
Neuropathy and Poorly Controlled Diabetes
Increase the Rate of Surgical Site Infection

After Foot and Ankle Surgery
Dane K. Wukich, MD, Brandon E. Crim, DPM, Robert G. Frykberg, DPM, MPH, and Bedda L. Rosario, PhD

Investigation performed at the UPMC Mercy Center for Healing and Amputation Prevention, Pittsburgh, Pennsylvania

Background: This prospective study was designed to evaluate the frequency of surgical site infection in patients treated
with foot and ankle surgery. Our hypothesis was that patients with complications of diabetes are at increased risk for
surgical site infection compared with patients without diabetes and patients with diabetes who do not have diabetic
complications. Another goal was to compare the association of neuropathy with surgical site infection in both nondiabetic
and diabetic patients.

Methods: Two thousand and sixty consecutive surgical cases were evaluated. Group 1 included nondiabetic patients
without neuropathy, Group 2 included nondiabetic patients with neuropathy, Group 3 included patients with diabetes but
no diabetic complications, and Group 4 included patients with diabetes who had at least one complication of diabetes.

Results: The surgical site infection rate in this study was 3.1%. Patients with complicated diabetes had a 7.25-fold
increased risk of surgical site infection compared with nondiabetic patients without neuropathy and a 3.72-fold increased
risk compared with patients with uncomplicated diabetes. Patients with complicated diabetes had a nonsignificant 1.54-
fold higher rate of surgical site infection compared with nondiabetic patients with neuropathy. Nondiabetic patients with
neuropathy had a significant 4.72-fold increased risk of surgical site infection compared with nondiabetic patients without
neuropathy. Despite this, nondiabetic patients with neuropathy did not have a significantly higher rate of surgical site
infection than patients with uncomplicated diabetes, and the frequency of surgical site infection in the group with
uncomplicated diabetes was not significantly different from that in the nondiabetic patients without neuropathy. Multi-
variable logistic regression analysis demonstrated that peripheral neuropathy and a hemoglobin A1c of ‡8% were inde-
pendently associated with surgical site infection.

Conclusions: Complicated diabetes increases the risk of surgical site infection after foot and ankle surgery. Patients
who had diabetes without complications did not have a greater risk of surgical site infection compared with nondiabetic
patients without neuropathy. The presence of neuropathy increases the risk of surgical site infection even in patients
without diabetes. Poor long-term glycemic control is also associated with an increased risk of surgical site infection.

Level of Evidence: Prognostic Level I. See Instructions for Authors for a complete description of levels of evidence.

T
he prevalence of diabetes mellitus continues to grow at
an alarming rate, and it is estimated that 25.8 million
people in the United States (8.3% of the population)

have this disease. Among patients aged sixty-five years and
older, the prevalence of diabetes increases to 26.9%1. Diabetes
and/or hyperglycemia have been associated with increased
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rates of surgical site infection following total joint arthro-
plasty, spine surgery, orthopaedic trauma surgery, or foot
and ankle surgery2-6. If surgical site infection is to be con-
sidered a valid indicator of the quality of care, proper
adjustment for patient-care mix is paramount so that mean-
ingful comparisons of surgical site infection rates can be
made7.

Diabetic patients who undergo foot and ankle surgery are
particularly vulnerable to both infectious and noninfectious
complications due to the comorbidities of peripheral neurop-
athy, Charcot neuroarthropathy, peripheral artery disease, and
foot ulcers8,9. Increased infection rates have been observed in
diabetic patients following ankle fracture repair or major foot
and ankle arthrodesis8,10,11.

A retrospective controlled study demonstrated that pa-
tients with complications of diabetes had higher rates of sur-
gical site infection after foot and ankle surgery when compared
with patients with uncomplicated diabetes and patients
without diabetes6. This prospective study was designed to
validate the findings of the previous retrospective study. Our
hypothesis was that patients with complications of diabetes
are at increased risk for surgical site infection compared with
patients, with or without diabetes, who do not have such
complications. Additional goals of this study were to compare
the rates of surgical site infection between nondiabetic pa-
tients with and without peripheral neuropathy and to evaluate
the impact of glycemic control on the rate of surgical site
infection.

Materials and Methods

Afoot and ankle registry was created after approval by our local institu-
tional review board. All patients who were eighteen years of age or older

who underwent foot and/or ankle surgery requiring an open incision from
2008 to 2011 were included in the registry. Patients with wounds that showed
obvious signs of infection preoperatively such as purulent drainage and/or
signs of inflammation, including erythema, swelling, tenderness, or warmth,
were excluded from the present study. Patients with active foot ulcers and
exposed bone who underwent reconstruction were excluded from the anal-
ysis if intraoperative cultures were positive for infection or histopathological
evidence of infection was present. Patients with diabetes or peripheral
neuropathy without a history of diabetes had measurement of hemoglobin
(Hgb) A1c levels within one month of surgery. Nondiabetic patients without
neuropathy who had a random glucose level of >126 mg/dL had measure-
ment of the HgbA1c level and fasting blood glucose on the morning of
surgery. All diabetic patients were receiving oral agents, insulin, or combi-
nation therapy.

Patients were diagnosed with peripheral neuropathy with use of the
Michigan Neuropathy Screening Instrument (MNSI)

12,13
. Patients with a pre-

vious amputation were excluded. Peripheral neuropathy was defined as an
MNSI score of ‡2.5

12,14
(see Appendix). If the dorsalis pedis and posterior tibial

pulses were palpable on each foot, no additional vascular evaluation was carried
out. Patients with abnormal findings on vascular examination (i.e., one or more
abnormal pedal pulses) had noninvasive arterial studies, and peripheral artery
disease was defined according to published guidelines

15
(see Appendix). Pa-

tients who previously had undergone a revascularization procedure were re-
ferred to a vascular surgeon for preoperative clearance. Surgical site infection
and severity of infection were defined according to criteria in previous pub-
lished reports

5,6,9,16
. Mild infection was defined as <2 cm of peri-incisional

erythema with or without purulent drainage and outpatient treatment with oral

antibiotics. When a patient had erythema without drainage we elevated the foot
and ankle to 45� for five minutes with the patient in the supine position. If the
erythema resolved with elevation of the foot and ankle, postoperative wound
inflammation was diagnosed and the patient was re-evaluated in one week and
did not receive an antibiotic. Patients in whom the erythema failed to resolve
with elevation of the foot and ankle were diagnosed with a mild surgical site
infection. Severe infection was defined by purulent drainage with ‡2 cm of peri-
incisional erythema and treatment by inpatient hospitalization and/or surgical
intervention (see Appendix). Pin track infections associated with external fix-
ation were not included as surgical site infections since these infections were not
at the surgical site and they occur commonly in patients as the duration of
external fixation increases

6,17
.

All of the surgical procedures were performed by the same attending
surgeon (D.K.W.) who evaluated the patients postoperatively. Standard ap-
pointments were typically scheduled at one, three, six, and twelve weeks
postoperatively. Preoperative antibiotic coverage consisted of one intravenous
dose of cefazolin for all outpatients and twenty-four hours of perioperative
coverage for all inpatients. If a patient was allergic to penicillin, vancomycin
or clindamycin was administered.

For the purpose of this study we defined four patient groups. Group
1 included nondiabetic patients without peripheral neuropathy (n = 1536).
Group 2 included nondiabetic patients with peripheral neuropathy as
previously defined (n = 201). Nondiabetic causes of neuropathy included
alcoholism, autoimmune neuropathy, chemotherapy-induced neuropathy,
demyelinating peripheral neuropathy, idiopathic neuropathy, chronic steroid-
induced neuropathy, and Parkinson disease. The nondiabetic patients with
neuropathy had been evaluated by their primary care physicians and/or
neurologists and carefully screened for diabetes. Group 3 included patients
with diabetes but no complications (MNSI score of <2.5, no peripheral
artery disease, and no renal disease confirmed by a serum creatinine level
of <1.4 mg/dL) (n = 100). Group 4 included patients with diabetes who had
at least one complication of diabetes (neuropathy, peripheral artery disease,
and/or renal disease) (n = 223). Glycemic control was evaluated through two
different methods. The preoperative glucose level was evaluated as a categorical
value by defining hyperglycemia as a serum glucose level of ‡140 mg/dL. This
value was chosen because guidelines have recommended that non-critically ill
inpatients have preprandial glucose levels of <140 mg/dL and ‡140 mg/dL
was considered to represent suboptimal short-term glycemic control18

. The
HgbA1c level was also evaluated as a categorical value and, for the purposes of
this study, a level of ‡8% was considered to represent poor long-term glucose
control

19
.

Descriptive statistics were summarized as a frequency or as the mean
and standard deviation (SD) as appropriate. Examination of normal distri-
bution assumption for continuous data was performed with q-q plots, his-
tograms, and the Shapiro-Wilk test. The Kruskal-Wallis test was performed
to determine differences between groups for non-normally distributed
continuous data. Post hoc comparisons for the non-normally distributed
continuous data were performed with use of the Mann-Whitney test, and
adjustment for multiple comparisons was done with the Dunn-Sidak ad-
justment method

20
. The Pearson chi-square or Fisher exact test, as appro-

priate, was used to compare the frequency distribution of categorical
variables between groups. Post hoc comparisons for categorical data were per-
formed with use of the Pearson chi-square or Fisher exact test on subtables,
and adjustment for multiple comparisons was done with use of the Sidak
adjustment method. Univariate logistic regression was applied to assess the
strength of association between predictor variables (e.g., sex, obesity, insulin
use, etc.) and the dichotomous outcome of interest (surgical site infection).
The magnitude of associations between the potential predictor variables
and the outcome was quantified with use of the odds ratio (OR) and the
corresponding 95% confidence interval (CI). Predictor variables showing
an independent association with the primary outcome (surgical site in-
fection), in terms of OR and corresponding 95% CI, were selected for
model fitting in a subsequent multiple logistic regression analysis with
use of a forward stepwise approach. The level of significance to enter or
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TABLE I Patient Demographics

Nondiabetic
Patients
without

Neuropathy

Nondiabetic
Patients with
Neuropathy

Diabetic
Patients without
Complications

Diabetic
Patients with
Complications P Values*

No. (%) of patients
Total (n = 2060) 1536 (74.6%) 201 (9.8%) 100 (4.9%) 223 (10.8%)
With surgical site
infection (n = 64)

24/1536 (1.6%) 14/201 (7.0%) 3/100 (3.0%) 23/221 (10.4%)

Age† (yr) 46.8 ± 15.1 57.9 ± 12.9 53.9 ± 10.3 58.5 ± 11.4 (a) <0.05, (b) <0.05, (c) <0.05,
(d) 0.313, (e) 1.000, (f) 0.087

Male sex‡ 566 (36.8%) 104 (51.7%) 34 (34.0%) 115 (51.6%) (a) <0.05, (b) 0.9960, (c) <0.05,
(d) <0.05, (e) 1.0000, (f) <0.05

BMI† (kg/m2) 29.0 ± 6.3 31.0 ± 6.9 35.0 ± 8.8 32.9 ± 7.3 (a) <0.05, (b) <0.05, (c) <0.05,
(d) <0.05, (e) 0.05, (f) 1.000

Obese‡ (BMI > 30) 582 (37.9%) 101 (50.2%) 67 (67.0%) 149 (66.8%) (a) <0.05, (b) <0.05, (c) <0.05,
(d) <0.05, (e) <0.05, (f) 1.0000

Type of diabetes
(1 or 2)‡§

8/92 (8.0%) 43/178 (19.3%) (f) <0.05

Duration of
diabetes† (yr)

8.6 ± 10.1 16.6 ± 12.3 (f) <0.05

Insulin use‡ 30 (30.0%) 140 (62.8%) (f) <0.05

Glucose
level† (mg/dL)

93.1 ± 14.1 99.3 ± 18.4 135.2 ± 55.2 154 ± 64.4 (a) <0.05, (b) <0.05, (c) <0.05,
(d) <0.05, (e) <0.05, (f) 0.913

HbA1c† (%) 5.9 ± 0.4 5.9 ± 0.3 7.0 ± 1.4 7.5 ± 1.6 (a) 1.000, (b) <0.05, (c) <0.05,
(d) <0.05, (e) <0.05, (f) 0.162

Creatinine
level† (mg/dL)

0.9 ± 2.6 0.9 ± 0.3 1.1 ± 1.0 1.5 ± 1.3 (a) 0.596, (b) <0.05, (c) <0.05,
(d) 0.445, (e) <0.05, (f) <0.05

Surgery time† (min) 85.9 ± 48.7 117.5 ± 61.9 81.5 ± 44.4 120 ± 71.0 (a) <0.05, (b) 1.000, (c) <0.05,
(d) <0.05, (e) 1.000, (f) <0.05

American Society of
Anesthesiologists
classification†

2.0 ± 1.3 2.6 ± 0.6 2.7 ± 0.5 3.0 ± 0.4 (a) <0.05, (b) <0.05, (c) <0.05,
(d) 1.000, (e) <0.05, (f) <0.05

Charcot
neuroarthropathy‡

0 22/201 (10.9%) 0 93/223 (41.7%) (a) <0.05, (b) 0.0625, (c) <0.05,
(d) <0.05, (e) <0.05, (f) <0.05

Previous ulcer‡ 60 (3.9%) 35 (17.4%) 9 (9.0%) 99 (44.4%) (a) <0.05, (b) 0.0832, (c) <0.05,
(d) 0.2554, (e) <0.05, (f) <0.05

Previous surgery‡ 427 (27.8%) 80 (39.8%) 28 (28.0%) 90 (40.4%) (a) <0.05, (b) 1.0000, (c) <0.05,
(d) 0.2384, (e) 1.0000, (f) 0.1821

Current ulcer‡ 38 (2.5) 25 (12.4%) 4 (4.0%) 75 (33.6%) (a) <0.05, (b) 0.9033, (c) <0.05,
(d) 0.1223, (e) <0.05, (f) <0.05

Current tobacco
use‡

305 (19.9%) 50 (24.9%) 19 (19.0%) 44 (19.7%)

Former tobacco
use‡

41 (2.7%) 10 (5.0%) 4 (4.0%) 17 (7.6%) (a) 0.5375, (b) 0.9803, (c) <0.05,
(d) 0.9998, (e) 0.9857, (f) 0.8682

Tobacco
pack-years†

18.4 ± 15.6 30.4 ± 22.0 20.9 ± 19.2 34.1 ± 23.3 (a) <0.05, (b) 1.000, (c) <0.05,
(d) 0.237, (e)1.000, (f) <0.05

Peripheral
artery disease‡

15 (1.0%) 14 (7.0%) 0 (0%) 53 (23.8%) (a) <0.05, (b) 1.0000, (c) <0.05,
(d) 0.1372, (e) <0.05, (f) <0.05

MNSI score (0-10)† 0.3 ± 0.6 5.1 ± 2.1 1.1 ± 1.7 6.7 ± 2.1 (a) <0.05, (b) <0.05, (c) <0.05,
(d) <0.05, (e) 0.717, (f) <0.05

continued
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remain in the model was set at 0.15 and 0.10, respectively. The OR and 95%
CI were calculated from the beta coefficients. Collinearity diagnostics were
also performed to assess multicollinearity between independent variables.
Performance of the model was tested by means of the Hosmer-Lemeshow
goodness-of-fit test. All analyses were two-sided, and the alpha level was
set to 0.05.

Source of Funding
Support for the research, authorship, and/or publication of this article was
provided by National Institutes of Health (NIH) grants UL1 RR024153 and
UL1 TR000005 and the Clinical and Translational Service Institute (CTSI) at
the University of Pittsburgh.

Results

Patient demographic data including age, sex, body mass
index (BMI), concurrent medical problems, duration of

surgery, MNSI score, tobacco use, inpatient or outpatient sta-
tus, and use of internal and/or external fixation are listed in
Table I.

Patients with complicated diabetes (Group 4) were more
likely to have type-1 diabetes, to have a longer duration of
disease, and to use insulin when compared with patients
without complicated diabetes (Table I). Charcot neuroar-
thropathy occurred more commonly in patients with compli-
cated diabetes (Group 4) than in nondiabetic patients with
neuropathy (Group 2) (41.7% vs. 10.9%, p < 0.05). No cases
of Charcot neuroarthropathy occurred in either group of
patients without neuropathy (Groups 1 and 3). Patients with
uncomplicated or complicated diabetes (Groups 3 and 4) had

significantly higher levels of serum glucose (p < 0.05) and
HgbA1c (p < 0.05) than patients without diabetes (Groups
1 and 2) (Table I). Five (0.2%) of the 2065 patients enrolled in
this study were not followed for a minimum of thirty days,
resulting in 2060 (99.8%) of the 2065 patients having the
outcome of interest for analysis.

Peripheral neuropathy was identified in 201 patients
without diabetes (Group 2) and 217 patients with diabetes (Group
4). The six patients in Group 4 who did not have neuropathy had
peripheral artery disease, which classified them as having com-
plicated diabetes. The mean HgbA1c level in the nondiabetic
patients with neuropathy (Group 2) was 5.9% and was sig-
nificantly lower than that in Groups 3 and 4 (patients with
diabetes) but not significantly different compared with that in
Group 1 (Table I). Eighty-five (4.9%) of the 1737 patients without
diabetes had foot ulcers secondary to a variety of causes, such
as hammer toes and osseous exostoses in patients with and
without intact sensation.

Sixty-four (3.1%) of the 2060 patients experienced a
surgical site infection; forty-four patients (2.1%) had a mild
infection and twenty (1.0%), a severe infection. Fifteen (4.6%)
of the 323 patients with diabetes developed a mild infection
compared with twenty-nine (1.7%) of the 1737 without dia-
betes (p < 0.05). Eleven (3.4%) of the 323 patients with diabetes
developed a severe infection compared with nine (0.5%) of
the 1737 without diabetes (p < 0.05). Patients with complicated
diabetes had a 7.25-fold increased risk of surgical site infec-
tion compared with nondiabetic patients without neuropathy

TABLE I (continued)

Nondiabetic
Patients
without

Neuropathy

Nondiabetic
Patients with
Neuropathy

Diabetic
Patients without
Complications

Diabetic
Patients with
Complications P Values*

Neuropathy‡ 0 201 (100%) 0 217 (97.3%) (a) <0.05, (b) <0.05, (c) <0.05,
(d) <0.05, (e) 0.3215, (f) <0.05

Rheumatoid
disease‡

62 (4.0%) 19 (9.5%) 1 (1.0%) 13 (5.8%) (a) <0.05, (b) 0.7852, (c) 0.8888,
(d) <0.05, (e) 0.7331, (f) 0.3621

Inpatient surgery‡ 445 (29.0%) 121 (60.2%) 29 (29.0%) 141 (63.2%) (a) <0.05, (b) 1.0000, (c) <0.05,
(d) <0.05, (e) 0.9931, (f) <0.05

Transplant‡ 13 (0.8%) 2 (1.0%) 5 (5.0%) 15 (6.7%) (a) 0.9991, (b) <0.05, (c) <0.05,
(d) 0.2304, (e) <0.05, (f) 0.9973

Internal fixation‡ 822 (53.5%) 146 (72.6%) 60 (60.0%) 155 (69.5%) (a) <0.05, (b) 0.7523, (c) <0.05,
(d) 0.1477, (e) 0.9798, (f) 0.4471

External fixation‡ 16 (1.0) 8 (4.0%) 1 (1.0%) 11 (4.9%) (a) <0.05, (b) 1.0000, (c) <0.05,
(d) 0.8615, (e) 1.0000, (f) 0.5140

*Adjusted p values for comparisons between (a) patients without diabetes or neuropathy and patients with nondiabetic neuropathy (b) patients
without diabetes or neuropathy and patients with uncomplicated diabetes, (c) patients without diabetes or neuropathy and patients with
complicated diabetes, (d) patients with nondiabetic neuropathy and patients with uncomplicated diabetes, (e) patients with nondiabetic neu-
ropathy and patients with complicated diabetes, or (f) patients with uncomplicated diabetes and patients with complicated diabetes. †The values
are given as the mean and standard deviation, with the Kruskal-Wallis test used to determine the significance of differences between groups.‡The
values are given as the number of patients with the percentage of the group in parentheses. The Pearson chi-square test or Fisher exact test was
used to determine the significance of differences between groups. §The percentage refers to the percentage of the group consisting of patients
with type-1 diabetes.
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(OR: 7.25 [95% CI: 4.01 to 13.08]) and a 3.72-fold increased
risk of surgical site infection compared with diabetic patients
without complications (OR: 3.72 [95% CI: 1.09 to 12.69]) (Fig.
1). Patients with nondiabetic neuropathy (Group 2) had a
4.72-fold increased risk of surgical site infection compared
with nondiabetic patients without neuropathy (OR: 4.72 [95%
CI: 2.40 to 9.28]) (Fig. 1).

Univariate analysis showed that suboptimal glycemic
control was associated with increased surgical site infection
rates in patients with diabetes (Table II). Diabetic patients
with a fasting blood glucose level of ‡140 mg/dL on the
morning of surgery had a threefold increased risk of devel-
oping surgical site infection compared with patients whose
serum glucose level was <140 mg/dL (OR: 3.09 [95% CI: 1.64
to 5.82]). Diabetic patients with an HgbA1c of ‡8% were 2.5
times more likely to develop a surgical site infection than
patients whose HgbA1c was <8% (OR: 2.51 [95% CI: 1.18 to
5.34]). Other risk factors associated with an increased risk of
surgical site infection on univariate analysis are shown in
Table II. The use of external fixation, a history of solid-organ
transplantation, and American Society of Anesthesiologists
(ASA) classification did not increase the risk of surgical site
infection. The predictor variables shown in Table II that were
selected in the subsequent multiple logistic regression with
use of a forward stepwise approach included neuropathy (OR:
4.84 [95% CI: 1.43 to 16.41]) and an HgbA1c of ‡8% (OR:
2.75 [95% CI: 1.20 to 6.27]). Even though diabetes was not
selected with use of the forward stepwise approach, diabetes
was included in the final model because it is considered a
clinically relevant variable (OR: 0.49 [95% CI: 0.18 to 1.38]).
Further evaluation showed no association between neurop-
athy and an HgbA1c of ‡8% (x2[1] = 3.47, p = 0.0625).
Diabetes was associated with both neuropathy and an
HgbA1c of ‡8%. Careful examination of multicollinearity
diagnostics21, as measured by the condition index, indicated
that multicollinearity was not present. The condition indices
for all variables in the final model were <7.

TABLE II Univariate Analysis*

Variable OR 95% CI

Active tobacco use* 2.28 1.35, 3.85

American Society of Anesthesiologists
classification

1.02 0.97, 1.07

Glucose ‡ 140 mg/dL* 3.09 1.64, 5.82

HgbA1c ‡ 8%* 2.51 1.18, 5.34

Peripheral artery disease* 3.11 1.37, 7.05

Male sex* 1.88 1.14, 3.10

Current ulcer* 2.93 1.49, 5.74

Transplant 0.91† 0.02, 5.62

External fixation 4.01† 1.00, 11.86

Internal fixation* 2.10 1.20, 3.69

Diabetes mellitus* 3.99 2.39, 6.68

Neuropathy* 5.54 3.33, 9.21

*Variables significantly associated with infection. †Exact logistic
regression.

Fig. 1

Chart illustrating the rate of surgical site infections in our entire cohort of patients. Patients with complicated diabetes had significantly higher rates

of surgical site infection than patients without diabetes or neuropathy (OR: 7.25 [95% CI: 4.01 to 13.08]) and patients with uncomplicated diabetes

(OR: 3.72 [95% CI: 1.09 to 12.69]). The rate of surgical site infection in patients with complicated diabetes was not significantly higher than that in

nondiabetic patients with neuropathy (1.54 [95% CI: 0.77 to 3.07]). Patients with nondiabetic neuropathy had significantly higher rates of surgical site

infection than patients without diabetes or neuropathy (OR: 4.72 [95% CI: 2.40 to 9.28]) but did not demonstrate a significantly higher rate of surgical site

infection compared with patients with uncomplicated diabetes (2.42 [95% CI: 0.68 to 8.63]). The rate of surgical site infection in patients with

uncomplicated diabetes was not significantly different from that in nondiabetic patients without neuropathy (OR: 1.95 [0.58 to 6.58]).
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Discussion

This study confirms previous findings that complicated di-
abetes increases the risk of surgical site infection compared

with the risk for nondiabetic patients without neuropathy and
patients with uncomplicated diabetes. Consistent with previ-
ous studies identifying neuropathy as a major risk factor for
surgical site infection, the highest prevalences of surgical site
infection that we observed were in patients with complicated
diabetes and patients with nondiabetic neuropathy6,9 (Fig. 1).

This prospective study differed from our retrospective
study6 in that we included a group of nondiabetic patients with
neuropathy for comparison. These patients with neuropathy
had a greater than fourfold increased risk of surgical site in-
fection compared with nondiabetic patients without neurop-
athy, providing further evidence that neuropathy is a risk factor
for surgical site infection after foot and ankle surgery11.

A reasonable question is: What is the mechanism by
which neuropathy increases the risk of surgical site infection?
Patients with peripheral neuropathy may not comply with
postoperative instructions about non-weight-bearing because
of their inability to sense pain. Patients with neuropathy manifest
findings of motor, sensory, and autonomic dysfunction. It has
been known for more than twenty years that autonomic neu-
ropathy causes alterations in the microcirculation independent of
macrovascular disease22. The microcirculation is regulated by the
autonomic nervous system, and local vasodilation of the mi-
crocirculation is the normal response to injury or inflammation.
Patients with autonomic dysfunction have a reduced vasodilatory
response, and this reduction in local blood flow makes the
neuropathic limb vulnerable to local ischemia in the skin and
microcirculation. Normal skin and subcutaneous perfusion is
essential if normal wound-healing is to take place. In patients
with diabetes, this alteration in the microcirculation is coupled
with abnormal immune function, particularly when the diabetes
is poorly controlled. Hyperglycemia negatively impacts all major
components of the immune response by impairing neutrophil
and monocyte function, decreasing chemotaxis, decreasing
phagocytosis, and inducing a proinflammatory state23. In pa-
tients without neuropathy, stimulation of nociceptive C fibers
results in conduction of the nerve axon reflex, which causes
secretion of vasoactive neuropeptides24. Patients with periph-
eral neuropathy have decreased release of neuropeptides, which
are critical mediators of angiogenesis, immune cell response,
and the normal inflammatory healing response25.

This study also demonstrates the importance of long-
term glycemic management of diabetic patients, as an HgbA1c
of ‡8% was associated with a 2.7-fold increased risk of surgical
site infection. A weakness of this study is that we did not assess
perioperative glycemic management, which is an important
factor in reducing the rate of surgical site infection. Variables
such as diabetes and neuropathy are not modifiable, but opti-
mization of glycemic management and cessation of tobacco
use are potentially amenable to modification. Recent studies
of patients who underwent spine surgery or surgery following
orthopaedic trauma have demonstrated increased rates of
surgical site infection when postoperative serum glucose levels

exceeded 200 mg/dL4,5,16. Patients with complicated diabetes
who have poor glycemic control and use tobacco have the
highest risk for complications after foot and ankle surgery8,9.
We have altered our elective surgical practice by delaying sur-
gery until patients with diabetes achieve HgbA1c levels of <8%
and cease smoking. Although peripheral artery disease was not
significantly associated with an increased risk of surgical site
infection on multivariable analysis, we recommend that nonin-
vasive arterial studies be performed on diabetic patients with
abnormal results on pulse examination prior to elective surgery.

Even well-designed prospective studies are subject to bias.
The selection of a control group(s) itself can introduce bias, and
we attempted to minimize this by including all patients with and
without diabetes rather than attempting to match them to a study
group. We recognize that this potentially introduces a method-
ological error since the control group of nondiabetic patients
without neuropathy is not necessarily comparable with the other
groups. We attempted to minimize measurement bias among
the four different groups by following a consistent perioperative
treatment course. Nonresponder bias was minimized because
99.8% of the patients were available for evaluation. A valid crit-
icism of this study concerns our defined study period of thirty
days, which was used in two previous studies assessing surgical
site infection after foot and ankle surgery6,9. Two recent ortho-
paedic trauma studies also used a thirty-day end point for
assessing hyperglycemia and its relationship to surgical site
infection5,16. When orthopaedic implants are used, surveillance
for surgical site infection up to one year is recommended. Most
surgical site infections present during the first thirty days, and a
recent study on surgical site infection following orthopaedic
spinal procedures demonstrated a median time from the oper-
ation to a diagnosis of infection of eleven days4. Another study
showed that the median time from the operation to a diagnosis
of infection was sixteen days following hip arthroplasty and
twenty-five days following knee arthroplasty26. There is a po-
tential for interviewer bias in our study since the primary
investigator (D.K.W.) determined the primary outcome.

Another reasonable criticism is that our four groups dif-
fered with regard to the number of patients, especially consid-
ering the relatively small number of patients with diabetes who
did not have complications (n = 100). Our explanation for this is
that an academic foot and ankle practice that focuses on diabetes
will encounter a high population of patients with complications
of diabetes such as neuropathy, Charcot neuroarthropathy, and
foot ulcers13. It is also important to point out that the groups with
the highest rates of infection (Groups 2 and 4) had more foot
ulcers and a longer duration of surgery compared with Groups
1 and 3. Another weakness of this study is that we did not dif-
ferentiate between the magnitudes of the surgical procedures or
between the anatomic locations of the procedures. We acknowl-
edge that relatively simple forefoot procedures would be expected
to be associated with lower rates of surgical site infection than
complicated hindfoot or ankle reconstructions, and we attempted
to address this by using the duration of surgery as a variable.

Relying on inpatient coding to identify surgical site in-
fection is a potential shortfall of other studies that utilize such
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data2,26,27. Studies that depend on readmission data or inpatient
coding eliminate surgical site infections that were treated on an
outpatient basis and infections that were treated at another
institution after the index procedure. We tracked 99.8% of the
patients for a minimum of thirty days, and one of the strengths
of our study is that we identified surgical site infections pro-
spectively and did not utilize inpatient medical record coding.
Several orthopaedic studies that evaluated postoperative in-
fections did not include infections treated on an outpatient
basis4,26,27; as indicated by our data, that would underestimate
the true surgical site infection rate. Our previous retrospective
study6 and the present study demonstrate that two-thirds of
infections encountered after foot and ankle surgery are mild
and effectively treated with oral antibiotics as on an outpatient
basis. The severe infection rate in this study was 1.0%, in a
population comprising several high-risk groups including pa-
tients with diabetes, neuropathy, and rheumatoid disease as
well as thirty-five patients who had undergone solid-organ
transplantation. The overall rate of surgical site infection in this
prospective series of 3.1% is similar to the rate of 3.3% ob-
served in our previous retrospective study6. Another recent
study of ankle fracture repair demonstrated that diabetes and
peripheral neuropathy were independently associated with
postoperative wound complications11.

We attempted to address other weaknesses of our pre-
vious, retrospective study6 such as glycemic control, recording
of diabetic demographic data, and using a more compre-
hensive neurological evaluation to identify neuropathy. Ab-
sence of sensation on Semmes-Weinstein monofilament
testing is a late finding of neuropathy and will not identify less
severe forms of neuropathy. Diabetic neuropathy can result in
motor, sensory, and autonomic dysfunction and typically
involves both small and large nerve fibers28. Using more than
one of the simple screening tests results in a sensitivity of
>87% for detecting diabetic neuropathy29. Surgeons who
perform foot and ankle surgery in patients with diabetes
should be aware that diabetic neuropathy may be asymp-
tomatic in 50% of patients and patients may not be aware
of its presence until they develop a complication such as a
foot ulcer, Charcot neuroarthropathy, or an adverse surgical

outcome30. The recognition of neuropathy preoperatively al-
lows the surgeon to stratify the surgical risks appropriately,
since patients with or without diabetes who have neuropathy
have increased rates of surgical site infection.

Due to our sample size, our results are prone to both
type-I and type-II errors. Significant differences across groups
or significant associations with the outcome of interest may be
due to chance. Similarly, a lack of significance could have been
due to limited power. In addition, the number of variables in
the multiple logistic regression modeling was limited by the
number of events in the sample31. Therefore, results should be
interpreted with caution. Future studies with larger sample sizes
are warranted to ensure appropriate generalization of the find-
ings of this study.

Appendix
A table showing definitions of peripheral neuropathy, pe-
ripheral artery disease, and surgical site infection is avail-

able with the online version of this article as a data supplement at
jbjs.org. n
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