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Abstract
Background: Treatment of ankle fractures in patients with diabetes is associated with increased complication rates. Ankle
arthrodesis is considered a salvage procedure after failed ankle fracture fixation, yet primary ankle arthrodesis has been
proposed as a treatment option for patients with significant diabetes-related complications. To date, the characteristics of
patients who undergo primary ankle arthrodesis and the associated outcomes have not been described.
Methods: A retrospective review was performed of 13 patients with diabetes who underwent primary arthrodesis for
traumatic ankle fracture. Patient demographics were characterized in addition to their diabetes complications, Adelaide
Fracture in the Diabetic Ankle (AFDA) score, and fracture type. Outcomes assessed included reoperation rates, infection
rates, wound complications, nonunion/malunion, amputation, and development of Charcot arthropathy postoperatively.
Results: Patients who underwent primary arthrodesis had high rates of diabetes complications, average AFDA scores of 6.4,
and high rates of severe injuries, including 38.5% open fractures and 69.2% fracture dislocations. The overall complication
rate for primary arthrodesis of ankle fractures in diabetes patients was more than 75% in this cohort. Complications included
a 38.5% reoperation rate, 38.5% infection rate, 53.8% wound complication rate, and 23.1% amputation rate. Despite a high
nonunion rate at the attempted fusion sites, 89.9% of fractures healed and patients had a stable extremity.
Conclusion: This review is the first to characterize the epidemiology and complications of diabetes patients undergoing
primary ankle arthrodesis for ankle fractures. In this cohort, patients with multiple diabetic complications and severe injuries
underwent primary arthrodesis, which led to an overall high complication rate. Further research is needed to determine the
appropriate treatment option for these high-risk patients, and tibiotalocalcaneal stabilization without arthrodesis may
be beneficial.
Level of Evidence: Level IV, retrospective case series.
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Introduction

Managing ankle fractures in patients with diabetes presents a

significant challenge for both the patient and treating sur-

geon. Diabetes is a well-known risk factor for complications

following ankle fracture fixation.26 Diabetes patients who

sustain ankle fractures that require operative fixation have

a complication rate of approximately 40%, nearly 3-fold

higher than patients without diabetes.4 These complications

include wound breakdown, deep infection, nonunion, hard-

ware failure, and Charcot arthropathy, which often requires

repeat operations and can lead to amputation.31 Accordingly,

diabetes patients have extended hospitalizations, and the

cost of treating ankle fractures in diabetes patients is

approximately $2000-$7000, depending on the number of

comorbidities, which is higher than in patients without dia-

betes.12,24 In previous studies, peripheral neuropathy and

peripheral vascular disease appear to be the most significant

risk factors for complications.8 The current incidence of

ankle fractures is approximately 179 fractures annually per

100,000 persons,18 and the prevalence of diabetes in the
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United States is approximately 9.4%, affecting 23 million

people.5 The incidence of diabetes and ankle fractures also

appears to be increasing across the population; thus, deter-

mining an appropriate treatment protocol to limit complica-

tions and repeat procedures for this difficult problem is

important.19,22

Current recommendations for operative treatment of

ankle fractures in patients with diabetes consist of increased

rigid fixation and prolonged periods of non–weight bearing.7

Described techniques include multiple quadricortical syn-

desmotic screws,10,25 stiffer plates,23 and fixation augmenta-

tion with transarticular Steinmann pins16 or intramedullary

fibular Kirschner wires.20 Recently, Yee et al32 described a

treatment algorithm for ankle fractures in diabetes patients

based on the extent of their diabetic complications, Adelaide

Fracture in the Diabetic Ankle (AFDA) score, and suggest

that primary ankle arthrodesis may be an option in severe

situations. One potential limitation to the outlined algorithm

is failure to include fracture characteristics/classification,

that is, open/closed, isolated lateral malleolar, bimalleolar,

trimalleolar, or fracture/dislocations that would have varying

degrees of soft tissue damage, instability, and associated

complications.6,11,15

Ankle arthrodesis has been primarily described as a sal-

vage procedure for Charcot arthropathy or failed fracture

fixation.3,9,17,28 Described methods for ankle arthrodesis

include tibiotalocalcaneal (TTC) hindfoot nails, ringed

external fixators, and tibiotalar arthrodesis with crossed

screws or plating. Although primary arthrodesis has been

described for the management of severe pilon fractures,1,14

there is a paucity of literature describing its role in acute

diabetic ankle fractures without concomitant Charcot arthro-

pathy. Here, we present a case series of 13 diabetic ankle

fractures that underwent primary arthrodesis following an

ankle fracture with a focus on patient and injury character-

istics and operative outcomes/complications. The goal was

to characterize patient profiles to begin to understand if

acute fusion/rigid stabilization limits the serious and often

catastrophic complications of diabetic ankle fractures.

Methods

A retrospective analysis was performed of patients with dia-

betes and surgically treated ankle fractures at a level 1

trauma center from January 1, 2010, to December 31,

2018. This study was approved by the institutional review

board. Data were gathered from the Healthcare Enterprise

Repository for Ontological Narration (Heron) research

data repository.29 Inclusion criteria consisted of patients

>18 years of age, a diagnosis of diabetes, and an operatively

managed ankle fracture with hindfoot arthrodesis/stabiliza-

tion. Patients indicated for primary arthrodesis were deemed

poor candidates for traditional fixation methods based on

their degree of injury and comorbidities by the treating sur-

geon. However, there was no formal protocol or method for

determining which patients would undergo primary

arthrodesis. Exclusion criteria included prior ipsilateral

ankle fracture fixation, concurrent ipsilateral hindfoot frac-

tures, pilon fractures, arthrodesis performed as a salvage

procedure, or for Charcot arthropathy.

Two hundred fifty-one cases (249 patients) were

reviewed and 13 were included in the final analysis

(Figure 1). Demographic variables including age, sex, body

mass index, smoking status, and American Society of

Anesthesiologists (ASA) classification were gathered. Dia-

betes characteristics including insulin dependence, compli-

cations (neuropathy, nephropathy, retinopathy, peripheral

neuropathy, peripheral vascular disease), and glycated

hemoglobin (HbA1c) were also recorded. AFDA scores

were also calculated as previously described32 (Table 1);

however, “years of diabetes” and “patient compliance” were

not reliably recorded and of limited benefit. Fractures were

classified by laterality, mechanism of injury, open vs closed,

and pattern (lateral malleolar, medial malleolar, bimalleolar,

Figure 1. Study flowchart. Heron search was performed for ICD9/
ICD10 codes of “diabetes” and “ankle fracture” with CPT codes of
“ORIF” and “arthrodesis.” Chart and imaging review excluded 96
cases based on timing of diabetes and ankle fracture, miscoding of
diabetes (ie, family history, or gestational diabetes, etc), miscoding
of ankle fracture (ie, Charcot neuropathy, hindfoot fracture, etc),
pilon fractures, associated hindfoot/midfoot fractures, or incom-
plete data/imaging. ORIF cases were removed (138) and an addi-
tional 4 arthrodesis case were removed as there was no attempted
fusion. CPT, Combined Procedural Terminology; ICD9, Interna-
tional Classification of Diseases, Ninth Revision; ICD10, International
Classification of Diseases, Tenth Revision; ORIF, open reduction
internal fixation.
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trimalleolar, or fracture dislocation) based on radiographic

review. Complication rates including reoperation, infection,

wound complications, malunion, nonunion, amputation, and

postoperative Charcot arthropathy were all documented.

Thirteen patients were identified with ankle fractures that

were treated with primary arthrodesis following acute ankle

fracture and a focused review of these cases was performed.

Categorical variables were summarized as a percentage and

continuous variables are presented as mean + SD.

Results

Case Series of Primary Arthrodesis

Patient characteristics. Overall, there were 13 diabetes patients

who underwent primary arthrodesis for acute ankle fracture

in our cohort. Demographic data are listed in Table 2. The

average follow-up was 297 days, average age of patients

was 67.1 years, and 46% of patients were male. Average

body mass index was 35.8, 23.07% of patients were smo-

kers, and the average American Society of Anesthesiolo-

gists (ASA) score was 3.1. One of the indications for the

treating surgeons to pursue primary arthrodesis was multi-

ple diabetic complications. As such, this population

demonstrated high levels of end organ damage from dia-

betes, including 69% nephropathy, 46% retinopathy, 82%
neuropathy, 62% peripheral vascular disease, and 15%
prior Charcot arthropathy in a contralateral joint. Twelve

of the 13 patients had type 2 diabetes and 77% were insulin

dependent. Patients averaged 2.8 diabetic complications

and AFDA scores of 6.4, which is above the stated thresh-

old of 5 as suggested by Yee et al32 to consider primary

arthrodesis. However, 3 patients were below 5 with scores

of 0, 2, and 3. Two of these patients were frail and elderly

and 1 had pre-existing tibiotalar arthritis.

Injury characteristics. Patients indicated for primary arthrod-

esis in this cohort had more severe injuries as shown in

Table 3. Nearly 70% of the injuries were fracture disloca-

tions, and just less than 40% of injuries were open. These

results are expected, as one of the current indications for

primary arthrodesis at our institution is severity of injury

in the setting of multiple diabetic complications. Falls from

standing height accounted for all injuries in this study.

Operative treatment. All patients underwent TTC fusion with a

hindfoot nail, except for 1 that was an isolated tibiotalar

fusion with a cannulated screw construct. The subtalar joint

was only formally prepared in 54% of cases, whereas the

tibiotalar joint was prepared in all cases. Two approaches

were primarily used, transfibular 54% of the time and an

anteromedial approach through the open wound 40% of the

time; 1 medial approach with medial malleolar osteotomy was

performed. Five patients were initially managed with external

fixators; all patients with open injuries had formal irrigation

and debridement and all but 2 patients had definitive fixation

placed at that time. Radiographs demonstrating a patient man-

aged with TTC primary arthrodesis are shown in Figure 2.

Postoperative complications. There was an overall high com-

plication rate in our cohort (Table 4), and approximately

77% of patients experienced at least 1 complication; how-

ever, it is recognized that this is a high-risk population sec-

ondary to the patients selected for attempted primary

Table 2. Patient Characteristics.

Number of cases 13
Follow-up length, d, mean (SD) 296.8 (358.3)
Age, y, mean (SD) 67.1 (5.3)
Sex, % male 46.2
HbA1c, mean (SD) 7.5 (1.6)
ASA, mean (SD) 3.1 (0.3)
BMI, mean (SD) 35.8 (6.5)
Smoking, % 23.1
Insulin dependence, % 76.9
Nephropathy, % 69.2
Retinopathy, % 46.2
Neuropathy, % 81.8
PVD, % 61.5
Charcot arthropathy, % 15.4
No. of diabetic complications, mean (SD) 2.8 (1.5)
AFDA score, mean (SD) 6.4 (2.9)

Abbreviations: AFDA, Adelaide Fracture in the Diabetic Ankle; ASA, Amer-
ican Society of Anesthesiologists; BMI, body mass index; HbA1c, glycated
hemoglobin; PVD, peripheral vascular disease

Table 3. Fracture Characteristics.

Percentage

Medial malleolus 0.0
Lateral malleolus 0.0
Bimalleolar 7.7
Trimalleolar 23.1
Fracture/dislocation 69.2
Open fracture 38.5

Table 1. Adelaide Fracture in the Diabetic Ankle (AFDA) Scoring
System.a

Two Points Each One Point Each

(i) Peripheral neuropathy/loss of
protective sensation

(i) Diabetic history of
greater than 20 years

(ii) Presence of vasculopathy (ii) Presence of diabetic
nephropathy or
retinopathy

(iii) Insulin dependence with poor
compliance

(iii) Obesity

(iv) Previous or coinciding history of
Charcot’s arthropathy in any joint

(iv) Poor patient compliance

aAFDA scoring system reprinted from Yee et. al.32

Grote et al 3



arthrodesis. Five patients required repeat operation (38%),

all for infection. The initial reoperation occurred approxi-

mately 1 month after the initial surgery, and there was an

average of 2.6 repeat procedures in patients who required

reoperation. Three patients required below-the-knee ampu-

tation, all for uncontrollable deep infection and all had ini-

tially been managed with an external fixator. Wound

complications were common and occurred in 53% of

patients. Charcot arthropathy was seen in 1 patient post-

operatively. One patient died in the acute postoperative

period after cardiac arrest.

Only 2 patients had complete consolidation of both the

tibiotalar and subtalar joints in this study, but all nonunions

were asymptomatic, and for the 10 fractures that did not lead

to amputation, all except for 1 healed (89% union rate)

despite nonunion at the proposed arthrodesis site. Of note,

patients with less than 3 months’ follow-up or those who

underwent amputation prior to 3 months (n ¼ 4) were not

included in the analysis of union rates. Of the arthrodesis

nonunions, 4 were isolated subtalar nonunions (only 1 joint

had been formally prepared) and 3 were combined tibiotalar

and subtalar nonunions (1 of which did not have the subtalar

joint formally prepared).

Discussion

The operative treatment and postoperative management of

acute ankle fractures in the diabetes patient population is a

difficult problem given the high rate of complications and

need for reoperations.26 Several strategies exist to help mini-

mize fixation failure and stability including syndesmotic

ladders, increased rigid fixation, and prolonged time to

weight bearing. However, these strategies have not com-

pletely solved the dilemma on how to adequately and opti-

mally treat patients with what can be a devastating and

limb-threatening injury. Recently, it has been suggested that

acute primary arthrodesis in patients with poorly controlled

diabetes could be considered32 and that early arthrodesis of

diabetes patients who develop Charcot arthropathy after

ankle fractures can produce satisfactory results.30 To date,

there has been relatively little data regarding demographics

and complication rates in diabetes patients who undergo

primary arthrodesis for acute ankle fractures. This is the first

case series to analyze this patient population. This study

demonstrates an overall high complication rate for diabetes

Figure 2. Primary arthrodesis for ankle fracture in diabetic patient.
(A) Injury radiographs with left ankle fracture/dislocation. (B)
1-month postoperative primary tibiotalocalcaneal arthrodesis
with hindfoot nail. (C) 8 month postoperation.

Table 4. Postoperative Complications.

Percentage

Overall complication 76.9
Reoperation 38.5
Infection 38.5
Wound complication 53.8
Hardware failure 30.8
Arthrodesis nonunion 77.8
Fracture nonunion 11.1
Malunion 0.0
Amputation 23.1
Charcot arthropathy 7.7
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patients undergoing primary arthrodesis for unstable ankle

fractures, and that more research is needed.

Our results demonstrate that patients who underwent pri-

mary arthrodesis had high rates of diabetic complications

and more severe injuries. Overall, primary arthrodesis had

high rates of postoperative complications. The treatment of

ankle fractures in patients with poorly controlled diabetes

remains a difficult problem, and patients should be coun-

seled appropriately on the significant rate of serious compli-

cations associated with operative management.

Patient selection could be a major factor contributing to

the high complication rate in this study. At our institution,

patients selected for primary arthrodesis were deemed poor

candidates for traditional fixation methods based on their

degree of injury and comorbidities. However, there is no

official protocol to determine the best stabilization method

for each patient. This represents selection bias for a high-risk

patient population. This is a crucial area for further research

to identify the most appropriate fixation method for the right

patient in this at-risk population.

AFDA scoring was previously described to help guide

operative decision making32 and remains the only descrip-

tion of primary arthrodesis for diabetic ankle fractures in the

literature. AFDA scores �5 were suggested as a cut-off to

consider primary arthrodesis. The average AFDA score in

this study was 6.4. The AFDA score gives a summary of the

patients’ overall level of diabetic complications but does not

account for severity of injury and fracture characteristics.

Adding fracture/injury characteristics to the AFDA score

is a potential modification that could improve the applica-

tion of the treatment algorithm; furthermore, future studies

could stratify these scores into a risk calculator that could

potentially be used to educate patients on the risk of com-

plications and outcomes.

The overall high complication rate associated with pri-

mary arthrodesis in our study suggests that attempting fusion

in patients with ankle fractures and multiple diabetic com-

plications should be done on a limited basis. Principles of

diabetic ankle fracture fixation include “super constructs”

with increased mechanical properties and strength, carefully

planned incisions with limited soft tissue dissection, and

fixation beyond the zone of injury.21 One potential fixation

option that could apply all aspects of these principles and

build from the results of this study is the use of TTC hindfoot

nails as an “internal fixator” without attempted fusion. This

has been described for elderly patients with fragility ankle

fractures, and recent results from both retrospective stud-

ies2,27 and prospective randomized controlled trials13 show

promising results. Our data support this stabilization

method; most fractures healed and patients had a stable

extremity, despite a high rate of nonunion at the arthrodesis

site.

The strengths of this study are that this is the first case

series reported for diabetes patients undergoing primary

arthrodesis of acute ankle fracture and the descriptive char-

acteristics and associated complications. Weaknesses

included the small sample size of patients who were treated

with primary arthrodesis. Second, this was a retrospective

review, and multiple variables were dependent on appropri-

ate documentation by medical providers in the chart, and

clinical/functional outcomes were unable to be assessed.

Another weakness is that 3 different orthopedic surgeons

were involved in the management of patients throughout the

study time frame. Each surgeon has his own operative tech-

nique, training, soft tissue management, and bias in treat-

ment strategies that may have affected treatment decisions,

operative outcomes, and complications.

In conclusion, this study provides an important addition

to the literature on primary arthrodesis for the management

of ankle fracture in diabetes patients. Although primary

arthrodesis may be considered, the optimal patient and

injury type is not clearly defined, and further research is

needed. Certainly, more research is needed on this topic, and

a prospective randomized trial in diabetes patients with

unstable ankle fractures would be an important next step

in evaluating the optimal treatment strategy for this difficult

problem.
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