior view showing multiple 
syndesmotic screws for internal fixation of ankle fracture in a diabetic 
patient
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nonweight bearing followed by protected weight bearing 
has been recommended in diabetic patients with AF.38,51 
This period can be up to 6 months in cases of diabetic 
neuropathy.38 It has been recommended that duration of 
immobilization should be until there are signs of fracture 
healing, which can be 2-3  times that of nondiabetic 
patient.38,39

Two specific predictors of poor outcome in diabetics are 
presence of peripheral neuropathy and lack of pedal pulses 
preoperatively.40 Neuroarthropathy has been shown to 
be a significant risk factor for developing a wide range 
of complications.42 Delayed complications may occur 
including loss of reduction, metalwork failure, nonunion, 
arthrosis and Charcot arthropathy.

Thromboembolic complications
The incidence of VTE in patients with a leg injury that 
had been immobilized in a plaster cast or brace for at 
least 1 week and who received no prophylaxis has been 
estimated to be 4.3-40%.52 Although the precise incidence 
of DVT and PE is not known in foot and AF an analysis of 
a trauma database has estimated it to be 0.28% and 0.21%, 
respectively.53 Another study (n = 100) have estimated the 
incidence of asymptomatic DVT of 5% in patients with AF 
who are treated with below knee casts.54 In a randomized 
placebo‑controlled trial for leg  (including knee injuries) 
injuries, which also included soft tissue injuries, treated 
with above and below knee cast, the placebo group had a 
4.3% incidence of DVT compared to 0% of those treated 
with low molecular weight heparin.55 Results from Hospital 
Episode Statistics  (admission database of English NHS 
Hospitals) have estimated the incidence of DVT and PE 
in operated AF to be 0.12% and 0.17%, respectively.56 
In a randomized, double‑blind placebo‑controlled trial of 
patients with AF who were treated surgically, the incidence 

of DVT in the placebo group was 28% versus 21% in the 
dalteparin group.57 Most of these studies do not specify 
whether patients had a previous history of VTE.

Risk factors for VTE are previous history of DVT, 
immobilization, nonweight bearing, body mass index 
>30 kg/m2, pregnancy, contraceptive pill, age >60 years, 
active cancer, recent hospital admission, above‑knee 
plaster.53,57,58

Management and personal experience
Some studies have advocated that routine pharmacologic 
thromboprophylaxis is probably not justified in foot and 
ankle trauma patients.53,56 In a recent telephone survey 
in the UK, it was shown that 84% (n = 47) hospitals do 
not routinely use thromboprophylaxis in patients with 
AF treated in plaster.59 We feel that although routine 
thromboprohylaxis should not be used in AF, we agree 
with Shibuya et al. that an individualized risk assessment 
for each patient with these fractures should be carried 
out.53

Rehabilitation and its role in limiting morbidity
In a literature review of 31 randomized or quasi‑randomized 
controlled trials concerning the rehabilitation of AF in 
adults, common complications elucidated included pain, 
stiffness, weakness and swelling.26 All these are recognized 
as barriers to overcome for successful rehabilitation. 
Evidence is lacking regarding intervention following 
conservative management, with more evidence available 
on interventions following surgery.

A combination of early mobilization, early commencement 
of weight bearing and the use of a removable immobilization 
device, in conjunction with exercise showed a positive effect 
on ankle range of motion.26 It is important to consider patient 
factors, particularly their ability to correctly apply and use 
a temporary immobilization device; their compliance with 
directed exercise regimes, as they can influence overall 
effectiveness of the intervention.26

Analysis of risk and benefit is equally important when 
considering the use of immobilization devices in patients 
following surgery. Although these devices may help reduce 
pain and encourage participation in the activity, they may 
also predispose to surgical site complications. A  review 
of literature concluded that more research is required to 
answer the question of “the best rehabilitation” after AF 
treatment.26

The elderly patient with an ankle fracture
Operative treatment of AF in the elderly may pose a 
challenge. There is controversy in the management of AF 
in the elderly.60
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The early results of ORIF in patients over the age of 70 carries 
risks of deep infection (1%), delayed wound healing (9%), 
mal‑union (5%), and mortality (3%), preclusion of fixation 
of one malleolus due to comminution/soft bone (12%).61 

Factors leading to these complications include preexisting 
comorbidities and poor quality bone.

Various alternative methods of fixation have been proposed 
in osteoporotic AF. They include locking plates for the 
lateral malleolus62,63 and tibio‑talar‑calcaneal nailing64,65 
in displaced comminuted unstable osteoporotic AF. The 
locking‑plate fixation has been found to superior to 
the traditional semi‑tubular plate fixation in cadaveric 
studies.62,63 Currently a multicenter randomized controlled 
trial (ankle injury management) comparing Close Contact 
Cast versus ORIF is running in the UK to decide the 
optimum treatment for patients above 60 years of age.66

Posttraumatic osteoarthritis
Posttraumatic osteoarthritis (PTOA) is a major contributor 
to the morbidity associated with AF.

The incidence of PTOA has been reported as high 
as 70%; with rotational AF being the most common 
cause.67 It occurs following a failure of restoration of 
normal anatomy due to mal/nonunion and is the most 
common indication for ankle arthrodesis.67 When there 
is a significant displacement, anatomical reduction is 
more likely to be achieved through surgical means thus 
reducing long term risk of developing PTOA.68 This is 
especially true in cases of the lateral talar displacement 
where 1 mm displacement has been shown to reduce the 
tibio‑talar contact area by an average of 42% resulting 
in peak loads.68 These peak loads lead to a secondary 
loss of cartilage and subsequent osteoarthritis.68 One of 
the important factors in the development of PTOA is 
valgus deformity and fibular shortening, as a result of 
fibular mal‑union.69 It has been shown the latency time 
between injury and developing end‑stage ankle OA is 
20.9 years.67 Another risk factor predisposing to PTOA 
is injury to ankle ligaments.70 Athletes sustaining lateral 
ankle sprains are the most common group to sustain 
ligamentous PTOA.70 Given the high incidence of AF in 
young patients, ankle arthrodesis in middle age patients 
is a very real consequence of PTOA. A patient’s journey 
to arthrodesis involves chronic pain leading to functional 
impairment,70 both of which significantly contribute to 
morbidity.

Removal of metal work
In AF with syndesmotic disruption, treatment involves 
the use of a syndesmotic fixation with the screw(s) or a 
Tightrope™. It is debatable whether this screw should be 
routinely removed.

Concern over patients with retained screws, suffering a worse 
outcome is considered a major factor responsible for the 
routine removal. In a retrospective review of 76 consecutive 
cases, 22.4% patients experienced complications, following 
routine removal of syndesmotic screw.71 No difference in 
outcome has been shown regardless of retention or removal 
of the screw.72 Schepers et al. advocated against routine 
removal of syndesmotic screws.71,72

Medico‑legal implications in the management of ankle 
fractures
Between 2000 and 2006, there were 73 successful cases of 
litigation, related to trauma of the foot and ankle, in the UK.73 
Each received an average payment equivalent to $125,773.73

Conclusion

We have presented a review of commonly encountered 
complications in managing AF and methods of preventing 
them. The summary points outlined are: Annual incidence of 
AF is approximately 122/100,000 population (1:800). This 
injury most commonly affects two age groups: High‑energy in 
young patients and low‑energy in elderly patients. The most 
common cause of ankle joint arthritis is posttraumatic (PTOA) 
with estimated incidence to be in the region of 70%; rotational 
injuries being the commonest cause. The risk of VTE is 
reported to be low in patients with AF; DVT (0.12%) and 
PE (0.17%). Elderly and diabetic patients are at particular 
risk of complications. Routine removal of metalwork is not 
advised in the asymptomatic patients. There is controversy 
regarding routine removal of syndesmosis screw(s).

References

1.	 Donken CC, Al‑Khateeb H, Verhofstad MH, van Laarhoven CJ. 
Surgical versus conservative interventions for treating 
ankle fractures in adults. Cochrane Database Syst Rev 
2012;8:CD008470.

2.	 Court‑Brown CM, McBirnie J, Wilson G. Adult ankle fractures: 
An increasing problem? Acta Orthop Scand 1998;69:43‑7.

3.	 Salai  M, Dudkiewicz  I, Novikov  I, Amit  Y, Chechick  A. The 
epidemic of ankle fractures in the elderly: Is surgical treatment 
warranted? Arch Orthop Trauma Surg 2000;120:511‑3.

4.	 Kannus P, Palvanen M, Niemi S, Parkkari J, Järvinen M. Increasing 
number and incidence of low‑trauma ankle fractures in elderly 
people: Finnish statistics during 1970‑2000 and projections for 
the future. Bone 2002;31:430‑3.

5.	 Pott  P. Some Few General Remarks on Fractures and 
Dislocations. London: Hawes, Clarke, Collins; 1768.

6.	 Dupuytren G. Of fractures of the lower extremity of the fibula, 
and luxations of the foot. Med Classics 1939;4:151‑72.

7.	 Weber  BG. Die verletzungen des oberen Sprungge‑lenkes. 
Aktuelle Probleme in der Chirurgie. Stuttgart: Huber; 1966.

8.	 Lauge‑hansen N. Fractures of the ankle. III. Genetic 
roentgenologic diagnosis of fractures of the ankle. Am J 
Roentgenol Radium Ther Nucl Med 1954;71:456‑71.

9.	 Lauge‑hansen N. Fractures of the ankle. II. Combined 

[Downloaded free from http://www.ijoonline.com on Thursday, January 2, 2020, IP: 171.79.123.75]



Mehta, et al.: Complications in management of ankle fractures

	 451	 Indian Journal of Orthopaedics | September 2014 | Vol. 48 | Issue 5

experimental‑surgical and experimental‑roentgenologic 
investigations. Arch Surg 1950;60:957‑85.

10.	 Lauge  N. Fractures of the ankle; analytic historic survey as 
the basis of new experimental, roentgenologic and clinical 
investigations. Arch Surg 1948;56:259‑317.

11.	 Bauer  M, Bergström B, Hemborg  A, Sandegård J. Malleolar 
fractures: Nonoperative versus operative treatment. 
A controlled study. Clin Orthop Relat Res 1985;199:17‑27.

12.	 Herscovici D Jr, Scaduto JM, Infante A. Conservative treatment 
of isolated fractures of the medial malleolus. J Bone Joint Surg 
Br 2007;89:89‑93.

13.	 Kristensen KD, Hansen T. Closed treatment of ankle fractures. 
Stage II supination‑eversion fractures followed for 20 years. 
Acta Orthop Scand 1985;56:107‑9.

14.	 SooHoo NF, Krenek L, Eagan MJ, Gurbani B, Ko CY, Zingmond DS. 
Complication rates following open reduction and internal 
fixation of ankle fractures. J Bone Joint Surg Am 2009;91:1042‑9.

15.	 Makwana NK, Bhowal B, Harper WM, Hui AW. Conservative 
versus operative treatment for displaced ankle fractures in 
patients over 55 years of age. A prospective, randomised study. 
J Bone Joint Surg Br 2001;83:525‑9.

16.	 Hughes JL, Weber H, Willenegger H, Kuner EH. Evaluation of 
ankle fractures: Nonoperative and operative treatment. Clin 
Orthop Relat Res 1979;138:111‑9.

17.	 Kaleel  SS. Emergency treatment of ankle fracture 
dislocations: A reliable technique for early reduction. Ann R 
Coll Surg Engl 2005;87:76.

18.	 Lindsjö U. Operative treatment of ankle fracture‑dislocations. 
A followup study of 306/321 consecutive cases. Clin Orthop 
Relat Res 1985;199:28‑38.

19.	 British Association of Plastic Reconstructive and Aesthetic 
Surgeons, British Orthopaedic Association. Standards for the 
management of open fractures of the lower limb: A short guide; 
2009. Available from: http://www.bapras.org.uk/downloaddoc.
asp?id=141. [Last accessed on 2013 Aug 27].

20.	 Rammelt S, Endres T, Grass R, Zwipp H. The role of external 
fixation in acute ankle trauma. Foot Ankle Clin 2004;9:455‑74, 
vii‑viii.

21.	 Uebbing CM, Walsh M, Miller JB, Abraham M, Arnold C. Fracture 
blisters. West J Emerg Med 2011;12:131‑3.

22.	 Varela  CD, Vaughan  TK, Carr  JB, Slemmons  BK. Fracture 
blisters: Clinical and pathological aspects. J Orthop Trauma 
1993;7:417‑27.

23.	 Strauss EJ, Petrucelli G, Bong M, Koval KJ, Egol KA. Blisters 
associated with lower‑extremity fracture: Results of a prospective 
treatment protocol. J Orthop Trauma 2006;20:618‑22.

24.	 Dietrich A, Lill H, Engel T, Schönfelder M, Josten C. Conservative 
functional treatment of ankle fractures. Arch Orthop Trauma 
Surg 2002;122:165‑8.

25.	 Olerud C, Molander H. A scoring scale for symptom evaluation 
after ankle fracture. Arch Orthop Trauma Surg 1984;103:190‑4.

26.	 Lin CW, Donkers NA, Refshauge KM, Beckenkamp PR, Khera K, 
Moseley  AM. Rehabilitation for ankle fractures in adults. 
Cochrane Database Syst Rev 2012;11:CD005595.

27.	 Stanton‑Hicks M, Jänig W, Hassenbusch S, Haddox JD, Boas R, 
Wilson P. Reflex sympathetic dystrophy: Changing concepts 
and taxonomy. Pain 1995;63:127‑33.

28.	 Herscovici D Jr, Anglen  JO, Archdeacon  M, Cannada  L, 
Scaduto  JM. Avoiding complications in the treatment of 
pronation external rotation ankle fractures, syndesmotic 
injuries, and talar neck fractures. J  Bone Joint Surg Am 
2008;90:898‑908.

29.	 Xenos JS, Hopkinson WJ, Mulligan ME, Olson EJ, Popovic NA. 
The tibiofibular syndesmosis. Evaluation of the ligamentous 
structures, methods of fixation, and radiographic assessment. 
J Bone Joint Surg Am 1995;77:847‑56.

30.	 Haraguchi N, Haruyama H, Toga H, Kato F. Pathoanatomy of 
posterior malleolar fractures of the ankle. J Bone Joint Surg 
Am 2006;88:1085‑92.

31.	 Büchler L, Tannast  M, Bonel  HM, Weber  M. Reliability 
of radiologic assessment of the fracture anatomy at the 
posterior tibial plafond in malleolar fractures. J Orthop Trauma 
2009;23:208‑12.

32.	 Tejwani  NC, Pahk  B, Egol  KA. Effect of posterior malleolus 
fracture on outcome after unstable ankle fracture. J Trauma 
2010;69:666‑9.

33.	 Gardner  MJ, Brodsky  A, Briggs  SM, Nielson  JH, Lorich  DG. 
Fixation of posterior malleolar fractures provides greater 
syndesmotic stability. Clin Orthop Relat Res 2006;447:165‑71.

34.	 De Vries JS, Wijgman AJ, Sierevelt IN, Schaap GR. Long term 
results of ankle fractures with a posterior malleolar fragment. 
J Foot Ankle Surg 2005;44:211‑7.

35.	 Zalavras  CG, Christensen  T, Rigopoulos  N, Holtom  P, 
Patzakis MJ. Infection following operative treatment of ankle 
fractures. Clin Orthop Relat Res 2009;467:1715‑20.

36.	 Mak  KH, Chan  KM, Leung  PC. Ankle fracture treated with 
the AO principle  :  An experience with 116  cases. Injury 
1985;16:265‑72.

37.	 Tønnesen H, Pedersen  A, Jensen  MR, Møller A, Madsen  JC. 
Ankle fractures and alcoholism. The influence of alcoholism 
on morbidity after malleolar fractures. J Bone Joint Surg Br 
1991;73:511‑3.

38.	 Bibbo  C, Lin  SS, Beam  HA, Behrens  FF. Complications of 
ankle fractures in diabetic patients. Orthop Clin North Am 
2001;32:113‑33.

39.	 Chaudhary SB, Liporace FA, Gandhi A, Donley BG, Pinzur MS, 
Lin  SS. Complications of ankle fracture in patients with 
diabetes. J Am Acad Orthop Surg 2008;16:159‑70.

40.	 Costigan  W, Thordarson  DB, Debnath  UK. Operative 
management of ankle fractures in patients with diabetes 
mellitus. Foot Ankle Int 2007;28:32‑7.

41.	 Flynn JM, Rodriguez‑del Rio F, Pizá PA. Closed ankle fractures 
in the diabetic patient. Foot Ankle Int 2000;21:311‑9.

42.	 Jones KB, Maiers‑Yelden KA, Marsh JL, Zimmerman MB, Estin M, 
Saltzman CL. Ankle fractures in patients with diabetes mellitus. 
J Bone Joint Surg Br 2005;87:489‑95.

43.	 Kristiansen  B. Results of surgical treatment of malleolar 
fractures in patients with diabetes mellitus. Dan Med Bull 
1983;30:272‑4.

44.	 Low  CK, Tan  SK. Infection in diabetic patients with ankle 
fractures. Ann Acad Med Singapore 1995;24:353‑5.

45.	 White CB, Turner NS, Lee GC, Haidukewych GJ. Open ankle 
fractures in patients with diabetes mellitus. Clin Orthop Relat 
Res 2003;414:37‑44.

46.	 McCormack  RG, Leith  JM. Ankle fractures in diabetics. 
Complications of surgical management. J Bone Joint Surg Br 
1998;80:689‑92.

47.	 National  Insitute for Cl inical  Excel lence.  Type  2 
diabetes: Prevention and Management of Foot Problems, 
2004. Available from: http://www.nice.org.uk/nicemedia/
live/10934/29241/29241.pdf. [Last accessed on 2013 Aug 28].

48.	 Holmes GB Jr, Hill N. Fractures and dislocations of the foot and 
ankle in diabetics associated with Charcot joint changes. Foot 
Ankle Int 1994;15:182‑5.

[Downloaded free from http://www.ijoonline.com on Thursday, January 2, 2020, IP: 171.79.123.75]



Mehta, et al.: Complications in management of ankle fractures

Indian Journal of Orthopaedics | September 2014 | Vol. 48 | Issue 5	 452

49.	 Rosenbaum  AJ, Dellenbaugh  SG, Dipreta  JA, Uhl  RL. The 
management of ankle fractures in diabetics: Results of a 
survey of the American orthopaedic foot and ankle society 
membership. Foot Ankle Spec 2013;6:201‑5.

50.	 Dellenbaugh  SG, Dipreta  JA, Uhl  RL. Treatment of 
ankle fractures in patients with diabetes. Orthopedics 
2011;34:385.

51.	 Wukich DK, Kline AJ. The management of ankle fractures in 
patients with diabetes. J Bone Joint Surg Am 2008;90:1570‑8.

52.	 Testroote M, Stigter WA, Janssen L, Janzing HM. Low molecular 
weight heparin for prevention of venous thromboembolism in 
patients with lower‑leg immobilization. Cochrane Database 
Syst Rev 2014;4:CD006681.

53.	 Shibuya  N, Frost  CH, Campbell  JD, Davis  ML, Jupiter  DC. 
Incidence of acute deep vein thrombosis and pulmonary 
embolism in foot and ankle trauma: Analysis of the national 
trauma data bank. J Foot Ankle Surg 2012;51:63‑8.

54.	 Patil  S, Gandhi  J, Curzon  I, Hui  AC. Incidence of deep‑vein 
thrombosis in patients with fractures of the ankle treated in a 
plaster cast. J Bone Joint Surg Br 2007;89:1340‑3.

55.	 Kock HJ, Schmit‑Neuerburg KP, Hanke J, Rudofsky G, Hirche H. 
Thromboprophylaxis with low‑molecular‑weight heparin in 
outpatients with plaster‑cast immobilisation of the leg. Lancet 
1995;346:459‑61.

56.	 Jameson SS, Augustine A, James P, Serrano‑Pedraza I, Oliver K, 
Townshend D, et al. Venous thromboembolic events following 
foot and ankle surgery in the English National Health Service. 
J Bone Joint Surg Br 2011;93:490‑7.

57.	 Lapidus  LJ, Ponzer  S, Elvin  A, Levander  C, Lärfars G, 
Rosfors  S, et  al. Prolonged thromboprophylaxis with 
Dalteparin during immobilization after ankle fracture 
surgery: A randomized placebo‑controlled, double‑blind study. 
Acta Orthop 2007;78:528‑35.

58.	 National Institute for Clinical Excellence. CG92: Venous 
thromboembolism: Reducing the risk: Reducing the risk 
of venous thromboembolism  (deep vein thrombosis and 
pumonary embolism) in patients admitted to hospital, 
2010. Available from: http://www.publications.nice.org.uk/
venous‑thromboembolism‑reducing‑the‑risk‑cg92.  [Last 
accessed on 2013 Aug 28].

59.	 Iqbal  HJ, Dahab  R, Barnes  S. UK national survey of venous 
thromboembolism prophylaxis in ankle fracture patients 
treated with plaster casts. Foot Ankle Surg 2012;18:157‑9.

60.	 Koval KJ, Lurie J, Zhou W, Sparks MB, Cantu RV, Sporer SM, et al. 
Ankle fractures in the elderly: What you get depends on where 
you live and who you see. J Orthop Trauma 2005;19:635‑9.

61.	 Srinivasan CM, Moran CG. Internal fixation of ankle fractures 

in the very elderly. Injury 2001;32:559‑63.
62.	 Kim T, Ayturk UM, Haskell A, Miclau T, Puttlitz CM. Fixation 

of osteoporotic distal fibula fractures: A  biomechanical 
comparison of locking versus conventional plates. J Foot Ankle 
Surg 2007;46:2‑6.

63.	 Zahn  RK, Frey  S, Jakubietz  RG, Jakubietz  MG, Doht  S, 
Schneider P, et al. A contoured locking plate for distal fibular 
fractures in osteoporotic bone: A biomechanical cadaver study. 
Injury 2012;43:718‑25.

64.	 Jonas  SC, Young  AF, Curwen  CH, McCann  PA. Functional 
outcome following tibio‑talar‑calcaneal nailing for unstable 
osteoporotic ankle fractures. Injury 2013;44:994‑7.

65.	 Lemon M, Somayaji HS, Khaleel A, Elliott DS. Fragility fractures 
of the ankle: Stabilisation with an expandable calcaneotalotibial 
nail. J Bone Joint Surg Br 2005;87:809‑13.

66.	 The AIM Trial. AIM Trial: Ankle Injury Management. 
Available from: http://www.aimtrial.org/. [Last accessed on 
2013 Aug 28].

67.	 Horisberger M, Valderrabano V, Hintermann B. Posttraumatic 
ankle osteoarthritis after ankle‑related fractures. J  Orthop 
Trauma 2009;23:60‑7.

68.	 Ramsey  PL, Hamilton  W. Changes in tibiotalar area of 
contact caused by lateral talar shift. J  Bone Joint Surg Am 
1976;58:356‑7.

69.	 Marti RK, Raaymakers EL, Nolte PA. Malunited ankle fractures. 
The late results of reconstruction. J  Bone Joint Surg Br 
1990;72:709‑13.

70.	 Valderrabano  V, Hintermann  B, Horisberger  M, Fung  TS. 
Ligamentous posttraumatic ankle osteoarthritis. Am J Sports 
Med 2006;34:612‑20.

71.	 Schepers T, Van Lieshout EM, de Vries MR, Van der Elst M. 
Complications of syndesmotic screw removal. Foot Ankle Int 
2011;32:1040‑4.

72.	 Schepers  T. Acute distal t ibiofibular syndesmosis 
injury: A systematic review of suture‑button versus syndesmotic 
screw repair. Int Orthop 2012;36:1199‑206.

73.	 Atrey A, Gupte CM, Corbett SA. Review of successful litigation 
against english health trusts in the treatment of adults with 
orthopaedic pathology: Clinical governance lessons learned. 
J Bone Joint Surg Am 2010;92:e36.

How to cite this article: Mehta SS, Rees K, Cutler L, Mangwani J. 
Understanding risks and complications in the management of ankle 
fractures. Indian J Orthop 2014;48:445-52.

Source of Support: Nil, Conflict of Interest: None.

[Downloaded free from http://www.ijoonline.com on Thursday, January 2, 2020, IP: 171.79.123.75]




