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Background: The effect of posterior slope on joint gap in unicompartmental knee arthroplasty (UKA) has yet to be
quantified. The purpose of this study was to quantify the effect of the tibial slope on the joint component gap and
postoperative range of motion in UKA.
Methods: Forty consecutive patients were prospectively enrolled. The correlation between the tibial slope
changes and the component gap, the component gap difference between flexion angles, the postoperative exten-
sion or flexion angles was examined. The correlation of joint looseness with tibial slope changes and postopera-
tive extension angle was also examined.
Results: Increased tibial slope positively correlated with the differences between the component gap at 90° and
10°, 120° and 10°, or 135° and 10° knee flexion angle. Although tibial slope change did not affect postoperative
flexion angle, increased tibial slope reduced postoperative extension angle. Moreover, increased tibial slope
resulted in decreased joint looseness during 10° of knee flexion and decreased joint looseness during 10° of
knee flexion resulted in reduced postoperative extension angle.
Conclusions: Increased tibial slope resulted in tight component gap at knee extension comparedwith that at knee
flexion. Furthermore, tight component gap at extension lead to decreased postoperative extension angle. These
results indicate that an individual anatomical tibial slope should be considered when tibial sagittal osteotomy
was performed and increasing tibial slope should be avoided to achieve full extension angle after UKA.
Level of evidence: II.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Unicompartmental knee arthroplasty (UKA) is a surgical alternative
for patients with isolated medial osteoarthritis and osteonecrosis. The
advantages of UKA over total knee arthroplasty (TKA) include reduced
perioperative morbidity, reduced blood loss, shorter rehabilitation,
and increased postoperative range of motion (ROM) [1–4]. Although
10-year survival rates greater than 90% for metal-backed tibial compo-
nents have been reported [5,6], several factors have been associated
with UKA success, including correct patient selection and accurate
osteotomy and soft tissue tension, which are all essential for good clin-
ical outcomes and survival of the implant [7,8].

The tibial slope is an important factor associated with knee kine-
matics and relates to failure of the implant in UKA [9,10]. It has been re-
ported that angles N7° of tibial slope should be avoided to prevent early
failure [11]. On the other hand, variability in the tibial slope has been
reported. Nearly half of preoperative tibial slopes have been reported
to be N7°, and a routine target of tibial slope of approximately seven de-
grees may fail to recreate a patient's native anatomy in a large percent-
age of patients [12]. A number of studies suggested that tibial slope
changes influenced on the flexion gap and postoperative range of mo-
tion in cruciate-retaining TKA [13–17]. The altered tibial slopemight in-
fluence soft tissue tension in UKA; however, few studies have reported
that altered tibial slope affects soft tissue tension in UKA.

Recently, a tensor designed to assess soft tissue tension during UKA
was developed [18–21]. An intraoperative joint gap can be measured
with this tensor throughout the ROM under various distraction forces.
Using this tensor, several studies have reported the difference in intra-
operative joint gap kinematics between UKA and TKA [18], the correla-
tion between the component joint gap after the femoral component
was in place and the original joint gap before femoral osteotomy [19],
the positive correlation of joint gap with insert thickness [20], and the
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negative correlation between the joint gap in flexion and postoperative
flexion angle [21]. To our knowledge, the effect of posterior slope on
joint gap in UKA has yet to be quantified. The purpose of this study
was to quantify the effect of the tibial slope on the joint component
gap in UKA. Furthermore, the correlation between the tibial slope and
postoperative clinical outcomes was examined.

2. Methods

The study was approved by the institutional review board (No.
1510), and informed consent was obtained from all patients. Forty con-
secutive patients were prospectively enrolled. Twenty-two women and
18 men who were diagnosed with either isolated medial compartmen-
tal osteoarthritis (18 cases) or spontaneous osteonecrosis of the knee
(22 cases) during 2011–2013 were eventually included in this study.
The surgical criteria of UKA included a radiographic diagnosis of isolated
medial compartmental osteoarthritis or idiopathic osteonecrosis with
fixed flexion deformity of b10°, an active ROM of N90°, and a varus
deformity of b15°. MR images were also performed before surgery to
confirm intact ACL and intact articular surface of paterllofemoral (PF)
and lateral compartment. Two senior doctors, each with N10 years of
experience performing knee arthroplasty, performed the surgeries
using the medial Zimmer Unicompartmental High Flex Knee System
(Zimmer Inc., Warsaw, IN, USA).

After inflating the tourniquet to 280 mm Hg, a limited medial
parapatellar approach was employed with an incision from the
superomedial border of the patella to 1.5 cm distal to the medial tibia
plateau articular surface. Following observation of the intact ACL and in-
tact articular surface of PF and lateral compartments,minimal soft tissue
release of the medial structures and osteophyte removal was per-
formed. A proximal tibial osteotomy was then performed using an
extramedullary alignment guide after ensuring that the bone cut was
made perpendicular to the mechanical axis in the coronal plane and
with posterior inclination along the sagittal plane of the tibia, with ref-
erence to an individual anatomical tibial slope. Following the tibial
osteotomy, a distal femoral osteotomy was performed using a spacer
block, while referring to the surface of the proximal tibial cut. Femoral
rotation was adjusted to the mechanical axis of the tibia using the
spacer block [1], and the remaining osteotomies of the femur were
performed.

The UKA tensor consists of an upper plate, a lower platform plate
with a spike, and an extra-articular main body. The two plates are
placed at the medial compartment of the knee. This tensor enables sur-
geons to intraoperatively assess the component gap of the joint after
femoral component placement throughout the ROM and under various
distraction forces. Design details and the methodology of the UKA ten-
sor have been reported previously [18]. Following the femoral bony
resection and with the femoral trial prosthesis in place, the tensor was
fitted with its lower platform fixed to the proximal tibia and the upper
plate fitted to themedial femoral component. During themeasurement,
the medial parapatellar arthrotomy was temporarily repaired by ap-
plying stitches proximally to the connection arm of the tensor. The
thigh and knee were aligned in the sagittal plane to eliminate the ex-
ternal load on the knee. The joint distraction forces were preloaded
several times until the joint gap remained constant in order to reduce
the error that may result from creep elongation in the surrounding
soft tissue. The joint gap (measured in mm), defined as the component
gap between the medial tibial osteotomy surface and the femoral trial
prosthesis, was measured. The component gap was measured at 0°,
10°, 30°, 45°, 60°, 90°, 120°, and 135° of knee flexion with distraction
forces of 20 kg (Fig. 1).

Preoperative and postoperative coronal HKA angles and posterior
tibial slope were measured by using long leg standing radiographs.
The posterior tibial slope was measured with reference to the sagittal
axis, whichwas defined as the line connecting themidpoints of theme-
dial tibia plateau and the tibia plafond (Fig. 2) [22]. Preoperative and

postoperative Knee Society Knee Score (KSKS) and Knee Society Func-
tion Score (KSFS) were used for clinical evaluation and knee extension
and flexion angles were measured by using a two-arm goniometer
with the patient in the supine position at the latest follow-up visit.
The correlation between the postoperative tibial slope and the compo-
nent gap, the component gap difference between flexion angles, the
postoperative extension or flexion angles, the KSKS, or the KSFS was
examined. The correlation between the amount of tibial slope changes
before and after surgery with the component gap, the component gap
differences between flexion angles, the postoperative extension or
flexion angles, the KSKS, or the KSFSwas also examined. Joint looseness,
which was defined as joint component gap under traction with 20 kg
weight minus polyethylene insert thickness, was calculated at each
knee flexion angle. The correlation of joint looseness with tibial slope
changes and postoperative extension angle was also examined.

2.1. Statistical analyses

Thedata are expressed asmeans±SD. The relationship between tib-
ial slope, soft tissue parameters, and postoperative clinical outcomes
were analyzed using Pearson's correlation coefficient and simple linear
regression analysis. Data analyseswere performedusing PASWStatistics
21 (SPSS, Chicago, IL). The sample size calculation was also performed
using G*Power 3 (Heinrich Heine Universität Düsseldorf, Germany).
By our calculation, a sample of 29 patients was the minimum required
to observe amoderate correlation between the posterior slope and post-
operative knee extension or flexion angle with a type I error (α) of 0.05,
a power (1−β) of 0.80 and a correlation ρ H1 of 0.5.

3. Results

Themean ± standard deviation (SD) age of the patients at the time of operation was
72.4 ± 8.3 years. The mean preoperative hip–knee–ankle (HKA) angle was 6.9° ± 3.3°
varus, tibial slope angle was 10.2° ± 2.3°, knee extension angle was −4.9° ± 1.1°, knee
flexion angle was 129.8° ± 9.2°, KSKS was 45.4 ± 5.4, and KSFS was 46.3 ± 7.9 (Table 1).

Fig. 1. Unicompartmental knee arthroplasty tensor. The intraoperative component gap
after femoral component placement was examined with the unicompartmental knee
arthroplasty (UKA) tensor throughout varying ranges of motion with various distraction
forces.
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