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Abstract

Purpose Primary Spontaneous osteonecrosis of the knee (SPONK) was a result of a subchondral insufficiency fracture
based on histopathological examinations. There were few studies examining patients who underwent unicompartmental
knee arthroplasty (UKA) for the treatment of primary SPONK. The aim of this study was to investigate (1) patient-reported
outcome measure (PROM), (2) survivorship of revision as end point and (3) survivorship of complication as end point in
patients with primary SPONK.

Methods The clinical examinations of a consecutive series of 61 medial UKAs for primary SPONK of the medial femoral
condyle from 2008 to 2012 were evaluated retrospectively at our institution. There were 18 males and 43 females with a
mean age of 73.7 years (60-91). In all patients, preoperative radiographs were analyzed according to the stage of primary
SPONK. We conducted Kaplan—Meier survival analyses using revision and complications for any reasons as the end point.
Results Mean follow-up was 6.6 years (range 6—10). UKA using Physica ZUK (LIMA Corporate. UD, Italy) for SPONK
improved patients’ 2011 Knee Society symptom score, patient satisfaction, patient activities, EQ-5D and postoperative
ranges of motion compared with their preoperative status (P <0.01). Revision surgery was required in one knee (1.6%) due
to postoperative fracture of the medial tibial plateau after a fall that occurred 6 months postoperatively. The projected rate
of survivorship of UKA was 90.4% at 10 years (95% confidence interval 0.80-1). The projected rate of survivorship with
complication at end point was 87.7% at 10 years (95% confidence interval 0.76-0.99).

Conclusion The present study demonstrated that primary spontaneous osteonecrosis of the knee (SPONK) can be success-
fully be treated with UKA at a mean follow-up of 6.6 years.

Level of evidence II.
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Introduction

The spontaneous osteonecrosis of the knee (SPONK) was
first described in 1968 by Ahlbick et al. [1]. It is synon-
ymously called avascular necrosis. In 2000, Yamamoto
and Bullough [2] proposed a new concept suggesting that
SPONK lesion was a result of a subchondral insufficiency
fracture based on histopathological examinations. Zywiel
et al. [3] described three types of SPONK: type (1) primary
development in aged patients; type (2) secondary osteone-
crosis following corticosteroid treatment or sickle cell ane-
mia; and type (3) post-arthroscopic osteonecrosis. SPONK
may lead to severe pain and dysfunction, resulting in limited
available treatment options.

For the treatment of SPONK, Myers et al. [4] and Zhang
et al. [5] reported that unicompartmental knee arthroplasty
(UKA) is comparable to total knee arthroplasty (TKA),
while Heyse et al. [6] and Choy et al. [7] revealed that UKA
is an inferior construct. The use of UKA in patients with
SPONK, therefore, remains controversial.

We asked whether (1) UKA for primary SPONK
improved patient-reported outcome measure (PROM) and
(2) UKA for primary SPONK was as durable (as measured
by survivorship to revision at a mean follow-up of 6.6 years).
The aim of this study was to provide the survivorship of
UKAs and patient-reported outcome measure (PROM) for
primary SPONK at a mean follow-up of 6.6 years after
UKA.

Patients and methods

A consecutive series of 61 medial UKAs operated at our
institution between June 2008 and July 2011 were reviewed
retrospectively. Mean follow-up was 6.6 years (range 6—10).
There were 18 males and 43 females with a mean age of
73.7 years (60-91). Physica ZUK (LIMA Corporate. UD,
Italy), a UKA system that is characterized by a metal-backed
cemented tibial components, was used for all cases. The
inclusion criteria are patients with primary SPONK at the
medial femoral condyle of the knee, no flexion contracture
more than 15° and no dysfunction of cruciate and collateral
ligaments. Patients exhibiting lateral compartment and patel-
lofemoral osteoarthritis were excluded from the study. The
present study protocol was reviewed and approved by the
institutional review board at our institution.

Surgical procedure

All procedures were operated by the same surgeon (TK) with
minimally invasive sub-vastus approach without flip-over or
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subluxation of the patella. At first, the proximal tibia was pre-
pared using extramedullary system. The resection angle was
adjusted to be perpendicular to the mechanical axis of the tibia
in the coronal plane and to be parallel to the posterior slope
of the original medial plateau in the sagittal plane. The rota-
tional alignment of the tibia was adjusted to be parallel to the
medial wall of the intercondylar notch in 90° of flexion. After
the resection of the proximal tibia, a spacer block with opti-
mal thickness was inserted to obtain a neutral limb alignment
and to fill the extension gap. The distal femur was resected in
parallel to the tibial cut surface in order to accommodate the
thickness of the femoral implant when the knee was extended.
Similarly, the posterior femur was also resected in parallel to
the tibial cut surface in flexion to accommodate the thickness
of the implant. With trial components in place, the move-
ment and laxity of the knee were confirmed. The thickness of
the polyethylene surface was chosen to leave a 2-mm laxity
between the components in both extension and flexion. On
the first day after UKA surgery, patients were not restricted
for weight bearing and were allowed to walk with or without
assistive devices after the drainage tube had been removed.

The preoperative plan was developed using 3DCT data of
the entire lower extremities in all cases. A postoperative CT
scan was obtained 4 weeks after UKA. 3D data of femoral
and tibial components were fit to postoperative 3DCT image
(Fig. 1). The postoperative 3DCT images femur and tibial were
superimposed onto those of the preoperative 3DCT plan using
the computer software (ZedView, ZedKnee; LEXI Co., Ltd.,
Tokyo, Japan). The absolute differences in the prosthetic align-
ment between the preoperative 3DCT plan and postoperative
3DCT image were measured using six parameters: coronal,
sagittal and axial alignment of the femoral and tibial prosthe-
ses [8].

Pre- and postoperative 2011 Knee Society score [9] and
EQ-5D score [10] were obtained in all patients, and the rate
of complications was evaluated.

Statistical analysis

A paired ¢ test was performed in order to compare pre- and
postoperative clinical examinations. Kaplan—-Meier curves are
constructed with 95% confidence intervals (CI) to present esti-
mated survivorship of revision for any reason or radiographic
loosening and estimated survivorship with complication as end
point [11]. SPSS software (SPSS version 17.0 software: SPSS,
Chicago, IL, USA) was used to analyze the data with the level
of significance set up to P <0.05.
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Fig. 1 Preoperative planning
for three-dimensional computed
tomography image (3DCT)

is shown. Three-dimensional
computer-aided design (CAD)
data of femoral and tibial
components was superimposed
to 3DCT image. Blue compo-
nents (preoperative plan image),
yellow components (postopera-
tive component) (color figure
online)

Results

Sixty-one UKA knees due to SPONK were included (Agli-
etti classification [12]: stage III: 16, stage IV: 31, stage V:
14) for the radiological examination preoperatively.

The mean preoperative femoral tibial angle was 182.3°
(SD 3.1, 181.3°-185.4°). In other words, all knees were
constitutional varus. The mean postoperative femoral tibial
angle was 179.5° (SD 3.1, 178.3°-182.8°). The absolute dif-
ferences in the prosthetic alignment between the preopera-
tive 3DCT plan and postoperative 3DCT image and the rate
of outliers (>3 degrees) are given in Table 1. The mean
differences between the preoperative 3DCT plan and 3DCT
image and the rate of outliers for prosthesis alignment in six
parameters are larger in the axial plane of tibial component.

There were no cases of degenerative changes in the oppo-
site tibiofemoral compartment and osteoarthritis at patel-
lofemoral joint at the last follow-up examination.

The mean range of motion, flexion and extension
including maximum and minimum range were signifi-
cantly improved postoperatively (P <0.01: Table 2). The
Knee Society symptom scores, patient satisfaction scores,

activity scores and EQ-5D scores were significantly
improved at the last follow-up examination (P <0.01:
Table 2); however, the Knee Society patient expectation
scores did not significantly improve at the last follow-up
examination (Table 2).

Revision surgery was required in one knee (1.6%)
due to postoperative fracture of the medial tibial plateau
that occurred at 6 months postoperatively (Fig. 2). Three
patients (4.9%) sustained insufficiency fracture of the
medial tibial plateau that did not require revision surgery
after UKA (5 years, 7 months, 2 years postoperatively),
and were treated successfully with a brace immobilization.

In the Kaplan—Meier analysis, the projected rate of sur-
vivorship of revision at end point was 90.4% at 10 years
(95% confidence interval 0.80-1; Fig. 2), and the projected
rate of survivorship with complication at end point was
87.7% at 10 years (95% confidence interval 0.76-0.99;
Fig. 3).

The present study did not observe fractures at the fem-
oral and tibial component, deep infection, symptomatic
deep vein thrombosis, symptomatic pulmonary embolism,
nerve palsy or death that occurred as a result of the opera-
tive procedure.

Table 1 Absolute differences in the component alignment of UKA between the preoperative 3DCT plan and postoperative 3DCT image and the

rate of outliers (>3 degrees) in each plane

Component Plane Absolute differences in the prosthetic alignment between the preoperative  Outliers (>3
3DCT plan and postoperative 3DCT image (degrees) degrees) (%)
Femoral component Coronal 2.1(0.14.2) 11.2
Sagittal 3.1(0.7-3.9) 18.6
Axial 2.4 (1.1-4.8) 14.7
Tibial component Coronal 2.1 (0-4.3) 9.8
Sagittal 3.2(0.8-4.3) 10.1
Axial 5.7 (0.3-9.8) 22.7
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Table 2 Preoperative and
postoperative clinical outcomes

Variables Preoperative Postoperative )4
Range of motion (°)* 105+17 119+21 <0.01
Maximum extension angle (°)* —-7+9 —1+2 <0.01
Minimum flexion angle (°)* 107 +£13 128+ 11 <0.01
Knee Society symptom score® 11+6 21+5 <0.01
Knee Society patient satisfaction score® 17+9 31+8 <0.01
Knee Society patient expectation score® 12+5 11+3 0.768
Knee Society patient activity score? 52+14 79+19 <0.01
EQ-5D score® 58+10 81+12 <0.01

*Mean and SD are provided

Fig.2 Anterior—posterior views of radiographs of 74-year-old
woman, 6 months postoperatively showing a fracture of the medial
tibial plateau around tibial component and b revision total knee
arthroplasty with tibial extension stem

Discussion

The most important fndings of the present study was that
UKA for primary SPONK with constitutional varus pro-
vided excellent PROMs at a mean follow-up of 6.6 years
(range 6-10). The Kaplan—Meier survivorship were 90.4%
(95% confidence interval 0.80-1) at 10 years with implant
revision at end point and 87.7% (95% confidence interval
0.76-0.99) at 10 years with complications at end point
(Fig. 4).

The SPONK with subchondral insufficiency fracture is
an uncommon disorder. The surgical technique of SPONK
has been a controversial issue. The surgical technique for
SPONK includes the joint-preserving method and knee
arthroplasty. Koshino et al. described the joint-preserving
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technique for SPONK with high tibial osteotomy with
and without bone grafting or drilling of the lesion in 36
patients at a follow-up ranging 2—8 years. Preoperative
pain was relieved and walking ability was improved to
94.6% [13]. Additionally, Mont et al. [14] revealed that
97% of TKA for primary SPONK had a successful clini-
cal outcome. Myers et al. [15] discussed the outcome of
TKA and UKA after SPONK in their literature review
from 2006. They described favorable postoperative results
with both procedures among surgeries operated after 1985.
Results seemed to be comparable to those seen after
arthroplasty for OA. Poor UKA outcomes were described
in their earlier studies as being secondary SPONK with
inappropriate patient selection.

There were similar researches for UKA for primary
SPONK. Recently, Chalmers et al. [16] reported that 41
UKAs were performed for primary SPONK and mean
follow-up was 5 years (2—12). The survivorship that is
free of any revision was 93% at both 5 and 10 years. Par-
ratte et al. [17] retrospectively reviewed 31 knees with
osteonecrosis. In this cohort, the Kaplan—Meier survivor-
ship was 96.7% at 12 years. Bruni et al. [18] evaluated 84
patients with SPONK. The mean follow-up was 98 months
(63-145 months). The Kaplan—Meier survivorship was 89%
at 10 years. Langdown et al. [19] described their results of
29 knees (three knees including SPONK of medial tibial
plateau) with SPONK operated with UKA at a mean fol-
low-up of 5 years. They experienced no implant failure
and concluded that UKA for SPONK was reliable for the
investigated term. Similar results were found with primary
osteoarthritis patients. Heyse et al. [20] reported that an
implant survivorship of 92.7% at an average follow-up of
11 years shows that SPONK can successfully be treated with
52 cases with UKA at a good mid- to long-term follow-up.
The Kaplan—Meier survivorship was 93.1% at 10 years with
implant revision as end point. Furthermore, our findings in
the present study were similar survivorship of UKA for pri-
mary SPONK.

None of previous reports have evaluated PROM. In the
present study, PROM except patient expectation improved at
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the last follow-up examination; therefore, UKA for SPONK
was better surgery as we expected.

There were a few studies evaluating Aglietti classi-
fication, femoral tibial angle and component alignment
of patients with complication after UKA for primary
SPONK. In this study, four patients who suffered from a
medial tibial plateau fracture after UKA were stage V in
Aglietti classification.

In finite element method, the risk of medial tibial plateau
fracture after UKA elevates with increasing valgus inclina-
tion of the tibial component in coronal plane [21, 22]. In

contrast, four patients who suffered from a medial tibial pla-
teau (fracture) after UKA had varus inclination of the tibia.

Baker et al. [23] discussed that while UKA was revised
for unexplained pain than total knee arthroplasty, and even
when these revisions for unexplained pain were discounted,
unicompartmental knee arthroplasty still had a significantly
greater risk of revision from other reasons than it did for
total knee arthroplasty. The revision rate itself only may not
be a reliable way to compare different implant designs and
should instead be considered based on the reason for failure..

@ Springer



124

European Journal of Orthopaedic Surgery & Traumatology (2019) 29:119-124

We acknowledge several weaknesses to the present study.
A first weakness is the patient population, due to the relative
rarity of SPONK. In addition, this study did not establish a
control group. A third weakness is that the present study is
a retrospective study from single institution, which is sus-
ceptible to cause biased selection. We would like to believe
that the present study and its findings to be a substantial
contribution to the future literature.

In conclusion, primary spontaneous osteonecrosis of the
knee (SPONK) can be successfully treated with UKA at a
mean follow-up of 6.6 years.
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