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ABSTRACT 

 
INTRODUCTION 

In the last decade, the sinus tarsi approach (STA) has gained interest over the extensile lateral 
approach (ELA) in the operative treatment of displaced intra-articular calcaneal fractures 
(DIACF’s), mainly because of the lower rate of surgical site infections (SSIs). However, most 
studies are small and retrospective. The aim of this study was to evaluate the rate of SSIs of 
the STA in a large, prospective series of patients and to identify predictors for SSIs. 

METHODS 
In this prospective cohort study, all consecutive patients who were operatively treated for a 
DIACF in our Level 1 trauma center between August 2012 and January 2019 were included 
and followed for at least one year. All operative procedures were performed by two 
specialized foot and ankle trauma surgeons using the STA. Using multinomial logistic 
regression, risk factors for SSIs were identified. 

RESULTS 
A total of 237 calcaneal fractures in 214 patients were included, of which 179 underwent 
open reduction and internal fixation and 58 a primary arthrodesis. Most patients were male 
(73.6%) and the mean age was 45.9 years. There were 16 patients that developed a SSI 
(6.8%), of which 9 (3.8%) were deep and 7 (3%) were superficial infections. The multivariate 
analysis pointed out that surgery within one week after injury increased the chance of a SSI, 
as well as an ASA of 2 or higher and more than 150 cc of blood loss during the procedure. 

CONCLUSIONS 
This study confirms the low risk of SSI in DIACFs treated via STA. Significant predictors for SSIs 
were surgery within one week after injury, ASA of 2 or higher and blood loss >150cc.    
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INTRODUCTION 
The operative treatment of displaced intra-articular calcaneal fractures (DIACFs) has always 
been controversial and not without potentially catastrophic infections and wound 
complications. Since the early nineties, the extended lateral approach (ELA) has been widely 
used and the results of operative treatment have improved significantly. However, with the 
arrival of less invasive and minimally invasive surgery in the last decade, the sinus tarsi 
approach (STA) has regained interest in the operative treatment of DIACFs. This is mainly due 
to the large advantage over the ELA in terms of the rate of SSIs [1] . Studies have shown an 
overall percentage of SSI of 3.6%-6.3%, which is significantly lower than the complication rate 
in the ELA, ranging from 13.3% to 31.2% [2–5] .  

Nevertheless, despite the (re)implementation of the STA, prevention of wound complications 
is still paramount with regards to costs and patient satisfaction. Therefore, it is important to 
keep investigating risk factors for the development of a SSI to try and identify other 
controllable factors. Moreover, risk factors for SSI’s after the STA might differ from risk factors 
for SSI’s after the ELA. The aim of this study was to evaluate the rate of SSIs of the STA and to 
identify predictors for SSIs in calcaneal fractures in a large, single-center, prospective 
database. 

METHODS 
In this prospective cohort study, all consecutive patients who were operatively treated via a 
STA for a DIACF in our Level 1 trauma center between August 1st, 2012 and January 31st, 
2019 were included and followed up for at least one year. This included patients with open 
and closed fractures treated by either open reduction and internal fixation (ORIF) or primary 
subtalar arthrodesis, following reconstruction of overall anatomy, via the sinus tarsi approach. 
Excluded were patients that were treated surgically via the ELA (n = 3) or percutaneously (n = 
2).  

All operative procedures were performed by two specialized foot and ankle trauma surgeons 
using the STA, which is the preferred technique at the present institute since 2013 [10]. The 
indications for a primary arthrodesis were described previously[6]. In case of a primary 
arthrodesis, the exact same STA was used including similar reduction and fixation techniques. 
The only difference being that the articular surfaces were prepared for a fusion. In addition, 
two large diameter screws were added to stabilize the subtalar joint [26] . Closed suction 
drains were not used. Patients were followed-up two weeks after surgery for wound check-up 
and suture removal. According to hospital protocol, after eight weeks, six months and one 
year there was another check-up with x-ray. After one year, patients were no longer routinely 
checked and were told to return in case of an infection or symptoms of the implants or other 
complaints of pain. To determine whether or not a SSI occurred, electronic medical records 
were screened at least 12 months after surgery of the last included patient. The following 
data was collected:  



PART ONE  I  CHAPTER 2 
 

40 
 

1) Patient characteristics: gender, age, BMI (Body Mass Index), ASA (American Society of 
Anesthesiologists) classification, smoking habits, diabetic status.  

2) Fracture characteristics: severity of fracture (Sanders classification [7] ), side of fracture, 
open or closed fracture as classified by Gustilo et al. [8] , date of injury, whether the patient 
was referred.  

3) Surgical characteristics: date of surgery, type of surgery (i.e. plate, screw fixation or primary 
arthrodesis), tourniquet use (based on preference of the operating surgeon), estimated blood 
loss (amount of fluid in collection pot of suction device minus estimated amount of irrigation 
fluid used, adding estimated volume of packed gauzes), post-operative SSIs (diagnosed as 
superficial or deep wound infections according to Centers for Disease Control and Prevention 
Guideline for the Prevention of Surgical Site Infection [9] ). 
 

SSttaattiissttiiccaall  aannaallyyssiiss  
Baseline patient, fracture, and surgical criteria were compared in patients with and without a 
SSI in univariate analysis according to the characteristics and distribution of data. Categorical 
values were analyzed with a chi-square and continuous, normally distributed values with a 
Student’s t-test. Continuous, non-normally distributed values were compared with a Mann-
Whitney-U test. The continuous variables were evaluated for normality using the Shapiro-Wilk 
test and Q-Q plots. Continuous values were first transformed into binary variables based on 
clinical relevance and the optimal cut-off value using the Youden-index (extracted from a 
ROC-curve) [11] . The following cut-off values were used for continuous variables (value with 
maximal Youden-index): age: 45 year (Ymax = 43.5), BMI: 27 (Ymax = 27.12), blood loss: 150cc 
(Ymax = 135), duration of surgery: 60 min (Ymax = 74.5) and time from trauma to surgery: 7 
days (6.5). The ASA classification was transformed into two groups: an ASA of 1 and an ASA of 
2 or higher. In order to limit bias caused by missing data, multiple imputation was used for 
variables with (under 50%) missing data. The over- all missing percentage was 5% with a 
range of missing numbers of 1-40 (Table 1). The variable with the largest amount of missing 
values was height. Imputation was performed based on predictive mean matching combined 
using Rubin’s rule (10 sets). Imputed variables were height, weight, smoking, Sanders 
classification, duration of surgery and blood loss. The pooled results of the 10 imputed sets 
were used to estimate odds ratios and 95% confidence intervals (CI). After imputation, all 
clinically relevant characteristics and those with a (near-)significant difference between the 
two groups (P = < 0.3), as well as risk factors described in literature, such as age and diabetes 
mellitus, were put into a multivariate analysis to determine risk factors for SSI (in general, and 
then for superficial and deep infections separately). Variables were manually removed based 
on their addition to the prediction model (least significant variables first), until only 
significantly predicting variables remained. The following order was used: age, BMI, ASA 
classification, smoking, bilateral fractures, primary arthrodesis, tourniquet use, blood loss, 
duration of surgery, time till surgery. Data were analyzed using SPSS, version 25.0 [12].  
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TTaabbllee  11  BBaasseelliinnee  cchhaarraacctteerriissttiiccss  

 SSI (N = 16) No SSI (N = 221) P-value 
Gender, No (%) male 11 160 (72.4%) .980a 
Age, mean (SD) 47.5 (13.8) 45.5 (14.9) .607b 

Age, years old: 
- <45 
- 45 or more 

 
6 
10 

 
108 (48.9%) 
113 (51.1%) 

0.535 

Diabetes Mellitus, No (%) 0 1 (0.5%) 1.0a 
BMI, median [IQR] 25.5 [20.4-30.1] 23.9 [21.6-26.6] 0.563 
BMI*: 

- <27 
- ≥27 

 
7 
6 

 
145 (78.8%) 
39 (21.2%) 

.084a 

Referred from other hospital, No (%) 12 188 (85.1%) .475a 

ASA classification, No (%): 
- 1 
- 2 
- 3 

 
6 
10 
0 

 
146 (66.1%) 
69 (31.2%) 
6 (2.7%) 

.035b 

Smoking, No (%)** 10 94 (42.7%) .201a 

Bilateral fracture, No (%) 1 45 (20.4%) .293a 

Open fracture, No (%) 
- Grade 1 
- Grade 2 
- Grade 3 

0 10 (4.6%) 
- 5 (2.3%) 
- 1 (0.5%) 
- 4 (1.8%) 

.860b 

Sanders classification, No (%)** 
- Type 1 
- Type 2 
- Type 3 
- Type 4 

 
1 
12 
2 
1 

 
1 (0.5%) 
135 (61.4%) 
63 (28.6%) 
21 (9.5%) 

.047b 

Fixation type, No (%) 
- ORIF 
- Primary arthrodesis 

 
10 
6 

 
169 (76.5%) 
52 (23.5%) 

.231b 

Tourniquet use, No (%) 6 129 (58.4%) .172a 

Estimated blood loss, median (IQR)*** 200 (100 – 287.5) 100 (50 – 200) .097b 
Estimated blood loss, cc; 

- <150 
- ≥150 

 
7  
9  

 
139 (67.8%) 
66 (32.2%) 

.092a 

Duration of surgery in min, mean (SD)** 117.4 (8.695) 88.3 (2.046) .005b 

Time till surgery: 
- ≤7 days 
- >7 days 

 
5 
11 

 
28 (12.7%) 
193 (87.3%) 

.054a 

 
Abbreviations: IQR: interquartile range, min: minutes, No: number of cases, SD: standard deviation, SSI: surgical 
site infection 
   a Continuity correction  
   b Pearson Chi-Square 
   * Missing data: 40 (3 SSIs) 
   ** Missing data: 1 (no SSI) 
   *** Missing data: 11 (no SSIs) 
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RESULTS 
A total of 237 calcaneal fractures in 214 patients were included. Most patients were male 
(72.2%) and the mean age was 45.7 years (SD 14.8). Most patients were ASA 1 (64.1%) and 
most fractures were of Sanders type II (62%) (Table 1). Patients were operated within a 
median of 13 days (IQR 9–15 days) Mean follow-up was 46.5 months (range 14–89 months). 
All patients were seen in the outpatient clinic at 3 months after surgery, 225 (95%) patients 
were also seen in the outpatient clinic at 12 months after surgery. As for the remaining 12 
patients, their follow-up was on average six months, without any signs of SSI at their last 
follow-up. ORIF was performed in 179 fractures and primary arthrodesis in 58 fractures (Table 
2).  

TTaabbllee  22  OORRIIFF  vvss  pprriimmaarryy  aarrtthhrrooddeessiiss  

 ORIF (N = 179) Primary arthrodesis (N = 58) P-value 
Gender, No (%) male 133 (74.3%) 38 (65.5%) .259a 
Age, mean (SD) 43.1 (13.900) 53.6 (14.755) .000b 

Diabetes Mellitus, No (%) 0 1 (1.7%) .552a 
BMI*: 

- <27 
- >27 

 
117 (65.4%) 
28 (15.6%) 

 
34 (58.6%) 
17 (29.3%) 

.064a 

Referred from other hospital, No (%) 150 (83.8%) 50 (86.2%) .817a 

ASA classification, No (%): 
- 1 
- 2 
- 3 

 
123 (68.7%) 
54 (30.2%) 
2 (1.1%) 

 
29 (50%) 
25 (43.1%) 
4 (6.9%) 

.006b 

Smoking, No (%)** 80 (44.7%) 24 (41.4%) .747a 

Bilateral fracture, No (%) 36 (20.1%) 10 (17.2%) .772a 

Open fracture, No (%) 
- Grade 1 
- Grade 2 
- Grade 3 

 
3 (1.7%) 

 
2 (3.4%) 
1 (1.7%) 
4 (6.9%) 

.001b 

Sanders classification, No (%)** 
- Type 1 
- Type 2 
- Type 3 
- Type 4 

 
2 (1.1%) 
119 (66.5%) 
47 (26.3%) 
11 (6.1%) 

 
 
28 (48.3%) 
18 (31%) 
11 (19%) 

.011b 

Tourniquet use, No (%) 104 (58.1%) 31 (53.4%) .639a 

Estimated blood loss, median (IQR) 100 (50 – 200) 150 (100 – 300) .001b 
Duration of surgery in min, mean (SD) 86.1 (31.207) 103.1 (28.888) .000b 

Time till surgery: 
- <7 days 
- >7 days 

 
29 (16.2%) 
150 (83.8%) 

 
4 (6.9%) 
54 (93.1%) 

.119a 

 

Abbreviations:  IQR: interquartile range, min: minutes, No: number of cases, SD: standard deviation, SSI: surgical 
site infection. a:  continuity correction, b: Pearson Chi-square 
    * Missing data: 41 (7 PA) 
   ** Missing data: 1 (ORIF) 
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Differences in the baseline and surgical characteristics of fractures treated with ORIF or with 
primary arthrodesis are stated in Table 2 . The duration of surgery was significantly longer in 
patients with a primary arthrodesis (mean 103.1 min vs 86.1 min, P = .000) and there was 
more blood loss (median 150 cc vs 100 cc, P = .001).  

In total, there were 16 SSIs (6.8%), of which 9 (3.8%) were deep and 7 (3%) were superficial 
infections (Table 1). Superficial infections were treated with local wound care and/or oral 
antibiotics, deep infections were treated with intravenous antibiotics and in four cases 
implant removal was eventually necessary to adequately treat the infection.  

Possible predictors of SSI as identified in univariate analysis were BMI, ASA classification, 
smoking, bilateral fractures, Sanders classification, time till surgery, type of fixation, 
tourniquet use, estimated blood loss and duration of surgery (Table 1). In multivariate 
analysis, surgery within one week (OR: 5.78, 95%CI: 1.52-21.90, P = .010), ASA classification of 
2 or higher (OR: 3.51, 95%CI: 1.18-10.41, P = .024), and more than 150 cc of blood loss during 
the procedure (OR: 5.11, 95%CI: 1.43-18.32, P = .012) remained as independent predictors of 
SSI. 

DISCUSSION 
In the operative treatment of DIACF’s the most commonly used approaches to restore intra- 
and extra-articular anatomy are the STA and the ELA. The ELA used to be the preferred 
approach, but comes with a high rate of SSIs compared to the STA, leading to a gradual 
worldwide shift toward the STA[2–5] . In the current study, the incidence of SSIs using the STA 
was 6.8%. This suggests lower risk of SSIs compared to the risk in ELA, which was described 
earlier in a systematic review by Backes et al., reporting an infection rate of 14.3% globally 
and 12.1% in Europe[22]. At our center, a wound complication rate of 31% has been 
previously described with the use of the ELA[10].  

Our results seem to be in line with a recent systematic review and meta-analysis, in which an 
infection rate of 4.9% is described in the STA[1]. Our slightly higher infection rate may be 
attributed to the fact that as the STA gains in popularity, more complex fractures and patients 
with increased risk for wound complications are treated via this approach. Moreover, this 
study was performed in a tertiary referral center for complex traumatic foot/ankle injuries. 
This is reflected in our rate of Sanders type IV fractures (9.3%) and patients with ASA II or 
higher (35.8%).  

Surgery within one week after injury was one of the risk factors that were found in this 
cohort. In our center, calcaneal fractures are preferably treated after the swelling is gone or 
at least decreasing, when there is a positive wrinkle sign. When treated too soon, when the 
swelling is still present, the already thin skin covering the fracture can fail to heal sufficiently 
and increase the risk in wound infections[23]. However, a delay in time until definite fixation 
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has been described as a risk factor for SSIs after ORIF for DIACFs[13,14,20]. Taking these 
results into account, we conclude that surgery should take place within a window of one to 
two weeks after injury, to minimize the risk of SSIs.  

Blood loss has been described as a risk factor for SSIs both in the operative treatment of 
calcaneal fractures and in other surgical fields[15–17,24]. The larger amount of blood loss in 
this group is likely to be related to more complex injuries and a longer duration of surgery. 
Ding et al.[15] described blood loss as a risk factor for complications with the ELA as well 
(200.40 cc with SSIs vs 166.23 cc without SSIs, P = .017) and mentions tourniquet use as a 
protective factor of SSIs, however they do not describe the use of tourniquet in detail. In our 
center the joint reconstruction part of the procedure is currently often performed with the 
use of a tourniquet at the level of the calf, reducing blood-loss to approximately 50-100 cc. 
However, at the start of this cohort, this was not standard practice.  

Backes et al. described ASA classification of 2 or higher as a risk factor for SSIs in DIACFs as 
well. However, the approach used there was the ELA, whereas in this cohort the STA was used 
for all ORIFs and primary arthrodesis [25].  

Smoking is another well-known risk factor for surgical site infections [14,15,18,19,23]. In this 
cohort we found a high percentage of smokers (43.9%). Even though it was not identified as a 
significant predictor, 10 out of the 16 SSIs occurred in people with nicotine abuse.  
 

LLiimmiittaattiioonnss 
A strength of our study is that it describes a large cohort of patients with calcaneal fractures 
treated via the STA, based on a prospective database. There were also some limitations in this 
study. Firstly, two types of treatment were included: primary arthrodesis and ORIF. One could 
argue that ORIF and primary arthrodesis are different operative procedures, and therefore 
cause a heterogeneous study population. For a primary arthrodesis, in addition to 
repositioning of the fractured bone, the cartilage has to be removed, usually resulting in a 
longer duration of surgery, as can be seen in Table 2. Moreover, due to the severity of their 
injury, patients undergoing primary arthrodesis might have a higher chance of developing a 
SSI. However, we were looking for predictors of SSIs after a sinus tarsi approach, which does 
include both primary arthrodesis and ORIF of the calcaneus. Additionally, in multivariate 
analysis, primary arthrodesis was not a significantly contributing factor for the risk of a SSI. 
Therefore, the effect of including both procedures is regarded to be of minimal impact on the 
validity of the study.  

Secondly, this study may be subjected to a selection bias since it was carried out with data of 
a single center, specialized in complex traumatic foot/ankle injuries. This may have led to a 
higher overall complication percentage than one would expect. Moreover, due to the single 
center study design, the number of included patients might not be sufficient to achieve 
statistical significance. Specifically, to identify predictors, a larger sample size would be 
beneficial, making it possible to identify factors with a smaller impact. However, since 



2

RISK FACTORS FOR SSI IN STA OF CALCANEAL FRACTURES 

45 
 

calcaneal fractures are not very common, and usually surgically treated in specialized centers, 
achieving large samples sizes is difficult without thereby compromising the homogeneity of 
the study population. 

Finally, although this study was set up as a prospective cohort, not all variables could be 
collected as protocolled. For example, the measurement of the amount of blood loss as 
described before is not 100% reliable. Confounding of this measurement due to e.g. irrigation 
fluids being used during surgery cannot be ruled out. However, this is probably an accurate 
reflection of daily practice, since also in reality blood loss is often based on the surgeon's 
estimation. 

CONCLUSION 
This study confirms the low risk of SSI in DIACFs treated via STA with either ORIF or primary 
arthrodesis. Moreover, we identified surgery within one week after injury, ASA classification 
of 2 or higher and blood loss of more than 150cc as significant predictors for SSIs in this 
cohort. Although not statistically significant, this study also indicated a higher risk of SSIs in 
patients who smoke. This data may be helpful in the identification of patients with a higher 
risk of SSI after a DIACF operating with STA. These ‘high-risk’ patients may benefit from risk-
limiting interventions, such as negative pressure wound therapy on the incision, which has 
shown promising results[21]. Furthermore, the results of this study can be combined with 
future studies on risk factors of SSI after DIACFs, aiming to get a clearer picture of which 
patients should be defined as ‘high risk’. 
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