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Abstract 

Articular cartilage is a specific type of con-
nective tissue composed of hydrated proteogly-
cans within a matrix of collagen fibrils. In the
elderly population, it shows degenerative
changes that may results in osteoarthritis. The
more severe form of osteoarthritis occasional-
ly demonstrates bone formation within the car-
tilage, which is designated as a bony protuber-
ance, however, such lesions are rare in chil-
dren. This report presents the case of a 10-
year-old boy with a bony protuberance within
the articular cartilage of the knee. The patient
initially complained of knee pain and he subse-
quently developed flexion contracture.
Radiological and arthroscopic examinations
revealed a bony protuberance in the articular
cartilage and degenerative changes of the car-
tilage above it. He was successfully treated by
the removal of the bony protuberance and
osteochondral grafting. The bony protuberance
may have caused cartilage degradation since
the thickness of the cartilage above it was
thinner than that around the lesion. The bony
protuberance within the articular cartilage
formed in the younger population may be a
possible cause of osteoarthritis. This case is a
noteworthy with regard to the pathogenesis of
osteoarthritis.

Introduction

The surface of the synovial joint is covered
with articular cartilage, which is a specific
type of connective tissue composed of hydrated
proteoglycans within a matrix of collagen fib-
rils.1 Articular cartilage is avascular and it is
organized into four zones: the superficial zone,
the transitional zone, the deep zone and the
calcified cartilage.1 Articular cartilage is con-
nected to subchondral bone through the calci-
fied cartilage.1 Normal articular cartilage is
only a few millimeters thick but gives synovial

joints the ability to provide low-friction and
pain-free motion.2 During the aging process,
articular cartilage undergoes gradual degenera-
tive changes, that may result in osteoarthritis.

Osteoarthritis of the knee is one of the most
common disorders in the orthopedic field.
Many articles have discussed its pathogenesis
but regrettably, there still exits many unan-
swered questions. In 1994, Bergman AG. et al.
first reported two cases histologically showing
bone formation within the hyaline cartilage of
the knee.3 We designated such a lesion as a
bony protuberance and reported five additional
cases although all had severe osteoarthritis of
the knee joint.4 Such lesions are rare in chil-
dren. This report presents the case of a 10-
year-old boy with a bony protuberance within
the articular cartilage of the knee and who was
successfully treated by the removal of the bony
protuberance and osteochondral grafting. We
discuss the pathogenesis of the lesion and also
the relationship to cartilage degradation. The
patient and his family were informed that data
from the case would be submitted for publica-
tion, and they gave their consent.

Case Report

A 10-year-old boy visited the outpatient clin-
ic with complaints of left knee pain. He could
not recall any history of knee injury or any pre-
ceding episodes of infection. The radiographs
revealed no abnormal findings. His pain disap-
peared spontaneously but 10 months later, he
could not fully extend his left knee and
returned to the clinic. 

Physical examination revealed a 20° of flex-
ion contracture and pain sensation elicited
upon forced extension. There was no pain
either upon walking or at rest. In addition, no
tenderness and no swelling developed on his
left knee joint. No knee instability was detect-
ed and McMurray’s test was also negative. 

Plain radiographs revealed a free-body like
bony fragment in the medial compartment of
the knee (Figure 1 A,B). MR images revealed
an island of low signal intensity with a clear
margin in the articular cartilage of the medial
femoral condyle on both T1- and T2-weighted
images (Figure 2A). The articular cartilage
appeared normal and no osteochondral frag-
ment, bone destructive changes in the bone, or
even bone edema, suggestive of osteochondri-
tis dissecans (OCD), were detected.5,6 Plain
radiographs and MR images demonstrated a
bony fragment that enlarged in size, which
united with medial femoral condyle with the
appearance of a bony protuberance 18 months
later (Figures 1C,D, 2B).4

Arthroscopic examination was performed to
examine the pathological condition in the
knee joint because his symptoms showed no

improvement with conservative treatment. The
surface of the articular cartilage above the
bony protuberance was confirmed using an
image intensifier, which revealed softening
and fibrillation, and was spongy upon palpa-
tion (Figure 3). No other abnormal findings
such as synovitis, or impingement of the artic-
ular surface against the meniscus or facing
articular surface were found. The bony protu-
berance4 and the articular cartilage above it
were the only pathological lesions and were
thus considered to be the cause of flexion con-
tracture. A cylindrical osteochondral plug (8
mm in diameter) including the bony protuber-
ance4 was removed and an osteochondral plug
(9 mm in diameter) obtained from the medial
femoral trochlea was grafted into the lesions
using the osteochondral autograft transfer sys-
tem (OATS, Arthrex, Naples, FL, USA). 

The patient’s knee was supported by a knee
brace and a continuous passive motion was
initiated the day after the surgery. Partial
weight bearing was permitted after 8 weeks
and he could walk without any support at 12
weeks after the surgery. The patient experi-
enced no knee pain soon after surgery. Flexion
contracture was improved gradually by strenu-
ous course of passive motion exercises and he
achieved a full range of motion 10 months
later. He could thereafter participate in all
sport activities without restriction. MR images
revealed a well-reconstructed articular carti-
lage 10 years after surgery (Figure 4). 

The harvested osteochondral plug was ana-
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lyzed histologically (Figure 5). The bony protu-
berance4 protruded into the articular cartilage
with normal trabeculae. The articular cartilage
above the bony protuberance4 was thin and
with surface fibrillations and chondrocytes
forming clusters at the osteochondral junction,
indicating degenerative changes in the articu-
lar cartilage. Fibrous tissue filled the cleft of
the articular cartilage. Many osteoblasts and
osteoclasts were found around the trabeculae
beneath the cleft, which suggested active bone
remodelling occurred beneath the cleft. There
were also regions with hypertrophic subchon-
dral trabeculae. No cleft separating the har-
vested specimens like OCD was detected at
osteochondral junction.7

Discussion

A couple of reports of the bony protuberance
within the articular cartilage have been pub-
lished.3,4 It is usually detected in the severe
degenerative cartilage harvested during joint
replacement surgery. Bergman et al. histopa -
thologically examined nine osteoarthritic
patients, where bone formation within the
hyaline cartilage layer was observed in two
cases.3 We also assessed the lateral tibial
plateau in 24 varus osteoarthritic patients of
which five contained a bony protuberance.4

However, this lesion is considered to be rare in
children. Articular cartilage undergoes gradual
degenerative changes during the aging

Case Report

Figure 1. Plain radiographs of the left knee. (A) an anteroposterior view, (B) a lateral view.
(A,B) At the 2nd visit to our outpatient clinic a free-body like bony fragment is detected
in the medial compartment of the left knee (arrowheads). (C,D) 18 months after Figure
1A, the bony fragment detected is united with medial femoral condyle just like a bone
protuberance (arrowheads).

Figure 2. Coronal plain T2-weighted mag-
netic resonance imaging of the left knee.(A)
At the 2nd visit to our outpatient clinic, a low
signal intensity spot is detected within the
articular cartilage (white arrowhead). (B) 18
months after Figure 2-A, the low signal
intensity spot is united with medial femoral
condyle (white arrowhead).

Figure 3. An arthroscopic examination
reveals that the surface of the articular car-
tilage above the bony protuberance is fib-
rillated and slightly depressed.
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process. Younger populations usually have nor-
mal articular cartilage with a smooth and
intact surface. However, in the present case,
the arthroscopic examination revealed soften-
ing and fibrillation of the surface of the articu-
lar cartilage above the bony protuberance.4 The
histological findings in this lesion also demon-
strated degenerative changes in the articular
cartilage, which are rare in a 10-year-old child
with no history of obvious trauma and were
probably associated with the bony protuber-
ance4 within the articular cartilage. The thick-
ness of the cartilage above the protuberance
was thinner than that around the lesion, which
may be related to those degenerative changes. 

What is the etiology of the bony protuber-
ance4 within the articular cartilage? Bone for-
mation by endochondral ossification in the
articular cartilage would require a blood sup-
ply.8,9 The patient did not recall any history of
trauma or infection, but a cleft filled with
fibrous tissues in the articular cartilage sug-
gested that the subchondral bone plate was
damaged possibly by minor traumas with ves-
sels subsequently invading into the articular
cartilage. Bone formation may have been
undersized initially like an island within the
cartilage, but it enlarged and attached to the
subchondral bone. 

OCD is considered as one of the differential
diagnosis. In OCD lesions, the articular carti-
lage is usually intact and the subchondral area
is mainly affected.7 However, in the present
case, the newly formed bone was detected
within the degenerative articular cartilage.
Moreover, the characteristic cleft revealed in
the histological examination of OCD, which
separated the affected area into basal- and
fragment-side parts, was not demonstrated.7 A
very early stage in the localized form of
Trevor’s disease (dysplasia epiphysealis
hemimelica) may also be considered as anoth-
er differential diagnosis.10,11 This condition is
characterized by single or multiple ossification
centers arising from the epiphysis, asymmetri-
cal overgrowth on one side of an epiphysis
with irregular or premature calcification, and
osteochondroma-like histology.11,12 In the pres-
ent case, plain radiographs and MR images
revealed no asymmetry of the epiphysis in the
distal femur and the histology was unlike that
of osteochondroma. Therefore, the present
case was thought to be neither OCD nor
Trevor’s disease.

A fibrotic change in the joint capsule, which
usually occurs after trauma, infection, surgery,
or immobilization, is the main causes of joint
contracture.13 However, there was no apparent
history of any such events in this case. In addi-
tion, the patient complained of knee pain only
at the beginning of the disease process.
Therefore, the exact cause of the flexion con-
tracture of the knee was uncertain. The bony
protuberance4 was a possible explanation. Its

presence strongly suggested the occurrence of
some minor traumas preceding the bony
lesion, which may have caused the pain.
Subsequent self-immobilization by the patient
himself in order to reduce the pain in addition
to the direct damage of the joint capsule by the
minor trauma may have resulted in fibrotic
change to the joint capsule.13

The present case was surgically treated by
the removal of the bony protuberance4 and
osteochondral grafting since no other patho-
logical lesions could be detected either by radi-
ological or arthroscopical examination. This
treatment was justified because the possible
cause of cartilage degeneration was removed,
and new articular surface was reconstructed.
Fortunately, flexion contracture, his chief com-
plaint, was improved by this treatment and also
by a strenuous course of passive motion exer-
cises. A well-reconstructed articular cartilage
was observed 10-year postoperatively. 

Recently, the pathogenesis of osteoarthritis
has been clarified based on the findings from
biomechanical, epidemiological, and molecu-
lar biological studies.14-18 In the elderly popula-
tion, chondrocyte changes and cartilage degra-
dation caused by mechanical stress and pro-
teinases may be important in the pathogenesis
of osteoarthritis.18 In addition, as we clearly
demonstrated in the present case, a bony pro-
tuberance4 within the articular cartilage in the
younger population occurred following trauma
or infection, which can also lead to cartilage
degradation. This may be one of the possible
causes of osteoarthritis. 

Conclusions

We reported the case of a 10-year-old boy
with a bony protuberance4 within the articular
cartilage of the knee joint. Arthroscopic and

Case Report

Figure 4.  Coronal plain T2-weighted mag-
netic resonance imaging of the left knee at
10 years after the osteochondral plug auto-
graft demonstrates the surface of the medi-
al condyle is covered with well-reconstruct-
ed articular cartilage (arrowhead).

Figure 5. Histological findings of the
removed osteochondral plug. (A) Low mag-
nification photograph around the bone pro-
tuberance. Bony protuberance protrudes
into the articular cartilage. The articular
cartilage over the protuberance is thinned
and there is a cleft in the articular cartilage
filled with fibrous tissue. There are also
regions with hypertrophic subchondral tra-
beculae. (Hematoxylin-eosin staining. The
original magnification is 15×). (B) High
magnification photograph at the osteochon-
dral junction. There are many cluster forma-
tions of the articular chondrocytes (arrow-
heads). (Hemato xylin-eosin staining. The
original magnification is 100×). (C) High
magnification photograph at the trabecule
bone beneath the cleft within the articular
cartilage. Osteoblasts (arrows) and osteo-
clasts (arrowheads) are detected around the
trabelulae suggesting that active bone
remodelling beneath the cleft.
(Hematoxylin-eosin staining. The original
magnification is 100×).
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histological findings of the articular cartilage
suggest that this lesion in younger population
is one of the possible pathogeneses of
osteoarthritis of the knee joint. 
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