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Incidental enchondromas at knee magnetic resonance imaging:
intraobserver and interobserver agreement and prevalence
of imaging findings*

Encondromas incidentais nos exames de ressonância magnética do joelho: concordância intraobservador

e interobservador e prevalência das características de imagem

Sandra Akemi Nakamura1, Mário Müller Lorenzato2, Edgard Eduard Engel3, Maurício Eiji de Almeida

Santos Yamashita4, Marcello Henrique Nogueira-Barbosa5

Objective: To evaluate intra- and interobserver agreement in the identification of incidental enchondromas at knee magnetic

resonance imaging, and to assess the prevalence of imaging findings. Materials and Methods: Retrospective study

reviewing 326 knee magnetic resonance images acquired in the period between November 2009 and September 2010.

The images were independently and blindly analyzed by two specialists in musculoskeletal radiology, with the objective

of identifying incidental enchondromas, presence of foci with signal similar to bone marrow and foci of signal absence

suggestive of calcifications within the enchondromas. Inter- and intraobserver agreements were analyzed. Results: Eleven

lesions compatible with enchondromas (3.3%) were identified. The interobserver agreement for the presence of

enchondroma was high. Prevalence of foci of bone marrow signal inside the enchondromas was of 54.55%, and foci

suggestive of calcification corresponded to 36.36%. The intraobserver agreement for foci of bone marrow signal in

enchondromas was perfect, and interobserver agreement was high. Conclusion: The prevalence of incidental

enchondromas in the current study was compatible with data in the literature. Excellent agreement was observed in the

identification of enchondromas and in the assessment of imaging findings. A higher prevalence of fat signal foci was

observed as compared with signal absence suggestive of calcifications.
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Objetivo: Avaliar a confiabilidade intra e interobservador na identificação de encondromas incidentais na ressonância

magnética de joelho e estudar a prevalência das características de imagens destas lesões. Materiais e Métodos: Estudo

retrospectivo, com revisão de 326 ressonâncias magnéticas do joelho realizadas entre novembro de 2009 e setembro

de 2010. As imagens foram analisadas por dois médicos especialistas em radiologia musculoesquelética, de forma

independente e às cegas, visando a identificar encondromas incidentais, presença de focos com sinal semelhante à

medula óssea e focos de ausência de sinal sugestivos de calcificações no interior dos encondromas. Foram realizadas

análises das concordâncias inter e intraobservador. Resultados: Foram identificadas 11 lesões compatíveis com en-

condromas (3,3%). A concordância interobservador para presença de encondroma foi alta. A prevalência de focos de

sinal de medula óssea no interior dos encondromas foi 54,55% e de focos sugestivos de calcificação foi 36,36%. A

concordância intraobservador para focos de sinal de medula óssea nos encondromas foi perfeita, e a concordância

interobservador foi alta. Conclusão: A prevalência de encondromas incidentais no trabalho atual foi consistente com a

literatura. Foi observada excelente concordância no estudo de confiabilidade da identificação de encondromas e de suas

características, notando-se maior prevalência de focos com sinal de gordura do que de calcificações.

Unitermos: Encondromas; Ressonância magnética; Joelho; Medula óssea.
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INTRODUCTION

A range of recent studies published in
Brazil have highlighted the relevance of
imaging methods in the assessment of the
musculoskeletal system(1–12). In the present
study, the authors evaluate the characteris-
tics of enchondromas at knee magnetic
resonance imaging (MRI).
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Enchondroma is a benign neoplasm of
the intramedullary bone composed of hya-
line cartilage. It is the second most common
benign bone neoplasia just after osteochon-
droma. It is believed that enchondromas
represent 12% to 24% of all benign bone
tumors and 3% to 10% of all bone tu-
mors(13).

In the study developed by Walden et al.,
449 consecutive routine knee MRI studies
were evaluated, and the authors observed
the prevalence of incidental enchondromas
in 2.9% of the images(13). Such authors sug-
gest that the recognition of incidental en-
chondromas is important to avoid confu-
sion with other diseases.

The typical MRI finding of enchon-
droma is described as a lesion with lobu-
lated contours, characterized by the pres-
ence of hypersignal on fluid-sensitive im-
ages, and with heterogeneous signal inten-
sity on T1-weighted images(14). The in-
creased signal intensity of enchondromas
on fluid-sensitive images is due to the great
amount of fluid present in the hyaline car-
tilage that forms such lesions. However, the
literature does not emphasize the character-
istics of findings of enchondromas on T1-
weighted images.

The identification of foci of bone tissue
or bone marrow within enchondromas is
well documented on histopathological
studies(15,16). In a retrospective study,
Murphey et al. found the presence of foci
of hypersignal within lesions on T1-
weighted images of enchondromas and
low-grade chondrosarcomas, and have cor-
related such MRI image with histopatho-
logical findings(17).

The present study aimed at assessing the
reproducibility of the identification of in-
cidental enchondromas and evaluating the
prevalence of such lesions as well as the
prevalence of MRI findings of incidental
enchondromas.

MATERIALS AND METHODS

The present retrospective study was ap-
proved by the Committee for Ethics in
Research of Hospital das Clínicas da Facul-
dade de Medicina de Ribeirão Preto da Uni-
versidade de São Paulo, and reviewed con-
secutive knee MRI studies performed in the
period from November 2009 to September

2010, regardless the clinical complaints
and age of the patients. The images were
independently and blindly analyzed by each
one of two radiologists at two different
moments with a three-month interval be-
tween the first and the second readings.
One of the radiologists has ten-year expe-
rience in musculoskeletal radiology, and
the other, two-year experience following a
post-graduation in musculoskeletal radiol-
ogy.

The MR images were acquired in a high-
field 1.5 T equipment, with T1-weighted
sequences (TR/TE, 500/20) in sagittal plane,
and intermediate weighting sequences with
fat suppression in axial/sagittal/coronal
planes (TR/TE, 2000–3000/50).

The criteria adopted by the radiologists
to diagnose an incidental enchondroma by
MRI were the same used in the study de-
veloped by Walden et al.(13). It were consid-
ered incidental enchondromas bone mar-
row focal changes that met the following
criteria: focal geographic areas of bone
marrow replacement on T1-weighted im-
ages, and with high signal intensity on
fluid-sensitive images with fat suppression,
and lobulated contours on both T1 and in-
termediate weightings. Focal alterations
with the mentioned characteristics, but with
subchondral location, were not classified as
enchondromas, since they might corre-
spond to subchondral cysts or intraosseous
ganglion (mucous) cysts.

The two radiologists analyzed each im-
age and recorded the respective findings of
foci of signal similar to bone marrow sig-
nal or foci of signal suggesting the presence
of calcifications within lesions classified as
incidental enchondromas. The criterion
utilized to characterize foci of bone marrow
within incidental enchondromas was the
presence of areas of hypersignal similar to
bone marrow signal on T1-weighted im-
ages, with signal loss similar to the decrease
in bone marrow signal on intermediate
weighting images with fat suppression
(Figure 1). The criterion utilized to charac-
terize the presence of calcifications within
the lesions corresponded to foci of signal
absence on T1-weighted sequences and on
intermediate weighting sequences with fat
suppression (Figure 2).

The largest diameter of each focal alter-
ation compatible with incidental enchon-

droma was measured with a digital caliper
on a workstation with the software Clear
Canvas version 2.0.

Analyses were performed to evaluate
the intra and interobserver agreement in the
identification of incidental enchondromas
and also foci of bone marrow and calcifi-
cations within the lesions at MRI. The sta-
tistical analysis was based on the kappa
index (κ). A coefficient κ = 1 corresponds
to a perfect agreement. A coefficient κ equal
to zero indicates a randomly expected agree-
ment. Negative values occur in cases where
the agreement is poorer than randomly ex-
pected but, according to Agresti(18), this is
rarely observed. Landis et al.(19) provide the
following classification for coefficient κ:
absent agreement (κ < 0), neglectable
agreement (0.00 < κ < 0.20), reasonable
agreement (0.21 < κ < 0.40), moderate
agreement (0.41 < κ < 0.60), substantial
agreement (0.61 < κ < 0.80), almost perfect
agreement (0.81 < κ < 1.00).

The authors have also evaluated the re-
lationship between findings of foci of sig-
nal similar to bone marrow within the en-
chondromas and lesion size, sex and age of
patients; and between presence of calcifi-
cations within the lesions and the already
mentioned variables. For the variable sex,
the Fisher’s exact test was utilized to evalu-
ate the association between two categori-
cal variables; and for the variables lesion
size and patient’s age, the non-parametric
Wilcoxon-Mann-Whitney test was utilized.

In the cases of disagreement in relation
to the presence or not of areas of fat signal
within the incidental enchondromas, fur-
ther evaluation was performed by a third
observer with 16-year experience in mus-
culoskeletal radiology. Such a third evalu-
ation allowed the calculation of the final
prevalence of areas of bone marrow signal
within the incidental enchondromas in the
study sample.

RESULTS

On the 326 consecutive knee MRI stud-
ies, 11 lesions compatible with enchondro-
mas were identified, resulting in a preva-
lence of 3% of incidental findings of en-
chondromas at routine knee MRI. Out of
the whole study sample [male patients,
55.21% (n = 180) and female patients,
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44.79% (n = 146)], 56.13% (n = 183) of the
images depicted right knees, and 43.87%
(n = 143), left knees. The patients’ ages
ranged between 4 and 85 years (mean =
40.25 years) in the total sample, and be-

tween 26 and 85 years (mean = 46.5 years)
in the group of patients with enchondroma.
Among the 11 enchondromas, six were
found in male patients, five in the right
knee. One patient presented two lesions in

different bones (femur and tibia), detected
on a single study.

Table 1 describes the characteristics of
the 11 enchondromas found in the ten pa-
tients. Eight lesions were located in the

Figure 1. Female, 64-year-old patient. Magnetic resonance imaging demonstrating typical incidentally found enchondroma. A: On the sagittal T1-weighted

image, the lesion presents foci of intermediate signal intensity, some of them with a lobular aspect (arrow), intermingled with areas of bone marrow and fat-like

signal (dashed arrow). B: On the intermediate-weighted image with fat suppression, the lesion presents foci of hypersignal with lobular aspect (arrows). Areas of

hypersignal on T1-weighted images are confirmed as fat and present signal suppression (dashed arrow).

Figure 2. Female, 85-year-old patient. Magnetic resonance images demonstrate the presence of a typical incidentally found enchondroma. A: Sagittal T1-

weighted image. The black arrows indicate foci of signal absence. The dashed white arrow indicates a bone marrow area between cartilaginous lobules. B:

Sagittal intermediate-weighted image with fat suppression. The arrows confirm the presence of foci of signal absence compatible with calcifications. The dashed

arrow indicates an area of bone marrow between cartilaginous lobules.
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distal femur, two in the proximal tibia, and
one in the fibular head. The lesions dimen-
sions ranged from 0.5 to 3.2 cm (mean =
1.34 cm). Seven lesions were ≥ 1 cm.

As regards presence of calcification sig-
nal within the enchondromas, intra and
interobserver agreements were of 100%
and, as regards fat signal within the lesion,
indicating the presence of foci of bone
marrow, the interobserver agreement was
of 82%, and the intraobserver agreement,
100%.

In the whole sample of knee MRI stud-
ies, 22 lesions of other nature were found,
as follows: osteochondromas (n = 5;
1.53%); bone infarction (n = 3; 0.92%); os-
teosarcomas (n = 3; 0.92%); fibrocystic
changes (n =1; 0.30%), multiple subchon-
dral cystic lesions in a patient with chronic
hemarthropathy (n = 1; 0.30%), multiple
lesions of paracoccidioidomycosis (n = 1;
0.30%), intramedullary fibrous lesion (n =
1; 0.30%), aneurysmal bone cyst (n = 1;
0.30%), chondrosarcoma (n = 1; 0.30%),
fibrous cortical defect/cortical desmoid (n
= 1; 0.30%), lesion suspicious for metasta-
sis (n = 1; 0.30%), pigmented villonodular
synovitis (n = 1; 0.30%) and synovial sar-
coma (n = 1; 0.30%).

DISCUSSION

The histopathological identification of
foci of bone tissue or bone marrow within
enchondromas has previously been de-
scribed in the literature(15–17). Cartilage lob-
ules may be separated by normal bone
marrow, or may be partially encased by

mature lamellar bone(16). This last charac-
teristic is thought to reflect endochondral
ossification in the periphery of the cartilage
lobule(16).

The differentiation between low-grade
chondrosarcomas and enchondromas rep-
resents a challenge to radiologists, ortho-
pedists and pathologists, since the treat-
ment for each of these conditions is quite
different, and their clinical, radiological
and histopathological characteristics are
very similar to each other(20–23). The pres-
ence of bone tissue within the histopatho-
logically identified lesion is potentially
useful to differentiate enchondromas from
low-grade intramedullary chondrosarco-
mas(15,16,23), but the applicability of such a
concept in cases of MRI is still to be deter-
mined. In fact, the presence of foci of high
signal intensity on MRI T1-weighted se-
quences, suggesting the presence of bone
marrow within cartilaginous lesions, has
not shown to be useful to differentiate such
histological lesion types in at least two pre-
vious studies(17,24). The coexistence of both
histological types in a single lesion could
explain the identification of foci of bone
marrow signal also in chondrosarcomas.
Another hypothesis is that adjacent areas of
healthy bone might have been invaded or
involved by a low-grade chondrosarcoma.
At MRI T1-weighted sequences, small foci
of high signal intensity may be present in
enchondromas as a result of the presence
of engulfed normal medullary fat(25).

According to Walden et al., the preva-
lence of incidentally found enchondromas
at knee MRI was of 2.9%, most of times lo-

cated in the distal femur (2.0%)(13). In the
study of Walden et al., the prevalence of
lesions in the distal tibia corresponded to
0.7%, and 0.2% in the fibula. The preva-
lence of incidentally found enchondromas
in the present study (3.3%) was, therefore,
compatible with data in the literature. In the
present study, the prevalence of enchondro-
mas in the distal femur (2.4%) was slightly
higher than the prevalence observed by
Walden et al(13). Enchondromas may also be
incidentally found with a relative frequency
at routine shoulder studies (2.1%), in most
of times located in the contiguous region of
the physis(26). In that study(26), the finding
of areas of bone marrow within the lesion
or intermingled with cartilage has not been
investigated.

As compared with the prevalence of
neoplasms such as chondrosarcomas and
osteosarcomas in the general population,
the high prevalence of such tumors in the
present series is due to the fact that the
authors’ institution is a reference center for
bone tumors.

The interobserver agreement in the clas-
sification of incidental enchondromas ac-
cording to the criteria developed by Walden
et al. was high, with a coefficient κ of 0.84
[confidence interval (CI) 95%: 0.65–1.00]
in the first reading, and 1.00 (CI 95%:
1.00–1.00) in the second reading per-
formed three months after the first one. No
other study evaluating this reproducibility
is found in the literature.

The prevalence of foci of fat or bone
marrow within enchondromas was of
54.55% (6 of 11 lesions). The intraobserver

Table 1 Cases of magnetic resonance imaging studies with focal alterations compatible with incidental enchondromas.

Patient

1

2

3

4

5

6

7

8

9

10

Age

(years)

64

42

35

26

85

33

44

34

43

57

Sex

F

M

F

M

F

F

M

M

M

M

Side

L

R

L

R

R

L

L

R

L

L

Location

Distal femoral metaphysis

Fibular head

Distal third of femoral diaphysis

Distal third of femoral diaphysis and proxi-

mal third of the tibia (two focal changes)

Distal third of femoral diaphysis

Distal femoral metaphysis

Distal third of femoral diaphysis

Distal third of femoral diaphysis

Proximal third of the tibia

Distal third of femoral diaphysis

Largest diameter

(cm)

2.2

1.2

2.1

1.0 and 1.2

3.2

0.5

1.4

0.5

0.9

0.5

Area with signal similar

to bone marrow

Yes

Yes

No

Yes and yes

Yes

No

No

No

No

Yes

Foci compatible

with calcification

No

No

Yes

Yes and yes

Yes

No

No

No

Yes

No

F, female; M, male; L, left; R, right.
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agreement for this finding was perfect,
with κ = 1.00 (CI 95%: 1.00–1.00), and the
interobserver agreement was κ = 0.82 (CI
95%: 0.48–1.00).

The prevalence of calcifications within
enchondromas was of 36.36% (4 of 11 le-
sions). Both intra- and interobserver agree-
ments in relation to the finding of foci of
calcification within enchondromas accord-
ing to the criterion of low signal intensity
at MRI were perfect, with κ = 1.00 (CI
95%: 1.00–1.00).

No significant relationship was ob-
served between lesion size, patient’s sex/
age and presence of foci of bone marrow
within enchondromas, likewise for calcifi-
cations represented by foci of signal ab-
sence at MRI.

The present study has identified a high
prevalence of foci of fat and calcification
within enchondromas at MRI, and good
reproducibility of such findings. The find-
ing of areas with bone marrow signal inter-
mingled with typically cartilaginous re-
gions presented a higher prevalence than
the finding suggestive of calcifications.

Some limitations of the present study
must be mentioned. One of them – and im-
portant – is its retrospective nature. Other
significant limitation is related to the fact
that there was no histopathological evi-
dence of the enchondromas, but the authors
believe that such a limitation does not com-
promise the present study results, since the
enchondromas were classified according
criteria habitually accepted as reliable to
characterize such lesions at MRI(13,17,26).

CONCLUSION

The prevalence of incidentally found
enchondromas in the present study (3.3%)
is compatible with data in the literature. In
the present sample, the authors have ob-

served a high prevalence of foci of fat and
calcification within the lesions at MRI, and
excellent agreement in the evaluation of
these findings reproducibility. The finding
of areas with bone marrow signal inter-
mingled with typically cartilaginous re-
gions had a higher prevalence than the find-
ing suggestive of calcifications.
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