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Abstract

Objective The aim of this study was to identify risk

factors for surgical site infections and to quantify the

contribution of independent risk factors to the probability

of developing infection after definitive fixation of tibial

plateau fractures in adult patients.

Methods A retrospective analysis was performed at a

level I trauma center between January 2004 and December

2010. Data were collected from a review of the patient’s

electronic medical records. A total of 251 consecutive

patients (256 cases) were divided into two groups, those

with surgical site infections and those without surgical site

infections. Preoperative and perioperative variables were

compared between these groups, and risk factors were

determined by univariate analyses and multivariate logistic

regression. Variables analyzed included age, gender,

smoking history, diabetes, presence of an open fracture,

presence of compartment syndrome, Schatzker classifica-

tion, polytrauma status, ICU stay, time from injury to

surgery, use of temporary external fixation, surgical

approach, surgical fixation, operative time, and use of a

drain.

Results The overall rate of surgical site infection after

ORIF of tibial plateau fractures during the 7 years of this

study was 7.8 % (20 of 256). The most common causative

pathogens was Staphylococcus aureus (n = 15, 75 %).

Independent predictors of surgical site infection identified

by multivariate analyses were open tibial plateau fracture

(odds ratio = 3.9; 95 % CI = 1.3–11.6; p = 0.015) and

operative time (odds ratio = 2.7; 95 % CI = 1.6–4.4;

p \ 0.001). The presence of compartment syndrome (odds

ratio = 3.4; 95 % CI = 0.7–15.9; p = 0.119), use of

temporary external fixation (odds ratio = 0.5; 95 %

CI = 0.2–1.7; p = 0.298), and ICU stay (odds ratio = 1.0;

95 % CI = 1.0–1.1; p = 0.074) were not determined to be

independent predictors of surgical site infection.

Conclusions Both open fracture and operative time are

independent risks factors for postoperative infection.
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Introduction

The surgical management of tibial plateau fractures aims to

restore mechanical alignment, reduce the articular surface,

and provide stable fixation that permits an early range of

motion of the knee. Potential complications of tibial pla-

teau open reduction and internal fixation (ORIF) include

surgical site infection, deep venous thrombosis, knee

stiffness, post-traumatic arthritis, malunion, and non-union.

Deep infections are the most prevalent complications [1].

The reported incidence of surgical site infection following

ORIF of tibial plateau fractures ranges from 2 to 11 % and

higher than the overall rate seen in all orthopedic surgical

procedures (1–3 %) [2–6].

It is important to identify risk factors for postoperative

infection following ORIF of tibial plateau fractures to

reduce morbidity, prevent cartilage destruction, and
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improve functional status of the joint. The objectives of the

study were to (1) analyze the prevalence of surgical site

infections in tibial plateau fractures treated by ORIF; (2)

determine whether common risk factors are associated with

the development of surgical site infections; and (3) quan-

tify the contribution of independent risk factors to the

probability of developing a surgical site infection.

Materials and methods

After institutional review board approval, we retrospec-

tively identified patients who had sustained an intra-artic-

ular fracture of the proximal tibia as well as received ORIF

for treatment by querying the Hospital Medical Informatics

database for admissions coded with International Classifi-

cation of Diseases, Ninth Revision, Clinical Modification

(ICD-9-CM) procedure codes. Eligible operations were

restricted to those performed by an orthopedic surgeon in

patients 18 years of age or older. Three hundred and

twenty-seven consecutive patients with tibial plateau

fractures (332 cases) who underwent ORIF between Janu-

ary 2004 and December 2010 were identified. The initial

radiographs for the 332 fractures were reviewed and clas-

sified according to Schatzker et al. [7]. There were 22 type

I, 86 type II, 28 type III, 49 type IV, 47 type V, and 100

type VI fractures. Using the AO/OTA classification system,

there were 50 41B1, 32 41B2, 103 41B3, 51 41C1, 37

41C2, and 59 41C3 type fractures.

Seventy-six patients were excluded from the review.

Sixty-nine cases had \6 months follow-up, two patients

died of polytrauma after definitive fixation, and five

patients had insufficient medical record data. The remain-

ing 251 patients with 256 fractures formed the eligible

study population for this retrospective review. Patients

were divided into two groups, those who developed with

surgical site infection and who did not. Preoperative and

perioperative variables were compared between these

groups.

This study population included 170 males (173 frac-

tures) and 81 females (83 fractures) ranging in age from 18

to 78 years (mean, 43 years). The average follow-up was

18 months. The injury was predominantly due to high-

energy mechanism. One hundred and forty-six were injured

in motor vehicle accidents, 65 fell from a height, 26 were

injured in sporting activity, eight had sustained direct

blows, two had gunshot injuries, and nine were injured

from other causes.

Thirty cases (11.7 %) were open injuries. Five cases

were type I, 14 were type II, seven were type III-A, two

were type III-B, and two were type III-C based on the

Gustilo and Anderson classification [8, 9]. Two of these

open injuries and two close tibial plateau fractures

sustained disruption of the popliteal artery requiring urgent

revascularization. Compartment syndrome was diagnosed

and treated with fasciotomy in 11 cases (4.3 %). Six of

these cases were able to undergo delayed primary wound

closure, and the remaining five required split-thickness skin

grafting for wound coverage. Sixty-two cases (24.2 %)

stayed in the ICU during the initial admission. The mean

length of ICU stay of all the patients was 2.9 days. Tem-

porary spanning external fixation was performed in 96

cases (37.5 %) secondary to the severity of the local soft-

tissue injury or associated life-threatening injuries. The

average preoperative stay in patients treated with tempo-

rary external fixation was 9.5 days, compared to 5 days in

those without temporary external fixation. One hundred

and nine (42.6 %) cases with a bicondylar fracture of tibial

plateau were identified. Of these fractures, only 59 cases

(23 %) were treated with dual-plate fixation through two

surgical exposures—an anterolateral exposure and a sepa-

rate posteromedial exposure.

Surgical site infection was defined using standard Cen-

ters for Disease Control (CDC) definitions [10, 11]. Deep

surgical site infections involved deep soft tissue, muscle, or

fascia and had an onset within 1 year after the initial sur-

gery. Superficial surgical site infection, defined as an

infection involving only skin or subcutaneous tissue at the

incision site and occurring within 30 days after operation,

was also included in this study. Operative cultures were

routinely grown for 5 days. No positive findings were

discarded as contaminants. Swabs were most commonly

sent rather than tissue samples.

Medical records from the initial procedure and any

subsequent operative debridements were reviewed. Data

collected included demographic characteristics, patient

comorbidities (tobacco use, diabetes, HIV/AIDS, poly-

trauma), date of injury, mechanism of injury, side of injury,

type of fracture (open or closed), length of ICU stay, pre-

operative stay, compartment syndrome, and temporary

external fixation. The treatment regimen, including date of

fixation, surgical approach, type of fixation (screw, plate,

or dual plates), use of a drain, and operative time, was also

recorded. Onset of infection, causative pathogens, times of

irrigation and debridement, and the type and duration of

antibiotics were recorded only for patients who developed

a surgical site infection.

We defined polytrauma as trauma to more than one of

the musculoskeletal, abdominal, cardiothoracic, urogenital,

vascular, and central nervous systems. Multiple isolated

orthopedic injuries were not classified as polytrauma unless

they were associated with hemodynamic instability [2].

Owing to the anatomic characteristic, and to have a suffi-

cient number to perform the analysis, we pooled patients

with Schatzker types I, II, III, and IV fractures and as

unicondylar injuries and Schatzker types V and IV
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fractures as bicondylar injuries. Patients who underwent

combined anterolateral and posteromedial approaches for

tibial plateau fracture were defined as dual incisions.

Statistical analyses were performed with use of SPSS

software for Windows (version 20; SPSS Inc., Chicago, IL,

USA). Univariate analysis of continuous variables was

performed with use of the Student’s t-test for normally

distributed variables, and the Mann–Whitney U-test for

non-normally distributed variables. The Fisher’s exact test

or Chi-square test was used for dichotomous variables.

Multivariate analyses were performed with use of logistic

regression to determine the independent predictors of sur-

gical site infection. Variables for which the p value was

B0.10 in the univariate analysis were included as candidate

variables in the multivariate models. Variables were

selected for inclusion in the final models with use of a back

stepwise selection process. We controlled for the con-

founding effects of covariates on selected variables. Based

on the final multivariable model, we achieved a prediction

algorithm with reliable odds ratios and 95 % confidence

intervals [12]. Only variables for which the p value was

B0.05 in the final model were considered significantly. All

p values were two-sided.

Results

Overall, there were 20 cases with a surgical site infection

after ORIF of tibial plateau fractures, an incidence of

7.8 %. The mean interval between the operation and the

diagnosis of the infection was 42.8 days, with a minimum

of 3 days and a maximum of 189 days for a patient with

osteomyelitis. Twelve of the 20 cases developed postop-

erative infection within the first 4 weeks.

Five cases had polymicrobial infection, and three cases had

no positive culture regardless of apparent clinical signs of

infection. Staphylococcus aureus was the most common

causative pathogen in 15 cases, and approximately half of

these pathogens were methicillin resistant. Pseudomonas

aeruginosa was found in three cases followed by Enterobacter

species in two cases. Acinetobacter baumannii, Enterococci

species, Streptococci species, and Serratia species were each

identified in one case, respectively (Table 1).

In the univariate analysis (Table 2), we found that three

variables had significantly increased risk of surgical site

infections. Preoperative predictors included open fracture

(infection rate 20 %; p = 0.019) and compartment syn-

drome (infection rate 27.3 %; p = 0.019). Perioperative

predictor was operative time (p \ 0.001). However, the

multivariate analysis eliminated compartment syndrome as

an independent predictor for the outcome. We identified that

operative time remained an independent predictor of surgical

site infection (odds ratio = 2.7; 95 % CI = 1.6, 4.4;

p \ 0.001) (Table 3). Additional independent predictor of

surgical site infection was open fracture (odds ratio = 3.9;

95 % CI = 1.3, 11.6; p = 0.015). The multivariable pre-

dictive model of SSI was reliable (Hosmer–Lemeshow sta-

tistic, p = 0.64) and accurate (c-index = 0.93).

Sixteen infections (6.2 %) were defined as deep and four

(1.6 %) were defined as superficial.

All deep surgical site infections were treated with

intravenous culture-specific antibiotics in the hospital and

needed one or more additional surgical treatments in

addition to locally implanted antibiotic-impregnated beads.

The average number of irrigation and debridements was 2.1

(range 1–7). Hardware was removed in six cases that were

unresponsive to suppressive therapy, whereas hardware

was maintained in the other ten cases. Since three of these

hardware-removed cases were delayed infections, they

were treated with casts or splints and achieved fracture

union. The remaining three cases that were acutely post-

operative infections were revised to Ilizarov ring external

fixation. In the group of 16 deep surgical site infections,

12 cases achieved a satisfactory union and one case

received a plate revision to correct a previous articular

collapse. The three remaining cases that had persistent non-

union were treated by autogenous bone grafting once the

wounds were clinically healed. One of these cases still had

persistent non-union at the time of the most recent follow-up.

Of the four superficial wound infections, three cases

responded well to local wound care and oral antibiotics.

The remaining case underwent a single surgical procedure

and primary closure followed by intravenous antibiotics.

All these cases were suppressed with antibiotics and

achieved successful union, although one patient was con-

sidered to have mild valgus deformity of the right knee.

Discussion

Numerous previous studies have analyzed the risk factors

for surgical site infections following surgical treatment in

Table 1 Distribution of cases by organism present in culture

Culture

result

Number of

cases

No growth 3

Methicillin-resistant Staphylococcus aureus 7

Methicillin-susceptible Staphylococcus aureus 8

Pseudomonas aeruginosa 3

Acinetobacter baumannii 1

Enterococci species 1

Streptococci species 1

Enterobacter species 2

Serratia species 1
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patients with orthopedic trauma [2, 13–18]. Identified risk

factors have included older age, diabetes, smoking, body

mass index (BMI), ICU stay, Morel–Lavalle0e lesion, use

of a drain, number of operations, congestive heart failure

(CHF), contaminated surgery, inadequate chemoprophy-

laxis, longer preoperative stay, and steroid use. In the

current study, we identified two independent predictors of

surgical site infections after ORIF of tibial plateau frac-

tures, namely operative time and open injury.

Our study had several limitations. As a retrospective

study, the quality of the data relied on the accuracy and

completeness of the electronic medical records. We also

probably excluded many factors that may be associated

with the development of surgical site infection due to

incomplete records to draw a conclusion. Management of

the soft tissues, fracture classification, immediate or delay

ORIF, and preoperative plan relied on the clinical experi-

ence of the attending surgeons. Another important

Table 2 Univariate predictors

for SSI of preoperative variables

IQR interquartile range

(25th–75th percentile)

* Statistically significant

Variable SSI (N = 20) No SSI (N = 236) p value

Age, years 47.4 ± 10.4 42.6 ± 13.6 0.133

Gender, number (%) 0.460

Male 15 (8.7) 158 (91.3)

Female 5 (6.0) 78 (94)

Smoking, number (%) 0.923

No 12 (7.9) 139 (92.1)

Yes 8 (7.6) 97 (92.4)

Diabetes, number (%) 0.650

No 18 (7.6) 219 (92.4)

Yes 2 (10.5) 17 (89.5)

Open fracture, number (%) 0.019*

No 14 (6.2) 212 (93.8)

Yes 6 (20) 24 (80)

Schatzker classification, number (%) 0.242

Unicondylar 9 (6.1) 138 (93.9)

Bicondylar 11 (10.1) 98 (89.9)

Polytrauma, number (%) 0.268

No 13 (6.6) 183 (93.4)

Yes 7 (11.7) 53 (88.3)

ICU stay, days 0.058

Median (IQR) 0 (0–5.57) 0 (0–0)

Range 0–108 0–64

Preoperative stay, days 9.0 ± 7.0 6.5 ± 6.5 0.107

Compartment syndrome, number (%) 0.045*

No 17 (6.9) 228 (93.1)

Yes 3 (27.3) 8 (72.7)

Temporary external fixation, number (%) 0.092

No 9 (5.6) 151 (94.4)

Yes 11 (11.5) 85 (88.5)

Surgical approach, number (%) 0.272

Unilateral incision 13 (6.7) 182 (93.3)

Dual incisions 7 (11.5) 54 (88.5)

Fixation, number (%) 0.265

Unilateral plate/screws 13 (6.6) 184 (93.4)

Dual plates 7 (11.9) 52 (88.1)

Use of a drain, number (%) 1.000

No 17 (8.1) 193 (91.9)

Yes 3 (6.5) 43 (93.5)

Operative time, hours 2.9 ± 1.0 2.1 ± 0.8 \0.001*
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limitation is related to follow-up of patients. Since only

patients who had been followed up at least 6 months were

chosen for study, we made the assumption that a patient

who did not return specifically for treatment of an infection

within the next 6 months did not have an infection. It is

possible that more surgical site infections may have

developed in the non-infection group leading us to under-

estimate the incidence of wound infection and the associ-

ation between a given risk factor and the risk of a failed

outcome. Given that the majority of orthopedic SSIs are

diagnosed within the first month, we believe the results of

our study are reliable [13, 19]. Finally, in the current study,

we included all types of Schatzker classification. However,

because of the relatively low incidence of wound compli-

cation, the small numbers of subsets of patients would not

permit us to identify a significant difference in individual

fracture types. Therefore, the patients were divided into

unicondylar plateau fractures and bicondylar plateau frac-

tures, which is based on anatomic characteristic, surgical

approach and application of implants.

We did not specifically examine the effect of estimated

blood loss, which we felt was not accurately determined, or

blood transfusions. Fifty-two patients received one or more

blood transfusions, but only 5 of these patients had failure

following debridement and primary wound closure. The

blood transfusions occurred early following the trauma and

were associated with other organ injuries. In contrast, the

debridement and primary closure were commonly per-

formed many weeks later.

For our polytrauma definition, we used the criteria of

Bachoura et al. [2] rather than the injury severity score

(ISS). The average ISS in our defined polytrauma group

was 25.4 compared to 8.4 in our non-polytrauma group.

Bachoura et al. [2] studied 1,611 patients who under-

went 1,783 trauma-related surgeries over a 3-year period.

This study found that tibial plateau injuries increased the

incidence of surgical site infections more than twofold

compared with other sites of injury. This finding might be

attributed to its subcutaneous location and tenuous soft-

tissue coverage, which was similar to elbow or calcaneus

[20, 21]. In addition, most tibial plateau fractures were

often the result of high-energy blunt trauma that resulted in

severe soft-tissue disruption. Therefore, the treating sur-

geon may be confronted with the dilemma of minimizing

further soft-tissue injury and decreasing wound complica-

tions, particularly in high-energy comminuted fractures.

In the current study, we confirmed longer operative time

to be associated with postoperative infection. In the uni-

variate analysis, patients who developed postoperative

infections had a significantly longer operative time

(2.9 ± 1.0 h) than those without postoperative infections

(2.1 ± 0.8 h; p \ 0.001). We assume that high-energy

comminuted articular fractures need more time to achieve a

satisfactory reduction. While the infection rate was higher

in bicondylar fracture (11 of 109, 10.1 %) compared to

unicondylar fracture (9 of 147, 6.1 %), this difference was

not statistically significant. Although dual plates were not

performed in all bicondylar fractures, dual plates (7 of 59,

11.9 %) had a greater risk of infection than unilateral plate/

screws (13 of 197, 6.6 %), and this difference also was not

statistically significant. Complex fractures theoretically

require larger incisions, more extensive exposure, more

blood loss, and prolonged anesthesia duration, which are

more likely to result in infection [22–25]. In order to

achieve lower operative time and better results, the surgeon

must have a thorough understanding of the local anatomy,

a thorough understanding of the fracture pattern and loca-

tion based on a CT scan, and a well-prepared preoperative

plan to minimize preventable delays.

We also found an association between open fracture and

surgical site infection, which was consistent with previous

studies [25–28]. In this study, 27 of 30 open fractures

(90 %) were involved in a motor vehicle accident or fell

from a substantial height. In both cases, the surrounding

soft tissues were disrupted to a variable degree. Thorough

surgical debridement and irrigation were performed in the

operating room within 8 h of injury, either at our institution

or at an outside hospital prior to transfer. Only five cases

(16.7 %) were treated with definitive stabilization at that

time of initial debridement. One case was treated with a

temporary splint, and the remaining 24 cases (80 %) were

treated with temporary spanning external fixation. Patients

returned to operating room for serial irrigation and

debridements after 24–48 h, based on the degree of con-

tamination and soft-tissue damage. Appropriate soft-tissue

coverage was achieved with split-thickness skin graft, free

muscle flaps, or rotational muscle flaps within 2 weeks. In

addition, antibiotic prophylaxis was started promptly and

provided for the first 24 h following injury. Unfortunately,

surgical site infections after definitive fixation developed

still in six cases (20 %). Higher-energy fractures, worse

soft-tissue injuries, and comminution of the fracture site

with the outside environment may be factors responsible

for this association. Additionally, extensive dissection

Table 3 Variables tested for multivariate analysis

Variables Odds ratio 95 % CI p value

Open fracture 3.9 1.3–11.6 0.015*

ICU stay 1.0 1.0–1.1 0.074

Compartment syndrome 3.4 0.7–15.9 0.119

Temporary external fixation 0.5 0.2–1.7 0.298

Operative time 2.7 1.6–4.4 \0.001*

CI confidential interval

* p \ 0.05 denotes significance
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through the tenuous soft-tissue envelope to achieve accu-

rate reduction and apply stabilizing implants probably

contributes to the increased postoperative infection rates

[1, 25, 28]. Stannard et al. [27] reported a 6.3 % incidence

of deep infection developed in open tibial plateau fractures

utilizing the less-invasive stabilization system (LISS)

internal fixator and suggested LISS was an acceptable

alternative for treatment of these fractures.

We did not find compartment syndrome to be inde-

pendent predictor of surgical site infection, which was

very similar to our previous study [29]. In this study, all

11 cases with an associated compartment syndrome were

treated with formal four-compartment open releases. It is

surprising that in the current study, diabetes was not found

to be an independent risk factor for surgical site infection.

This finding might be attributed to careful perioperative

monitoring and control of blood glucose level in diabetes

patients, or more likely, the relatively small number dia-

betes patients included in this study may have resulted in

an underpowered statistical assessment [30, 31]. Several

previous investigators have confirmed smoking places of

patients at an increased risk for surgical site infection

following orthopedic surgery [16, 17, 32]. However, our

study also did not show tobacco use–effected infection

rates. Although a wound drain was more likely to be

applied in complex injuries or extensive dissection, drain

use has been shown to provide no benefit on rates of

infection, which may explain why we found wound drain

use was not a significant risk factor for postoperative

infection [33].

Prevention of wound complication after surgical man-

agement of tibial plateau fractures, particularly associated

with serious soft-tissue injury, remains difficult and chal-

lenging. The results of this study identified that open

fracture and operative time independently predicted sur-

gical site infection following ORIF. Therefore, we rec-

ommend that extra vigilance be exercised when managing

patients with open tibial plateau fractures. Additionally,

our study indicated the need of close attention to operative

techniques to limit operating time with an aim of lowering

the risk of postoperative wound infection.
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