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Abstract 

Objectives  In this study, we try to investigate the risk factors of postoperative surgical site infection (SSI) in closed 
pilon fractures and establish a nomogram prediction model.

Methods  From January 2012 to June 2021, 516 closed pilon fracture patients were included in this study. Of 
these, 387 patients were randomly assigned to the training group and 129 patients were assigned to the validation 
group (3:1). By univariate and multivariate Cox analysis, we identified independent risk factors for postoperative SSI 
after Pilon fracture. We established a nomogram model and used receiver operating characteristic (ROC) and calibra-
tion chart to evaluate its discriminant and calibration.

Results  SSI occurred in 71 patients in the training group and 23 patients in the validation group. Ultimately, age, pre-
operative blood sugar, operative time, Tscherne classification and fracture classification were identified as independ-
ent risk factors for SSI. The AUC values for SSI of the training and validation group were 0.898 and 0.880, and the P 
value of the Hosmer–Lemeshow test was 0.125. We established a nomogram prediction model based on age, preop-
erative blood sugar, operative time, Tscherne classification and fracture classification.

Conclusion  Our nomogram model had good discrimination and calibration power, so it could be used to predict SSI 
risk in patients with pilon fracture.
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Introduction
In 1911, French radiologist Etienne Destot first described 
pilon fractures as injuries to the distal tibia’s articular 
weight-bearing surface [1]. The tibia pilon fracture makes 

up approximately 1% of all lower-extremity fractures and 
5% to 10% of all tibia fractures, usually associated with 
severe soft tissue injury [2–4]. Pilon fractures are usually 
result from high-energy trauma and axial violence, such 
as skiing, car accidents, falls from great heights and so on 
[5, 6].

In the AO/OTA classification of long bone fractures, 
pilon fractures are classified as extra-articular (43A), 
partially articular (43B), and intra-articular (43C), and 
are further subdivided according to the degree of com-
minution [7]. For closed fractures, the degree of soft tis-
sue injury is evaluated using the Tscherne classification 
[8]. The treatment of pilon fractures is dominated by 
surgery, and despite some progress, it remains challeng-
ing. Common complications after surgery include wound 
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dehiscence, infection, nonunion, malunion, joint stiffness 
and post-traumatic arthritis [9–12].

Postoperative infection is often catastrophic, and there 
is even a risk of amputation [13]. Various authors have 
reported that infection rates after pilon fractures surgery 
ranging from 8.9 to 26.7% [14–16]. At present, smoking, 
diabetes, operation time, and open injury have been iden-
tified as potential risk factors for postoperative infection 
after ankle fracture, but the research on the risk factors 
for postoperative infection after closed pilon fractures is 
limited [17, 18].

In this study, we try to investigate the risk factors for 
postoperative surgical site infection (SSI) in closed pilon 
fractures and establish a nomogram prediction model. To 
provide a reference for the prevention and treatment of 
high-risk infection patients in the future.

Materials and methods
Inclusion and exclusion criteria
This study was approved by the Ethics Committee of our 
Institute (NO. 2021-K-241-01) in accordance with the 
guiding principles of the Declaration of Helsinki. All elec-
tronic medical records and image data were anonymised 
and personal identifiers were completely removed.

Patients who underwent surgical treatment for pilon 
fractures in our hospital from January 2012 to June 2021 
were included in this retrospective study. The inclusion 
criteria were: (1) age ≥ 18  years; (2) the Arbeitsgemein-
schaft für Osteosynthesefragen/Orthopaedic Trauma 
Association (AO/OTA) 43 pilon fracture; (3) closed frac-
ture; (4) underwent open reduction and internal fixation 
(ORIF); (5) complete clinical data. Exclusion criteria were 
as follows: (1) open fracture; (2) pathological fracture; 
(3) tibia shaft fracture; (4) trimalleolar ankle fracture; (5) 
conservative treatment; (6) kirschner wire or external fix-
ation. Finally, a total of 516 pilon fracture patients were 
enrolled in our study.

Risk factors and outcome measures
Demographic information including, age, gender, hemo-
globin, serum albumin, c-reactive protein (CRP), blood 
platelet, leukocyte, preoperative blood sugar, waiting 
time for surgery, current smoking status and drinking 
status were extracted from the medical records. Among 
the causes of injury were falling from height, traf-
fic accident, hit by heavy object and other. Polytrauma 
was defined as trauma to more than one of the follow-
ing systems: musculoskeletal, abdominal, cardiothoracic, 
urogenital, vascular, and central nervous systems. Frac-
tures were classified as extra-articular (43A), partially 
articular (43B), and intra-articular (43C) according to 
the AO/OTA system [7]. The degree of soft tissue injury 
was assessed using the Tscherne classification: Grade 0 

represents minimal tissue damage associated with sim-
ple fracture pattern; Grade 1 involves superficial abrasion 
or contusion; Grade 2 involves deep abrasion of skin or 
muscle contusion; Grade 3 presents with extensive skin 
and muscle damage or crush injury, subcutaneous avul-
sion, and/or compartment syndrome [8]. Where there 
was conflict in classification, group discussion was used 
to reach consensus. Factors related to surgery were also 
assessed, including operative time, intraoperative blood 
loss, surgical approach, bone graft, drainage and number 
of people in the operating room.

A staged approach was used for pilon fractures with 
severe soft tissue damage, first with external fixation of 
the tibia and/or restoration of fibula length, and then 
with delayed tibial open reduction and internal fixa-
tion after soft tissue improvement. We defined surgical 
site infection as any infection that occured at the surgi-
cal incision site or deep tissue within 30 days of surgery 
(within one year of implant used) according to the U.S. 
Centers for Disease Control and Prevention (CDC) [19]. 
SSI including superficial and deep infection, with or with-
out positive cultures. The surgeon decided to use antibi-
otics, wound treatment and surgical treatment based on 
patient clinical symptom and wound condition.

Statistical analysis
Patients were randomly divided into a training group and 
a validation group (3:1). The data from the training group 
were used to search for independent risk factors to estab-
lish nomogram model. Data from the validation group 
were used to evaluate the prediction effectiveness of the 
nomogram model. Measurement data are expressed as 
mean ± standard deviation, and count data are expressed 
as n (%). In the training group, univariate analysis using 
Mann–Whitney U and Chisquared tests as appropriate 
was performed to assess the association between differ-
ent variables and SSI. Multivariate analysis of variables 
with P < 0.1 was then performed to determine the inde-
pendent risk factors for SSI [20]. Based on the regression 
coefficients of independent risk factors, we established a 
nomogram model to predict the relationship between SSI 
and pilon fracture.

Discrimination of dichotomous result was most 
often evaluated by calculating the area under the curve 
(AUC) of the receiver operating characteristic (ROC) 
curve. Generally, an AUC between 0.5 and 0.7 indicates 
low accuracy, 0.70–0.9 is considered acceptable, and 
AUC > 0.9 means that the model has excellent discrimi-
native power [20]. ROC curves were undertaken in both 
the training and validation group. The calibration curve 
was the image comparison of predicted probabilities and 
actual probabilities, which was assessed using the Hos-
mer–Lemeshow test. Statistical analyses were carried 
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out using EmpowerStats (http://​www.​empow​ersta​ts.​com, 
X&Y Solutions, Inc., Boston, MA) and R version 4.0.2 
for Windows (R Foundation for Statistical Computing, 
Vienna, Austria). Two-tailed analysis with P value less 
than 0.05 indicated that the difference was statistically 
significant.

Results
From January 2012 to June 2021, 516 pilon fracture 
patients who underwent open reduction and internal fix-
ation were included in this study. Of these, 387 patients 
were randomly assigned to the training group and 129 
patients were assigned to the validation group (3:1). The 
baseline data of the training group and the validation 
group were analyzed, and there was no significant differ-
ence between the two groups (P > 0.05).

Table  1 showed the baseline characteristics. In the 
training group, 71 (18.35%) patients developed SSI with 
an average age of 52.1 ± 8.4  years, and 316 (81.65%) 
patients did not develop SSI with an average age of 
47.1 ± 11.9  years (P < 0.001). Similar results appeared 
in the validation group, 23 (17.83%) patients devel-
oped SSI with an average age of 54.1 ± 11.0  years, and 
106 (82.17%) patients did not develop SSI with an aver-
age age of 48.8 ± 11.2  years (P = 0.034). The preopera-
tive blood sugar was significantly high in SSI patients 
than in non-SSI patients (7.1 ± 2.0 vs 5.9 ± 1.4, P < 0.001; 
6.6 ± 1.8 vs 5.8 ± 1.2, P = 0.030; respectively). In the train-
ing and validation group, patients with prolonged opera-
tive time were more likely to develop SSI (140.0 ± 32.6 
vs 100.4 ± 28.0, P < 0.001; 125.0 ± 29.4 vs. 87.3 ± 23.3, 
P < 0.001; respectively). Similarly, patients with multi-
ple incisions were more likely to develop SSI (47.9% vs. 
27.8%, P = 0.001; 60.9% vs. 31.1%, P = 0.007; respectively). 
According to results of fracture and Tscherne classifica-
tion, patients with comminuted fractures and severe soft 
tissue injuries were more feasible to occur SSI (P < 0.05). 
There were no statistically significant differences accord-
ing to gender, hemoglobin, serum albumin, C-reactive 
protein, blood platelet, leukocyte, waiting time for sur-
gery, intraoperative blood loss, number of people in the 
operating room, cause of injury, polytrauma, drainage, 
bone graft, smoking or drinking.

In univariate analyses of the training group, the sig-
nificant risk factors were age, preoperative blood sugar, 
Tscherne classification, fracture classification, operative 
time and surgical approach (P < 0.05). The statistically 
significant variables selected from the univariate analy-
sis were included in the multivariate logistic regression 
analysis. Ultimately, age (OR 1.04, 95% CI 1.01–1.07), 
preoperative blood sugar (OR 1.66, 95% CI 1.35–2.03), 
operative time (OR 1.03, 95% CI 1.02–1.05), Tscherne 
classification (Grade 2: OR 3.97, 95% CI 1.50–10.51; 

Grade 3: OR 11.38, 95% CI 1.74–74.48), and fracture clas-
sification (43.C: OR 3.39, 95% CI 1.00–11.54) were identi-
fied as independent risk factors for SSI in pilon fracture 
patients (Table 2).

Then, we built a nomogram to predict SSI, includ-
ing five independent risk factors based on multivariate 
logistic regression analysis (Fig. 1). Predictive model: log
it(SSI) = − 12.93017 + 3.41262*I((operative time/100)^3) 
− 3.82443*I((operative time/100)^3 * log((operative time
/100))) + 6.11450*I((preoperative blood sugar/10)^1) + 0
.38065*(Tscherne classification = 2) + 1.59156*(Tscherne 
classification = 3) + 2.74416*(Tscherne classifica-
tion = 4) + 3.79362*I((age/100)^1) + 0.23853*(fracture 
classification = 2) + 0.86884*(fracture classification = 3). 
According to the nomogram, the corresponding points 
of each predictor variable were obtained, the sum of the 
points was calculated as the total score, and the predicted 
risk corresponding to the total score was the probability 
of SSI.

The validation of the model was based on discrimina-
tion and calibration. We plotted the ROC curve of the 
predictive model and calculated the AUC value. The 
AUC values for SSI of the training and validation group 
were 0.898 and 0.880 respectively, proving that this nom-
ogram model had good discriminative power (Fig. 2). The 
P value of the Hosmer–Lemeshow test was 0.125, also 
indicating that this nomogram model had excellent cali-
bration ability (Fig. 3).

Discussion
Ruedi and Allgower first published their surgical tech-
nique and early follow-up results for the treatment of 
pilon fractures in 1968, a key shift in treatment [21]. They 
proposed the principles of surgical treatment to achieve 
anatomical reduction and robustness of pilon fractures. 
First, restore the length of the fibula to reconstruct the 
lateral column; second, anatomically repair the articular 
surface of the distal tibia; third, bone graft to fill any met-
aphyseal bone defect, and finally place a buttress plate on 
the distal end of the tibia [22, 23]. However, the incidence 
of complications such as infection, nonunion, osteomy-
elitis, joint stiffness, and post-traumatic arthritis was still 
high. In 1999, Sirkin et al. and Patterson et al. reported a 
staged protocol in the treatment of severe pilon fractures, 
resulting in a reduced incidence of infection [24, 25].

In our research, 71 (18.35%) patients in the training 
group developed SSI and 23 (17.83%) patients in the vali-
dation group developed SSI. Previous studies have shown 
similar deep infection rates [15, 16, 26]. We found that 
age, preoperative blood sugar, operative time, Tscherne 
classification, fracture classification were considered as 
independent risk factors for SSI. Age is a well-known 
risk factor for wound healing, and older patients tend 

http://www.empowerstats.com
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Table 1  Baseline characteristics

Data are presented as the mean and the standard deviation with the range in parenthesis or expressed as the number with the percentage in parenthesis. *P-value, 
differences between patients with pneumonia and control

Variable Training group (n = 387) Validation group (n = 129)

Without SSI (n = 316) With SSI (n = 71) P value* Without SSI (n = 106) With SSI (n = 23) P value*

Age, years 47.1 ± 11.9 52.1 ± 8.4  < 0.001 48.8 ± 11.2 54.1 ± 11.0 0.034

Hemoglobin, g/L 131.3 ± 15.2 130.0 ± 16.4 0.817 129.5 ± 13.6 129.7 ± 13.1 0.887

Serum albumin, g/dL 40.4 ± 4.7 39.3 ± 5.0 0.131 40.7 ± 5.0 39.9 ± 5.8 0.671

C-reactive protein, mg/L 59.0 ± 30.3 53.6 ± 28.5 0.189 58.1 ± 26.2 55.4 ± 25.9 0.592

Blood platelet,10∧9/L 217.5 ± 61.9 220.9 ± 64.7 0.921 202.0 ± 66.4 219.6 ± 69.8 0.336

Leukocyte,10∧9/L 10.0 ± 2.9 10.6 ± 3.4 0.303 9.4 ± 2.2 9.8 ± 3.0 0.694

Preoperative blood sugar,mmol/L 5.9 ± 1.4 7.1 ± 2.0  < 0.001 5.8 ± 1.2 6.6 ± 1.8 0.030

Waiting time for surgery,days 5.4 ± 3.3 6.0 ± 4.0 0.277 5.5 ± 5.1 6.1 ± 3.3 0.107

Operative time, min 100.4 ± 28.0 140.0 ± 32.6  < 0.001 87.3 ± 23.3 125.0 ± 29.4  < 0.001

Intraoperative blood loss,ml 163.8 ± 65.4 172.0 ± 52.4 0.107 157.3 ± 53.1 170.4 ± 41.1 0.160

Number of people in the operating room 6.0 ± 1.2 6.0 ± 1.1 0.477 6.0 ± 1.2 6.3 ± 0.9 0.208

Gender 0.557 0.733

 Male 190 (60.1%) 40 (56.3%) 73 (68.9%) 15 (65.2%)

 Female 126 (39.9%) 31 (43.7%) 33 (31.1%) 8 (34.8%)

Cause of injury 0.554 0.388

 Fall from height 97 (30.7%) 18 (25.3%) 22 (20.8%) 7 (30.4%)

 Traffic accident 56 (17.7%) 12 (16.9%) 28 (26.4%) 5 (21.7%)

 Hit by heavy object 32 (10.1%) 11 (15.5%) 17 (16.0%) 1 (4.4%)

 Other 131 (41.5%) 30 (42.3%) 39 (36.8%) 10 (43.5%)

Polytrauma 0.715 0.321

 No 238 (75.3%) 52 (73.2%) 77 (72.6%) 19 (82.6%)

 Yes 78 (24.7%) 19 (26.8%) 29 (27.4%) 4 (17.4%)

Tscherne classification 0.004 0.028

 Grade 0 72 (22.8%) 12 (16.9%) 23 (21.7%) 2 (8.7%)

 Grade 1 144 (45.6%) 21 (29.6%) 47 (44.3%) 6 (26.1%)

 Grade 2 94 (29.7%) 34 (47.9%) 34 (32.1%) 13 (56.5%)

 Grade 3 6 (1.9%) 4 (5.6%) 2 (1.9%) 2 (8.7%)

Fracture classification  < 0.001  < 0.001

 43.A 118 (37.4%) 9 (12.7%) 40 (37.7%) 3 (13.0%)

 43.B 141 (44.6%) 26 (36.6%) 49 (46.2%) 8 (34.8%)

 43.C 57 (18.0%) 36 (50.7%) 17 (16.1%) 12 (52.2%)

Drainage 0.804 0.745

 No 214 (67.7%) 47 (66.2%) 70 (66.0%) 16 (69.6%)

 Yes 102 (32.3%) 24 (33.8%) 36 (34.0%) 7 (30.4%)

Bone graft 0.332 0.648

 No 131 (41.5%) 25 (35.2%) 47 (44.3%) 9 (39.1%)

 Yes 185 (58.5%) 46 (64.8%) 59 (55.7%) 14 (60.9%)

Surgical approach 0.001 0.007

 Single incision 228 (72.2%) 37 (52.1%) 73 (68.9%) 9 (39.1%)

 Multiple incisions 88 (27.8%) 34 (47.9%) 33 (31.1%) 14 (60.9%)

Smoking 0.862 0.648

 No 239 (75.6%) 53 (74.6%) 83 (78.3%) 17 (73.9%)

 Yes 77 (24.4%) 18 (25.4%) 23 (21.7%) 6 (26.1%)

Drinking 0.115 0.363

 No 238 (75.3%) 47 (66.2%) 79 (74.5%) 15 (65.2%)

 Yes 78 (24.7%) 24 (33.8%) 27 (25.5%) 8 (34.8%)
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to have more comorbidities. Meng et al. and Spek et al.
found that age was an independent predictor of postop-
erative surgical site infection in ankle fracture patients 
[27, 28]. A comparative study of 19,585 patients with 
ankle fractures showed that 30-day wound complications 
were significantly increased in individuals > 80 years (OR 
1.84; P = 0.019) [29]. Results of a retrospective study of 
patients with OTA/AO 43C tibial pilon fractures showed 

that increasing age (OR 1.02, P = 0.040) was an independ-
ent predictor of deep infection [30].

The relationship between diabetes and SSI in pilon 
fractures remains unclear. Some articles reported that 
diabetes was not associated with deep infection in pilon 
fractures [30, 31]. However, other studies had shown that 
people with diabetes were more than twice as likely to 
develop deep infections [32, 33]. Our study revealed that 
preoperative blood glucose was an independent risk fac-
tor for SSI. Hyperglycemia can hinder wound healing and 
predispose patients to infections secondary to microvas-
cular ischemia.

Operating time is a well-established risk factor for 
SSI and may be a marker of technical difficulties, more 
extensive soft tissue dissection, and prolonged wound 
exposure, all of which contribute to an increased inci-
dence of SSI. Our results demonstrated that patients with 
prolonged operative time were more likely to develop 
SSI. Ren et  al. believed that operative time longer than 
150  min was associated with an increased risk of SSI 
following surgical fixation of pilon fractures [34]. It has 
been reported that a 15-min increase in operative time 
was associated with an 11% increase in risk for develop-
ing SSI [35].

Previous studies have shown that open fracture was 
associated with deep infection after pilon fractures, but 
there are few reports of closed soft tissue injuries asso-
ciated with infection [12, 13, 34]. This study analyzed 
closed pilon fractures and found that Tscherne classifi-
cation was an independent risk factor for SSI. Therefore, 
we believe that it is essential for soft tissue management 

Table 2  Multivariable logistic regression of predictors for SSI

Data are presented as the odds ratio with the confidence interval in parenthesis. 
OR, odds ratio; CI, confidence interval

Variable OR 95%CI P value

Age, years 1.04 1.01, 1.07 0.022

Preoperative blood 
sugar,mmol/L

1.66 1.35, 2.03  < 0.001

Operative time, min 1.03 1.02, 1.05  < 0.001

Tscherne classification

 Grade 0 Ref

 Grade 1 1.22 0.46, 3.27 0.693

 Grade 2 3.97 1.50, 10.51 0.006

 Grade 3 11.38 1.74, 74.48 0.011

Fracture classification

 43.A Ref

 43.B 1.76 0.66, 4.65 0.258

 43.C 3.39 1.00, 11.54 0.050

Surgical approach

 Single incision Ref

 Multiple incisions 0.81 0.37, 1.76 0.593

Fig. 1  The nomogram predictive model for SSI. To use the nomogram, the points corresponding to each prediction variable were obtained, then 
the sum of the points was calculated as the total score, and the predicted risk corresponding to the total score was the probability of SSI
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in the perioperative period. In addition, pilon fracture 
type is generally considered to be associated with com-
plications such as infection [13, 33, 34, 36]. Our results 
showed that the proportion of SSI in AO/OTA 43C pilon 
fractures was significantly higher. Complex fracture types 
often accompany severe soft tissue damage and also 
result in prolonged operative time.

To our knowledge, our article was the first study on 
risk factors and predictive model for SSI in closed pilon 
fracture patients. However, our work had some limita-
tions. First, this study was a single-center retrospective 
study, and the sample size of the selected cases was rela-
tively small. Second, the baseline characteristic data were 
not truly homogenous and there was bias. Third, for the 

Fig. 2  ROC curves for validating the discrimination of the nomogram predictive model (training group AUC = 0.898, validation group AUC = 0880)

Fig. 3  Calibration plot of the nomogram for the probability of SSI
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validation of the predictive model we used internal data, 
not external data.

Conclusion
In this study, we found that age, preoperative blood sugar, 
operative time, Tscherne classification and fracture clas-
sification were the independent risk factors for SSI. Our 
nomogram model had good discrimination and cali-
bration power, so it could be used to predict SSI risk in 
patients with pilon fracture.
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