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OBJECTIVES: Pilon fracture is a complex injury that is often associated with severe soft tissue damage and high
rates of surgical site infection. The goal of this study was to analyze and identify independent risk factors for
surgical site infection among patients undergoing surgical fixation of a pilon fracture.

METHODS: The medical records of all pilon fracture patients who underwent surgical fixation from January
2010 to October 2012 were reviewed to identify those who developed a surgical site infection. Then, we
constructed univariate and multivariate logistic regressions to evaluate the independent associations of
potential risk factors with surgical site infection in patients undergoing surgical fixation of a pilon fracture.

RESULTS: A total of 519 patients were enrolled in the study from January 2010 to October 2012. A total of 12 of
the 519 patients developed a surgical site infection, for an incidence of 2.3%. These patients were followed for
12 to 29 months, with an average follow-up period of 19.1 months. In the final regression model, open fracture,
elevated postoperative glucose levels (X125 mg/dL), and a surgery duration of more than 150 minutes were
significant risk factors for surgical site infection following surgical fixation of a pilon fracture.

CONCLUSIONS: Open fractures, elevated postoperative glucose levels (X125 mg/dL), and a surgery duration of
more than 150 minutes were related to an increased risk for surgical site infection following surgical fixation of
a pilon fracture. Patients exhibiting the risk factors identified in this study should be counseled regarding the
possible surgical site infection that may develop after surgical fixation.
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’ INTRODUCTION

The pilon fracture, which constitutes 1–5% of all lower
extremity fractures and 7–10% of all tibial fractures (1),
extends from the distal tibial metaphysis into the ankle. It is a
complex injury that is often associated with severe soft tissue
damage. This combination of osseous and soft tissue trauma,
which is associated with high rates of infection, has long
challenged surgeons. Mccann et al. (2) observed a 14.3% rate
of superficial infection and a 2.0% rate of deep infection in
their series of 49 pilon fractures treated definitively via
surgical fixation. White et al. (3) reported that six patients
developed a deep wound infection (four after an open
fracture and two after a closed fracture) in their series of
ninety-five type 43.C pilon fractures treated via surgical
fixation. However, prior investigations were limited

methodologically by small sample sizes with little adjust-
ment for confounders.
Therefore, we conducted this retrospective study to assess

the incidence of surgical site infection (SSI) in patients with a
pilon fracture, to determine whether various perioperative
and postoperative laboratory findings and independent risk
factors are associated with the development of SSIs, and to
quantify the contribution of independent risk factors to the
probability of SSI development in patients with a pilon
fracture.

’ MATERIAL AND METHODS

Data collection
Institutional review board approval was granted for this

investigation before medical record and radiographic review.
All patients who were treated for a pilon fracture at our
institution from January 2010 to October 2012 were retro-
spectively identified using our electronic database. The
inclusion criteria were as follows: patient age of 18 years or
greater; underwent surgical fixation of a pilon fracture
during the study period; and at least 12 months of clinical
and radiographic follow-up. The exclusion criteria included
the following: pregnancy, lactation, sepsis, human immuno-
deficiency virus-1 (HIV) infection, any site infection withinDOI: 10.6061/clinics/2015(06)06
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the past thirty days, underwent initial fracture surgery at an
outside hospital or presented with SSIs after being treated at
another hospital, metastatic fractures, death within 30 days
of initial surgery, and severe concomitant disease of other
systems.
The following information was extracted from the medical

record and radiographic review: age, gender, medical
comorbidities, fracture patterns (The AO Foundation and
Orthopaedic Trauma Association (AO/OTA) classification)
(4), fracture type, time to definitive surgical treatment,
surgical approach, fixation type, polytrauma, operative
characteristics, duration of surgery, estimated blood loss,
use of a bone graft, temporary use of external fixation before
definitive surgery (treated in two stages), infection at other
sites, and causes of injuries.
One investigator retrospectively reviewed the medical

records. These data underwent extensive logic checks by
other investigators to identify illogical or impossible data. All
illogical data were repeatedly reviewed by comparing both
the written and the electronic patient medical records.
According to the Centers for Disease Control and

Prevention (CDC) criteria, SSIs are defined as infections
occurring within 30 days after a surgical operation (or within
one year if an implant is left in place after the procedure) and
affecting either the incision or deep tissue at the operation
site (5). Incisional SSIs were categorized into those involving
only the skin and subcutaneous tissue (superficial incisional
SSI) and those involving deeper soft tissues of the incision
(deep incisional SSI). The SSI category can be determined
based on clinical or laboratory findings (wound culture).
Polytrauma was defined as trauma to more than one of the

following systems: musculoskeletal, abdominal, cardiothoracic,
urogenital, vascular, and central nervous systems. Multiple
isolated orthopedic injuries were not classified as polytrauma
unless they were associated with hemodynamic instability.

Data analysis
Biostatisticians at our institution completed statistical

analysis of the collected data. All potential risk factors were
evaluated for a univariate association with SSIs using
independent-samples t tests for continuous variables and
chi-square or Fisher exact tests for categorical or discrete
variables. Unadjusted odds ratios and 95% confidence
intervals (CIs) were calculated and presented for discrete
variables. A multivariate logistic regression was then used to
evaluate the independent associations of each potentially
explanatory variable. All variables that had been previously
identified in the literature, those with clinical and/or biologic
plausibility, and those with a univariate p-value of p0.10
were considered to be eligible for inclusion in the multi-
variate model. Using a forward, stepwise procedure, vari-
ables that displayed a p-value of p0.10 remained in the final
model, and significant factors were defined as those
variables which displayed a p-value of p0.05. Adjusted
odds ratios and their respective 95% CIs according to the
final model were reported.

’ RESULTS

From January 2010 to October 2012, a total of 519 patients
were enrolled in the study. A total of 12 of the 519 cases
developed SSIs, for an incidence of 2.3%. The patients were
followed for 12 to 29 months, with an average follow-up
period of 19.1 months. Patients at our institution are treated

according to published CDC/National Nosocomial Infec-
tions Surveillance System guidelines for preventing surgical
site infections. Using a dose based on the patient’s weight,
1 to 2 g of cefazolin, a first-generation cephalosporin, was
administered to each patient within one hour prior to the
skin incision. During the first twenty-four hours following
wound closure, the surgery patients were treated with a
prophylactic antibiotic regimen per this protocol. Twenty-
two of the SSIs were treated conservatively with local wound
care and systemic antibiotic therapy. Nine patients required
surgical wound debridement, eleven required hardware
removal, and three ultimately required free myocutaneous
flap coverage of the wound. No patient required amputation.

Clinical variables
Based on univariate analysis, we observed that smoking

history, but not, age, gender, obesity, medical history, causes
of injuries, side of injury, polytrauma, infection at other sites,
associated ipsilateral distal fibular fracture, or ASA score,
was significantly associated with SSI.

Association of therapy-related variables with SSI
The results of univariate analysis of the therapy-related

variables are displayed in Table 1. We found that the fracture
grade, the fracture patterns (AO/OTC classification), the
duration of surgery, the use of a drain, the use of a bone graft,
and the total number of persons in the operating room were
significantly associated with SSI.

Association of laboratory variables with SSI
Table 2 illustrates the laboratory variables associated with

SSI. Elevated postoperative glucose levels (X125 mg/dL)
were significantly associated with SSI.

Multivariate analysis
Table 3 shows the results of multivariate logistic regression

analysis assessing the association of each risk factor with SSI
after adjusting for all other potential risk factors. In the final
model, we identified three factors that independently
predicted SSI: 1) open fracture (odds ratio, 7.42; 95% CI: 1.94
to 28.34, p=0.003); 2) duration of surgery (odds ratio, 1.06;
95% CI: 1.02 to 1.11, p=0.009); and 3) postoperative glucose
level X125 mg/dL (odds ratio, 1.47; 95% CI: 1.18 to 1.84,
p=0.001).

’ DISCUSSION

An ideal analysis of the cause of postoperative infection
would necessarily consider innumerable variables including
patient characteristics, operating room environment, opera-
tive site preparation and draping, antibiotic administration,
surgical technique and postoperative care. Although it is
impossible to exhaustively examine every variable that
might affect the rate of SSI, this study focused on a broad
array of clinical, laboratory and therapy-related variables,
specifically sought the therapy-related variables over which
the surgeon can reasonably control.

SSIs are one of the most common major complications in
patients with pilon fracture. Some authors have reported a
variable infection rate from 0–55% (6–8). Compared to
historical reports, the infection rate in our study was 2.3%.
In previous reports, long duration of surgery and open
fracture have attracted much attention as predictors of
prolonged wound healing and infection (9–11). We also
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identified associations between these two risk factors and
SSI. Diabetic patients have been documented to exhibit
greater complication rates for both open and closed treat-
ment of ankle fractures, with infection rates in diabetic
patients ranging from 10% to 60% (12,13). In our study, we
identified an elevated postoperative glucose level
(X125 mg/dL) as a risk factor for SSI. Hyperglycemia
during the immediate postoperative period was an indepen-
dent risk factor for developing infection among patients
regardless of their history of diabetes, and the risk of
infection correlated with the degree of glucose elevation (14).

It has been demonstrated that postoperative hyperglycemia
can impede wound healing and can predispose patients to
infection caused by ischemia secondary to microvascular
abnormalities (15,16). Thus, acute elevations in glucose
levels temporally related to the surgical procedure are
important.
Open fracture is a well-accepted risk factor for deep

infection due to more extensive soft-tissue injury and frank
contamination of the wound by skin and ambient flora (2).
Therefore, it is not surprising that in our study, this clinical
variable was found to be an independent predictor of

Table 1 - Distribution of a subset of clinical and therapy-related variables in patients with surgical site infection and in
controls.

Risk factor SSI group (N=12) Non-SSI group (N=507) Odds ratio (95% confidence interval) p-value

Smoking history= 4 65 3.40 (1.00–11.61) 0.039w
Fracture grade=
Closed 3 418 (Reference)
Gustilo I 2 49 5.69 (0.93–34.87) o0.001w
Gustilo II 5 32 21.77 (4.98–95.24)
Gustilo III 2 8 34.83 (5.10–237.86)

AO/OTC=
43.A 2 200 (Reference) 0.013w
43.B 7 278 2.52 (0.52–12.25)
43.C 3 29 10.35 (1.66–64.56)

Duration of surgery (min)* 156.67±38.57 132.36±24.78 - 0.001w
Use of a drain= 6 212 1.39 (0.44–4.37) 0.570
Time from injury to surgery (days)* 8.12±3.23 8.55±3.67 - 0.688
Estimated blood loss (mL)* 149.39±37.13 143.32±33.88 - 0.541
Bone graft use= 3 34 4.64 (1.20–17.93) 0.015w
Temporary external fixation (treated in two stages)= 1 123 0.28 (0.04–2.22) 0.201
Tourniquet use= 8 385 0.63 (0.19–2.14) 0.459
Definitive fixation= 0.985
External fixation with limited internal fixation 1 43 (Reference)
Open reduction internal fixation (ORIF) 11 464 1.02 (0.13–8.09)

Surgery approach (ORIF group only, N=475)= 0.934
Anterior 2 66 (Reference)
Anterolateral 3 103 0.96 (0.16–5.91)
Anteromedial 5 228 0.72 (0.14–3.82)
Posteromedial 0 18 -
Medial 1 29 1.14 (0.10–13.05)
Posterolateral 0 20 -

Total no. of persons in the operating room (x11)* 8.17±2.44 5.89±1.38 - 0.001w

* The values are presented as the means and the standard deviation. wSignificant at p=0.05.
=The values are presented as the number of patients or controls followed by the percentage in parentheses.

Table 2 - Comparison of laboratory findings in patients with and without surgical site infection.

Perioperative laboratory findings SSI group (N=12) Non-SSI group (N=507) Odds ratio (95% confidence interval) p-value

Albumin (preop.) (g/dL)* 3.41±0.35 3.49±0.39 - 0.482
Glucose level(mg/dL)*
Preop. 107.81±10.01 104.56±9.79 - 0.257
Postop. 122.08±9.37 97.71±8.91 - o0.001w

Glucose level of X125 mg/dL=
Preop. 1 13 3.46(0.42–28.78) 0.223
Postop. 5 19 18.35(5.33–63.13) o0.001w

Hemoglobin*
Preop. 12.03±2.51 11.86±2.37 - 0.806
Postop. 11.12±1.75 11.24±1.61 - 0.799

Hematocrit*
Preop. 34.54±10.12 35.62±9.89 - 0.709
Postop. 31.67±5.86 31.83±6.11 - 0.929

Lymphocyte*
Preop. 1.89±0.48 1.92±0.53 - 0.846
Postop. 1.71±0.62 1.69±0.57 - 0.905

* The values are expressed as the means and the standard deviation. wSignificant at p=0.05.
= The values are expressed as the number of patients or controls followed by the percentage in parentheses.
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postoperative SSI. The presence of open fractures should
continue to alert the treating surgeon to a heightened risk
profile.
Other factors such as smoking, fracture patterns, and bone

graft use only showed a trend towards significance based on
univariate analysis and, thus, were not included in the
multivariate model. It is possible that in a larger study with
more infection events, these variables could be more
definitively shown to contribute to higher rates of SSI.
Although we believe that this information can be useful to

surgeons treating patients with pilon fractures, we acknowl-
edge certain limitations of our investigation. First, the
electronic medical records greatly facilitated this study but
resulted in the exclusion of certain factors that may have
been associated with SSI development, including nutritional
status, the precise timing of preoperative antibiotic admin-
istration, and the skill of the operating teams. Second, we
assumed that a patient who was not diagnosed with an
infection within 30 days and did not return specifically for
treatment of an infection within the next 12 months did not
experience an infection. Therefore, a few patients who were
diagnosed elsewhere with an infection between 1 and 12
months postoperatively may have been missed in our study.
Third, the reliability and the accuracy of SSI classification
have been questioned, but the sensitivity of the various
surveillance methods reported in the literature has ranged
from 80% to 90%, and the specificity has been nearly 100%
(5,17). Additionally, this study did not include an analysis of
the skill of the senior surgeon as a risk factor for SSI.
Meticulous identification of the anatomy and preservation of
the soft tissue are essential in pilon fracture surgery, and
surgical experience is critical for recognizing and protecting
these structures. Technical complications such as wound
edge necrosis, hematoma, and wound infection occur as a
consequence of several factors, including surgical inexperi-
ence. We believe that these operations should be limited to
specially trained surgeons in this field.
In conclusion, open fractures, elevated postoperative

glucose levels (X125 mg/dL), and a long surgical duration
were related to an increased risk for SSI following surgical
fixation of a pilon fracture. Patients exhibiting the risk factors
identified in this study should be counseled regarding
possible SSI that may arise after surgical fixation.
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