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ABSTRACT

Introduction Arthroscopic-assisted balloon tibioplasty

is an emerging technology that has shown advantages

in recovering depression of the articular surface.
However, studies evaluating clinical outcomes between
arthroscopic-assisted balloon tibioplasty and traditional
open reduction internal fixation (ORIF) are sparse. This

is the first randomised study to compare arthroscopic-
assisted balloon tibioplasty with ORIF, and will provide
guidance for treating patients with Schatzker types Il Ill
and IV with depression of the medial tibial plateau only.
Methods and analysis A blinded randomised controlled
trial will be conducted and a total of 80 participants will
be randomly divided into either the arthroscopic-assisted
balloon tibioplasty group or the ORIF group, at a ratio of
1:1. The primary clinical outcome measures are the knee
functional scores, Rasmussen radiological evaluation
scores and the quality of reduction based on postoperative
CT scan. Secondary clinical outcome measures are
intraoperative blood loss, surgical duration, visual
analogue scale score after surgery, hospital duration after
surgery, complications and 36-Item Short-Form Health
Survey score.

Ethics and dissemination This study has been reviewed
and approved by the Institutional Review Board of the
Second Affiliated Hospital of Wenzhou Medical University
(batch: 2017—-12). The results will be presented in peer-
reviewed journals after completion of the study.

Trial registration number NCT03327337, Pre-results.

INTRODUCTION

Tibial plateau fractures are complex intra-ar-
ticular and metaphyseal lesions, accounting
for 1%-2% of all fractures' caused by either
a valgus or varus force in combination with
an axial force.”* The acknowledged surgical
indication for a tibial plateau fracture is tilt
or valgus malalignment exceeding 5°, artic-
ular step-off exceeding 3mm, or condylar

Strengths and limitations of this study

» This trial is designed to have a feasible, compara-
tive effectiveness trial design that has similarities to
common clinical situations.

» This study is the first randomised controlled trial
to compare the outcomes of Schatzker |-V tibial
plateau fractures between arthroscopic-assisted
balloon tibioplasty and traditional open reduction
internal fixation in China.

» Our results may be limited by heterogeneity due to
differences in age, gender, region and race.

» The size of the study sample limits the power of the
observations.

» Risk of bias due to death, loss of follow -up or un-
compliant patients unable to complete tests or
questionnaires.

widening exceeding 5mm (lateral tibial
plateau fracture) or tilt or any displacement
(medial tibial plateau fracture).” Many clas-
sification systems have been developed for
tibial plateau fractures and are used for preop-
erative planning and prognostic purposes.*®
The Schatzker classification system is simple
and widely used among orthopaedic surgeons
in clinical practice. Schatzker II-IV tibial
plateau fractures include lateral or medial
depressed articular fragments, and loss of
joint congruity in these injuries is associated
with a poor prognosis, such as post-traumatic
arthrosis and valgus deformity despite proper
management. Therefore, restoration of the
joint surface is the goal of surgery.””

Open reduction internal fixation (ORIF)
for treatment of this type of fracture has
yielded promising results. Gavaskar et al'®
reported that ORIF could achieve satisfactory
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radiological and functional results in split depression
lateral tibial plateau fractures. After ORIF for 15 cases of
medial tibial plateau fractures, Morin et al'' reported that
93% of patients were satisfied or very satisfied with their
functional recovery and there were no cases of pseudar-
throsis or secondary varus displacement. However, tradi-
tional ORIF treatment has a number of disadvantages,
for example, excessive damage, limited exposure of the
articular cavity and insufficient ability to diagnose and
address internal joint injury.'

With recent technological advances, the treatment
concept of tibial plateau fractures has progressed from
mechanical fixation to minimally invasive surgical interven-
tions for biomechanical stability."* '* Based on the success
of vertebral kyphoplasty, arthroscopic-assisted balloon
tibioplasty'”> has been developed as a novel, minimally
invasive technique for reducing depressed tibial plateau
fractures. Arthroscopic-assisted balloon tibioplasty is an
emerging technology that aims to visualise the articular
surface, and uses balloon distension tibial plasty assisted by
arthroscopy to recover depression of the articular surface
and fix the fracture according to its specific type.'® This
technology has shown advantages in recovering depres-
sion of the articular surface,'” treating additional intra-ar-
ticular lesions during the operation and minimising
surgical trauma. Furthermore, under fluoroscopy, optimal
centring of the expanding tibioplasty balloon allows a
widespread and continuously increasing reduction force
to be applied to the fracture area.'® Primary data from
Ollivier et al'” showed that depressed tibial plateau frac-
tures treated with arthroscopic-assisted balloon tibioplasty
had a high rate of anatomic reduction and good clinical
outcomes. Similar results were also reported by Pizanis et
al”® using arthroscopic-assisted balloon tibioplasty without
classic fenestration of the tibia, which would minimise
surgical trauma. However, a number of factors influence
the clinical adoption of this surgical technique: the appli-
cation time is short, there is a paucity of case data and
information regarding long-term follow-up and the cost of
operation is higher than traditional ORIF.*’

To our knowledge, there have been no randomised
controlled trials (RCTs) of the clinical outcomes of
arthroscopic-assisted balloon tibioplasty versus ORIF,
where high-quality RCTs are generally deemed to be
the gold standard in clinical research. In this study, we
will perform an RCT to compare arthroscopic-assisted
balloon tibioplasty and traditional ORIF.

METHODS AND DESIGN

This study has been approved, and conforms to the Decla-
ration of Helsinki. All patients will provide informed
consent prior to participation in this study. This trial has
been registered at the US National Institutes of Health
Clinical Trials Registry (NCT03327337). The protocol
conforms to the Standard Protocol Items Recommenda-
tions for Interventional Trials. Figure 1 shows a chart of
the trial design.
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Figure 1 Flow chart showing the steps in participant
recruitment, treatment and analysis. Balloon tibioplasty,
arthroscopic-assisted balloon tibioplasty group; ORIF, open
reduction and internal fixation group.

PARTICIPANTS

This study is a parallel group RCT conducted at the
Department of Orthopaedics, the Second Affiliated
Hospital of Wenzhou Medical University. Fractures will
be evaluated on anteroposterior and laterolateral radio-
graphs and by CT, which can analyse the fracture pattern
more precisely.

Inclusion criteria

1. Acute closed fractures less than 10 days old, and X-ray
and CT scan showing Schatzker types II, III or IV with
depression of the medial tibial plateau only (see on-
line supplementary information S1).

2. No history of knee joint dislocation or other knee trau-
mas.

3. Signed informed consent.

4. Age of 18-80 years.

Exclusion criteria

1. Other types of tibial plateau fracture (Schatzker types
I, IV with split or comminuted fracture, V and VI).

2. Concomitant injuries that will interfere with functional
recovery, such as combined fracture of the lower limb.

3. Open fractures, pathological fractures, immunodefi-
ciency, haematological diseases or severe hepatorenal
disorders.

Patient involvement

The design of this study was not directly involved in the
patients, and the intervention in this study is not consid-
ered to change the patient’s direct perception of the
preoperative and intraoperative processes or the post-
operative rehabilitation therapy. As the enrolment in
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the study may influence the patient’s view of the clinical
work or even feel like a burden, the patients will be inter-
viewed randomly to identify adverse effects. The results
will be informed by mail to all the patients involved.

Randomisation and blinding

Prerandomisation eligibility checks will be carried out
to ensure that participants are eligible for inclusion in
the study. Patients will be randomly assigned to one of
two groups (experimental or control) using a comput-
er-generated random assignment in a 1:1 ratio, and allo-
cation will be concealed until the point of randomisation.
Patients, researchers performing the follow-up measure-
ments and the trial statistician will be blinded to the
group allocations until the last questionnaires have been
completed.

INTERVENTIONS

Arthroscopic-assisted balloon tibioplasty group

Step 1

In cases with a splitting tibial plateau fracture (Schatzker
type II), an incision will be made in the proximal tibia
according to the fracture type, for placement of a small
locking T-plate (Synthes, Freiburg, Germany) using mini-
mally invasive techniques. Then, a temporary cortical
bone screw will be inserted to prevent cortical rupture
when the balloon is enlarged. Temporary fixation of the
cortical bone screw will permit further adjustment of
the position of the plate. In cases with no splitting tibial
plateau fracture (Schatzker types III or IV with depression
of the medial tibial plateau only), we will proceed to step
two directly.

Step 2

Three Kirschner wires (2mm) will be placed below
the depressed fragment under fluoroscopy. Using live
fluoroscopy, the balloon will be placed in the optimal
position and slowly inflated with contrast solution (Ultra-
vist, Schering, Berlin, Germany). The arthroscope will
then be used to confirm anatomical reduction of the
depressed fragment. The balloon will be deflated, reposi-
tioned and reinflated to reduce the persistent depression.
After removal of the balloon, we will use a Kirschner wire
(2mm) to temporarily lift the depressed fragment and
carefully inject calcium phosphate cement (Osteopal V;
Heraeus Medical GmbH, Wehrheim, Germany) into the
cavity produced by the balloon under fluoroscopic guid-
ance, ensuring there is no excessive cement overflow into
the tibial medullary cavity (see online supplementary
information S2).

ORIF group

For this technique, a lateral or medial surgical approach
will be used according to the type of fracture. The
depressed fragment will be elevated by a metal tamp
through a small cortical window in the proximal tibia,
and bone substitute will be used. Finally, internal fixation

will be performed when an acceptable reduction has
been achieved.

If satisfactory reduction cannot be achieved using
arthroscopic-assisted balloon tibioplasty, patients will
undergo ORIF and will be excluded from the study. All
patients will receive rehabilitation therapy regardless of
the group to which they are allocated, and progressive
partial weight-bearing will be permitted with the aid of two
crutches. Postoperative CT scans will be performed imme-
diately, and at 2 weeks and 1, 3, 6, 12 and 24 months, and
Rasmussen radiological evaluation will be performed.”!
To evaluate functional recovery of the knee joint and
health-related quality of life, all patients will complete
the Rasmussen functional score and 36-Item Short-Form
Health Survey (SF-36) questionnaires during the follow-up
period. Scoring will performed by two researchers who
were not involved in the initial treatment.

OUTCOME MEASUREMENTS

Primary outcome measure

1. Knee functional recovery will be assessed by the
Rasmussen functional score, which will be recorded at
3,6, 12 and 24 months postoperatively.

2. Rasmussen radiological evaluation will be recorded im-
mediately, and at 2 weeks and 1, 3, 6, 12 and 24 months
postoperatively.

3. The quality of reduction will be determined based on
postoperative CT scans, which can directly measure
the amount of residual depression, at 2 weeks and 1, 3,
6, 12 and 24 months postoperatively.

Secondary outcome measures

1. Intraoperative blood loss will be recorded in the anaes-
thesia records, and will include the blood in suction
bottles (after subtracting the lavage fluid used during
the surgery), and that in the weighed sponges used
during the operation.

. Surgical duration.

3. The severity of lower limb pain after surgery will be
assessed using a visual analogue scale (VAS) pain score.
The VAS scores of leg pain will be recorded from the
day of the operation to the day of discharge from hos-
pital (up to 2 weeks).

4. Hospitalisation period after surgery.

5. Complications including wound infection (defined as
minor, major, early or late according to the criteria de-
scribed by the Surgical Infection Study Group™), re-
operations and post-traumatic arthritis (PTA) will be
recorded.

PTA may not be seen in patients within the 24-month
follow-up period, and we will perform follow-up for at
least 10 years in all patients.

6. Health-related quality of life will be measured using
the SF-36 questionnaire during follow-up.

The SF-36 is a health-related quality of life question-
naire used to assess both the mental and physical
health of the patient.

No
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BASELINE DEMOGRAPHICS

Sex, age, body mass index, mechanism of injury, smoking
status, alcohol use and comorbidities (ie, hypertension,
diabetes, cardiopathy).

FOLLOW-UP
Follow-up will be conducted at 2 weeks and 1, 3, 6, 12 and
24 months postoperatively.

MONITORING

All investigators who have completed training are capable
of independently collecting the data and assessing the
clinical outcomes, and all electronic data will be recorded
by an electronic data capture system (DAP Software
Company, Beijing, China). Safety and data monitoring
will be performed periodically during the study. All paper
and electronic data will be stored for 10 years in the
secure research archives at the Second Affiliated Hospital
of Wenzhou Medical University, with restricted access.

SAMPLE SIZE CALCULATION

There have been no previous studies on which to base
the sample size calculation. In a related study,” the excel-
lent Rasmussen radiological evaluation proportion of the
control group was 60%, and the proportion of the inter-
vention group was 70%. We carried out power analysis to
determine the sample size required to show safety with
a type I error probability of 5% and an 80% probability
of avoiding a type II error. Using these assumptions, the
required sample size is 35 per group. With the assump-
tion of a 12.5% loss to follow-up, we will include 40 partic-
ipants per group.

STATISTICAL ANALYSIS

The trial data will be analysed using SPSS for Windows
software (V.19.0; SPSS, Chicago, Illinois, USA). For
continuous variables, the Shapiro-Wilk test will be applied
to determine if they follow a normal distribution. For
normally distributed variables, the means will be calcu-
lated and compared using the independent samples t-test
(Student’s t-test) ; otherwise, the Mann-Whitney U test will
be used for group comparisons. The x” test will be used to
analyse qualitative variables. In all analyses, p<0.05will be
taken to indicate statistical significance.

DISCUSSION

There have been a number of reports describing treat-
ment for tibial plateau fractures. In a systematic review
of the treatment of tibial plateau fractures, Metcalfe et
al”® suggested that ORIF and external fixation are both
acceptable strategies for managing bicondylar tibial
plateau fractures, with no statistically significant differ-
ences found in the rates of complications between the

two methods. In addition, after a systematic review of all
studies reporting return to sport following tibial plateau
fracture, Robertson et al’* reported that the rate of return
to sport for the total cohort was 70%, versus 60% for those
with fractures managed with ORIF and 83% for fractures
treated with arthroscopic-assisted reduction internal fixa-
tion (OR 3.22, 95% CI 2.09 to 4.97, p<0.001).

An ideal treatment method for Schatzker II-IV tibial
plateau fracture has to achieve anatomical restoration of
the knee joint and rigid fixation to allow early postopera-
tive rehabilitation.” Traditional ORIF requires extensive
soft tissue dissection, which may lead to numerous nega-
tive outcomes such as slow wound healing, infection and
PTA.? Due to limited exposure, intra-articular lesions,
such as meniscus or anterior cruciate ligament injuries,
cannot be diagnosed and treated properly.?” Ruffolo et
al’® reported that non-union and deep infections occur
commonly after ORIF, and long surgical durations are
associated with higher rates of infection. With the devel-
opment of arthroscopic techniques, arthroscopy-assisted
reduction and internal fixation (ARIF) has been widely
adopted in the treatment of tibial plateau fractures,”
and has shown good functional recovery and radiolog-
ical results.’™ After comparing the Rasmussen and
Hospital for Special Surgery knee-rating scores between
ARIF and ORIF, Dall'oca et al'* reported that the ARIF
technique improved the clinical outcome in Schatzker
types II-IV fractures. Balloon tibioplasty is an arthroscop-
ic-assisted minimally invasive technique that creates
a symmetrical, contained defect to hold bone filler for
subchondral support; the balloon also allows to eliminate
the neurological and vascular risks of the conventional
approach.” This technique has already been used for
kyphoplasty and maxillofacial surgery, and has recently
been applied for tibial plateau fractures."”” ' ** Mauffrey
et al’ reported early positive results with arthroscopy-as-
sisted balloon tibioplasty used as an alternative reduction
method, and the method is gaining acceptance. This
paper describes the protocol for conducting an RCT in
China that will investigate the efficacy of arthroscopic-as-
sisted balloon tibioplasty in treating Schatzker II-IV tibial
plateau fractures. The design of this trial included an
ORIF group as a control group, to compare the clinical
outcomes of Schatzker II-IV tibial plateau fractures with
those of arthroscopic-assisted balloon tibioplasty fixa-
tion. Arthroscopic-assisted balloon tibioplasty is hypoth-
esised to be superior in reducing surgical trauma, and to
have better clinical outcomes in comparison with ORIF.
This study is the first RCT to compare the outcomes
of Schatzker II-IV tibial plateau fractures between
arthroscopic-assisted balloon tibioplasty and traditional
ORIF in China. If our hypothesis is confirmed, our results
will be important for informing the scheduling and devel-
opment of treatment options for Schatzker II-IV tibial
plateau fracture surgery. We anticipate that the results
will provide reliable evidence and clarify the value of
arthroscopic-assisted balloon tibioplasty as a treatment
for patients with Schatzker II-IV tibial plateau fractures.
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