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Enchondroma in the Diaphysis of Tibia — A Case Report and Review of its
Characteristics and Differentials in the Diaphysis

Keerthan Ranga Nayak', Mahesh Suresh Kulkarni', Sandeep Vijayan', Sharath Kumar Rao'

Learning Point of the Article:
To understand the characteristic features and differentials to facilitate correct diagnosis and management of Diaphyseal Enchondromas
presenting with aggressive radiological features.

Introduction: Enchondromaisa solitary, benign, intramedullary cartilaginous tumor commonly noticed in the phalanges ofhands and feet with
characteristic radiological features. Its occurrence in aberrant sites with atypical features lead to diagnostic dilemma. Enchondromas which are
usually managed non-operatively can mimic other benign and malignantlesions, especially chondrosarcoma.

CaseReport: We report the case ofa 31-year-old farmer who presented with long standing inconspicuous pain in his left leg which turned out to
be a diaphyseal enchondroma even though it demonstrated aggressive radiological features mimicking a chondrosarcoma. Incisional biopsy was
done from the scalloped areas to obtain the correct histological diagnosis. He underwent thorough curettage of the lesion and remains
asymptomatic 2 years after the procedure. We attempt to discuss the differentials which the orthopedic surgeon should keep in mind for
diaphyseallesions mimicking enchondroma.

Conclusion: Though classically found in metaphysis, Enchondromas are not uncommon in diaphysis of long bones. Enchondromas are
generally benign, but can cause diagnostic dilemma when they present with aggressive features at rare locations and surgeons should be wary of
the differentials. Despite a size of more than 6 cm and evidence of cortical erosion and intramedullary widening, the lesion could still be benign.
Earlybiopsywill help to differentiate Enchondroma from a malignant transformation or malignant tumor.

Keywords: Enchondroma, chondrosarcoma, diaphysis, multilocular, endosteal scalloping, chondroma.

Introduction

Enchondroma, also known as Chondroma, is composed of
mature hyaline cartilage and arise from residual cartilaginous
rests that gets displaced from the growth plate and are trapped in
the intramedullary canal [1, 2, 3]. Classical enchondromas are
located in a central or eccentric position in the metaphysis (71%)
or metadiaphysis (21%) and majority (72%) are within 1.5 cm
from the growth plate [2,4, S ]. Even though, it maybe seeninside
any bone formed by enchondral ossification, it is considered as
the most common primary bone tumor in hands and feet
(>50%). Among the long bones, it is reported to occur more

frequently in the proximal metaphysis of humerus and distal
metaphysis of femur (2.0%) [6]. Rarely, it can occur in the
proximal metaphysis of tibia (0.7%), fibula (0.2%) or in flat
bones such as pelvis and ribs. Enchondromas have characteristic
clinico-radiological features which help in easy identification.
However, its occurrence at uncommon sites or with atypical
features leads to diagnostic dilemma. We report a case of
Enchondroma in the tibial diaphysis with atypical features with
respect to location and clinico-radiological findings. We discuss
the characteristic features of Enchondroma and compare them
with similar lesions which could help clinicians to diagnose
correctly.
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Figure 1: Pre-operative clinical picture of the leftleg with no appreciable swelling or skin changes
(a); anteroposterior and lateral plain radiographs showing multiloculated, lytic lesion in the
diaphysis with cortical thickening and widening of medullary cavity (b); STIR (c, d) and T1-
weighted (e) MRI images showing focal area of lobular intramedullary lesion, endosteal

Figure 2: Intraoperative picture showing extended curettage of the lesion (a, b, ¢) through a cortical
window and the pathology slide showing hypo cellularity and lacunar spaces harboring binucleate

scallopingand cortical thickening without extra osseous extension. chondrocyteswith intervening chondroid matrix (d).

Case Report

A 31-year-old-farmer came for a casual evaluation with
inconspicuous pain over left leg of 2 years’ duration. Pain was
the intermittent, dull aching and non-radiating. Patient noted
mild non-progressive swelling in the area of pain since 3 months
which made him come for the consultation. There was no
history of trauma, similar swellings in other parts of body, fever,
loss of weight, or comorbidities. Skin over the anterior aspect of
the left tibia appeared normal on inspection (Fig. 1a). There
was no local warmth, but tenderness and irregularity on the
anterior aspect of left tibia was noted with normal range of
movements of knee and ankle joints and intact distal
neurovascular status. Blood investigations were normal.
Anteroposterior and lateral radiographs of the left tibia showed
multiloculated lytic lesion of about 7 x 3 cm with sclerosed
margin, intermingled with areas of cortical thickening,
expansion and destruction, and doubtful intralesional

Figure 3: Anteroposterior radiographs of the left tibia taken at 2-year follow-up showing complete
healing of the lesion without evidence of recurrence (a) and clinical photograph demonstrating his
ability to squatandsit cross-legged normally which are essential in his occupation (b, c).

calcification in the diaphysis of tibia (Fig. 1b). However, no
periosteal reaction or cortical breach was observed. Magnetic
resonance imaging (MRI) showed well-defined intramedullary
cysticlesion with moderate scalloping of cortex (Fig. 1c, d, e). It
also reported focal geographic area of marrow replacement on
T1-weighted images and corresponding high signal intensity on
T2-weighted images with lobular margins.

Due to the lytic lesion with cortical thickening, erosion,
intralesional calcification, moderate scalloping and diaphyseal
location we thought of chondrosarcoma, Adamantinoma and
Garre’s osteomyelitis. Since the lesion appeared active and to
obtain a proper diagnosis, the patient underwent an incisional
biopsy from the scalloped region by an anterolateral approach.
As the pathologist gave the diagnosis of Enchondroma, the case
was further discussed in the tumor board meeting. Despite the
aggressive radiological features, as the biopsy specimen did not
show any evidence of chondrosarcoma, we went ahead with an
extended curettage of the lesion through a 4 cm long cortical
window (Fig. 2a,b, c). Since the lesion was large and had the risk
of developing pathological fracture, he was advised to undergo
bone grafting along with the curettage. However, he declined for
the additional procedure.

The gross biopsy specimen appeared greyish brown.
Microscopy showed hypocellular chondroid lesion composed
of lacunar spaces showing uni-nucleated chondrocytes with
small dense nuclei, inconspicuous nucleoli and scant
eosinophilic cytoplasm, and occasional bi-nucleated cells with
intervening chondroid matrix and focal calcification. Tumor
lobules were rimmed by trabeculae of lamellar bone with
enclosed marrow showing lymphocytes and plasma cells. No
mitotic activity or necrosiswas seen (Fig. 2d).

Patient started full weight bearing walking without support
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after 8 weeks of partial weight bearing. He was kept under
regular follow-up and at 2 years after the curettage, he remained
asymptomatic with no evidence oflocal recurrence nor distant
metastasis (Fig. 3a,b, ¢).

Discussion

In this unique case, we report the presentation of an atypical
enchondroma in the diaphysis of tibia in a young male, which is
an uncommon site for occurrence in long bones. Despite the
large size of the lesion, the patient underwent only curettage and
recovered completely. Enchondroma, which derives its name
due to the intramedullary origin is often solitary, though
multiple enchrondromatosis may be associated with Ollier’s
disease or Maffucci’s syndrome [7]. It accounts for
approximately 5% (3-10%) of all bone tumors and 17%
(12-24%) of benign bone tumors [8]. It is only second to
osteochondroma in frequency. It has no gender predilection
and commonly occur in the second decade oflife with majority
of patients within the 30 and 35-year age group. Our patient also
belonged to the susceptible age group. Even though, it can arise
sporadically, somatic mutation in isocitrate dehydrogenase
(IDH) - 1 and 2 genes have been linked to its occurrence. IDH
is an enzymatic component of tricarboxylic acid and mutation
in the gene can lead to malfunction and accumulation of D-2-
hydroxyglutarate which ultimately leads to inhibition of
osteogenic differentiation of mesenchymal stem cells [2, 7].
Most enchondromas are asymptomatic and are picked up
incidentally on routine imaging studies. They occasionally
cause pain (in around 35% patients) or swelling in the long
bones. Our patient had pain over the leg for nearly 2 years and it
was only after he noticed some swelling that he thought of
seeking medical opinion. However, if the lesion occurs in the
small bones of hand and feet or when there are multiple lesions,
it can expand and lead to pathological fractures [9]. Rarely, an
enchondroma can extend through the cortex and present as an
exophytic growth. They are known as enchondroma
protuberans and are usually seen sporadically or as part of
Ollier’s disease [1].

Although characteristic signs to diagnose enchondroma are
noted on radiographs, there are overlap of some features with
certain diseases and they need to be differentiated from
chondrosarcoma, bone infarcts, bone islands, Garre’s sclerosing
osteomyelitis, eosinophilic granuloma, fibrous dysplasia and
solitarybone cyst (Tables 1,2) [1,2,3,4,5,10,11,12,13].

Among all the possibilities, enchondroma needs to be
differentiated particularly from chondrosarcoma, as the
treatment and prognosis of the two vary a lot (Table 2) [4, 14,
15, 16, 17]. In 2013, the World Health Organization renamed
low grade (grade 1) Chondrosarcoma as “atypical cartilaginous

tumor” (ACT) [4]. They usually mimic enchondroma and
show the ring or stippled calcification similar to enchondroma
though theyare not sharply circumscribed [4, 10, 11].

Enchondromas are usually <S cm, have narrow zone of
transition with sharply defined margin, mild endosteal
scalloping and no cortical destruction, periosteal reaction or
soft tissue mass [1, 3, 5, 12]. In hands and feet, the tumor is
usually purely lytic without calcification and can show cortical
thickening, endosteal scalloping, expansile remodelling and
pathological fractures [1].

Thin slice CT scans permit better radiological analysis than
plain radiographs as they can appreciate periosteal reaction,
endosteal scalloping, cortical breach and soft tissue extension.
Murphey et al. based on CT scans had classified endosteal
scalloping of the bony cortex with respect to depth and extent of
the lesion. Usually enchondromas exhibit less than two-thirds
of endosteal scalloping in both circumferential cortical
thickness as well as length of the lesion. Tissue samples for
biopsy should be taken from these regions to clinch the correct
diagnosis [13].

MRI is useful in evaluating soft tissue extension and staging of
lesion. In our patient, radiographs showed around 7 cm long
multi-lobulated lytic lesions in the diaphysis, areas of cortical
thickening and destruction sans intralesional calcification. MRI
also showed >50% endosteal scalloping, widening of the
medullary cavity and absence of intramedullary calcification.
This picture usually mimicked an active lesion or a malignant
transformation, despite the absence of periosteal reaction or
softtissue shadow.

Technetium-99 bone scan and Fluro-deoxy-glucose positron
emission tomography computerized tomography scan can help
in differentiating enchondroma from low and high-grade
chondrosarcoma depending on the standardized uptake values.
Murphey et al. suggested to compare the radionuclide uptake in
the tumor with that over the anterior iliac crest. While majority
of cases of chondrosarcoma show increased uptake,
enchondromas shows uptake lower or equal to that of anterior
iliaccrest [4,13].

Periostin, a stromal-related protein is a biomarker reported to
be present in low-grade chondrosarcoma, whereas it is not
present in enchondroma. Alpha-methyl acyl-CoA racemase, a
mitochondrial and peroxisomal enzyme is expressed in most
Enchondromas while it is present only in minority of
chondrosarcomas. Further investigation is needed to validate
and confirm if these biomarkers are reliable for diagnosis [ 18].

Enchondromas as mentioned are benign. If there is no pain and
the lesion is radiologically inactive, a biopsy is not necessary
[19]. However, if radiological investigations show features of
aggressive/active lesion, a biopsy is warranted to clinch the
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Table 1: Differential diagnosis for Enchondroma.
Age (year) 40-50y 20-50y 10-30y 10-20y 1-20y Any age 10-20y <20y
Sex predilection NA NA M>F NA M>F M>F M>F M>F
Epi-metaphysis of ribs,
Metaphysis diaphysis,
Metaphysis or diaphysis |pelvis, proximal femur, Metaphysis/Diaphysis; |Metadiaphysis/Diaphysi Metaphysis Diaphysis, may extend to
Location and size LA [Fn 5 p L VAR RIER y. AR/ PIER Metaphysis, 2 cm Jaw, Distal - [0 Y
of any long bone ‘Compact within Does not cross physis  |s . S Intramedullary growth plate
” femur>proximal tibia
cancellous bone
Pain +, limp +, Discharging sinus, fever,
. Asymptomatic, Incidental . P Pain and swelling, . . Eing ) Asymptomatic, Vague  [Pain, tender mass,
Symptom Asymptomatic L Pathological fracture . . |Asymptomatic malaise, local pain and . )
finding " ) Confused with infection ) pain Pathological fracture
Progressive deformity swelling
Well circumscribed, |ll-defined osteolytic,
homogenous, diffuse Moth eaten Solitary, Eccentric, Lytic Oval osteolytic lesion,
rarefaition cystic, appearance, Iesiony olyc cIi&:inyt Selerosis, Cortical el defined, endostealsztallo ing;
Well defined Round or oval; <2 cm; No N bERIE PP L » Polycy thickening, Periostitis, [geographic, narrow N o [
N . R A multilocular, endosteal |Destruction of cortex, [shape, Densely P N ", . cortical thinning,
. serpentine sclerotic periosteal reaction; . e . . ‘Onion skin transition zone, thin . 5
Plain X-ray N " " scalloped erosion of Periostitis, Reactive sclerotic, scalloped or ” N N periosteal reaction,
border (Smoke up the |peripheral “feather like " N . . . appearance, sclerotic margin, L
. . . , |cortex, Shepherd’s sclerosis, soft tissue indistinct margins, . L widening of medullary
chimney sign) sclerosis/brush border’ . . ) radiolucency between |thinning of cortex, . . o
crook deformity, mass, Onion peel thinned and expanded " - cavity. “Hole in a-hole’
, cortex and new bone Fallen leaf sign
ground glass appearance, Codman’s |cortex appearance
appearance triangle
Multiloculated eccentric
lytic lesion with sclerotic
rim; Eccentric lesion near . .
. Cortical expansion and
the physis (Stage A) o
R N . R thinning, Areas of
. R Lesions at variable Onion skin appearance, ) N N |
. Prominent spicules . . . . . . ) L sclerosis also noted, Lytic lesion with a
Peripheral . N Determines cortical Permeative, Laminated |distance from the physis [osteolytic areas within . o
CT scan R L blending with bony ) N ) ) ) . L Pathological fracture, sclerotic rim and
mineralization boundary of lesion and sclerotic lesion with thin sclerotic sclerotic field, sub N N
trabeculae . ) fallen fragment, surrounding sclerosis
borders (Stage B). periosteal location .
N o . Dynamic CT
Lesions with increasing .
B demonstrate fluid
sclerosis (Stage C)
Complete sclerosis
(Stage D)
T2-High or intermediate
T1and T2 — Low signal
. B & . . . signal with peripheral T1-Hypointense T2- T1-low signal, T2-high
intensity T2 — T1-Hypointense T2- T1: low to intermediate N . N .. . ) .
. . . . . low signal rim Hyperintense Thinning |signal, Pathological T1-hyperintense T2-
Peripheral high . Hyperintense Lesion signal T2: " . .
N ) Hypointense on T1 and ) B R . corresponding to the of cortex, Soft tissue fracture-heterogeneous |hyperintense
MRI scan intensity, Irregular ) . |filled with cystic, heterogeneously high ) ) 3 N
N T2; No matrix calcification B N . . sclerotic border. As it oedema, Diffuse signalon T1and T2, Enhancement after
margin, No endosteal hemorrhagic or fibrous |signal, hair on end low . D . . 8 .
’ R N B o begins to ossify, signal sclerosis, Cortical break |ldentify fluid and contrast
scalloping, Central high tissue signal striations A e .
. N . becomes low on all through septations within lesion
fat signal intensity
sequences
In-homogenous Show increased uptake Increased uptake in Increased uptake,
Bone scan No uptake Appear cold increased uptake, picks 3 Variable uptake o Little or no uptake Identifies multiple
| . on all three phases delayed phase R
multiple lesions lesions
Dense, mature
collagenous tissue in L .
. Extensive invasion of
which are embedded ) N
) medullary cavity with
evenly spaced fiber .
destruction of . . s
bone trabeculae. . . Proliferating histiocytes
) X endosteum and cortex. Inflammatory cells Cyst lined by spindle )
Compact lamellar bone  |Fibroblasts oriented N L L . . (Langerhans cells) with
N N B N L Greyish white firm Benign fibroblastic around areas of cells, giant cells and .
Central necrotic bone  |with Haversian system either in linear or N N N N o plump, oval nuclei and
. . . . " encapsulated with proliferation admixed acellular bone or hemosiderin, N -
Histopathology tissue with mineralized [surrounded by medullary |whorled bundles. Bone | . . . . . eosinophilic cytoplasm
. L . fibrous capsule. Cystic  with osteoclast-type microscopic sequestra, [Prominent vasculature, |~
margin bone; No mitosis; No trabeculae are thin and N N N N with Birbeck granules, IHC
) ) 3 ) and necrotic areas may [giant cells prominent periosteal Cholesterol clefts, No L
atypical nuclei forms interlacing . R . . positivity for $100, CD1a,
N be visible. Small, round, bone proliferation nuclear atypia N
network with no and langerin
R X blue cell tumor. PAS
orientation o
characteristic of “woven ey EbEes
” X CD99 (MIC2)
bone.” Scattered giant
cells.
Bisphosphonates; After
‘p P s Bone drilling, curettage, [Curettage with BG,
N . epiphyseal closure Chemo radiation and . L L . .
Treatment Observation No treatment required . Observation antibiotics, Remove aspiration+steroid Curettage Radiation
curettage +/- BG +/- excision o
. o sequestra injection
nail plate fixation
Malignant
Good, Rarely malignant 4 L Good, Rarely recur,
N " . transformation in . 50% recurrence But
. transformation to Good, Differentiate from 5-year survival rate Resolve at skeletal B )
Prognosis N o . ) <0.5%. Recurrence rate N N Exacerbations can occur [stops growing at Recurrence <20%
fibrous histiocytoma, sclerotic secondaries <10% maturity, No malignant )
after curettage and BG- ) skeletal maturity
0S, FS 21% transformation
b

CT: Computerized tomography, MRI: Magnetic resonance imaging, BG: Bone grafting, OS: Osteosarcoma, FS: Fibrosarcoma, PAS: Periodic acid Schiff, +: Positive, NA: Not available

diagnosis. Sampling should be done from areas showing  On light microscopy, they are hypocellular and contain

endosteal scalloping or cortical thinning as they represent  chondrocytes with double nuclei. The two important features

aggressive areas within the tumor [13]. Since we were not sure  are cartilage lobules separated by normal marrow and partial

about the diagnosis and nature of the lesion, we feltitisprudent ~ encasement by mature lamellar bone [5]. They could be

to do abiopsy and then plan the definitive treatment. multifocal and rarely have focal necrosis or myxoid changes.

On gross examination, enchondroma which consists of mature However, they do not infiltrate the marrow. Differentiating

hyaline cartilage lobules appear as a well-circumscribed, pale enchondroma from low-grade chondrosarcoma (ACT)

blue, solid lesion with regions of grittiness signifying ~ remains difficult as they share similar cellular features [S].

mineralization with no myxoid changes. Latter has moderate cellularity and cartilage lobules separated

by fibrous tissue rather than bone marrow as in enchondroma
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Table 2: Characteristic differentiating features of enchondroma and chondrosarcoma.

I S A

Age and incidence
Location
Pain

Size of lesion

30-35 years; no sex predilection; 12-24% of benign bone tumors
Metaphyseal — majority within 1.5 cm from growth plate

Rare; only in 35% cases; inconsistent; dull-aching

<5cm

Lytic lesion with (long and flat bones) or without (hands and feet)
calcification; “Ring and arc,” stippled, popcorn or punctate calcification;

40-60 years; more in males; represent 20-27% of all primary bone
sarcoma

Frequently metaphyseal; Epiphyseal location also reported

Most common symptom, lasts longer and grows in intensity

Majority are >6 cm (However wide overlap in size range in long bones is
reported)

Cortical thickening and expansion; multilocular; ill-defined margins,
moth-eaten or permeative osteolysis; absent or minimal calcification;

Plain X-ray Narrow zone of transition and sharply defined margin; Minimal endosteal o - . . .
. . . X . 5 ) less than 2/3rd matrix mineralization periosteal reaction; pathological
scalloping; No periosteal reaction; no cortical thickening or erosion; No
. fracture
soft tissue mass
Matrix mineralization (calcification); less than two thirds of endosteal Endosteal scalloping of more than 2/3rd of cortical thickness and more
CT scan scalloping in both circumferential cortical thickness as well as length of than 2/3rd of length of lesion; cortical thickening; enlarged medullary
the lesion cavity; absent or faint intra-lesional calcification; periosteal reaction
Well circumscribed focal geographic area replacing the marrow on T1-W - . . . .
R . N . 8eograp P 8 N . Perilesional edema; soft-tissue mass, multilocular on T1 image; Dynamic
and high signal intensity lobular growth pattern on T2-W images which - . .
MRI scan N . e ,  Gadolinium enhanced MRI - early (within 10 s) and exponential
leave intervening areas of normal bone marrow; septal or “ring and arc’
P i . enhancement
enhancement; no perilesional edema; no soft-tissue involvement
Bone scan Lower or equal uptake as seen over the anterior iliac crest Shows more uptake than what is seen in the anterior iliac crest

Hypocellular; chondrocytes with double nuclei; cartilage lobules
separated by normal marrow; lobules partially encased by mature
lamellar bone; no marrow infiltration no nuclear atypia; no mitosis; no

Histopathology

necrosis

Treatment Observation; Curettage +/- BG

Prognosis 10 years local recurrence rate is 0.04%

Grade 1 — moderate cellularity, hyperchromatic, plump nucleus of
uniform size, occasional binucleate cells Grade 2 — increased cellularity,
increased nuclear atypia, mitosis, Grade 3 —increased cellularity,
pleomorphism and nuclear atypia, mitosis, myxoid changes, separation of
cartilage by fibrous bands, infiltration of Haversian canal by cartilage

Wide excision

10 years local recurrence rate is 0.09%

| CT: Computerized tomography, MRI: Magnetic resonance imaging, BG: Bone grafting |

[19]. Myxoid changes, infiltration of Haversian canal and
cortical erosion favor chondrosarcoma [ 5].

Majority of the cases of enchondromas which are detected
incidentally, of size <§ cm and without pain or radiological
evidence of local aggression can be managed non-operatively
with serial radiographs and bi-annual MRI scans [6, 14, 20].
MRI is a better modality to assess the growth of the tumor
whichisanimportant diagnostic criterion [5,20,21].

Lesions which are >5 cm and has associated pain should
undergo simple curettage and bone grafting. We too counseled
the patient for bone grafting along with curettage, but he was
reluctant for the additional procedure. Deckers et al.
recommend that small central enchondromas and atypical
chondrallesions in long bone should be treated by intralesional
curettage and local adjuvant therapy [21]. However, they also
report about the complications associated with this modality of
treatment such as pathological fracture, infection, and local
recurrence. At present, no standardized algorithm for surgical
intervention of Enchondroma exists. The timing of surgery has
also not shown any significant advantage. Early and delayed
surgical intervention was shown to have similar functional
outcomes [21].

Compared to an overall risk of <1% in solitary enchondromas,
around 5-25% of multiple enchrondromatosis can have
malignant transformation to Chondrosarcoma. The incidence
of transformation is less in small bone of hand and feet and is
highest for lesions in pelvis and shoulder girdle. The 10-year
survival rate is around 0.04%. Cortical thickening, endosteal

scalloping of >50%, periosteal reaction, soft-tissue mass, and
disappearance of calcification in a preexisting enchondroma is
highly suggestive of malignant transformation to
chondrosarcoma [2, 14, 21]. Our patient also had long lasting
pain, recent onset swelling, MRI evidence of cortical
thickening, moderate endosteal scalloping and lack of
calcification which raised the doubt of malignant
transformation.

Conclusion

Although classically found in metaphysis, enchondromas are
not uncommon in diaphysis of long bones. Enchondromas are
generally benign, but can cause diagnostic dilemma when they
present with aggressive features at rare locations and surgeons
should be wary of the differentials. Despite a size of more than 6
cm and evidence of cortical erosion and intramedullary
widening, the lesion could still be benign. Thorough
intralesional curettage would suffice in successfully clearing the
atypical enchondromatouslesion.

Clinical Message

Enchondromas which are generallylocated in the metaphysis,
measuring <S5 cm in size and having less than two-third
endosteal scalloping can occasionally present as larger lesions
with extensive scalloping and periosteal reaction. This should
raise the suspicion of chondrosarcoma and biopsy to collect
the representative aggressive tissue must be taken from the
scalloped area to differentiate the two.
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