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Abstract
Purpose Post-operative wound infections (PWI) following
calcaneal fracture surgery can lead to prolonged hospital stay
and additional treatment with antibiotics, surgical debridement
or implant removal. Our aim was to determine the incidence of
superficial and deep PWI and to identify risk factors (RF).
Methods This study is a retrospective case series. All consec-
utive patients from 2000 to 2010 with a closed unilateral
calcaneal fracture treated with open reduction and internal
fixation (ORIF) by an extended lateral approach were includ-
ed. Patient, fracture, trauma and peri-operative characteristics
were collected, including RF such as smoking, diabetes
mellitus, time to operation, pre-operative in- or outpatient
management and wound closure technique. The primary end
point was a PWI as defined by the US Centers for Disease
Control and Prevention.
Results A total of 191 patients were included of which 47
patients (24.6 %) had a PWI; 21 (11.0 %) and 26 (13.6 %)
patients had a superficial and deep wound infection, respec-
tively. American Society of Anesthesiologists (ASA) classifi-
cation higher than ASA 1 was associated with an increased
risk. Placement of a closed suction drain at the end of surgery
was associated with less PWI (35 % vs 15 %, p =0.002). In
this study, none of the previously reported RF were associated
with an increased risk for PWI.
Conclusions ORIF of displaced calcaneal fractures is associ-
ated with a high rate of PWI of 25 %. Factors that were
associated with an increased risk were ASA classification
other than 1 and absence of a closed suction drain placement.

A closed suction drain may be a protective measure to avoid
wound complications.
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Introduction

Calcaneal fractures account for less than 2 % of all fractures [1,
2]. Treatment may consist of operative or conservative manage-
ment. Patients treated with open reduction and internal fixation
(ORIF) are more likely to develop wound complications. How-
ever, surgery correlates with better patient-related outcome [3, 4].

Calcaneal surgery is infamous for its post-operative infec-
tion rate leading to prolonged hospital stay and secondary
operations. The incidence of a wound infection following
operative treatment of closed calcaneal fractures varies be-
tween 2 % and 25 % and rates of complications requiring
surgery are up to 21 % [5–19] (Table 1).

Some studies identified covariates associated with an in-
creased risk of wound complications such as a higher body
mass index (BMI), smoking [5, 20] and drug abuse [12]. In
addition, the incidence of wound infections increased in pa-
tients who were managed as outpatients pre-operatively or
underwent surgery more than five or 14 days following trau-
ma [5, 20, 21]. However, another recent retrospective study
showed no correlation with surgical timing [22]. Intra-opera-
tive risk factors were surgical experience [12, 23] and a single
layered closure technique [20].

In the decision to treat patients operatively or conservative-
ly it is important to consider risk factors for wound complica-
tions. The main drawback of previous research is that many
risk factors were identified in small case series. The aim of this
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study was to assess the relation between wound infections and
associated risk factors in a large series of patients with unilat-
eral closed displaced calcaneal fractures treated with ORIF
through an extended lateral approach (ELA) at an academic
level 1 trauma centre.

Patients and methods

All consecutive patients over a 12-year period (January 2000
until December 2011) with a unilateral calcaneal fracture
treated with ORIF through an ELA were included in this
retrospective study. Patients with open fractures and/or treat-
ment with an external fixator prior to ORIF were excluded
because of the increased risk of post-operative wound com-
plications [9, 11, 12]. Patients with bilateral calcaneal fractures
were excluded because of the unfeasibility of performing an
independent analysis of two fractures in the same patient.
Other exclusion criteria were patients who were operated with
a different approach than the ELA (including patients with a
primary arthrodesis through an ELA), referred patients with a
pre-existing wound infection, reconstructive surgery follow-
ing conservative treatment for calcaneal fracture and patients
with incomplete follow-up. Polytrauma patients who
underwent surgery on other extremities or body parts in the
same operative session as calcaneal fracture surgery were

excluded from analysis considering operation time. Minimal
follow-up was one year. To prevent observer bias, the treating
surgeons were not part of the review team. The Institutional
Review Board approved the study.

Clinical data

Data were obtained from the hospital’s electronic and paper
medical records: patient characteristics were gender, age at the
time of trauma, insurance status, BMI, past medical history
(psychiatric/cardiac/pulmonary/peripheral vascular disease/
diabetes mellitus), known substance abuse and American
Society of Anesthesiologists (ASA) classification. Duration
of post-operative hospital stay and type of management were
also recorded. Following trauma, patients were either
hospitalised (inpatient management) or admitted to the hospi-
tal a day prior to surgery (outpatient management).

The following trauma characteristics were documented:
polytrauma patient (defined as Injury Severity Score ≥16)
and trauma mechanism, classified as low- and high-energy
trauma (LETand HET) and subdivided in fall from height, fall
from stairs, motor vehicle accident (MVA), direct trauma or
other mechanism. Fracture characteristics were: side of injury,
presence of ipsilateral foot or lower extremity fractures and
fracture type. All fractures were classified according to the
Sanders and the Essex-Lopresti classifications by a specialised

Table 1 Rates of post-operative wound complications, wound infections and complications requiring surgery in studies including more than 100
calcaneal fractures treated with ORIF

Investigators No. of fractures
(no. of patients)

Post-operative
wound complications,
% (n)

Post-operative
wound infections,
% (n)

Superficial
infections,
% (n)

Deep
infections,
% (n)

Complications
requiring surgery,
% (n)

Folk et al., 1999 [5] 190 (179)a 25.3 (48) NA NA NA 20.9 (40)

Harvey et al., 2001 [6] 218 (181)a 10.8 (23) 3.3 (7) 1.4 (3) 1.9 (4) 0.47 (1)

Naovaratanophas and Thepchatri, 2001 [7] 114 (98) NA 2.6 (3) NA NA NA

Buckley et al., 2002 [8] 249 (206) NA 18.9 (47) 17 (36) 5 (11) NA

Benirschke et al., 2004 [9]b 341 (322) NA 1.8 (6) NA NA 1.2 (4)

Zwipp et al., 2004 [10] 553 (496)a 17.9 (99) 6.5 (36) 4.3 (24) 2.2 (12) NA

Koski et al., 2005 [11] 148 (126) 24 (35) 16 (23) NA NA 14 (20)

Court-Brown et al., 2009 [12] 178 (NA) NA 25.3 (45) 19.7 (35) 5.6 (10) NA

Demcoe et al., 2009 [13] 278 (246) 24.3 (67) 17.7 (49) 14.4 (40) 3.3 (9) 3.3 (9)

Kienast et al., 2009 [14] 136 (NA) 5.9 (8) 5.1 (7) 4.4 (6) 0.7 (1) 1.5 (2)

Gaskill et al., 2010 [15] 158 (146) 36.1 (57) 8.2 (13) 2.5 (4) 5.7 (9) 10.8 (16)c

Bergin et al., 2012 [16] 102 (97) 31.4 (32) 15.7 (16) 8.8 (9) 6.9 (7) 3.9 (4)

Wu et al., 2012 [17] 170 (148) 11.8 (20) 8.2 (14) 7.1 (12) 1.2 (2) 2.4 (4)

Ding et al., 2013 [18] 490 (479) 17.8 (87) 7.3 (36) 5.1 (25) 2.2 (11) 12.0 (59)

Rammelt et al., 2013 [19] 149 (127)a 22.8 (34) NA NA 5.4 (8) 5.4 (8)

NA not available
a Includes open fractures
b 106 patients (31.8 %) received oral antibiotics at discharge
c Removal of implants
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trauma surgeon and a radiologist, and radiographic analysis
for Böhler’s angles was performed on pre- and direct post-
operative lateral images [24, 25]. The increase in Böhler’s
angle was measured to analyse a possible association with
wound infections due to increased tension on the wound edges
in intra-operative adjustment to a normal angle. Finally, pre-
operative and intra-operative characteristics were collected
such as time to surgery, the surgeon’s experience, duration
of surgery, tourniquet use and duration, closed suction drain
placement and wound closure technique.

The primary outcome, post-operative wound infection, was
classified as superficial or deep infection by applying the
criteria of the US Centers for Disease Control and Prevention
for defining a surgical site infection [26]. Superficial wound
infections were defined as wound dehiscence or signs of
infections (confirmed with a positive culture) amenable to
conservative treatment with antibiotics. Deep wound infec-
tions were confirmed with a positive culture and defined as
osteomyelitis, infected hardware or a plate fistula needing
hardware removal, (readmission with) intravenous antibiotics
or wound debridement with or without local antibiotic treat-
ment with gentamicin beads or vacuum-assisted closure.

Surgical procedure

All patients were advised to strictly elevate the foot and ankle
in between trauma (no cast) and surgery and intravenous
antibiotics were administered to all patients 30 minutes prior
to surgery (1,500 mg cefuroxime). The patient was placed in
the contralateral decubitus position of the injured leg on a
radiolucent operating table. The ELA (Seattle/modified Ko-
cher) was used [10, 24] (Fig. 1) in which the full-thickness
flap was retracted according to the no-touch technique, with
temporary K-wires in the talus to facilitate operative exposure
[10]. A non-locking stainless steel AO/Synthes calcaneal plate
with stainless steel 3.5-mm screws (Synthes, West Chester,
PA, USA) was used. A tourniquet was not used routinely.

The goal of surgery was restoration of articular surfaces,
calcaneal height, width and length, and correction of varus.
Intra-operatively the positions of the fragments, plate and
screws were evaluated by the surgeon with fluoroscopy.
Wound closure was either performed with subcuticular
inverted Vicryl sutures combined with Steri-Strips (3M, St.
Paul, MN, USA) and/or (Allgöwer-)Donati Ethilon (Ethicon,
Division of Johnson & Johnson, Somerville, NJ, USA) su-
tures depending on the preference of the surgeon as well as
placement of a closed suction drain (8 F). Post-operatively the
drain was removed when production was less than 30 cc in the
last 24 hours or after 48 hours. All patients were hospitalised
following surgery and none were treated in day care. Post-
operative antibiotics were not prescribed routinely. Patients
were kept non-weight-bearing for a period of 12 weeks and

were instructed to perform flexion and extension exercises of
the ankle.

Statistical analyses

Data were analysed using the Statistical Package for the Social
Sciences (SPSS) version 19.0 (SPSS Inc., Chicago, IL, USA).
Normality of continuous data was tested with the
Kolmogorov-Smirnov test and by inspecting the frequency
distributions (histograms). Descriptive analysis was per-
formed to compare baseline characteristics between patients
with and without an infection. For continuous data, mean SD
(parametric data) or medians and interquartile ranges (non-

Fig. 1 a Pre-surgical demarcation: the inverted C line is the base of the
fifth metatarsal, the dotted line is the head of the fibula, the upper line is
the wrong approach and the lower line is the ELA. b Surgical view in
which the full-thickness flap is retracted according to the no-touch tech-
nique, with temporary K-wires in the talus to facilitate operative expo-
sure. c Post-operative view with Donati Ethilon® sutures and a closed
suction drain
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parametric data) were calculated. Differences were assessed
using Student’s t test (parametric data) or the Mann-Whitney
U test (non-parametric data).

Categorical data were compared using the chi-square test.
A p value <0.05 was taken as the threshold of statistical
significance. Firstly, a univariate analysis was performed
followed by a multivariate logistic regression analysis to
model the relationship between different covariates and
wound infection. Covariates with a p <0.2 and expected as-
sociated risk factors were selected for the multivariate regres-
sion. This was done for the total population of patients with a
wound infection and for a subgroup of patients with a deep
wound infection.

Results

There were 260 patients with 279 calcaneal fractures treated
operatively during the 12-year study period. A total of 191
patients were included (Fig. 2). Patient characteristics are
found in Table 2.

Forty-seven patients (24.6 %) had a post-operative wound
infection confirmed with a positive culture. Of these patients,
21 (11.0 %) had a superficial and 26 (13.6 %) had a deep
wound infection. In 20 (42.6 %) of the 47 patients with a
wound infection, the infection was treated with oral antibi-
otics. In one patient (2.1 %) the infection resolved spontane-
ously with local wound care without the use of antibiotics. In
18 patients (38.3 %) with a deep wound infection intravenous
antibiotics were administered. In general, the indication for
operative debridement was a wound infection without clinical
improvement with intravenous antibiotics (ongoing drainage,
septic signs). This decision was left to the discretion of the
attending surgeon. In eight patients (20 %) intravenous anti-
biotic treatment and surgical debridement were not successful

and the implant had to be removed because of an ongoing
infection. No amputations were performed.

In the univariate analysis, ASA classification other than 1
(p =0.001) showed an increased risk of a post-operative
wound infection. Patients with a wound infection were
hospitalised two days longer on average compared to the
group without a wound infection (seven vs five days, p <
0.001). Patients with a deep wound infection were
hospitalised for an average of an extra four days compared
to patients without a deep wound infection (nine vs five days,
p <0.001). In 83.2 % the operation was performed by a single
senior surgeon. In 99 patients (53.6 %) a closed suction drain
was placed and this was associated with less post-operative
wound infections (35 vs 15 %, p =0.002). This association
was not seen when looking at the deep infections only. In the
86 patients without drain placement there were 34.9 % wound
infections of which 16.3 % were deep infections. Finally,
multivariate analysis of six possible risk factors was per-
formed based on results in the univariate analysis of this study
and previously reported risk factors from the literature. This
also showed a decreased risk of post-operative wound infec-
tions after placement of a closed suction drain at the end of
surgery (p =0.003) (Table 3).

Discussion

In this case series of 191 unilateral calcaneal fractures the
post-operative wound infection rate was 25 % of which
13.6 % were deep infections. Factors that were associated
with an increased risk for wound infections were ASA classi-
fication other than 1 and absence of a closed suction drain
placement at the end of surgery. None of the previously
reported risk factors (higher BMI, drug abuse, smoking, out-
patient management and surgery after more than five or
14 days) showed a relation with a post-operative wound

Surgical management calcaneal
fracture (n=279 in 260 patients)

Excluded (n=88) 

Bilateral calcaneal surgery (n=32 )
Different approach than ELA (n=25)
Open fracture and/or treatment with external fixation
prior to ORIF (n=21)
Primary arthrodesis (n=5)
Referral for wound infection or pseudo-arthrosis (n=4)
Lost to follow uppostoperatively (n=1)

Included (n=191)

Fig. 2 Flow diagram of all
patients with a calcaneal fracture
treated operatively and included
patients between 2000 and 2010
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Table 2 Patient, trauma, fracture, perioperative characteristics and incidence of deep and superficial wound infections in 191 patients with unilateral
calcaneal fractures treated with ORIF by an ELA

No. of X
patients (%)

Deep wound
infection

p value
(two-sided)

Superficial+deep
wound infection

p value
(two-sided)

Patient characteristics

Male 131/191 (68.6 %) 19 NS 32 NS

Age (median in years) 45 (12–75) 45.1 NS 46.7 NS

BMI (kg/m2) 24.0 (16.6–38.3) 24.4 NS 24.6 NS

No insurance 13/191 (6.8 %) 1 NS 3 NS

Past medical history NS NS

Psychiatric 24/191 (12.6 %) 3 NS 6 NS

Cardiac 18/191 (9.4 %) 1 NS 4 NS

Pulmonary 13/191 (6.8 %) 3 NS 5 NS

Peripheral vascular disease 1/191 (0.5 %) 0 NS 0 NS

Diabetes mellitus 12/191 (6.3 %) 3 NS 4 NS

ASA classificationa 0.001

1 131 (68.6 %) 14 24

2 55 (28.8 %) 12 23

3 5 (2.6 %) 0 1

Substance abuse NS

Nicotine 85/182 (46.7 %) 11 NS 22 NS

Drugs 34/182 (19.8 %) 3 NS 10 NS

Alcohol 103/174 (59.2 %) 10 24 NS

Hospital stay

Preoperative inpatient management 49/191 (25.7 %) 8 NS 15 NS

Post-operative time to discharge
(mean in days)

4 (1–60) 8.9 0.005 7.1 <0.001

Trauma characteristics

LET 91/173 (52.6 %) 11 NS 25 NS

Trauma mechanism NS NS

Fall from height 124/191 (65.3 %)

Fall from stairs 40/191 (20.9 %)

MVA 8/191 (4.2 %)

Direct trauma 5/191 (2.6 %)

Unknown/other 14/191 (7.3 %)

Polytrauma, ISS ≥16 13/191 (6.8 %) 1 NS 2 NS

Fracture characteristics

Right 101/191 (52.9 %) 14 NS 29 NS

Concomitant foot or lower leg fracture 21/191 (11.0 %) 5 NS 8 NS

Essex-Lopresti classification 181 NS NS

Joint depression type 99/181 (54.7 %) 13 28

Tongue type 76/181 (42.0 %) 13 19

Combined type 3/181 (1.7 %) 0 0

Sanders classification 183 NS NS

I 17/183 (9.3 %) 0 4

II 121/183 (66.1 %) 19 30

III 39/183 (21.3 %) 11 11

IV 2/183 (1.1 %) 2 2

Perioperative characteristics

Time to surgery (days) 14 (1–37) 14.5 NS 14.5 NS

Surgery within 1 week 20/191 (10.5 %) 5 NS 5 NS

Surgery within 2 weeks 98/191 (51.3 %) 13 NS 24 NS
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infection in our study [5, 12, 20, 21] (Table 3). As there was no
difference in wound infections between pre-operative in- or
outpatients we find that pre-operative outpatient management
is acceptable. As could be expected, hospital stay for the index
fracture was longer in patients with a wound infection.

In the literature on drain placement in surgery of the mus-
culoskeletal system no significant differences were found in
incidence of wound infections, dehiscence or re-operation
[27]. Unfortunately no specific data on calcaneal fracture
surgery were available in this study. Closed suction drain
placement has previously not been shown to reduce wound
healing complications [20]. However, in our study placement
of a closed suction drain during surgery resulted in a signifi-
cant decrease of post-operative wound infections. As 83 % of
surgeries were performed by a single senior surgeon who

decided on drain placement in 85 patients (54 %) vs no drain
placement in 69 (43 %) with missing data in five patients we
cannot exclude selection bias. Because of the retrospective
character of the study we do not have information about
haemostasis before wound closure. Surprisingly, the effect of
a closed suction drain on post-operative wound infections was
only found for the total population of patients with wound
infections. In the subgroup of patients with deep infections
this effect could not be detected. We suspect this is due to the
small number of patients in this group (n =26).

Our study shows a considerable percentage of wound
infections. As previously noted, infection rates in the literature
vary between 2 % and 25 % [5–19] (Table 1). The policy at
our facility is to treat the vast majority of dislocated intra-
articular calcaneus fracture patients operatively, irrespective of
any unfavourable factors for wound healing, which could
contribute to the high rate of infections. This considerable rate
of wound infections is more likely the result of our type of
surgical approach. As we recently started performing calcane-
al surgery more often by an even more extended lateral
approach according to Freeman et al. [28] and (in less com-
plex fractures) via the sinus tarsi approach [29, 30], the severe
wound complication rates appear to have decreased. In the
latter type of approach a wound complication rate of 29 % in
the ELA versus 6 % in the less invasive sinus tarsi approach
was described [31].

In summary, we present a large series of consecutive pa-
tients with closed displaced calcaneal fractures treated with
ORIF. A post-operative wound complication rate of 25 % was
detected and ASA classification other than 1 and no closed
suction drain placement at the end of surgery were identified

Table 2 (continued)

No. of X
patients (%)

Deep wound
infection

p value
(two-sided)

Superficial+deep
wound infection

p value
(two-sided)

Surgery within 3 weeks 170/191 (89.0 %) 22 NS 41 NS

Surgery time (min) 115 (68–231) 123 NS 115 NS

Single senior surgeon 159/191 (83.2 %) 19 NS 38 NS

Use of tourniquet during surgery 10/186 (5.4 %) 2 NS 4 NS

Duration of use (min) 123 (90–180) NA NA 180 NS

Use of closed suction drain 99/185 (53.6 %) 10 NS 15 0.002

Incision closure technique 182 NS NS

Single layer 130/182 (71.4 %) 16 32

Double layer 52/182 (28.6 %) 8 13

Böhler’s angle

Preoperative angle (°) 7.4 (−43.0 to 39.4) NS NS NS NS

Increase in angle (°) 23.5 (−9.3 to 75.6) NS NS NS NS

ORIF open reduction and internal fixation, ELA extended lateral approach, NS not significant, BMI body mass index, ASA American Society of
Anesthesiologists, LET low-energy trauma, MVA motor vehicle accident, ISS Injury Severity Score, NA not available
a Difference between ASA 1 and 2+3 (χ2 )

Table 3 Multivariate regression analysis of possible risk factors for post-
operative wound infections in patients with a unilateral calcaneal fracture
surgery with ORIF via ELA

Risk factor p value Odds
ratio

Confidence
interval

ASA classification 0.015 0.377 0.172–0.828

BMIa 0.138 1.070 0.978–1.171

Concomitant foot or lower
leg fracture

0.650 0.756 0.225–2.534

In- or outpatient managementa 0.630 0.801 0.325–1.974

Closed suction drain placement 0.003 0.294 0.133–0.651

ORIF open reduction and internal fixation, ELA extended lateral
approach
a Previously appointed risk factor in the literature
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as risk factors for wound infection.We therefore conclude that
a closed suction drain may be a protective measure to avoid
wound complications. Future studies are required to further
investigate the long-term clinical outcome in patients with a
post-operative wound infection.
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