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Background: To evaluate complications and risk factors for nonunion in patients with diabe-
tes after ankle fracture.
Methods: We conducted a retrospective study of 139 patients with diabetes and ankle fractures
followed for 1 year. We evaluated the incidence of wounds, infections, nonunions, Charcot’s ar-
thropathy, and amputations. We determined Fracture severity (unimalleolar, bimalleolar, trimalleo-
lar), nonunion, and Charcot’s arthropathy from radiographs. Nonunion was defined as a fracture
that did not heal within 6 months of fracture. Analysis of variance was used to compare continuous
variables, and x2 tests to compare dichotomous variables, with a = 0.05. Logistic regression was
performed with a binary variable representing nonunions as the dependent variable.
Results: Complications were common: nonunion (24.5%), Charcot’s arthropathy (7.9%),
wounds (5.2%), wound site infection (17.3%), and leg amputation (2.2%). Patients with nonun-
ions were more likely to be male (55.9% versus 29.5%; P = .005), have sensory neuropathy
(76.5% versus 32.4%; P , .001), have end-stage renal disease (17.6% versus 2.9%; P ,
.001), and use insulin (73.5% versus 40.1%; P , .001), b-blockers (58.8% versus 39.0%; P =
.049), and corticosteroids (26.5% versus 9.5%; P = .02). Among patients with nonunion, there
was an increased risk of wounds (odds ratio [OR], 3.3; 95% confidence interval [CI], 1.46–7.73),
infection (OR, 2.04; 95% CI, 0.72–5.61), amputation (OR, 7.74; 95% CI, 1.01–100.23), and
long-term bracing (OR, 9.51; 95% CI, 3.8–23.8). In the logistic regression analysis, four factors
were associated with fracture nonunion: dialysis (OR, 7.7; 95% CI, 1.7–35.2), insulin use (OR,
3.3; 95% CI, 1.5–7.4), corticosteroid use (OR, 4.9; 95% CI, 1.4–18.0), and ankle fracture sever-
ity (bimalleolar or trimalleolar fracture) (OR, 2.5; 95% CI, 1.1–5.4).

Conclusions: These results demonstrate risk factors for nonunions: dialysis, insulin use,
and fracture severity after ankle fracture in patients with diabetes. (J Am Podiatr Med Assoc
112(5), 2022)

Complications after ankle fracture are common and
result in a high rate of morbidity in persons with di-
abetes. Previous studies were usually relatively

small and included fewer than 42 persons with dia-
betes and ankle fracture,1–10 except for a study by
Wukich and colleagues that evaluated 105 ankle
fractures.11 However, Wukich et al did not sepa-
rately evaluate nonunions or risk factors for nonun-
ions. The study populations were probably too
small to accurately report the incidence of compli-
cations or to evaluate risk factors for complications
in the cohort of persons with diabetes. For example,
several of these cohort studies did not report any
cases of Charcot’s arthropathy.1–3,6 Among studies that
reported nonunion and Charcot’s arthropathy, the rate
ranged from 8% to 23% for nonunion and from 4.8% to
40% for Charcot’s arthropathy. The objective of this
study was to evaluate the incidence of wounds, infec-
tions, nonunions, Charcot’s arthropathy, and amputation
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after ankle fracture in persons with diabetes and to
evaluate risk factors for nonunion.

Research Design and Methods

This was a retrospective cohort study of ankle frac-

ture in diabetic patients aged 18 to 80 years. The

study was approved by the institutional review

board of Scott and White Hospital, (Temple, Texas)

before implementation. We identified 139 persons

with diabetes and ankle fractures with Current

Procedural Terminology codes for open and closed

ankle fracture treatment (codes 27760-27784) over a

5-year period. Medical history review included age,

sex, diabetes, dialysis, peripheral artery disease,

sensory neuropathy, and medications, including in-

sulin, corticosteroids, calcium channel blockers,

bisphosphonates, angiotensin-converting enzyme

inhibitors, and antidepressants. Diabetes was

defined using criteria from the American Diabetes

Association: current treatment with oral hypogly-

cemic agents or insulin, a minimum of two fasting

glucose values greater than 126 mg/dL, or 2 ran-

dom glucose values greater than 200 mg/dL. There

were five categories of ankle fracture: medial

malleolar fractures, lateral malleolar fractures,

bimalleolar fractures, trimalleolar fractures, and

open fractures. Five types of complications were

evaluated: wounds, infections, nonunions, Charcot’s

arthropathy, and amputations. Wounds were due to

1) surgical wound dehiscence, 2) fracture blisters, 3)

cast irritation, or 4) ulcers. We scored the fracture as

healed or nonunion (.6 months without clinical or

radiographic signs). Radiographic healing was

defined as bridging bone on three of four corti-

ces, resolution of the fracture line, and intact fix-

ation. We evaluated the medical record for

assessment of lower-extremity sensation before

or after the fracture to determine sensory neu-

ropathy. We recorded peripheral vascular disease

as nonpalpable dorsalis pedis or posterior tibialis ar-

terial pulse in the fractured extremity. We identified

time parameters for fracture healing and the interval

from fracture until the patient received medical care.

Type of fracture, nonunion, and Charcot’s arthropa-

thy were determined from evaluation of radiographs

independently by two members of the research

team (L.A.L. and T.G.) Infections were graded

using the Infectious Diseases Society of America’s

infection classification.12

In the initial data analysis, we dichotomized con-

tinuous variables as normal or abnormal and then

performed x2 tests. We calculated odds ratios

(ORs) and 95% confidence intervals (CIs) for expo-

sure variables using a = 0.05. Subsequently, to

simultaneously control for potential confounding

variables, we used a stepwise logistic regression

analysis to model the effects of various exposures

and interactions. Variables in the univariate model

that achieved a P , .1, as well as the covariate

patient sex, were included in the final regression

analysis using a statistical software program (IBM

SPSS Statistics for Windows, Version 20.0; IBM

Corp, Armonk, New York). We subsequently calcu-

lated risk ratios for each of these categories.

Logistic regression was performed with a binary

variable representing nonunions as the dependent

variable and demographic variables (age, sex). Age

was coded as a continuous variable; sex was a nom-

inal binary variable. Patients with type 1 and type 2

diabetes were combined for data analysis. Also, sev-

eral nominal categorical variables were used. One

group of variables was related to medical condi-

tions (fracture category, infection, chronic kidney

disease), and several other variables were coded as

indicator variables and represented therapeutic

drugs (angiotensin-converting enzyme inhibitors, in-

sulin, thiazolidinedione, antidepressants, b-blockers,
bisphosphonates, calcium channel blockers, oral or

inhaled corticosteroids, and thyroid medications)

used by the study participants.

Results

Table 1 shows the demographic and clinical charac-

teristics of patients who developed nonunions ver-

sus patients without nonunions. The collective

incidence of complications was very high: nonunion

(24.5%), Charcot’s arthropathy (7.9%), wounds

(25.2%), wound site infection (17.3%), and leg

amputation (2.2%). In the univariate analysis,

there was no difference in tobacco or alcohol use,

age, or hemoglobin A1c level in patents with nor-

mal fracture healing and nonunion. Patients with

nonunions were more likely to be male (55.9% ver-

sus 29.5%; P = .005), have sensory neuropathy

(76.5% versus 32.4%; P , .001), have end-stage re-

nal disease (17.6% versus 2.9%; P , .001), and use

insulin (73.5% versus 40.1%; P , .001), b-blockers
(58.8% versus 39.0%; P = .049), and corticosteroids

(26.5% versus 9.5%; P = .02). Among patient who

developed a nonunion, the risk of complications

was significantly higher. Among patients with non-

union, there was an increased risk of wounds (OR,

3.3; 95% confidence interval [CI], 1.46–7.73), ampu-

tation (OR, 7.7; 95% C1, 1.01–100.23), and long-
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term bracing (OR, 9.51; 95% CI, 3.8–23.8). In the

logistic regression analysis, four factors were asso-

ciated with fracture nonunion: dialysis (OR, 7.7;

95% CI, 1.7–35.2), insulin use (OR, 3.3; 95% CI, 1.5–

7.4), corticosteroid use (OR, 4.9; 95% CI, 1.4–18.0),

and trimalleolar fracture (OR, 2.5; 95% CI, 1.1–5.4).

Discussion

There are only a handful of retrospective studies

that report complications associated with ankle

fractures in people with diabetes. The incidence of

complications in the present cohort of patients with

ankle fractures was similar to that in other cohort stud-

ies. The incidences of nonunion (24.5%), Charcot’s ar-

thropathy (7.9%), wounds (25.2%), wound site infection

(17.3%), and leg amputation (2.2%) were very high. We

have not identified any other work that evaluates risk

factors for nonunion after ankle fracture in patients

with diabetes.
There are a variety of important limitations inher-

ent in retrospective studies. Often, key risk factors

and clinical outcomes were inadequately defined or

inconsistently reported in the medical record. Most

studies do not report glucose control, medications

associated with increased fracture risk, sensory neu-

ropathy, and peripheral vascular disease (Table 1). In

addition, the criteria for nonunions, infections, wound

complications, sensory neuropathy, and peripheral

artery disease are widely variable and inconsis-

tently reported or are not stated in the medical

records. Often, important data are simply not

available.
We identified several medications that were asso-

ciated with an increased risk of nonunion. In the

univariate analysis, insulin, b-blockers, and cortico-

steroids were associated with nonunion. However,

in the multiple regression analysis, only insulin and

corticosteroids were associated with nonunion.

This is the first study to evaluate the impact of med-

ications in the assessment of risk factors for nonun-

ion. There are a variety of medications that are

commonly prescribed for persons with diabetes that

may influence bone mineral density and fracture

risk. However, none of these drugs have been stud-

ied to determine whether there is an association

Table 1. Demographic and Clinical Characteristics of Patients Who Developed Nonunion versus Patients Without Nonunion

Nonunion No Nonunion
Characteristic (n = 34) (n = 105) Odds Ratio (95% CI) P Value

Male sex 55.9 (19) 29.5 (31) 1.89 (0.91–3.94) .005
Age (mean 6 SD [years]) 65.2 6 8.5 64.0 6 13.7 .76
Hemoglobin A1c (mean 6 SD []) 7.9 6 1.9 7.5 6 1.8
Tobacco (no history) 29.4 (10) 36.2 (38) 1.36 (0.58–3.14) .47
Alcohol (no history) 29.4 (10) 24.8 (26) 0.79 (0.33–1.87) .59
Neuropathy history 76.5 (26) 32.4 (34) 6.46 (2.78–29.87) ,.001
PAD history 41.1 (14) 24.8 (26) 2.12 (0.94–4.80) .38
End-stage renal disease 17.6 (6) 2.9 (3) 5.10 (1.22–21.38) ,.001
Medications
Insulin 73.5 (25) 40.1 (43) 3.86 (1.70–9.42) ,.001
Thiazolidinedione 14.7 (5) 10.5 (11) 1.53 (0.16–14.71) .54
Thyroid 17.6 (6) 21.6 (22) 0.85 (0.30–2.20) .81
Antidepressants 52.9 (18) 39.0 (41) 1.76 (0.81–3.83) .17
Bisphosphonates 5.9 (2) 5.7 (6) 1.17 (0.20–5.37) .88
b-Blockers 58.8 (20) 39.0 (41) 2.20 (1.01–4.90) .049
ACE inhibitor 38.2 (13) 47.6 (50) 0.69 (0.31–1.50) .43
Calcium channel blockers 8.8 (3) 18.6 (19) 0.49 (0.12–1.58) .28
Corticosteroids (oral or inhaled) 26.5 (9) 9.5 (10) 3.39 (1.25–9.32) .02
Time to treat (mean 6 SD [d]) 4.3 6 16.1 1.2 6 3.4 .03
Time immobilized (mean 6 SD [d]) 141.6 6 129.0 74.3 6 32.2 ,.001
Surgery 61.8 (21) 57.1 (60) 1.21 (0.55–2.68) .69

Outcomes
Wounds 44.1 (15) 19.0 (20) 3.32 (1.46–7.73) .006
Infection 20.6 (7) 16.2 (17) 2.04 (0.72–5.61) .25
Charcot’s arthropathy 32.4 (11) 0 103.26 (3.20–3334.19) ,.001
Long-term bracing 52.9 (18) 10.5 (11) 9.51 (3.80–23.84) ,.001
Amputation 8.8 (3) 0.1 (1) 7.74 (1.01–100.23) .045

Note: Data are given as percentage (number) except where indicated otherwise.
Abbreviations: ACE, angiotensin-converting enzyme; CI, confidence interval; PAD, peripheral artery disease.
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with nonunion or fracture complications. Treatment
with b-blockers has been associated with decreased
fracture risk in a nationwide case-control study13;
however, only corticosteroids and b-blockers were
significant in the regression. It has been well estab-
lished that corticosteroids have a negative effect on
wound healing.14 Perioperative administration of dexa-
methasone has been associated with an increased risk
of infection and delayed fracture healing.15,16 However,
we have been unable to identify any published
articles that demonstrate any other associations
between impaired fracture healing and these medi-
cations. As with any retrospective study, there are
limitations that need to be acknowledged. Selection
bias is a possibility based on the decision to treat a
patient surgically or nonsurgically. Another weak-
ness is that we did not evaluate the specific methods
of treatment, such as weightbearing status, type of
fixation, or method of immobilization. Finally, the
impact of short- and long-term glycemic manage-
ment was not evaluated except for hemoglobin A1c

at baseline, and we acknowledge that suboptimal
glycemic control can contribute to higher rates of
complications. A strength of this study is that it
reports the largest number of patients with diabetes
with ankle fractures. We included fractures that were
treated with and without surgery, and we reported the
role of different medications on fracture outcomes.

In conclusion, we identified a high incidence of
wounds, infections, nonunions, Charcot’s arthropathy,
and amputation in persons with diabetes after ankle
fracture. Most patients (52.9%) required long-term
bracing after their fracture. Other variables associated
with negative impact on fracture healing included
end-stage renal disease on dialysis, corticosteroid and
insulin use, and trimalleolar ankle fracture.

Financial Disclosure: None reported.
Conflict of Interest: None reported.
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