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Abstract

Background: This study aimed to investigate the risk factors for incision infection after plate internal fixation for
calcaneal fractures by a traditional lateral L-shaped approach.

Methods: The clinical data of 302 patients with calcaneal fractures who underwent surgical treatment in our hospital
from January 2012 to June 2018 were retrospectively analysed, consisting of 177 males and 125 females. The enrolled
patients were aged 21 to 75 years, with a mean age of 47.72 years. According to the Sanders classification, 108 patients
were type I, 138 patients were type Ill, and 56 cases were type IV. A univariate analysis was conducted with sex, age,
smoking history, history of diabetes, cause of injury, Sanders type, tension blisters, time from injury to surgery, pre-
operative haemoglobin, preoperative albumin, operation time, and bone grafting as possible risk factors. The factors
with statistically significant differences were selected for multivariate binary logistic regression analysis. The clinical
cut-off values of these risk factors were calculated using characteristic curves.

Results: The follow-up lasted for at least 1year for all patients, with a mean follow-up time of 15.8 months. The
results demonstrated 7.9% (24/302) infection rate after plate internal fixation of calcaneal fractures by the traditional
lateral L-shaped approach. Univariate analysis showed that a history of diabetes, preoperative albumin, preopera-
tive haemoglobin, time from injury to surgery, and operation time were correlated with incision infection (p <0.05).
Additionally, multivariate regression analysis indicated that a shorter time from injury to surgery (OR=1.475, 95% Cl.
1.024-2.125, p=10.037), lower preoperative albumin (OR=1.559, 95% CI: 1.191-2.041, p=0.001), and longer operation
time (OR=1.511, 95% CI: 1.219-1.874, p<0.001) were risk factors for postoperative incision infection, and their cut-off
values were 10.5days, 38.5g/L, and 84.5 minutes, respectively.

Conclusion: Longer preoperative stay and operation time were two risk factors for postoperative incision infection.
However, lower preoperative albumin level is the highest risk factor in this study.

Trial registration: The trial was registered in the China Clinical Trial Registry (ChiCTR2100047038).
Keywords: Calcaneal fractures, Infection, Risk factor, Plate internal fixation

Calcaneal fractures account for approximately 1-4% of
all fractures in adults, and 60-80% are intra-articular
[1]. Despite no consensus on the treatment of displaced
intra-articular calcaneal fractures, in the absence of sur-
gical contraindications, anatomical reduction and fixa-
tion should be performed if the calcaneal articular sur-
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motion and traumatic arthritis of the subtalar joint [2,
3]. Incision infection comprises one of the most frequent
complications following a calcaneal fracture operation,
involving deep structures such as bone, deep fascia, and
implants, which may eventually lead to the formation
of infection biofilms, osteomyelitis, scar formation, and
even the need to remove the internal fixation. Therefore,
it is particularly necessary to prevent incision infection
after the calcaneal fracture operation. This study ret-
rospectively analysed the clinical data of patients with
calcaneal fractures treated by plate internal fixation via
a traditional lateral L-shaped approach at our hospital
from January 2012 to June 2018 to identify the risk fac-
tors for postoperative incision infection, thus providing
suggestions for clinical treatments.

Methods

Infection classification and diagnostic criteria

In this study, infection was classified into superficial
infection and deep infection according to the US Centers
for Disease Control and Prevention criteria [4].

Patient inclusion and exclusion criteria

A retrospective analysis was performed for patients with
calcaneal fractures who received plate internal fixation
surgery via a traditional lateral L-shaped approach at our
hospital from January 2012 to June 2018. Inclusion crite-
ria: 1) age > 18years; 2) patients with Sanders II, III, and
IV calcaneal fractures. Exclusion criteria: 1) patients with
Sanders I calcaneal fractures; 2) patients who received
fixation via other approaches; 3) patients who received
other internal fixation; 4) patients with other complicat-
ing fractures; 5) patients with severe neurovascular inju-
ries in the operated side lower extremity; 6) patients with
local or systemic infection before surgery; 7) patients
with liver, renal or autoimmune diseases.

Perioperative management

Management from admission to surgery

After admission, all patients were requested to elevate
the injured limb above the heart level; at the same time,
the swelling was alleviated by an ice compress on the
heel of the injured limb and intravenous administration
of 20% mannitol until the day before surgery. Patients
received prophylactic treatment to prevent deep vein
thrombosis of the lower extremities based on the Caprini
score. For tension blisters caused by swelling, the blister
wall was maximally maintained to be intact. The fluid
of large blisters was aspirated after full disinfection, and
then sterile dressing and elastic bandage were used. All
patients underwent a comprehensive evaluation of frac-
tures by preoperative lateral and axial X-ray examina-
tions of the calcaneus, CT scan, and three-dimensional
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reconstruction. Surgery was conducted when wrinkles
occurred on the heel skin following sufficient detumes-
cence [5].

Surgical procedures

All operations were performed by orthopaedic surgeons
with more than 15years of experience. Cephalosporin
antibiotics were routinely used preventively 30 minutes
before surgery, while clindamycin was adopted for infec-
tion prevention in those allergic to p-lactam. Principles
of surgical treatment: 1) aseptic operative procedures;
2) soft tissue protection; 3) anatomical reduction of the
calcaneal articular surface; 4) restoration of geometric
parameters of the calcaneus, such as length, width, and
height; and 5) correction of varus and valgus of the cal-
caneus. All patients were placed in the lateral decubitus
position, and lower-extremity balloon tourniquets were
used during the operation.

The surgical incision starts from the lateral edge of the
Achilles tendon at the posterior tip of the lateral malleo-
lus, extends along the posterior edge of the fibula to the
junction of plantar and dorsalis, horizontally forwards to
the junction of plantar and lateral plantar skin, and then
turns to the base of the fifth metatarsal bone. The skin
and subcutaneous tissues were dissected until the bone
surface, clinging to which the skin flap was peeled off to
expose the lateral wall of the calcaneus. Multiple Kirsch-
ner wires were used for the reduction and fixation of the
fracture fragments to restore the flatness of the calcaneal
articular surface. Allogenic bone grafting was performed
for patients with obvious bone defects. After satisfactory
fracture reduction through C-arm fluoroscopy, an appro-
priately sized calcaneal plte (Trauson Medical Instru-
ment Co., Ltd., Changzhou, Jiangsu, China, or Shandong
WEGO Group Co., Ltd., Weihai, Shandong, China) was
selected and fixed with an appropriate number of screws.
Fracture reduction was reassessed by fluoroscopy. After
the surgical area was fully rinsed, a drainage tube was
placed in the incision. The incision was sutured layer by
layer without tension. A sterile dressing covered with an
elastic bandage was utilized for pressure dressing.

Postoperative management

With the injured limbs elevated above the heart level,
all patients were given an intravenous administration of
20% mannitol to reduce swelling until 3-7 days after sur-
gery. The wounds were cleaned, and the dressings were
changed to keep the incision dry. Additionally, patients
underwent red light physiotherapy on the incision twice
a day, and the drainage tube was extracted depending on
the wound exudation. All patients were treated with pro-
phylactic antibiotics within 24hours following surgery.
Based on the Caprini score, prophylactic treatments for
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deep vein thrombosis of the lower extremities were per-
formed. Subtalar joint functional exercise can be started
if the incision heals well, and weight-bearing exercise
can be started after X-ray examination 3 months follow-
ing surgery. Patients with deep infection were required
to exercise non-weight-bearing rehabilitation for at least
3 months, only including ankle flexion and extension. The
timing of weight-bearing exercise should be determined
according to the imaging review.

Outcome measures

The main outcome measures were as follows: 1) basic
clinical characteristics: age, sex, causes of injuries, frac-
ture classification, smoking history, history of diabetes,
preoperative haemoglobin, preoperative albumin, and
tension blisters; 2) surgical data: time from injury to sur-
gery, operation time, and bone grafting; and 3) evaluation
of postoperative incision infection signs: incision swell-
ing, exudation, sinus formation, inflammatory indicators,
and bacteriological culture of incision secretions.

Statistical analysis

IBM SPSS 24.0 statistical software was utilized for statis-
tical analysis. Data normality was examined by the Shap-
iro—Wilk test. Normally distributed continuous data were
analyzed for statistical differences using the independent
samples t-test, non-normally distributed data were ana-
lyzed by the Mann-Whitney test. Enumeration data were
analysed by x2 test or Fisher’s exact test. A multivari-
able analysis by binary logistic regression was performed
for risk factors with significant differences after an uni-
variable analysis. p<0.05 was deemed to be statistically
significant.

Results

Univariable analysis of risk factors for infection

All the enrolled patients were followed up for at least
lyear, with a mean follow-up time of 15.8 months. The
patients were divided into an infection group (n=24;
7.9%) and a noninfection group (n=278; 92.1%). There
were 10 cases of deep infection in the infection group,
and their incisions were well healed after thorough
debridement and flap coverage without serious compli-
cations such as fracture nonunion or talocalcaneal joint
fusion. After daily cleaning, dressing changes, red light
physiotherapy, and prolonged antibiotic use, 14 patients
with superficial infections did not develop deep infec-
tions, and their incisions were well healed. The univariate
analysis results showed significant differences concerning
the incidence of preoperative tension blisters, smoking
history, history of diabetes, preoperative haemoglobin,
preoperative albumin, time from injury to surgery, and
operation time between the two groups (p<0.05). No
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significant differences were observed regarding age,
sex, cause of injury, fracture classification, anaesthesia
method, or intraoperative bone grafting between the two
groups (p >0.05) (Table 1).

Multivariable analysis of risk factors for infection by binary
logistic regression

A history of diabetes, preoperative haemoglobin, preop-
erative albumin, the time from injury to surgery, and the
operation time were listed as independent variables, and
infection was regarded as the dependent variable. The
results of binary logistic regression analysis showed that
a shorter time from injury to surgery, longer operation
time, and lower preoperative albumin were risk factors
for postoperative incision infection (Table 2). Forest plots
of regression analysis results were plotted to indicate the
effect size of each factor (Fig. 1).

Clinical threshold values of risk factors

Receiver operating characteristic (ROC) curves were
plotted to estimate the clinical threshold value of each
risk factor. The results demonstrated that the clinical
threshold value of the time from injury to surgery was
10.5days with a sensitivity of 91.7% and specificity of
58.3%, the clinical threshold value of operation time was
84.5minutes with a sensitivity of 86.0% and specificity of
87.5%. The preoperative albumin was 38.5g/L with 68.3%
sensitivity and 91.7% specificity 91.7% (Fig. 2).

Discussion

Current situation of postoperative incision infection

for calcaneal fractures

Existing studies have shown that surgical treatment
of displaced calcaneal fractures can achieve favour-
able therapeutic effects [6]. Still, it correlates with an
incidence of postoperative incision infection up to
15.4% [7-9], which is one of the most common com-
plications after internal fixation of calcaneal fractures.
Although there have been various surgical approaches
for internal fixation of calcaneal fractures in the past
30years, the lateral L-shaped extension approach
remains the most frequently applied method for inter-
nal fixation [10]. Through this surgical approach, the
soft tissue capsule is opened to expose the fracture
site as well as the collapsed and compressed articular
surface. Upon poor postoperative incision healing,
cracking and exposure of deep structures, including
bone, deep fascia, and implants, may develop until
infection, resulting in devastating outcomes. The indi-
cation for patients with deep infection of whether to
remove the internal fixation device is based on the
invaded severity of the infection. If a sinus tract is dis-
covered deep to the bone surface, the internal fixation
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Table 1 The Univariate analysis of all factors
Infection Group(N =24) Non-infection Statistics p value
Group(N =278)
Age(years) 43.125+£16.028 4811515126 —1.543 0.124
Sex
Male 14 163 0.001 0.977
Female 10 115
Injury reason
Falling 13 163 3.289 0.193
Accident 3 62
Squeezing 8 53
Sanders type
Il 6 102 2431 0.297
Il 1 127
% 7 49
Blister
Yes 13 145 0.036 0.850
No 1 133
Smoking
Yes 10 123 0.06 0.807
No 14 155
Diabetes
Yes 12 80 4.698 0.03
No 12 198
Preoperative hemoglobin 3379243878 41.374+£4.986 —7.258 <0.001
Preoperative albumin 110.750£6.173 115.252+£8.930 —2418 0.016
Anesthesia
Generl anesthesia 11 102 0.789 0.375
Lumbar anesthesia 13 176
Time from injury to operation 11.042£3.085 13407 +£2.242 —4.795 <0.001
Operation Time(minutes) 95410+8.871 77917 £5.941 —9471 <0.001
Bone graft
Yes 17 182 1.863 0172
No 7 96
Table 2 The binary logistic regression analysis of the risk factors
Factors B SE Wald P OR 95% CI
Lower Upper
Time from injury to surgery 0.389 0.186 435 0.037 1475 1.024 2.125
Operation time 0413 0.11 14.144 <0.001 151 1.219 1.874
Preoperative albumin 0444 0.137 10457 0.001 1.559 1.191 2.041
Diabetes 1.188 0.882 1.816 0.178 3.28 0.583 18.466
Preoperative hemoglobin 0.087 0.068 1673 0.196 1.091 0.956 1.246
should be removed to avoid residual biofilm infection nonsurgical factors related to incision infection

on the plate surface. Otherwise, the infection can be
controlled by adequate debridement and effective
antibiotic treatment. Current studies have illustrated

after internal fixation of calcaneal fractures (higher
body mass index, history of diabetes, smoking his-
tory, etc.) and surgical-related factors (intraoperative
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Adjusted HR(95% CI) P value
Operation time . 1.511(1.219-1.874) <0.001
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Fig. 2 The ROC curves of risk factors

lateral peroneal artery injury, earlier surgical inter-
vention, inexperienced operators, etc.) [11-14]. Yet,
most of them involve univariate analysis. Therefore,
we conducted a retrospective study incorporating
multiple factors by logistic regression analysis. Our
study offered data demonstrating an infection rate
of 7.9% following internal fixation of calcaneal frac-
tures. The time from injury to operation <10.5days,
preoperative albumin value <38.5g/L, and operation
time > 84.5 minutes were determined to be risk factors
for postoperative incision infection (p < 0.05).

Analysis of risk factors and corresponding therapeutic
strategies

Axial violence represents the most common damage
mechanism of calcaneal fractures. However, due to the
special anatomical structure around the calcaneus, high-
energy trauma and relatively thin surrounding soft-tis-
sue coverage can lead to severe soft-tissue damage and
swelling, so preoperative soft-tissue management and
appropriate timing of surgery are particularly important.
Early surgical treatment, especially surgical intervention
within 3days following injury, may lead to aggravation
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of swelling, poor postoperative incision healing and
even infection, and other complications when soft tissue
swelling is at its peak. For more swollen patients, heel ice
compress and elevation of the affected limbs are applied
to alleviate the swelling, and necessary drugs such as
20% mannitol are given to reduce swelling. It should be
noted that 1-10% of patients with calcaneal fractures
may develop compartment syndrome [15]. If the patient
shows persistent and aggravated heel pain, soft-tissue
swelling, and loss of skin sensation, early incision decom-
pression is required to reduce sequelae. If tension blisters
occur around the incision, we try to retain the blister wall
since the blister fluids contain opsonin and immune cells,
exerting anti-infection effects; at the same time, the cyst
wall is a natural wound dressing that can protect the blis-
ter bed from the outside. The fluid in the large blisters
should be aspirated after thorough disinfection, and then
a sterile elastic bandage should be utilized for pressure
dressing. The univariate analysis in the study showed no
significant difference in the incidence of tension blisters
between the two groups (54.17% vs. 52.16%, p=0.850),
which was closely related to our preoperative aseptic
management for blisters. Regarding the timing of surgery,
it is currently advocated that surgery performed after the
skin folds on the heel causes low rates of complications
[16]. However, Ho et al. thought that an experienced sur-
geon can beperform early surgery for patients who have
no potential risk factors for incision infection, which will
not increase the incidence of incisional complications
[13]. The appropriate time for surgical intervention is the
presence of skin folds rather than the complete elimina-
tion of soft tissue oedema because it may take a long time
to fully eliminate soft tissue oedema, and haematoma
mechanization around fracture may affect the operating
procedures during the waiting time for detumescence.
In this study, the duration from injury to surgery was
significantly shorter in the infection group than in the
noninfection group (OR=1.475; 95% CI: 1.024-2.125;
p=0.037). The ROC curves showed 10.5 days as the clini-
cal threshold of the duration from injury to surgery, with
a sensitivity of 91.7% and specificity of 58.3%.

The length of operation is closely related to adequate
preoperative preparation, operative experience, and
intraoperative cooperation. The surgical treatment of cal-
caneal fractures is also an invasive method that induces
certain damage to the soft tissues. The lateral L-shaped
extended incision that requires opening the lateral cal-
caneal flap and full exposure of the fracture site is uti-
lized for patients with Sanders type III or IV fractures to
obtain a more intuitive surgical perspective. However,
a longer operation time and a longer time of pulling
the skin flap will indirectly affect postoperative incision
healing, even leading to incision infection. The study
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conducted by Koski et al. noted that the long duration
of surgery is a dangerous factor for postoperative inci-
sion infection [17]. Similarly, the work of Al-Mudhaffar
et al. showed that the operation time of patients with
postoperative incision infection after calcaneal fractures
was longer than that of noninfected patients, showing a
mean increase of 39 minutes [18]. Zhou et al. suggested
that tourniquet use during surgery can shorten the oper-
ation time by 4.8 minutes [19]. Consistently, Zhang et al.
demonstrated that using a tourniquet leads to a mean
reduction of 4.6min in operation time [20]. Therefore,
a lower extremity balloon tourniquet was utilized dur-
ing complex calcaneal fracture surgery in our hospital to
ensure a clear surgical field of vision, reduce intraopera-
tive bleeding, and shorten the operation time. Compared
to the noninfection group, the operation time increased
by 17.49 minutes in the infection group (OR=1.511; 95%
CI: 1.219-1.874; p<0.001). Meanwhile, our ROC curves
revealed that the clinical cut-off value of the operation
time was 84.5minutes, and its sensitivity and specificity
were 86.0 and 87.5%, respectively.

The negative nitrogen balance induced by trauma
and surgery is proportional to the degree of injury [21],
so normal nutritional status is essential to maintain the
healing ability of skin and soft tissues and to prevent
infection [22]. The albumin level represents the clini-
cal haematological indicator most directly linked to the
nutritional status of patients. Albumin is regarded as one
of the major components of human plasma, and mal-
nutrition is usually defined as an albumin level under
3.5mg/dl [23]. Bohl et al. found that malnutrition evoked
by hypoalbuminemia could affect collagen synthesis and
reduce fibroblast proliferation, resulting in poor wound
healing [24]. Yi et al. considered that hypoalbumine-
mia would attenuate the inflammatory response against
infection, thus affecting incision healing [25]. In this
study, the mean albumin value showed a marked reduc-
tion of 7.582g/L in the infection group compared to the
noninfection group (OR=1.559, 95% CI: 1.191-2.041,
p=0.001), and the results of the ROC curves revealed a
clinical cut-off value of 38.5g/L, and its sensitivity and
specificity were 68.3 and 91.7%, respectively.

Incision healing is highly correlated with a constant
and sufficient oxygen supply. Haemoglobin constitutes
the main carrier of oxygen and carbon dioxide in the
human body. Oxygen can offer bioenergy, such as aden-
osine triphosphate, catalyse the production of reactive
oxygen species, and mediate collagen components, exert-
ing a crucial role in the incision healing process [26].
High haemoglobin levels can ameliorate hypoxia, reduce
hypoxia-induced apoptosis, and promote wound heal-
ing, effectively preventing wound necrosis and infection.
The univariable analysis indicated a lower haemoglobin
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level in the infection group (p <0.001). Yet, the regression
analysis exhibited no statistical correlation between the
low haemoglobin level and incision infection (p =0.196).

Recent studies have suggested that diabetic patients
may develop pathological stenosis and occlusion in the
blood vessels, resulting in poor blood supply in distal
limbs, increased blood viscosity, and impaired red blood
cell oxygen transport. Additionally, diabetes limits the
function of human immune cells, leading to impaired
innate and adaptive immune responses, which increases
the risk of various infections [27, 28]. Endara et al.
revealed a significant association between blood glucose
and postoperative incision infection, and a positive corre-
lation between good perioperative glycaemic control and
wound healing in diabetic patients who underwent sur-
gery [29]. If the incision does not heal well after calcaneal
fractures, there is a great risk of incision infection, induc-
ing devastating outcomes. Therefore, this imposes an
extreme challenge on the treatment of diabetic patients
with calcaneal fractures. Rammelt et al. proposed severe
insulin-dependent diabetes as a contraindication for
open reduction and internal fixation [30]. The univari-
ate analysis of this study demonstrated that a history of
diabetes was a risk factor for postoperative incision infec-
tion (p=0.03). However, the regression analysis offered
data showing no statistical relationship between a history
of diabetes and incision infection (p =0.178), which may
be associated with good perioperative glycaemic control.
It is of great necessity to control the preoperative fasting
blood glucose level below 10.0mmol/L. If the effect of
oral drugs is limited, insulin injection can be adopted for
blood glucose control.

The results of this study did not suggest intraop-
erative implantation of allografts to be a risk factor for
incision infection after internal fixation of calcaneal
fractures. Intraoperative bone grafting is mainly used to
provide mechanical support and induce osteogenesis,
but whether intraoperative bone grafting is necessary
remains controversial. According to the study of Singh
et al., although patients with bone grafts show advantages
in terms of Bohler angle and time of full weight-bearing,
no significant difference is observed in functional out-
comes and complications [31]. A meta-analysis con-
ducted by Pan et al. suggested that intraoperative bone
grafting increased the risk of postoperative wound
infection and other complications (OR=1.74, p<0.01)
[32]. Our univariate analysis results showed that alloge-
neic bone grafting during surgery did not increase the
risk of postoperative wound infection (p=0.172), which
potentially correlated with more stable fracture fixation,
reduced fracture micromotion, reduced exudation at the
fracture site, and a low risk of subcutaneous haematoma
after bone grafting. Subcutaneous haematoma is one of
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the principal causes of postoperative incision infection.
Because bone grafting does not increase the incidence of
infection in open reduction and internal fixation of calca-
neal fractures, we consider that the use of bone grafting
during surgery should be determined depending on the
actual bone defect.

Limitations and prospective

This study also has some limitations. First, a retrospective
study offers a relatively low level of evidence, there may
have some inevitable management differences among
these cases. In addition, multiple factors are involved in
incision infection following calcaneal fracture surgery.
However, this study did not discuss other potential risk
factors, such as different surgical approaches, incision
suture methods, intraoperative bleeding, implant spe-
cies, etc. Furthermore, differences may exist in the degree
of trauma and treatment process for the calcaneal frac-
tures of different Sanders types. Thus, a large-scale, ran-
domized, controlled study io different types of calcaneal
fractures is still necessary for clarification of the relevant
risk factors.

Conclusion

In our study, a postoperative incision infection rate of
7.9%(24/302) was found after treating calcaneal fractures
using plate internal fixation via the traditional lateral
L-shaped approach. Additionally, this study linked the
time from injury to operation <10.5days, preoperative
albumin value <38.5g/L, and operation time > 84.5min-
utes to postoperative incision infection. We suggested
that these factors should be considered carefully by cli-
nicians in the diagnosis and treatment process. At the
same time,we shuld also take the usage of mannitol,
the incision length and the internal fixation type into
consideration.

Acknowledgements

I want to take this chance to thanks to my teacher Zhenhuan Jiang. In the pro-
cess of composing this paper, he gives me many academic and constructive
advices, and helps me to correct my paper. Except these, he also gave me the
opportunity to improve the capacity for scientific research. At the same time, |
would like to appreciate my literature teachers, who gives me useful literature
knowledge and information in this paper.

Authors’ contributions

Lei Shen and Zhenhuan Jiang designed the study, Jun Chen acquired the
data, Qiang Wang analysed and interpreted the data. The manuscript was
drafted by Lei Shen and Qiang Wang, revised by Zhenhuan Jiang. All authors
read and approved the fnal manuscript.

Funding

Research project of Jiangsu Commission of Health (Z2020006); Jiangsu Health
International Exchange Program(JSH-2018-17); Key Medical Talents Program of
Wuxi Commission of Health(ZRDC018).

Availability of data and materials
The datasets generated and analysed during the current study are not publicly
available due to limitations of ethical approval involving the patient data and



Shen et al. BMC Musculoskeletal Disorders (2022) 23:1091

anonymity but are available from the corresponding author on reasonable
request.

Declarations

Ethics approval and consent to participate

This study was approved by the Ethics Committee of the Yixing People’s
Hospital (No. 2021-043). The data were obtained from the impatient medical
records, as a retrospective study and data analysis were performed anony-
mously, this study was exempt from the informed consent from patients. All
procedures were performed in accordance with relevant guidelines.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 4 May 2022 Accepted: 8 December 2022
Published online: 14 December 2022

References

1. Epstein N, Chandran S, Chou L. Current concepts review: intra-articular
fractures of the calcaneus. Foot Ankle Int. 2012;33(1):79-86.

2. Agren PH, Wretenberg P, Sayed-Noor AS. Operative versus nonoperative
treatment of displaced intra-articular calcaneal fractures: a prospec-
tive, randomized, controlled multicenter trial. J Bone Joint Surg Am.
2013;95(15):1351-7.

3. Durr C, Apinun J, Mittimeier T, Rammelt S. Foot function after surgically
treated Intraarticular calcaneal fractures: correlation of clinical and Pedo-
barographic results of 65 patients followed for 8 years. J Orthop Trauma.
2018,;32(12):593-600.

4. RussoV, Leaptrot D, Otis M, Smith H, Hebden JN, Wright MO. Health care-
associated infections studies project: an American journal of infection
control and National Healthcare Safety Network Data Quality Collabora-
tion Case Study - chapter 9 surgical site infection event (SSI) case study.
Am J Infect Control. 2022;50(7):799-800.

5. Sanders R. Displaced intra-articular fractures of the calcaneus. J Bone
Joint Surg Am. 2000;82(2):225-50.

6. Monaco SJ, Calderone M, Fleming JJ. Paradigm shift for the surgi-
cal Management of Calcaneal Fractures. Clin Podiatr Med Surg.
2018;35(2):175-82.

7. Backes M, Spijkerman 1J, de Muinck-Keizer RO, Goslings JC, Schepers
T. Determination of pathogens in postoperative wound infection after
surgically reduced calcaneal fractures and implications for prophylaxis
and treatment. J Foot Ankle Surg. 2018;57(1):100-3.

8. Wang H, Pei H, Chen M, Wang H. Incidence and predictors of surgical site
infection after ORIF in calcaneus fractures, a retrospective cohort study. J
Orthop Surg Res. 2018;13(1):293.

9. Backes M, Spierings KE, Dingemans SA, Goslings JC, Buckley RE, Schepers
T. Evaluation and quantification of geographical differences in wound
complication rates following the extended lateral approach in displaced
intra-articular calcaneal fractures - a systematic review of the literature.
Injury. 2017;48(10):2329-35.

10. Gould N. Lateral approach to the os calcis. Foot Ankle. 1984;4(4):218-20.

11. Bibbo C, Ehrlich DA, Nguyen HM, Levin LS, Kovach SJ. Low wound com-
plication rates for the lateral extensile approach for calcaneal ORIF when
the lateral calcaneal artery is patent. Foot Ankle Int. 2014;35(7):650-6.

12. Court-Brown CM, Schmied M, Schutte BG. Factors affecting infection after
calcaneal fracture fixation. Injury. 2009;40(12):1313-5.

13. Ho CJ, Huang HT, Chen CH, Chen JC, Cheng YM, Huang PJ. Open reduc-
tion and internal fixation of acute intra-articular displaced calcaneal
fractures: a retrospective analysis of surgical timing and infection rates.
Injury. 2013;44(7):1007-10.

14. Schepers T, Den Hartog D, Vogels LM, Van Lieshout EM. Extended lateral
approach for intra-articular calcaneal fractures: an inverse relationship
between surgeon experience and wound complications. J Foot Ankle
Surg. 2013;52(2):167-71.

Page 8 of 8

15. Park YH, Lee JW, Hong JY, Choi GW, Kim HJ. Predictors of compart-
ment syndrome of the foot after fracture of the calcaneus. Bone Joint J.
2018;100-B(3):303-8.

16. Maskill JD, Bohay DR, Anderson JG. Calcaneus fractures: a review article.
Foot Ankle Clin. 2005;10(3):463-89 vi.

17. Koski A, Kuokkanen H, Tukiainen E. Postoperative wound complica-
tions after internal fixation of closed calcaneal fractures: a retrospective
analysis of 126 consecutive patients with 148 fractures. Scand J Surg.
2005;94(3):243-5.

18. Al-Mudhaffar M, Prasad CV, Mofidi A. Wound complications following
operative fixation of calcaneal fractures. Injury. 2000;31(6):461-4.

19. ZhouK, Ling T, Wang H, Zhou Z, Shen B, Yang J, et al. Influence of tourni-
quet use in primary total knee arthroplasty with drainage: a prospective
randomised controlled trial. J Orthop Surg Res. 2017;12(1):172.

20. Zhang W, LiN, Chen S, Tan Y, Al-Aidaros M, Chen L. The effects of a tourni-
quet used in total knee arthroplasty: a meta-analysis. J Orthop Surg Res.
2014,9(1):13.

21. Mainous MR, Deitch EA. Nutrition and infection. Surg Clin North Am.
1994;74(3):659-76.

22. Grada A, Phillips TJ. Nutrition and cutaneous wound healing. Clin Derma-
tol. 2021;40:103-13.

23. Huang R, Greenky M, Kerr GJ, Austin MS, Parvizi J. The effect of malnutri-
tion on patients undergoing elective joint arthroplasty. J Arthroplast.
2013;28(8 Suppl):21-4.

24. Bohl DD, Shen MR, Kayupov E, Della Valle CJ. Hypoalbuminemia inde-
pendently predicts surgical site infection, pneumonia, length of stay, and
readmission after Total joint arthroplasty. J Arthroplast. 2016;31(1):15-21.

25. YiPH, Frank RM, Vann E, Sonn KA, Moric M, Della Valle CJ. Is potential mal-
nutrition associated with septic failure and acute infection after revision
total joint arthroplasty. Clin Orthop Relat Res. 2015;473(1):175-82.

26. Eisenbud DE. Oxygen in wound healing: nutrient, antibiotic, signaling
molecule, and therapeutic agent. Clin Plast Surg. 2012;39(3):293-310.

27. Trevelin SC, Carlos D, Beretta M, da Silva JS, Cunha FQ. Diabetes mellitus
and Sepsis: a challenging association. Shock. 2017;47(3):276-87.

28. Carey IM, Critchley JA, DeWilde S, Harris T, Hosking FJ, Cook DG. Risk
of infection in type 1 and type 2 diabetes compared with the general
population: a matched cohort study. Diabetes Care. 2018;41(3):513-21.

29. Endara M, Masden D, Goldstein J, Gondek S, Steinberg J, Attinger C. The
role of chronic and perioperative glucose management in high-risk
surgical closures: a case for tighter glycemic control. Plast Reconstr Surg.
2013;132(4):996-1004.

30. Rammelt S, Zwipp H. Fractures of the calcaneus: current treatment strate-
gies. Acta Chir Orthop Traumatol Cechoslov. 2014;81(3):177-96.

31. Singh AK, Vinay K. Surgical treatment of displaced intra-articular
calcaneal fractures: is bone grafting necessary. J Orthop Traumatol.
2013;14(4):299-305.

32. Zhang W, Chen E, Xue D, Yin H, Pan Z. Risk factors for wound complica-
tions of closed calcaneal fractures after surgery: a systematic review and
meta-analysis. Scand J Trauma Resusc Emerg Med. 2015;23:18.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Risk factor of postoperative incision infection after plate internal fixation of calcaneal fractures: a retrospective study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 
	Trial registration: 

	Methods
	Infection classification and diagnostic criteria
	Patient inclusion and exclusion criteria
	Perioperative management
	Management from admission to surgery
	Surgical procedures
	Postoperative management
	Outcome measures

	Statistical analysis

	Results
	Univariable analysis of risk factors for infection
	Multivariable analysis of risk factors for infection by binary logistic regression
	Clinical threshold values of risk factors

	Discussion
	Current situation of postoperative incision infection for calcaneal fractures
	Analysis of risk factors and corresponding therapeutic strategies
	Limitations and prospective

	Conclusion
	Acknowledgements
	References


