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ORIGINAL STUDY

Joint Space Width, but not Osteophyte Thickness, is a Reliable Indicator of
Degeneration of Lateral Knee Joint Cartilage

Kazu Marsumorto, Daichi IsuiMaru, Hiroyasu Ocawa, Haruhiko Akivama

From the Department of Orthopaedic Surgery, Gifu University, Graduate School of Medicine, Gifu, Japan

In this histologically controlled in vitro study, we
evaluated the validity of plain radiography for the
assessment of lateral knee joint cartilage degeneration
(25 specimens). We examined the correlation between
histological grade and radiography findings along
with patient demographics. Our study indicated
that the Mankin score had a significant inverse
correlation with middle joint space width (JSW;
r=-0.19,P=0.02), but not with inner and outer JSW
(inner : r=-0.11,P=0.10, outer : r=-0.14,P=0.06) under
a non-weight bearing condition. The Mankin score
had a significant inverse correlation with middle
and outer JSW (middle: r=-0.17,P=0.04, outer :
r=-0.14,P=0.04), but not with inner JSW (inner :
r=-0.15,P=0.06) under valgus stress. There was no
significant correlation between the Mankin score
and osteophyte thickness (r=0.004,P=0.76). We also
examined the correlation with patient demographics.
We found that only the preoperative femorotibial
angle had a significant inverse correlation with the
Mankin score. These results indicate that JSW, but
not osteophyte thickness, is reliable for evaluating
lateral femoral cartilage degeneration.

Keywords : osteoarthritis, osteophyte, joint space width,
cartilage degeneration, Mankin score

INTRODUCTION

Osteoarthritis (OA) is the most common age-
related disorder of synovial joints and primarily
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involves the articular cartilage, synovium, and
subchondral bones. In the past decade, there have
been tremendous advances in understanding and
implementing joint preservation methods. Uni-
compartmental knee arthroplasty (UKA) and high
tibial osteotomy (HTO) were developed to treat
medial compartment arthritis of the knee. Even
though they are very different procedures with
different concepts, they share the same indications,
including unicompartmental medial OA or femoral
condyle avascular necrosis with intact lateral
compartments.

Many authors have reported the survival rates
following UKA (2,458,1222) or HTO, (1,7,1535)
ranging from 79% to 100% at 5-15 years of
follow-up, with some patients undergoing revision
surgery because of progression of OA. Sierra et
al. (32) reported on 175 revisions of medial UKA,
of which 59 knees (34%) were revised owing to
progressive arthritis. Howells et al. (15) showed
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that the Kaplan-Meier survival estimate was 79%
at 10 years. However, Epinette et al. (70) identified
disease progression as the second leading reason
for failure of UKAs in a multicentre study. Both
HTO and UKA are effective for managing medial
compartment knee OA, but properly selecting
patients with the appropriate indications, including
those with intact lateral compartments, is essential
for obtaining durable and predictable results with
both techniques.

Pathologically, OA is characterized by a focal
loss of articular cartilage in weight-bearing areas
and new bone formation as osteophytes in joint
margins. Magnetic resonance imaging (MRI), such
as T1p and T2 mappings, and delayed gadolinium-
enhanced MRI of cartilage (dAGEMRIC) are reported
to be useful diagnostic tools for the assessment
of articular cartilage (3,21,33,35). However, these
methods are not so easily available that they can
be used for all osteoarthritic patients. On the other
hand, plain radiography is a simple and cost-
effective procedure. With the progression of the
disease, medial osteoarthritic changes become
apparent on plain radiographs (79). The extent of
cartilage loss can be estimated by measuring the
joint space width (JSW). Newly formed bone tissue
is observed as osteophytes at the joint margins.
However, little is known regarding how to identify
the degree of lateral joint cartilage degeneration
with the progression of medial compartment OA.

In this study, we evaluated the validity of plain
radiography for the assessment of lateral knee
joint cartilage degeneration. We conducted a histo-
logically controlled in vitro study by using femoral
lateral condyle specimens with various grades
of cartilage degeneration, and we examined the
correlation between histological grade and radio-
graphic findings, including JSW, osteophyte thick-
ness, and patient demographics.

MATERIALS & METHODS

This prospective cohort study was approved by
the Ethics committee, and all patients provided
informed consent. All samples were obtained in
accordance with the institutional protocol, with
review board approval. Human articular cartilage
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Figure 1. — Full-thickness cartilage samples were harvested
from the weight-bearing area of the lateral femoral condyle.
The samples were stained with Safranin and Fast Green. The
degree of cartilage degeneration was analysed based on the
Mankin system.

samples were obtained from primary end-stage
OA patients, that is, from 25 knees of 21 patients
who underwent primary total knee arthroplasty
(TKA) from April 2011 to November 2012. No
patients had undergone chemotherapy or had any
traumatic episodes related to the knee. Patients with
rheumatoid arthritis or other inflammatory diseases
were also excluded. We also extracted age, sex, and
body mass index (BMI) for patient’s demographic
data.

Cartilage samples

A full-thickness cartilage sample (plug-shaped
samples ; diameter, 8§ mm) was harvested from the
weight-bearing area of the lateral femoral condyle
of 25 knees with end-stage OA (Figure 1), and they
were removed as a cylindrical shape that included a
section from the surface of the articular cartilage to
the subchondral bone by using a biopsy tool.

Microscopic assessment

The harvested cartilage sample was fixed in
10% buffered formalin (pH 7.4) for 24 h and then
decalcified with 10% EDTA solution for 2 weeks.
The samples were then embedded in a paraffin block,
cut into 5-pum histological sections, and stained with
Safranin O (Wako Pure Chemical Industries) and
Fast Green (Sigma-Aldrich) (Figure 1). The degree
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of cartilage degeneration based on the Mankin
system, which is widely used for histological
evaluation of cartilage degeneration, was analysed
as previously described (76, 29). The Mankin score
assesses structure (0-6 points), cellularity (0-3
points), matrix staining (0-4 points), and tidemark
integrity (0-1 points), with a maximum score of 14
points.

Radiographic assessment

Standard non-weight bearing and valgus stress
knee radiographs were obtained by using a semi-
flexed protocol. A maximal valgus stress was applied
to obtain the valgus stress knee radiograph. To
assess the femorotibial angle (FTA) as an indicator
of knee joint deformity for OA patients, coronal
radiography was performed in accordance with the
standing semi-flexed protocol prior to surgery (17).
The knee was flexed until the tibial plateau was
horizontal and perpendicular to the film. To control
for rotation, the foot was rotated until the tibial
spines were centrally aligned within the femoral
notch. The FTA is the lateral angle created by the
intersection between a bisector of the femoral shaft
and a bisector of the tibial shaft, which serves as a
good marker for the extent of deformity of the knee.
Two orthopaedic surgeons evaluated the FTA using
the radiographs of the OA patients. JSW was defined
as the tibiofemoral inter-bone distance, measured in
millimetres on non-weight bearing and valgus stress
radiographs of the tibiofemoral joint as previously
reported. (40) Pre-operatively, the same three sites
(inner, middle, and outer part of the tibiofemoral
joint, based on subdividing the lateral compartment
into four quarters), were chosen to measure JSW.
The osteophyte thickness was defined as the height
from lateral tibia joint surface to the top of the
osteophyte (Figure 2).

Statistical analysis

A power analysis (two-tailed o error of 5% and
B error of 20%) was performed before the study.
The calculation of the required sample size was
based on the histological assessment of cartilage
degeneration in a previous study following TKA
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Figure 2. — Diagrammatic representation of measurements for
osteophyte thickness and joint space width sites (inner, middle,
and outer) of the lateral compartment.

with MRI imaging study. (6) Nineteen patients were
required in order to reveal a statistically significant
difference. Correlations among age, FTA, JSW, and
Mankin score were analysed via linear regression
analysis followed by Spearman’s rank correlation
coefficient. These analyses were performed with
GraphPad Prism 5.0 software (GraphPad Software,
Inc., San Diego, CA). A P-value < 0.05 was
considered significant.

RESULTS
Demographic and clinical data

Twenty-five knees (21 patients) were included in
this study, and patient characteristics are shown in
Table 1. The overall study population in this study
had a mean age of 72.4 years (range, 51-86 years).
The mean BMI was 26.4 kg/m2 (range, 17.0-37.0
kg/m?). All patients underwent TKA owing to the
primary OA. Seventeen patients (21 knees) had

Table I. — Patient Characteristics Figure legends

Parameters
Age, mean (range) 72.4 (51-86)
Sex, n
Male 2
Female 23

Body mass index, mean (range) 26.4 (17.0-37.0)

Diagnosis, n
Osteoarthritis 25
Femorotibial angle (degrees) mean (range) | 182.5 (156-205)
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Figure 4. — Correlation between the Mankin score and joint space width using valgus stress radiographs. (a) Outer, (b) Middle, (c)

Inner.

varus knee deformities, and four patients (four
knees) had valgus knee deformities. The mean FTA
was 182.5° (range, 156-205°). The distribution of
the Mankin score is shown as follows : Grade 1,
one patient ; Grade 2, two patients ; Grade 3, five
patients ; Grade 4, seven patients ; Grade 5, six
patients ; Grades 6, 7, and 8, one patient each.

Correlation between Mankin score and JSW

We examined the correlation between the
Mankin score and JSW of the lateral tibiofemoral
joint under the non-weight bearing condition. The
Mankin score had a significant inverse correlation
with middle JSW (r=-0.19, P =0.02), but not inner
and outer JSSW (inner : r = -0.11, P =0.10 ; outer :
r =-0.14, P = 0.06) under the non-weight bearing
condition (Figure 3a-c). Next, we examined the
correlation between the Mankin score and JSW of
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the lateral tibiofemoral joint using valgus stress
radiographs. The Mankin score had a significant
inverse correlation with middle and outer JSW
(middle : r=-0.17, P=0.04 ; outer : r =-0.14, P =
0.04), but not inner JSW (inner : r=-0.15,P=0.06 ;
Figure 4a-c). Therefore, these findings suggest that
middle JSW is reliable to evaluate the degree of
lateral joint cartilage degeneration.

Correlation between the Mankin score and
osteophyte thickness or other factors

We analysed whether osteophyte measurements
could predict the degree of articular cartilage
degeneration, and we examined the correlation
between the Mankin score and osteophyte thickness.
Interestingly, there was no significant correlation (r
=0.004, P = 0.76 ; Figure 5a), which suggests that
osteophyte thickness is not an indicator of lateral
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Figure 5. — Correlation between the Mankin score and osteophyte thickness (a), femorotibial

angle (b). FTA, femorotibial angle.

femoral cartilage degeneration. We also examined
the correlation between the Mankin score and age,
body mass index, or preoperative FTA, and we
found that only preoperative FTA had a significant
inverse correlation with the Mankin score (r = 0.18,
P=0.03 ; Figure 5b).

DISCUSSION

OA is characterized by focal loss of articular
cartilage in weight-bearing areas and by new
bone formation as osteophytes at joint margins.
Osteophytes are an important indicator for evalua-
ting the grade of medial compartment OA (19).
In this study, we evaluated the validity of plain
radiography for the assessment of lateral knee
joint cartilage degeneration, including JSW and
osteophyte thickness. Interestingly, we found that
osteophyte thickness was not associated with lateral
cartilage degeneration, but that JSW, especially
middle JSW, on plain radiographs was a reliable
indicator of lateral cartilage degeneration.

Recently, UKA and HTO were developed for
treatment of medial compartment arthritis of the
knee. Selecting patients based on the appropriate
indications is essential to obtaining durable and
predictable results with both techniques. One of the
important factors for successful UKA and HTO is
intact lateral compartments. Therefore, in this study,
we evaluated the validity of plain radiography as
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well as histological samples for the assessment of
lateral knee joint cartilage degeneration.

In this study, we found that JSW, especially at
the middle portion, is the most reliable indicator for
degeneration of lateral joint cartilage. JSW on plain
radiographs reflects the thickness of joint cartilage
and the meniscus. Initial osteoarthritic changes
include proteoglycan and hyaluronan (HA) loss and
deterioration of the collagen network within the
cartilage. Macroscopically, cartilage degeneration
has been described as fibrillation of the articular
surface, the presence of cracks or fissures, and
the partial or complete loss of the tissue (37). HA
is a large, linear polymer of repeating disaccharide
units composed of N-acetyl-D-glucosamine and
D-glucuronic acid and has a pronounced hydrophilic
capacity (24,25,27). The proteoglycan and HA pro-
vides cartilage with a unique gel-like property and
resistance to deformation through water absorption
(24,26). Collagen networks provide tensile strength
to the cartilage (/7). Alterations of these molecules
affects the biomechanical properties of articular
cartilage. The Outerbridge Classification (28) of
cartilage defects is the most commonly used scale
for macroscopic cartilage degeneration in the
literature. However, even though the lateral joint
cartilage is slightly altered macroscopically, which
is demonstrated Outerbridge Classification Grade I
(cartilage with softening and swelling), the defect
could start with proteoglycan loss and alter the
biomechanical properties. In the present study,
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middle and outer JSW on valgus stress radiographs
correlated with degeneration of articular cartilage.
Valgus stress radiographs may be more accurate as
they reflect not only JSW, but also the biomechanical
properties of articular cartilage.

Radiography is simple and is the most popular
method for identifying OA. Radiographic hallmarks
of knee OA include joint space narrowing and
osteophyte formation. Although osteophytes are
viewed as a remodelling and reparative feature of
OA, factors determining osteophyte formation and
growth are still unknown. Animal studies indicate
that joint instability is a biomechanical trigger to
osteophyte formation, with osteophyte and bone
remodelling being viewed as an attempt to stabilize
and broaden the compromised joint to better
withstand loading forces (23,39). Growth factors
also influence osteophyte formation in experimental
joint damage models (36,37), and cartilage damage
initiates osteophyte growth in both human (78,20,30)
and animal studies (38). Furthermore, osteophytes
may develop as an isolated feature associated with
age (14) ; moreover, in animal studies, osteophyte
formation precedes, rather than follows, cartilage
loss (13). These studies suggest that multiple factors
influence osteophyte formation and contribute to the
marked heterogeneity of OA. Therefore, our results
that osteophyte thickness was not correlated with
the Mankin score, suggest that osteophyte thickness
cannot be used for evaluating lateral knee cartilage
degeneration.

Previously, Buckland-Wright et al. (9) reported
that JSW reliably measured cartilage thickness
in the medial but not the lateral compartment of
knees with medial compartment OA. They took
knee radiographs at a 130° angle in the weight-
bearing or modified tunnel view, which involved
the patient sitting on the edge of a stool. In the case
of medial compartment OA, the weight-bearing
condition promotes varus deformities, and the
lateral joint space could be increased. Thus, we may
have overestimated the lateral JSW compared with
actual cartilage thickness under a weight-bearing
condition. In the current study, we used non-weight
bearing and valgus stress knee radiographs. These
differences may explain the discrepancies between
these studies.
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There are several limitations of this study.
First, the sample size was small. Second, although
macroscopically normal or early OA cartilage was
obtained from patients who underwent knee surgery,
complete intact cartilage could not be collected.
Therefore, data regarding plain radiographs and
osteophyte thickness in intact cartilage are lacking.
Third, we did not perform preoperative MRI, such
as T1p and T2 mappings or dGEMRIC (3,21,33,35).
Plain radiography is a simple and cost-effective
procedure. Therefore, a future study on radiography
combined with MRI, such as T1p and T2 mappings
and dGEMRIC, may be required to determine
their utility for evaluating lateral articular cartilage
degeneration.

In summary, we evaluated the validity of plain
radiography for the assessment of lateral knee joint
cartilage degeneration, combined with a histolo-
gically controlled in vitro study including femoral
lateral condyle specimens with various grades of
cartilage degeneration. We found that osteophyte
thickness does not reflect degeneration of lateral
femoral joint cartilage and that JSW is a good
indicator of lateral knee joint cartilage degeneration.
Therefore, when indications for UKA or HTO for
medial compartment OA are considered, lateral
JSW, rather than osteophyte thickness, should be
referenced. Further studies are needed to determine
the threshold of lateral joint cartilage degeneration
for successful UKA or HTO.

REFERENCES

1. Akizuki S, Shibakawa A, Takizawa T, et al. The long-
term outcome of high tibial osteotomy : a ten- to 20-year
follow-up. J Bone Joint Surg Br. 2008 ; 90 : 592-6.

2. Amin AK, Patton JT, Cook RE, et al. Unicompartmental
or total knee arthroplasty? : Results from a matched study.
Clin Orthop Relat Res. 2006 ; 451 : 101-106.

3. Apprich S, Mamisch TC, Welsch GH, ef al. Quantitative
T2 mapping of the patella at 3.0 T is sensitive to early
cartilage degeneration, but also to loading of the knee. Eur
J Radiol. 2012 ; 81 : 438-43.

4. Argenson JN, Chevrol-Benkeddache Y, Aubaniac JM.
Modern unicompartmental knee arthroplasty with cement :
a three to ten- year follow-up study. J Bone Joint Surg Am.
2002 ; 84-A : 2235-2239.

5. Berger RA, Meneghini RM, Jacobs JJ, ef al. Results of
unicompartmental knee arthroplasty at a minimum of ten

Acta Orthopeedica Belgica, Vol. 85 - 4 - 2019

91219 17:07 ‘ ‘



500

10.

11.

13.

14.

15.

16.

17.

18.

years of follow-up. J Bone Joint Surg Am. 2005 ; 87 : 999-
1006.

. Bittersohl B, Hosalkar HS, Miese FR, et al. Zonal

T2* and T1Gd assessment of knee joint cartilage in
various histological grades of cartilage degeneration :
an observational in vitro study. BMJ Open. 2015; 9; 5:
€006895.

. Bode G, von Heyden J, Pestka J, et al. Prospective 5-year

survival rate data following open-wedge valgus high tibial
osteotomy. Knee Surg Sports Traumatol Arthrosc. 2015 ;
23 : 1949-55.

. Bruni D, Iacono F, Russo A, ef al. Minimally invasive

unicompartmental knee replacement : retrospective clinical
and radiographic evaluation of 83 patients. Knee Surg
Sports Traumatol Arthrosc. 2010 ; 18 : 710-717.

. Buckland-Wright JC, Macfarlane DG, Lynch JA,

et al. Joint space width measures cartilage thickness in
osteoarthritis of the knee : high resolution plain film and
double contrast macroradiographic investigation. Ann
Rheum Dis. 1995 ; 54 : 263-8.

Epinette JA, Brunschweiler B, Mertl P, et al. French
Society for Hip and Knee. Unicompartmental knee
arthroplasty modes of failure : wear is not the main reason
for failure : a multicentre study of 418 failed knees. Orthop
Traumatol Surg Res. 2012 ; 98 : S124-30.

Eyre DR, Weis MA, Wu JJ. Articular cartilage collagen :
an irreplaceable framework? Eur Cell Mater. 2006 ;2 ;12 :
57-63.

. Faour-Martin O, Valverde-Garcia JA, Martin-Ferrero

MA, et al. Oxford phase 3 unicondylar knee arthroplasty
through a minimally invasive approach : long-term results.
Int Orthop. 2013 ; 37 : 833-8.

Gilbertson EM. Development of periarticular osteophytes
in experimentally induced osteoarthritis in the dog. A
study using microradiographic, microangiographic, and
fluorescent bone-labelling techniques. Ann Rheum Dis.
1975 ;34 : 12-25.

Hernborg J, Nilsson BE. The relationship between
osteophytes in the knee joint, osteoarthritis and aging. Acta
Orthop Scand. 1973 ; 44 : 69-74.

Howells NR, Salmon L, Waller A, et al. The outcome at
ten years of lateral closing-wedge high tibial osteotomy :
determinants of survival and functional outcome. Bone
Joint J. 2014 ; 96-B : 1491-7.

Ishimaru D, Sugiura N, Akiyama H, et al. Alterations
in the chondroitin sulfate chain in human osteoarthritic
cartilage of the knee. Osteoarthritis Cartilage. 2014 ; 22 :
250-8.

Issa SN, Dunlop D, Chang A, et al. Full-limb and knee
radiography assessments of varus-valgus alignment and
their relationship to osteoarthritis disease features by
magnetic resonance imaging. Arthritis Rheum. 2007 ; 15 ;
57 : 398-406.

Kallman DA, Wigley FM, Scott WW Jr, et al. The
longitudinal course of hand osteoarthritis in a male
population. Arthritis Rheum. 1990 ; 33 : 1323-32.

Acta Orthopeedica Belgica, Vol. 85 - 4 - 2019

‘ ‘ Matsumoto.indd 500

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

KAZU MATSUMOTO, DAICHI ISHIMARU, HIROYASU OGAWA, HARUHIKO AKIYAMA

Kellgren JH, Lawrence JS. Radiological assessment of
osteoarthrosis. 4nn Rheum Dis. 1957 ; 16 : 494-502.
Kindynis P, Haller J, Kang HS, e# al. Osteophytosis of the
knee : anatomic, radiologic, and pathologic investigation.
Radiology. 1990 ; 174 : 841-6.

Li X, Kuo DD, Theologis A, et al. Cartilage in anterior
cruciate ligament reconstructed knees: MR imaging
Tlp and T2 - initial experience with 1-year follow-up.
Radiology. 2011 ; 258 : 505-14.

Manzotti A, Cerveri P, Pullen C, et al. A flat all-
polyethylene tibial component in medial unicompartmental
knee arthroplasty : a long-term study. Knee. 2014 ; 21 :
S20-5.

Marshall JL, Olsson SE. Instability of the knee. A long-
term experimental study in dogs. J Bone Joint Surg Am.
1971 ;53 : 1561-70.

Matsumoto K. The Role of Hyaluronan in Cartilage.
Trends in Glycoscience and Glycotechnology. 2010 ; 22 :
57-67.

Matsumoto K, Li Y, Jakuba C, et al. Conditional
inactivation of Has2 reveals a crucial role for hyaluronan
in skeletal growth, patterning, chondrocyte maturation
and joint formation in the developing limb. Development.
2009 ; 136 : 2825-35.

Matsumoto K, Shionyu M, Go M, et al. Distinct interaction
of versican/PG-M with hyaluronan and link protein. J Biol
Chem. 2003 ; 17 ; 278 : 41205-12.

Meyer K, Palmer JW. The Polysaccharide of the vitreous
humor. J Biol Chem. 1934 ;107 : 629-634.

Outerbridge RE. The etiology of chondromalacia patellae.
J Bone Joint Surg Br. 1961 ; 43 : 752-757.

Pearson RG, Kurien T, Shu KS, et al. Histopathology
grading systems for characterisation of human knee
osteoarthritis--reproducibility, variability, reliability, corre-
lation, and validity. Osteoarthritis Cartilage. 2001 ; 19 :
324-31.

Pottenger LA, Phillips FM, Draganich LF. The effect
of marginal osteophytes on reduction of varus-valgus
instability in osteoarthritic knees. Arthritis Rheum. 1990 ;
33 :853-8.

Setton LA, Elliott DM, Mow VC. Altered mechanics of
cartilage with osteoarthritis : human osteoarthritis and an
experimental model of joint degeneration. Osteoarthritis
Cartilage. 1999 ; 7 : 2-14.

Sierra RJ, Kassel CA, Wetters NG, et al. Revision of
unicompartmental arthroplasty to total knee arthroplasty :
not always a slam dunk! J Arthroplasty. 2013 ; 28 : 128-32.
Stahl R, Luke A, Li X, Carballido-Gamio J, et al. T1rho,
T2 and focal knee cartilage abnormalities in physically
active and sedentary healthy subjects versus early OA
patients - a 3. 0-Tesla MRI study. European Radiology.
2009 ;19 : 132-43.

Takayama Y, Hatakenaka M, Tsushima H, et al. Tlp
is superior to T2 mapping for the evaluation of articular
cartilage denaturalization with osteoarthritis : radiological-
pathological correlation after total knee arthroplasty. Eur J
Radiol. 2013 ; 82 : ¢192-8.

91219 17:07 ‘ ‘



35.

36.

37.

38.

‘ ‘ Matsumoto.indd 501

JOINT SPACE WIDTH IS A RELIABLE INDICATOR OF KNEE CARTILAGE DEGENERATION

Takeuchi R, Saito T, Koshino T. Clinical results of a valgus
high tibial osteotomy for the treatment of osteoarthritis of
the knee and the ipsilateral ankle. Knee. 2008 ; 15 : 196-
200.

van Beuningen HM, van der Kraan PM, Arntz OJ, et
al. Transforming growth factor-beta 1 stimulates articular
chondrocyte proteoglycan synthesis and induces osteophyte
formation in the murine knee joint. Lab Invest. 1994 ; 71 :
279-90.

van Beuningen HM, Glansbeek HL, van der Kraan PM,
et al. Differential effects of local application of BMP-2 or
TGF-beta 1 on both articular cartilage composition and
osteophyte formation. Osteoarthritis Cartilage. 1998 ; 6 :
306-17.

van Osch GJ, van der Kraan PM, van Valburg AA, et al.
The relation between cartilage damage and osteophyte size
in a murine model for osteoarthritis in the knee. Rheumatol
Int. 1996 ; 16 : 115-9.

39.

40.

501

Williams JM, Brandt KD. Exercise increases osteophyte
formation and diminishes fibrillation following chemically
induced articular cartilage injury. J Anat. 1984 ; 139 : 599-
611.

Zuiderbaan HA, Khamaisy S, Thein R, ef al. Congruence
and joint space width alterations of the medial compartment
following lateral unicompartmental knee arthroplasty. Bone
Joint J. 2015 ; 97-B : 50-5.

Author contributions

K. Matsumoto : Design of the study, writing the paper,

revision of the manuscript, performed surgeries.

D. Ishimaru: Data collection, data analysis, review of

analysis of the data.

H. Ogawa : Data collection, data analysis, review of analysis

of the data, helped to write the paper.

H. Akiyama : Helped to design the study, review of analysis

of the data.

Acta Orthopeedica Belgica, Vol. 85 - 4 - 2019

91219 17:07 ‘ ‘



