
DOI: https://doi.org/10.30795/jfootankle.2025.v19.1874

Original Article

1J Foot Ankle. 2025;19(2):e1874Copyright © 2025 - Journal of the Foot&Ankle

Risk factors for calcaneal fracture-related infection  
in open reduction and internal fixation:  
a retrospective cohort
Eduardo Cezar Silva dos Santos1 , Renato de Oliveira Arnaud Ferreira1 , Sabra Mariela Fernandes Falcão1 ,  
Eduardo Araújo Pires1 , Dov Lagus Rosemberg1 , Daniel Araújo da Silva1 , Martha Lúcia Silva Katayama1 ,  
Felipe Daniel Plata Rosa1 ,  Cláudia Diniz Freitas1

1. Hospital Alemão Oswaldo Cruz, Sao Paulo, SP, Brazil.

Abstract
Objective: To identify independent risk factors for calcaneal fracture-related infection (FRI) in open reduction and internal fixation 
(ORIF).

Methods: Retrospective and observational study using data extracted from the TriNetX international platform, including patients of 
both sexes with a confirmed diagnosis of calcaneal fracture submitted to surgical treatment with ORIF, with a 1-year follow-up. An 
adjusted multiple logistic regression test was used to identify independent variables, and the Kaplan-Meier and Log-Rank tests were 
used to assess disease-free survival. 

Results: In total, 2,830 patients with a mean age of 50 years (SD ± 15) were evaluated, most of them men, 1,788 (63.8%). One hundred 
eighty-one patients had FRI within one year after surgical treatment. The following variables were independent risk factors for FRI: 
smoking [OR 1.8 (CI 0.02;0.06), p = 0.0001], alcohol abuse [OR 1.6 (CI 1.0;2.6), p = 0.045], chronic kidney disease [OR 2.23 (CI 1.13;4.39), 
p = 0.017], overweight [OR 2.8 (CI 1.34;5.89), p = 0.004], fall from height [OR 2.18 (CI 1.47;3.25), p = 0.0001] and open fracture [OR 2.13 
(CI 1.07;4.23), p = 0.026]. 

Conclusion: Smoking, alcohol abuse, chronic kidney disease, overweight, fall from height, and open fracture were independent risk 
factors for infection.

Level of evidence II, observational study.
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Introduction
Calcaneal fracture-related infection (FRI) can occur in up to 

25% of open reduction and internal fixation (ORIF) procedures, 
resulting in restrictions on ambulation and occupational 
limitations with a substantial loss of quality of life(1).

Calcaneal fractures are the most frequent tarsal lesions(2) 
and the second most common among foot bones, although 
they represent only 2% of fractures in adults(3). In addition to 
the aforementioned functional disability, FRI has a high cost 
to the public health system, as the patient requires several 

additional surgical interventions, making the treatment costly, 
with values that reach up to five times the value of the initial 
treatment(4). 

Risk factors for infection can be modifiable and non-mo
difiable, and most are related to the patient’s clinical comor
bidities, lifestyle, and surgical management of the fracture(5). 
Other factors are associated with the perioperative period, 
such as the management of open fractures following the 
appropriate protocols, fracture stabilization, prolonged hos
pitalization, and soft tissue involvement, which hinder the 
fracture consolidation process that, in the natural history of 
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the disease, can have osteomyelitis and even amputation as 
an outcome(5,6).

Information on these risk factors for calcaneal ORIF in
fection is restricted in the literature. Therefore, the objective 
of this study is to identify independent risk factors for 
calcaneal fracture-related infection in open reduction and 
internal fixation.

Methods
Study design

This is a multicenter, observational, retrospective cohort 
study and cross-sectional analysis of men and women 
diagnosed with calcaneal fractures submitted to surgical 
correction with ORIF and evolved to FRI. The data was 
extracted from the international collaborative real-world 
evidence platform TriNetX, an international health research 
network that is updated weekly with data recorded in elec
tronic medical records. This network comprises Healthcare 
Organizations (HCOs), including academic centers, spe
cialized medical centers, and hospitals. In Brazil, the data 
are centralized at the DataLab for Innovation, Research, 
and Education of Hospital Alemão Oswaldo Cruz (HAOC) 
in Sao Paulo, which operates as a TriNetX hub institution 
in the country. TriNetX complies with the Health Insurance 
Portability and Accountability Act (HIPAA). This retrospective 
study is exempt from informed consent. The revised data 
are a secondary analysis of existing data, do not involve 
intervention or interaction with human subjects, and are de-
identified under the HIPAA Privacy Rule standards. 

The data used in this study were collected on December 
31, 2024. At the time of data consultation, 2,830 patients 
were included in the TriNetX database. This study used a 
retrospective cohort design, reviewing electronic medical 
records from January 1, 2020 to January 1, 2023. Selected 
through ICD-10: S92.0. All included patients had at least 
1-year follow-up after the initial event, were ≥ 18 years old, and 
underwent surgical treatment for calcaneal fracture with ORIF. 
Age < 18 years, fracture of more than one surgical site, FRI 
after 1-year follow-up, percutaneous fixation, pseudarthrosis, 
refractures, and patients submitted to arthrodesis were 
excluded from the study.

The variables collected were divided as follows: variables 
related to the patient; addressing the demographic charac
teristics of sex, mean age, race, comorbidities (identified 
by ICD-10)(7), and clinical conditions of the patient; related 
to the perioperative period, with information on fracture 
characteristics, trauma information, and fracture classifica
tion. For ORIF, the use of plate and screws and direct access 
routes to the fracture was considered, such as the access 
route of the tarsal sinus and the extended lateral.

Outcomes analyzed
Prevalence and risk factors for FRI in patients with calcaneal 

fractures submitted to surgical treatment with ORIF up to 

1-year follow-up. The outcome of FRI was selected using the 
following ICD-10 codes: T81.4, T84.6, T84.60XA, and T84.6.

Sample size calculation and statistical analysis
The sample size calculation was developed in conjunction 

with the local Statistics and Epidemiology Laboratory. The 
expected event ratio and odds ratio data for the initial 
estimated calculation were used. The level of statistical 
significance adopted in the analysis was 5% (0.05). The two-
sided test of significance was used. Continuous variables 
were expressed as mean ± standard deviation (SD), as they 
presented normal distribution. Analyses comparing these 
variables between infected and uninfected groups were 
performed using the unpaired Student’s t-test. To test for 
normality, the Shapiro-Wilk test was used. The distributions 
of categorical variables were expressed as frequencies and 
percentages, and the respective comparisons were performed 
using the χ 2 test or Fisher’s exact test, as appropriate. The 
analysis of the outcomes was conducted based on the 
time to occurrence of the primary event, as well as event-
free survival and osteomyelitis curves, using the Kaplan-
Meier method. The Log-rank test was used for statistical 
significance between the distribution curves. The statistical 
programs used were the R system and SPSS Statistics version 
19.0, in addition to four programs or language tools intrinsic 
to the TriNetX platform system.

Results
Overall, 38,842 patients with calcaneal fractures were 

evaluated for inclusion in the study. Of these patients, 36,012 
(92.7%) were excluded: 32,312 underwent non-surgical 
treatment, 1,517 were > 18 years, and 2,183 underwent per
cutaneous surgical treatment, totaling 196 patients in the 
final analysis. The mean age was 50 years (SD ± 15), with a 
majority of men, 1,788 (63.8%). During the evaluated period, 
181 patients were diagnosed with FRI, resulting in an overall 
rate of 6.83% within 1-year follow-up (Figure 1).

Of the variables analyzed, those that presented statistical 
significance of FRI were smoking (p < 0.0001), alcohol 
abuse (p < 0.016), systemic arterial hypertension (p < 0.001), 
chronic kidney disease (p <0.002), overweight (p <0.01), 
grade I obesity (p < 0.0005), fall from a height greater than 
3 meters (p < 0.0001), open fracture (p < 0.0001), intra-
articular fracture (p < 0.0001), serum albumin < 3.5 g/dL  
(p < 0.0001), serum protein dosage less than 6 g/dL (p < 0.0001) 
and Hb1Ac between 5.7%-6.4% (< 0.0001). There was no 
statistical difference in relation to demographic data (Table 1).

However, in the multivariate analysis of risk factors for FRI, 
only the variables smoking, alcohol abuse, chronic kidney 
disease, overweight, fall from height, and open fracture were 
statistically significant. Some variables were almost twice 
as likely to develop infection, including smoking [OR 1.8 (CI 
0.02;0.06)], alcohol abuse [OR 1.6 (CI 1.0;2.6)], and systemic 
arterial hypertension [OR 1.4 (CI 1.09;2.01)]. Chronic kidney 
disease [OR 2.23 (CI 1.13;4.39)], overweight [OR 2.8 (CI 
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Figure 1. Algorithm for selecting the patients involved in the study.

Table 1. Risk factors for infection according to univariate analysis.

Variables With infection (n = 181) Without infection (n = 2,649)
 p-value 

Demographic data (Mean ± SD) % cohorta (Mean ± SD) % cohorta

ICD-10 Age 46.4 ± 14.3 181 100% 46.9 ± 15.3 2.649 100% 0.65

Men 121 66.85% 1.667 62.93% 0.28

Women 51 28.18% 824 31.11% 0.40

Race
White 132 72.93% 1.793 67.69% 0.14

Black 16 8.84% 299 11.28% 0.31

Unknown 21 11.60% 357 13.48% 0.47

Comorbidities
F17.2 Smoking 73 40.33% 716 27.03% 0.0001

F10 Alcoholism 26 14.37% 238 8.99% 0.016

I10 SAHb 64 35.36% 648 24.46% 0.001

E08-E13 Diabetes Mellitus 23 12.71% 228 8.61% 0.06

N18 Chronic kidney disease 13 7.18% 100 3.78% 0.02

BMIc (Kg/m2) 26.4 ± 7.13 133 73.48% 27.3 ± 5.98 1.658 62.59%

25-29.9 70 38.67% 787 29.71% 0.0111

30-34.9 47 25.97% 424 16.01% 0.0005

35-40 11 6.08% 185 6.98% 0.6422

Fracture
W13 Fall from high (> 3 m) 30 16.58% 176 6.64% 0.0001

S92.06 Intraarticular fracture 100 55.25% 1.070 40.39% 0.0001

S92.009A Closed fracture 49 27.07% 641 24.20% 0.38

S92.009B Open fracture 10 5.53% 31 1.17% <0.0001

Exams
Serum Albumin 3.7 ± 0.724 102 56.35% 4.04 ± 0.619 1.208 45.60% < 0.0001

< 3.5 g/dL 57 31.49% 356 13.44% < 0.0001

Serum protein 6.72 ± 1.06 94 51.93% 6.98 ± 2.19 1.142 43.11% 0.26

< 6.0 36 19.89% 281 10.61% < 0.0001

HbA1cd 5.96 ± 1.5 59 32.60% 6.04 ± 1.77 593 22.39% 0.7314

5.7-6.4% 21 11.60% 196 7.40% 0.0398

> 6.5% 13 7.18% 119 4.49% 0.0968
% cohort: Percentage of sample in cohort; SAHb: Systemic arterial hypertension; BMIc: Body mass index, HbA1cd: Glycated Hemoglobin.



Santos et al. Risk factors for calcaneal fracture-related infection in open reduction and internal fixation: a retrospective cohort

4 J Foot Ankle. 2025;19(2):e1874

1.34;5.89)], fall from height [OR 2.18 (CI 1.47;3.25)], and open 
fracture [OR 2.13 (CI 1.07;4.23)] presented a two-fold higher 
adjusted odds ratio (Table 2).

In the survival analysis to evaluate the osteomyelitis out
come between the groups, statistically significant events 
were observed in the group of patients who evolved with 
infection (Figure 2).

Discussion
Open reduction and internal fixation in calcaneal fractures 

are challenging for the orthopedic surgeon, as there is a 
peculiar local anatomy and poor soft tissue envelopment 
in this area(8,9). In our study, the overall infection rate was 
6.83% and the prevalence was 7.49%. Our data are similar 
to the literature, which reports a prevalence of 9.7% and an 
incidence of 7.7% in closed fractures, and up to 45% in open 
fractures(10). However, data were reduced in relation to the 
retrospective study by Lian Ding et al.(11), with an incidence of 
17.8% in its cohort of 490 patients

Classically, the risk analysis of the FRI is related to the patient, 
the fracture, and the surgical procedure(12). Modifiable lifestyle 
factors are important in preventing infection(13). Among 
these factors, smoking and alcohol abuse can influence the 
outcome of infection and even delay the consolidation of 
fixed fractures(14). In our study, patients who had the habit 
of smoking were 1.8 times more likely to become infected 

during surgical treatment. Although the evidence remains 
contradictory(15,16). On the other hand, patients with alcohol 
abuse were 1.6 times more likely than those who did not 
use alcohol chronically. They are important factors in the 
rehabilitation of patients submitted to surgery and can be 
controlled during the perioperative period. 

Indeed, the acute nature of fractures limits the ability 
to modify risk factors for FRI, particularly comorbidities. 
Nonetheless, these factors should be optimized to provide 
a more favorable window of opportunity for surgical inter
vention(17). Complications of ankle and foot fractures corre
lated with chronic kidney disease are poorly described in 
the literature; however, the presence of this risk factor may 
increase the incidence of infection by three- to fourfold(18). 
A similar statistically significant association was observed in 
this cohort, which may be linked to a secondary complication 
arising from diabetes progression.

Obesity is recognized as a modifiable risk factor for FRI, and 
it was statistically significant in our study. Although there are 
controversies about the relationship between obesity and FRI 
in other fracture sites(19,20), it is consistently associated with 
complications and infections in orthopedic procedures(21,22), 
as confirmed by studies with statistical significance, even 
in paired analysis(22). In our sample, patients identified as 
overweight had a higher probability of the outcome inves
tigated. However, an important finding is that morbid obesity 
did not correlate with infection outcome as reported in the 
literature, presenting a divergent pattern.

In lower limb orthopedic procedures, glycemic control 
and diabetes management are essential due to the high 
complication rates(23). In this context, however, our study 
found no significant association between diabetes and 
infection, which contrasts with existing literature. Diabetes is 
known to impair immune cell function, thereby compromising 
both innate and adaptive immune responses(24). On the other 
hand, the study by Endara et al. (25) showed a significant 
association between glycemic uncontrol and infection at the 
surgical wound incision. This discrepancy between our series 
and the literature may be related to the age group of young 
adults, the type of trauma, or even the reduced number of 
diabetic patients.

The role of open fractures and high-energy trauma is also 
well established in the literature for an outcome of FRI, and 
the risk of infection increases proportionally to the severity 
classification of the open fracture(26,27). In our results, patients 
classified as open fracture had a risk probability twice as high 
as patients with closed fracture, corroborating the studies in 
the literature. 

Suffering soft tissue envelopment due to trauma energy 
can impair osteosynthesis (27). Our study corroborates this 
correlation by demonstrating an association between 
high-energy trauma—especially falls from height (greater 
than 3 meters)—and FRI’s. In cases of extensive soft tissue 
involvement, some surgeons postpone the definitive surgical 
procedure to improve edema and reduce local hematoma(28). 
However, there are controversies about the delay of calcaneal 

Table 2. Multivariate analysis of independent risk factors associa-

ted with the infection 

Variables Odds ratio 
Adjusted 95% CI p-value

Smoking 1.816 (0.021, 0.065) 0.0001

Alcoholism 1.624 (1.007, 2.618) 0.045

Chronic kidney disease 2.237 (1.137, 4.399) 0.017

Overweight 2.815 (1.345, 5.889) 0.004

Fall from high (>3 m) 2.189 (1.470, 3.258) 0.0001

Open fracture 2.133 (1.076, 4.231) 0.026

Figure 2. Kaplan-Meier survival curve for osteomyelitis conside-

ring fracture-related infection. TRINETX Database: 163 cases (Yes 

92 cases, No 71 cases).



Santos et al. Risk factors for calcaneal fracture-related infection in open reduction and internal fixation: a retrospective cohort

5J Foot Ankle. 2025;19(2):e1874

surgery for soft tissue improvement. As demonstrated by 
Abidi et al.(29), this delay increased the wound healing time by 
approximately 2.6 times.

Studies related to the prevention and mitigation of risk 
factors emphasize the need to consolidate and develop 
early intervention strategies following the diagnosis of FRI to 
prevent pseudarthrosis and osteomyelitis(26-29). In our series, 
the survival analysis showed a high risk of osteomyelitis in 
patients with FRI.

Over the last decade, there has been growing concern about 
the need to understand the RFIs in various clinical scenarios, 
particularly in relation to the peculiarities of anatomical 
location, fracture patterns, types of implants, and access 
routes(29,30). This study reinforces the need for improvement 
and stratification of studies on FRI, addressing the intrinsic 
characteristics of fracture location.

This study has several limitations. Initially, the retrospective 
nature of the study introduces an unavoidable selection bias, 
which relies on the accuracy and quality of medical records to 

populate the platform database. There is limited information 
on other factors described in the literature, such as the type 
of implants, use of previous external fixation, identification of 
microorganism, and access route used in surgical treatment. 
Patient-specific covariates (smoking, alcohol abuse, drug 
use, and medical comorbidities) depended primarily on the 
patient’s report, and some of them might not be willing to 
disclose these coexisting bad habits and diseases. 

Conclusion
Smoking, alcohol abuse, chronic kidney disease, overweight, 

fall from height, and open fracture were identified as risk 
factors predicting FRI. Indeed, the holistic view in the pe
rioperative surgical approach helps to identify and mitigate 
risk factors for infection. We believe that the study provi
des evidence that will help prevent infection in calcaneal 
osteosyntheses. Future randomized controlled trials are 
needed to mitigate contributing factors to infection.
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