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Trends and Complications of Arthroscopic-Assisted
Tibial Plateau Fracture Fixation: A Matched

Cohort Analysis

Alan G. Shamrock, M.D., Zain Khazi, B.S., Trevor R. Gulbrandsen, M.D.,

Kyle R. Duchman, M.D., Michael C. Willey, M.D., Matthew D. Karam, M.D.,
Matthew H. Hogue, M.D., and J. Lawrence Marsh, M.D.
Purpose: To determine trends in arthroscopic-assisted tibial plateau fracture fixation (AATPFF), to evaluate trends in the
overall rate of tibial plateau fracture fixation, and to compare postoperative complications between AATPFF and tradi-
tional tibial plateau fixation. Methods: A retrospective review of patients undergoing AATPFF and traditional tibial
plateau fixation was conducted using the Humana Inc. administrative database from 2007 to 2016. A 1:1 propensity match
was utilized to match patients in the 2 study groups based on age, sex, obesity, diabetes, hypertension, chronic obstructive
pulmonary disease, depression or anxiety, and smoking history. Postoperative complications were grouped as minor
medical complications, major medical complications, surgical complications, emergency department visits, and reopera-
tion. Linear regression analysis was used to assess trends and Pearson’s c2 test was used to compare postoperative
complications with statistical significance defined as P < .05. Results: In total, 522 patients underwent AATPFF and 3920
patients underwent traditional tibial plateau fracture fixation. There was a 4-fold increase in the use of AATPFF over the
study period (P ¼ .0173). Similarly, there was an increase in the utilization of traditional tibial plateau fracture fixation,
although to a lesser extent (1.33-fold). After propensity matching, the traditional fixation group demonstrated signifi-
cantly higher rates of minor medical complications (8.2% vs 2.7%, P ¼ .0002), major medical complications (9.9% vs
4.6%, P ¼ .0018), surgical complications (13.2% vs 2.7%, P < .0001), and emergency department visits (21.4% vs 13.5%,
P < .0001) within 90 days of surgery compared with the AATPFF group. There was no difference in reoperation rates
within 90 days between the 2 groups (2.9% vs 3.6%, P ¼ .85). Conclusions: The incidence of tibial plateau fracture
fixation is increasing, however, use of AATPFF is increasing at a faster rate compared to traditional techniques.
Furthermore, the addition of knee arthroscopy to fracture fixation does not increase the risk of complication, reoperation,
or emergency department visit within 90 days. Level of Evidence: III, retrospective matched cohort.
ibial plateau fractures are estimated to represent
Tapproximately 1% of all fractures and typically
occur in older patients with osteoporotic bone or young
patients involved in high-energy trauma.1-3 Although
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Arthroscopy, Sports Medicine, and Rehabilitation,
uncommon, tibial plateau fractures comprise a broad
spectrum of fracture morphologies with differing de-
grees of articular injury. The current standard of care is
open reduction and internal fixation with the goal of
achieving anatomic joint reduction, recreating normal
limb alignment, and restoring joint stability to promote
early mobilization and knee range of motion.4 Given
the severity of subchondral bone injury, the reduction
of tibial plateau fractures often poses a significant
challenge. Traditional techniques involve large open
approaches with articular reduction assessed directly by
visualizing the joint using an arthrotomy or indirectly
using fluoroscopy. Krause et al.5 evaluated the joint
surface of tibial plateau fractures managed with tradi-
tional fixation techniques using arthroscopy and found
that only 41.2% had a satisfactory reduction.
Knee arthroscopy is a minimally invasive technique

that allows direct visualization of the articular surface
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during fracture reduction.4,6 Arthroscopic-assisted tibial
plateau fracture fixation (AATPFF) was described by
Jennings7 and Caspari et al.8 in 1985. Potential ad-
vantages of AATPFF include direct confirmation of
adequate articular reduction, less soft-tissue dissection,
avoidance of an arthrotomy that places the anterior
horn of the lateral meniscus at risk, and the diagnosis
and treatment of concomitant intra-articular meniscal
and cruciate ligament pathology, which is estimated to
occur in up to 71%4 of tibial plateau fractures.9 Multi-
ple studies have demonstrated good-to-excellent
radiographic and clinical outcomes at short-term
follow-up, particularly in the setting of isolated lateral
(Schatzker I-III) fracture patterns.10-16

Currently, the complication rate of AATPFF is poorly
understood. In addition, arthroscopy is not frequently
performed by orthopaedic traumatologists, and the rate
of use of concomitant knee arthroscopy in the treat-
ment of tibial plateau fractures is unknown. The pur-
poses of the current study were to determine trends in
AATPFF, to evaluate trends in the overall rate of tibial
plateau fracture fixation, and to compare postoperative
complications between AATPFF and traditional tibial
plateau fixation techniques.
Methods
The current study was deemed to be exempt from

institutional review board approval.

Database
The PearlDiver research tool (PearlDiver Technolo-

gies, Colorado Springs, CO) is a research source that
queries available patients in the Humana administrative
claims database (Humana, Louisville, JY). This cus-
tomizable tool can access deidentified information from
more than 20 million patients who are insured privately
or through Medicare. Patient information, including
demographic characteristics, operative procedures per-
formed, comorbidities, and complications, can be
obtained using International Classification of Diseases Ninth
Revision and Tenth Revision codes; Current Procedural
Terminology (CPT) codes; and National Drug Codes.
This system provides access to a sizeable cohort of pa-
tients across various hospital settings. In addition, these
patients can be longitudinally tracked over time,
allowing for analysis of postoperative complications.

Patient Selection
Patients undergoing AATPFF and open tibial plateau

fracture fixation from the years 2007 to 2016 were
identified in the Humana database (HOrtho) using CPT
codes. The following CPT codes were used to identify the
traditional open tibial plateau group: 27535 and 27536
(open treatment of tibial fracture, proximal [plateau]).
CPT codes 29855 and 29856 (arthroscopically aided
treatment of tibial fracture, proximal [plateau]) were
used to identify the AATPFF group.
The annual incidence of open and arthroscopic-assisted

tibial plateau fracture procedures was recorded. Patient
demographics, comorbidities, and 90-day postoperative
complications were queried using relevant International
Classification of Diseases codes. Demographic characteristics
and medical comorbidities analyzed included age, sex,
obesity, diabetes, hypertension, chronic obstructive pul-
monary disease, EhlerseDanlos syndrome, and smoking
history. In addition, psychiatric conditions, including
major depressive disorder, generalized anxiety disorder,
and fibromyalgia, were included. The following reported
90-day postoperative complications were included in this
study: postoperative pneumonia, urinary tract infection,
blood transfusion, sepsis, septic shock, venous thrombo-
embolism, myocardial infarction, superficial surgical-site
infection, deep surgical-site infection, wound dehis-
cence, postoperative peripheral nerve palsy, emergency
department visits, and associated reoperations.

Statistical Analysis
A 1:1 propensity match was used in an effort to

minimize confounding by matching patients in the 2
study groups based on age, sex, obesity, diabetes, hy-
pertension, chronic obstructive pulmonary disease, ma-
jor depressive disorder or generalized anxiety disorder,
and smoking history. Postoperative complications were
grouped as minor medical complications (pneumonia,
urinary tract infection, and blood transfusion), major
medical complications (sepsis, septic shock, venous
thromboembolism, and myocardial infarction), surgical
complications (superficial surgical site infection, deep
surgical-site infection, wound dehiscence, and post-
operative peripheral nerve palsy), emergency depart-
ment visits, and reoperation. Linear regression analysis
was used to assess trends and Pearson’s c2 test was used
to compare postoperative complications with signifi-
cance defined as P < .05. All statistical analyses were
performed using the open-source R software (R Foun-
dation for Statistical Computing, Vienna, Austria)
contained within the PearlDiver research tool.

Results

Temporal Trends for Tibial Plateau Fracture Fixation
During the study period, a total of 522 patients and

3920 patients underwent AATPFF and traditional tibial
plateau fixation, respectively. There was a significant
increase AATPFF use over time (P ¼ .0173) with a
4-fold increase observed from 2007 to 2016 (1.1 per
100,000 persons in 2007 to 4.1 per 100,000 persons in
2017; Fig 1). Similarly, there was an increase in the use
of traditional tibial plateau fracture fixation, although at
a much slower rate than AATPFF (1.33-fold increase
from 2007 to 2016; Fig 1).



Fig 1. Trends in the manage-
ment of tibial plateau fractures
from 2007 to 2016.
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Patient Demographics
After propensity matching, 952 patients were

included in the study for further analysis. There were
476 patients in the AATPFF cohort and 476 patients in
the traditional fixation cohort. As a result of the pro-
pensity matching, all examined patient demographics
and comorbidities did not differ between the AATPFF
and traditional tibial plateau fixation cohorts (Table 1).

Complications
There was a significantly greater incidence of minor

medical complications (8.2% vs 2.7%, P ¼ .0002), major
medical complications (9.9%vs 4.6%, P¼ .0018), surgical
complications (13.2% vs 2.7%, P < .0001), and emer-
gency department visits (21.4% vs 13.5%, P ¼ .0012)
within 90 days of surgery in the traditional tibial plateau
fixation cohort compared with AATPFF (Table 2). How-
ever, therewas no difference in reoperation rates between
the 2 cohorts (2.9% vs 3.6%, P ¼ .8504).

Logistic Regression Model
A multivariate logistic regression analysis was per-

formed to determine independent risk factors associ-
ated with reoperation rate within 90 days after index
tibial plateau fixation. In this multivariable model,
diabetes mellitus (odds ratio 6.4; 95% confidence in-
terval 1.21-45.1; P ¼ .0409) was the only risk factor
associated with reoperation within 90 days after index
surgery. Age, sex, and other preoperative comorbidities
were not associated with increased reoperation rates
after surgery.

Discussion
Between 2006 and 2017, the use of AATPFF methods

increased at a significantly faster rate than the traditional
method of open reduction and internal fixation. Regard-
less of treatment strategy, the incidence of tibial plateau
fracture fixation increased over the study period.
Furthermore, the addition of knee arthroscopy to tibial
plateau open reduction and internal fixation did not
increase the risk of medical complications, surgical com-
plications, postoperative emergency department visits, or
reoperation.
The etiology of the increased fixation of tibial plateau

fractures is likely multifactorial; however, we speculate
that 2 explanations remain likely. First, there has been
an increase in the incidence of tibial plateau fractures
over time. Tibial plateau fractures account for approxi-
mately 1% of all fractures and 8% of fractures in the
elderly population.1 It has been well described that older
patients with osteoporotic bone are at increased risk of
tibial plateau injury with low-energy mechanisms.1-3

With contemporary improvements in health care de-
livery and access in the setting of the “baby boomer”
generation, more people are living longer than ever
before leading to an ever-increasing population prone to
these fractures.17 Second, there has been a movement
away from nonoperative management of tibial plateau
fractures. With the advances in orthopaedic implants,
minimally invasive procedures, and soft-tissue handling
techniques, there has been a decrease in complication
rates compared with older studies using large ap-
proaches in compromised soft tissues.18

While the incidence of tibial plateau fracture fixation is
increasing, the use of knee arthroscopy as a reduction tool
is increasing at a faster rate compared with traditional
techniques. Unlike sports medicineetrained orthopaedic
surgeons, knee arthroscopy is not a technique frequently
used by orthopaedic traumatologists.19 Examining the
annual trends in AATPFF (Fig 1) reveals a marked



Table 1. Comparison of Patient Demographics Between Arthroscopically Assisted and Traditional Tibial Plateau Fixation Cohorts

Patient Characteristics
Arthroscopically Assisted Tibial

Plateau Fracture Fixation, n ¼ 476 (50%)
Traditional Tibial

Fracture Fixation, n ¼ 476 (50%) P Value

Age, >65 y 241 (50.6) 241 (50.6) 1.000
Male sex, n (%) 196 (41.2) 196 (41.2) 1.000
Obese, n (%) 131 (27.5) 111 (23.3) .1366
Diabetes mellitus, n (%) 119 (25) 110 (23.1) .495
Hypertension, n (%) 296 (62.2) 282 (59.2) .3529
Congestive heart failure, n (%) 27 (5.7) 34 (7.1) .3542
Prior myocardial infarction (%) 12 (2.5) 15 (3.2) .5581
Chronic obstructive pulmonary disease, n (%) 25 (5.3) 26 (5.5) .8856
Peripheral vascular disease, n (%) 59 (12.4) 63 (13.2) .6981
Preoperative sepsis, n (%) 11 (2.3) 19 (4) .1378
Fibromyalgia, n (%) 56 (11.8) 38 (8) .051
Depression or anxiety, n (%) 141 (29.6) 116 (24.4) .068
Smoking history, n (%) 66 (13.9) 55 (11.6) .2845
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increase in the use of the arthroscopic-assisted technique
after the year 2013. At that time, the Accreditation
Council for Graduate Medical Education implemented
case minimum benchmarks for select procedures that
must be met by all orthopaedic surgery residents before
graduation from an accredited 5-year residency pro-
gram.20,21 Knee arthroscopy was among the procedures
selected by the Accreditation Council for Graduate Med-
ical Education with at least 30 cases required before
graduation. This mandated exposure to knee arthroscopy
may have contributed to the increased use of AATPFF as
residency graduates after 2013 would have been moti-
vated to gain experience and familiarity with the arthro-
scopic technique.
Our study failed to demonstrate an increased risk of

postoperative medical complications with AATPFF
compared with traditional open reduction and internal
fixation. In fact, the traditional fixation group demon-
strated greater rates of postoperative complications
compared with the AATPFF cohort, which is almost
certainly secondary to our inability to control for frac-
ture pattern, severity, or associated soft-tissue injury. In
a study of 519 tibial plateau fractures, Basques et al.22

reported a 10.2% total medical complication rate and
a 7.3% rate of major medical complications, which is
consistent with the findings in our traditional fixation
cohort. Using bivariate analysis, the occurrence of
medical complications following tibial plateau fixation
Table 2. Comparison of Complication Rates Within 90 Days Betw
Fixation Cohorts

Complications
Arthroscopically Assiste

Plateau Fracture Fixation, n

Return to OR, n (%) 15 (3.2)
Minor medical complications, n (%) 13 (2.7)
Major medical complications, n (%) 22 (4.6)
Surgical complications, n (%) 13 (2.7)
Emergency department visits, n (%) 64 (13.4)

OR, operating room.
*Statistically significant.
in the previously mentioned study was associated with
bicondylar fractures (Schatzker V-VI).22 AATPFF has
been widely accepted as a safe and effective treatment
option for unicondylar injuries (Schatzker I-IV), with
most of the supporting literature examining lateral
based fracture patterns (Schatzker I-III).10-16,23,24 One
author stated that Schatzker V-VI injuries represented
contraindications to AATPFF and instead knee
arthroscopy should only be performed on lateral col-
umn injuries.25 Similarly, Herbort et al. reported that
these high-energy complex fracture patterns are con-
traindications to knee arthroscopy given case reports of
iatrogenic compartment syndrome from arthroscopy
fluid extravasation into the lower leg.23,26,27

Similar to postoperative medical complications, the
addition of knee arthroscopy to tibial plateau fracture
fixation did not increase the risk of surgical complica-
tions. High-energy injury mechanisms often lead to a
traumatized and compromised soft-tissue envelope,
which places these patients at a high risk of infection
following surgery. Bachoura et al.28 examined 1611
patients who underwent 1783 surgeries related to or-
thopaedic trauma over a 3-year study period and found
that tibial plateau fractures had an incidence of surgical
site infections more than 2-fold greater than any other
orthopaedic injury. Furthermore, Basques et al.22 re-
ported that bicondylar fracture patterns independently
predict postoperative infection. Similar to our findings,
een Arthroscopically Assisted and Traditional Tibial Plateau

d Tibial
¼ 476 (%)

Traditional Tibial
Fracture Fixation, n ¼ 476 (%) P Value

14 (2.9) .8504
39 (8.2) .0002*
47 (9.9) .0018*
63 (13.2) <.0001*

102 (21.4) .0012*
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Dall’oca et al.12 reported a lower incidence of infection
in bicondylar injuries with AATPFF compared with
traditional open reduction and internal fixation in a
series of 100 tibial plateau fractures. Contrary to our
study, Elabjer et al.29 examined 78 patients with lateral
unicondylar fractures (Schatzker I-III) and found no
difference in rates of postoperative infection. Regard-
less, there have been no reports that suggest that the
addition of knee arthroscopy to tibial plateau fracture
fixation increases the rate of infection.
In addition, we found no difference in rates of reop-

eration within 90 days between AATPFF and traditional
methods. On multivariate analysis, diabetes was the only
identified risk factor for reoperation. Age, sex, and other
preoperative comorbidities were not associated with
increased reoperation rates after tibial plateau fracture
fixation. Diabetes was previously identified in another
large database study of tibial plateau fractures to be a risk
factor for readmission, however reoperation was not
examined in the mentioned study.22 Henry et al.30

retrospectively reviewed a cohort of 8426 patients with
tibial plateau fractures who underwent unilateral open
reduction and internal fixation. In their study, the need
for revision fixation was increased significantly by the
presence of open fracture, bicondylar fracture pattern,
concomitant tibial shaft fracture, and surgery occurring
after midnight or during the evening/weekend.30 Sub-
sequent irrigation and debridement was predicted by
open injury, bicondylar fracture pattern, temporizing
external fixator, and concomitant tibial-shaft fracture.30

Interestingly, the development of compartment syn-
drome was not associated with infection in their large
cohort, which is in contrast to other studies.30-33 Un-
fortunately, we were unable to assess similar variables
using the PearlDiver software.

Limitations
Limitations of the current study include those inherent

to its retrospective study design and use of a large
administrative claims database. Such studies rely on ac-
curate billing and coding as well as correctly reported pa-
tient demographic information. Furthermore, detailed
radiographic, clinical, and fracture specific factors such as
open injury, soft-tissue injury, fracture pattern, degree of
articular impaction or comminution, fracture displace-
ment, and polytrauma status could not be assessed.
Additional operative variables such as operative time,
surgical approach, quality of fixation, and quality of
reduction could not be evaluated. Lastly, patient follow-up
including treatment of postoperative complications that
occurredoutside of the institutionparticipating indatabase
data collection would be missed based on study design.

Conclusions
The incidence of tibial plateau fracture fixation is

increasing; however, the use of AATPFF is increasing at
a faster rate compared with traditional techniques.
Furthermore, the addition of knee arthroscopy to fracture
fixation does not increase the risk of complication, reop-
eration, or emergency department visit within 90 days.
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