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Abstract
Purpose The incidence of wound complications after open reduction with internal fixation (ORIF) of tibial plateau fractures in
young patients has been reported to range from approximately 5 to 15%. Reports on wound complication rates in the elderly
patients are limited. This study investigates the incidence of post-operative wound complications in elderly patients undergoing
ORIF of their tibial plateau fractures.
Methods A retrospective study was performed within three accredited level 1 trauma centres. Patients > 60 years of age under-
going open reduction and internal fixation of their tibial plateau fractures were included. The primary outcome measure was
wound complications of the surgical site. These were divided into superficial infections versus deep infections.
Results One hundred two patients matched the inclusion criteria. Of these, 16 patients (15.7%) developed a post-operative wound
infection. The analysis of underlying co-morbidities and risk factors revealed that patients with American Society of
Anaesthesiologists (ASA) classes 3 and 4 were at significantly increased risk of sustaining a wound complications as compared
to ASA classes 1 and 2 (23.7 versus 5.1%, p = 0.015).
Conclusions The overall infection rates in elderly patients undergoing ORIF for tibial plateau fractures is in a similar range to
published data on younger patient populations. In particular, elderly patients without significant co-morbidities seem to be
appropriate candidates for ORIF of their tibial plateau fractures. However, elderly patients with significant co-morbidities must
be considered as high risk and alternative treatment options, such as nonoperative treatment or less invasive surgical options,
should be explored in these patients.
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Introduction

The operative indications for tibial plateau fractures include
displaced bicondylar tibial plateau fracture, displaced medial
condyle fracture, knee instability, lateral condyle fractures
with valgus malalignment greater than 5°, articular step-off
in excess of 3 mm, or condylar widening greater than 5 mm

[1]. Appropriate management of tibial plateau fractures is not
only dictated by the osseous injury pattern but also by the
associated trauma to the soft tissue envelope. In particular,
the risk of surgical site infection remains a concern when
treating tibial plateau fractures with open reduction and inter-
nal fixation. Recent studies have reported that with staged
treatment and appropriate soft tissue management, open re-
duction and internal fixation remains a relatively safe proce-
dure with infection rates ranging between approximately 5
and 15% [2–6]. However, most of the treatment guidelines
for tibial plateau fractures refer to young patients with high-
energy injuries. It can be expected that with increasing life
expectancies, the treatment of elderly patients with tibial pla-
teau fractures will gain importance. Previous investigations
have reported higher complication rates in elderly patients
undergoing open reduction and internal fixation as compared
to younger patient populations [7, 8]. In particular, post-
operative wound complications remain an ongoing concern in
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elderly patients with tibial plateau fractures [2–6]. However,
safety data from the literature on elderly patients undergoing
surgical treatment of their tibial plateau fracture remain limited
and are mostly based on smaller case series and single-centre
experiences.

Given the overall sparse literature on the treatment of el-
derly patients with tibial plateau fractures, further study seems
warranted to establish the safety and efficacy of open reduc-
tion and internal fixation in this specific patient population.
The rationale of our investigation is to confirm previous stud-
ies that have suggested open reduction and internal fixation of
tibial plateau fractures in the elderly patient as a safe
procedure.

The goal of this study is to evaluate the risk of wound
complications in elderly patients undergoing open reduction
and internal fixation of their tibial plateau fracture. We
hypothesise that the risk of wound complications in elderly
patients will be within the range of 5 to 15% as it has been
reported in the literature for mostly younger patient
populations.

Methods

The study was performed at three different certified level 1
trauma centres. The data was obtained through a retrospective
chart review including the electronic medical records and
existing radiographs. This study was approved by the respec-
tive Institutional Review Boards.

The existing databases at the participating trauma centres
were searched for male and female patients, 60 years of age
and older, who underwent open reduction and internal fixation
of their unicondylar (CPT code, 27535) or bicondylar (CPT
code, 27536) tibial plateau fractures between July 2005 and
December 2015 at two institutions and July 2011 to December
2015 at the third institution. Fractures from neoplastic disease
and nonunion surgeries were excluded from this study.
Potential subjects were then verified through the electronic
medical records to have undergone open reduction and inter-
nal fixation and have at least three months of documented
clinical follow-up after surgery.

The main outcome measure was wound complications of
the surgical site. These were divided into superficial infec-
tions, defined as treated with oral antibiotics and local wound
care, versus deep infections, defined as required surgical de-
bridement. In addition, subject demographics including age at
the time of injury, sex, body mass index (BMI), and current
tobacco use (yes/no) were noted. BMI was further coded as
normal weight (BMI ≤ 24.9) or overweight/obese (BMI ≥ 25).
Mechanism of injury was described as either low energy (fall
from standing) or high energy (e.g., fall from height, motor
vehicle collision). Co-morbidities were recorded using the
American Society of Anesthesiologists’ Physical Status

Classification (ASA) [9]. The ASA was coded as low risk
(ASA 1 or 2) or high risk (ASA 3 or 4). Fractures were noted
to be either open or close. The AO/OTA fracture classification
was applied to classify the fractures [10]. Treatment variables
were largely binomial to indicate the use of provisional exter-
nal fixation, intra operative use of a bone void filler.
Continuous treatment variables included time in days from
injury. Incisions used for the ORIF were categorised as single
incision versus dual incision.

Statistical analysis

The primary outcome of infection was defined as any super-
ficial or deep (soft tissue or bone) infection that required ad-
ditional medical or surgical treatment. Overall infection rate
was defined as the number of diagnosed infections divided by
the number of fractures studied. Fisher’s exact tests and Chi-
square tests were used to determine if the proportion of diag-
nosed infections were different between each of the separate
binomial and other categorical variables. Non-parametric
Mann-Whitney U tests were used to compare the continuous
variables age, tourniquet time, and BMI. Statistical analysis
was completed using Stata/IC 14.2 (College Station, TX).

Results

One hundred and fifty-one tibial plateau fractures were iden-
tified during the study period across three level 1 trauma cen-
ters. Of these, 46 fractures were excluded due to lack of doc-
umented follow-up of at least one month post-operatively.
Three fractures were excluded due to incomplete medical re-
cords and coding errors. The remaining 102 acute tibial pla-
teau fractures treated with open reduction and internal fixation
were included in the analysis.

Sixteen fractures (15.7%) were diagnosed with infection
following operative treatment. Infection frequencies were
not different between the three participating sites (p = 0.448).
Four superficial and 12 deep infections occurred. Treatment
for superficial infection was oral antibiotics and local wound
care. All four superficial infections resolved with oral antibi-
otics alone. Treatment for deep infections included surgical
irrigation and debridement followed by intravenous antibi-
otics. Five of the 12 deep infections were successfully treated
with surgical debridement and subsequent intravenous antibi-
otics while the surgical hardware was retained. In seven pa-
tients, a hardware removal was performed in conjunction with
the surgical debridement followed by intravenous antibiotics.
Three of these patients remained unable to clear the infection
despite repeat surgical debridements. This resulted in an
above-knee amputation in two patients, and the third patient
died in the hospital of subsequent sepsis and cardiac arrest.
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Table 1 shows the results comparing demographic and clin-
ical data between patients with and without surgical site infec-
tion. In our series, sex, mechanism of injury, BMI, prevalence
of diabetes, and tobacco use were not significantly different in
patients with a surgical site infection (p < 0.05). In addition,
there was no significant age difference between patients who
developed an infection (69.25 ± 7.22 years old) versus pa-
tients who did not develop an infection (66.81 ± 7.6 years
old; p = 0.134). Subjects with a higher ASA classification (3
or 4) were more likely to develop an infection as compared to
those of ASA classification 1 or 2 (p = 0.015).

Table 2 shows the results comparing fracture and treatment
characteristics between patients with and without infection.
Fracture type, use of provisional external fixation, number of
incisions, and use of a bone void filler was not significantly
different between patients with and without infection
(p < 0.05). Of note, a significant difference in infection rates
was found for the timing of fracture fixation. Patients who
developed infections waited significantly longer to undergo
fixation after injury (10.87 ± 7.59 days) than patients who
did not develop infections (6.69 ± 5.63 days; p = 0.038).

Discussion

The rate and risk factors of surgical site infections following
operative treatment of tibial plateau fractures in the elderly is
something that all surgeons address when counseling patients
on treatment options. To our knowledge, this is one of the
largest multicentred studies to evaluate this issue. The purpose
of this research was to define the infection frequency follow-
ing open treatment of tibial plateau fractures in patients
over the age of 60 and evaluate for associations between

infection development and a variety of patient, injury, and
treatment characteristics. One hundred two patients over the
age of 60 were included in this study. Sixteen patients (15.7%)
developed an infection post-operatively, which is in the upper
range of infection rates reported for the younger patient pop-
ulation of approximately 5–15% [11–13]. Interestingly, our
data demonstrated that the infection rates in elderly patients
without significant problems (ASA 1 and 2) are relatively low
with 5.1% even when compared to younger patient popula-
tions from the literature. However, in elderly patients with
significant medical co-morbidities (ASA 3 and 4), the infec-
tion rates are unacceptably high with 23.7% suggesting that
almost one out of four patients will be at risk for experiencing
a wound infection. Moreover, our series also suggests that
wound complications in this patient population may have dev-
astating outcomes, such as amputations or death, as was ob-
served in our study. Of note, another significant finding in our
database was that a longer time interval between injury and
surgery increases the risk of infection. It is our opinion that the
increased time interval is not the cause for increased infec-
tions, but rather reflects the results of a patient population with
significant soft tissue compromise that required a staged treat-
ment with delayed ORIF as part of the soft tissue manage-
ment. Thus, we caution against early fixation when the soft
tissue injury precludes patients from placement of formal sur-
gical incisions.

Our study has both strengths and limitations. One limita-
tion is the retrospective design of our study and we acknowl-
edge that further prospective investigations are required to
further address this issue. We also encountered a significant
number of patients with incomplete follow-up, which we as-
sume was due to the retrospective study design as well as the
patient population studied. Similarly, for some variables, we

Table 1 Demographic and
clinical variables in patients with
infected versus non-infected
fractures

Infection
(n = 16) (%)

No infection
(n = 86) (%)

p value

Sex Male 11 (18.3) 49 (81.7) 0.422
Female 5 (11.9) 37 (88.1)

Mechanism of injury Low energy 4 (20.0) 16 (80.0) 0.734
High energy 12 (15.2) 67 (84.8)

ASA classification 1 or 2 2 (5.1) 37 (94.9) 0.015*
3 or 4 14 (23.7) 45 (76.3)

Body mass index Normal weight 3 (13.6) 19 (86.4) 1.000
Overweight or obese 13 (17.3) 62 (82.7)

Diabetes Yes 3 (11.1) 24 (88.9) 0.547
No 13 (17.8) 60 (82.2)

Tobacco use Yes 5 (16.7) 25 (83.3) 1.000
No 11 (15.5) 60 (84.5)

Chi-square and Fisher’s exact tests, as appropriate

ASA American Society of Anesthesiologists

*p value significant at 0.05 level

Data not available for all 102 subjects
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had a few missing data points in our database, which was
attributed to the multicentre design and the retrospective data
collection from the electronic patient charts. Given the rela-
tively low incidence of tibial plateau fractures in the elderly,
we decided to combine the results from three academic trauma
centers. However, this also created another limitation as the
patients enrolled in this study were treated by multiple sur-
geons with varying surgeons’ preferences. In addition, we do
not have a comparison group and the infection rates recorded
in this study can only be compared to infection rates reported
in the literature. In contrast to other studies, we did not see an
increased risk of infection for patients with some potential risk
factors, such BMI, diabetes, and tobacco use. We acknowl-
edge that, despite the relatively high number of patients en-
rolled, our study may still be underpowered to detect subtle
differences in infection rates between these groups.

The importance of identifying co-morbidities in surgi-
cal patients has long been established. Elderly patients
often carry chronic medical conditions in addition to de-
creased bone quality. Our results demonstrate that subjects
with a higher ASA classification of 3 or 4 were more
likely to develop an infection compared to those of lower
ASA classification of 1 or 2 (23.7 compared to 5.1%).
According to the American Society of Anesthesiologists,
ASA class 1 is defined as a normal healthy patient who,
for example, does not smoke or have systemic illness.
Examples which would qualify a patient for class 2 would
be current smoker, pregnancy, BMI between 30 and 40,
and well-controlled diabetes or hypertension. Class 3 ex-
amples include poorly controlled diabetes or hyperten-
sion, COPD, BMI > 40, active hepatitis, alcohol depen-
dence, presence of a pacemaker, moderately reduced ejec-
tion fraction, end stage renal disease, or history (>
3 months) of myocardial infarction, cerebrovascular acci-
dent, transient ischaemic attacks, coronary artery disease,
or stents [14]. Higher ASA classifications may play a role
in the decision-making and the peri-operative planning.
For instance, one key distinction between ASA II and

III is Bcontrolled^ vs Buncontrolled^ diabetes and hyper-
tension. In non-emergent procedures, this distinction
highlights the importance of optimising co-morbidities
and systemic medical conditions prior to orthopaedic sur-
gery. This concept is well documented [15–17] and our
data extends this concept to post-operative surgical site
infections in elderly patients undergoing ORIF of their
tibial plateau fracture. We believe that this distinction be-
tween ASA classes represented in our dataset highlights
the importance of identifying co-morbidities in patients
and—when time allows for it—to optimise each patient’s
medical status prior to surgery.

Tobacco use has been known to increase risk for infec-
tion in many types of injuries, including tibial plateau
fractures [12, 18, 19]. The negative effect of smoking on
blood flow, tissue oxygenation, and healing mechanisms
is often referenced when counseling patients preparing for
surgery. Similar to other studies [12, 20], our data did not
find a statistically significant connection between
smoking and surgical site infection of tibial plateau frac-
tures. Regardless, like many institutions, each centre in
our study counsels patients against the use of tobacco
because of its impact on wound and fracture healing.

Neither fracture type nor number of incisions was linked
to the infection rates in our data. Yet, we encountered a
remarkable trend of higher infection rates associated with
dual incision technique. Momaya et al. (2016) reported an
association between fracture-type wound infection rate [11].
Morris et al. (2013) was able to demonstrate increased in-
fection rates with dual incision technique [12]. However, it
must be emphasised that there were some notable differ-
ences between these patient populations and our dataset.
First, we focused almost exclusively on closed injuries
where as Momaya and Morris included both open and
closed fractures. Additionally, the average age in these stud-
ies was 45 and 47 years respectively, which was approxi-
mately 20 years younger than the average age of 67.2 years
that was recorded in our series.

Table 2 Fracture and treatment
characteristics of infected versus
non-infected fractures

Infection
(n = 16) (%)

No infection
(n = 86) (%)

p value

AO/OTA classification 41-B 6 (14.3) 36 (85.7) 0.718
41-C 10 (16.9) 49 (83.1)

Open fracture Open 1 (11.1) 8 (88.9) 1.000
Closed 15 (16.1) 78 (83.9)

Provisional external Fixation Yes 9 (22.0) 32 (78.0) 0.154
No 7 (11.5) 54 (88.5)

Incision Single 10 (13.0) 67 (87.0) 0.138
Dual 5 (29.4) 12 (70.6)

Bone void filler Yes 5 (20.8) 19 (79.2) 0.521
No 11 (14.1) 67 (85.9)

Data not available for all 102 subjects
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Conclusions

The purpose of our researchwas to define the infection frequen-
cy following surgical treatment of tibial plateau fractures in
elderly patients and to evaluate for associations between surgi-
cal site infection and a variety of patient, injury, and treatment
characteristics. Of the 102 patients included, 16 subjects devel-
oped a surgical site infection for an infection rate of 15.7%. Our
investigation demonstrated that an ASA classification of 3 or 4
is associated with a significantly increased infection rate as
compared to ASA of 1 or 2, suggesting the importance of
optimising patient co-morbidities peri-operatively. An infection
rate of 23.7% in higher ASA categories is concerning and
should be factored into the decision-making process.
Surgeons need to have awareness of this issue, should be
counseling patients appropriately about the relatively high risk,
and alternative treatment options, such as non-operative treat-
ment or less invasive treatment options should be explored.
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