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CASE REPOSITORY
Bizarre Parosteal Osteochondromatous

Proliferation (Nora Lesion) in Pediatric

Phalanges
Sergio Martínez Álvarez, MD,* Daniel L. Azorín Cuadrillero, MD,† Kevin J. Little, MD‡*
Bizarre parosteal osteochondromatous proliferation, or Nora tumor, is an uncommon lesion
affecting the tubular bones of the hands and feet. Normally arising from the cortical surface
and periosteum of these bones, these lesions histologically consist of a hypercellular carti-
laginous cap covering a bony stalk that is surrounded by ossified areas and spindle cell
stroma. The differential diagnosis includes conditions involving the periosteum such as
chondrosarcoma, parosteal osteosarcoma, osteochondroma, turret exostosis, and florid reac-
tive periostitis. The only effective treatment is wide surgical excision; nevertheless, local
recurrence rates are extremely high and may necessitate revision surgery. In the present study,
we report 3 cases of Nora lesion located in the hand in pediatric patients. The diagnosis in
these cases was challenging owing to their presenting symptoms and radiographic findings.
The diagnosis was made based on characteristic findings noted on the radiographic images
and was confirmed by histological examination following excision. (J Hand Surg Am.
2021;46(4):344.e1-e9. Copyright � 2021 by the American Society for Surgery of the Hand.
All rights reserved.)
Key words Bizarre parosteal osteochondromatous proliferation, BPOP, hand tumor, Nora
lesion, pediatric.
B IZARRE PAROSTEAL OSTEOCHONDROMATOUS pro-
liferation (BPOP) is a rare benign bone lesion
that usually arises on the surfaces in the

tubular bones of the hand and foot. It was first
described by Nora et al in 1983.1 Nora et al’s initial
report comprised 35 cases (31 involved phalanges or
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metacarpal bone and 4 involved metatarsal bone).
Meneses et al2 updated Nora et al’s series and re-
ported 30 new cases. Up through 2007, a total of
166 cases had been reported in the literature.1e9

Most of the reported cases involved the hand bones
in adult patients,1e4,8e12 but they have been reported
throughout the body. The lesion was thought to be a
part of a spectrum of reactive bone formations that
includes florid reactive periostitis13 and turret exos-
tosis.14 Recent studies have found a chromosomal
translocation, t(1,17)(q32, q21), that supports the hy-
pothesis that BPOP is a neoplastic disorder.15,16

These lesions commonly occur in the 20s and 30s,
but there are a few cases in the literature in which
a child was affected.17,18 Although the tumor is
benign, clinical features like rapid growth and its oc-
casionally alarming radiographic appearance may
arouse the suspicion of a bony malignancy.
.
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FIGURE 1: Clinical photograph of a 12-year-old boy
with a painless mass on the middle phalanx of the middle
finger.
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Radiographic imaging of the lesion in the hand
demonstrates a calcified mass attached to the un-
derlying bone cortex without cortical disruption. In
most cases, the lesion resembles a sessile osteo-
chondroma. It consists of a bony mass covered by
a cartilaginous cap with an overlying pseudocap-
sule. However, in Nora tumor, the cartilage cap
and the endochondral ossification are histologically
disorganized, in contrast to the regular architecture
seen in an osteochondroma. A histopathological
evaluation will identify 3 distinct components:
bone, cartilage, and a fibrous stroma. The defining
histological feature of BPOP is the presence of an
irregular calcified/cartilaginous matrix that strongly
absorbs the blue hematoxylin-eosin stain. Meneses
et al2 reported that this blue bone tumor demon-
strated a cartilaginous cap with irregular endo-
chondral ossification, spindle cell stroma, and
underlying lamellar bone, but without any of the
osteoblastic or stromal cellular atypia consistent
with osteosarcoma.
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Surgical resection is the definitive treatment for
BPOP. The recurrence rate after excision is high,
from 35% to 54% at 2 years after surgery.1 No me-
tastases have been reported in the literature to date.
We present 3 cases of histologically confirmed BPOP
that were identified in pediatric hands.

Case 1
A 12-year-old boy presented with a painless mass on
the middle phalanx of his right middle finger (Fig. 1).
The patient was otherwise in good health, was on no
medications, and had no significant past medical his-
tory. There was a history of trauma 6 months previ-
ously while playing at school. On physical
examination, he had a lobulated lesion along the
middle phalanx of the right middle finger. It was 3 cm
in diameter and extended from the radial to the volar
aspect of the finger. Radiographs revealed a well-
demarcated mass with no disturbance of the underly-
ing bony architecture (Fig. 2). Magnetic resonance
imaging was performed to further evaluate the mass,
which showed as an osteocartilaginous mass arising
from the cortical surface of the phalanx. The mass
showed intermediate signal intensity on T1-weighted
imaging and nonhomogeneous high signal intensity
on T2-weighted imaging, consistent with a cartilagi-
nous mass and underlying normal cortical bone
(Fig. 3). Excisional biopsy of the entire mass was
performed and resulted in the removal of a 2.5 �
1.5 � 1 cm, dome-shaped mass resembling an osteo-
chondroma. This consisted of cancellous bone partially
covered by a cartilaginous cap (Fig. 4). Histologically,
the lesion was composed of lamellar bone with
prominent osteoblastic rimming. The stroma between
the bony trabeculae was loose and highly vascularized.
Unusual hyalinized vessels were found. The cartilage
cap consisted of haphazardly arranged chondrocytes.
At the bottom of the plate, there was endochondral
ossification with characteristic areas of blue calcifica-
tion. No cellular atypia was present consistent with a
diagnosis of BPOP (Fig. 5). Four years following
surgery, there was no evidence of recurrence.

Case 2

A 2-year-old girl presented with a painless mass on
the middle phalanx of her right middle finger. The
patient was otherwise in good health, was on no
medications, and had no significant past medical his-
tory or notable trauma to the digit. On physical ex-
amination, she had a lobulated lesion at the level of the
middle phalanx of her right middle finger. It was 2 cm
in diameter and extended from the dorsal aspect of the
middle phalanx. The range of motion (ROM) of the
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FIGURE 2: A Anteroposterior and B lateral plain radiographs of the third finger demonstrate a dense cloud-shaped mass measuring
approximately 2 cm. The mass extends from the dorsal radial aspect of the proximal shaft of the middle phalanx of the middle finger.
There is no disturbance to the underlying bony architecture.

FIGURE 3: A T1-weighted image shows a low-intermediate signal lesion extending from the dorsal cortex of the medial phalanx of the
thumb. The cortex and bone marrow of the underlying phalanx appear normal. There were no abnormal signal changes within the bone
marrow of the phalanx. B T2-weighted image shows increased signal intensity.
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distal interphalangeal joint was limited to 30� to 80�.
The radiographs showed a well-demarcated mass with
J Hand Surg Am. r V
Descargado para Anonymous User (n/a) en Community of Madrid Ministry

personal exclusivamente. No se permiten otros usos sin autorización.
no disturbance to the underlying bony architecture
(Fig. 6). The excisional biopsy of the mass revealed
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FIGURE 4: Intraoperative photographs taken at the time of mass excision demonstrate A the dorsal phalangeal mass with a cartilage cap.
B Mass resection was performed including C part of the dorsal cortex without violating the extensor tendon.

FIGURE 5: A Scanning magnification of the lesion demonstrated a dome-shaped mass consisting of cancellous bone with a cartilaginous
cap. B Note the distinct blue calcification at the interface of bone and cartilage that is better demonstrated at � 10 power. C A � 20
power image demonstrated bony trabeculae rimmed by prominent osteoblasts and loose spindle cell stroma with hyalinized thick
vessels. D A � 40 power image showed bony trabeculae rimmed by prominent osteoblasts and loose spindle cell stroma within an area
of hyalinized vasculature.
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similar findings to the first case, with osteoblast-
rimmed lamellar bone covered by a disorganized
cartilage cap without cellular atypia. The stroma was
loose with prominent hyalinized vessels, and the
characteristic blue border between bone and cartilage
was noted. Two months later, the patient returned with
a recurrent mass on the dorsal aspect of the middle
phalanx (Fig. 7A, B). Radiographs were taken and
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revealed a larger mass on the dorsal aspect of the
middle phalanx consistent with recurrent BPOP
(Fig. 7C). Wide excisional surgery was performed
involving the entire dorsal cortex of the middle pha-
lanx (Fig. 8A, B). Three years after surgery, no signs
of recurrence have been observed with full reconsti-
tution of the dorsal cortex (Fig. 8C) and final distal
interphalangeal joint ROM was 0� to 90�.
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FIGURE 6: Oblique radiograph of the finger demonstrates an
osteocartilagenous mass arising from the dorsal aspect of the
middle finger middle phalanx in a 2-year-old girl.

FIGURE 7: A Frontal and B lateral clinical photographs of a 2-year-ol
months after resection. C Lateral radiograph taken 2 months after exci
dorsal aspect of the middle phalanx.
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Case 3

A 12-year-old boy presented with finger stiffness and
edema of his left ring finger proximal interphalangeal
(PIP) joint. Otherwise, the patient was in good health, on
no medications, and had no significant past medical
history. He reported a jamming injury while at wrestling
practice 6 weeks earlier with pain and edema, but no loss
of motion. He had reinjured the finger 3 weeks later with
increased edema, pain, and the onset of decreased ROM
at the PIP joint. His initial physical examination revealed
mild edema on the radial side of the left ring finger
proximal phalanx and a 45� to 90� ROM of the PIP
joint. Radiographs showed periosteal bone formation
proximal to the radial collateral ligament origin (Fig. 9A,
B). He was initially treated with occupational therapy
and nighttime orthosis wear, which improved PIP joint
motion to 20� to 105�. However, follow-up radiographs
revealed a marginal increase in the size of the lesion
(Fig. 9C). A computed tomography scan was performed
that showed parosteal bone formation with a soft tissue
cap, consistent with BPOP (Fig. 10). Wide excisional
biopsy was performed using a K-wire to drill holes
(Fig. 11A) and an osteotome to remove the 1.9 � 0.6 �
0.7 cm osteocartilagenous mass with a 0.2- to 0.3-cm
cartilage cap (Fig. 11B, C). Histological analysis
demonstrated a hypercellular cartilage cap undergoing
enchondral ossification that consisted of woven bone
trabeculae rimmed by prominent osteoblasts. The
cortical and lamellar bone was overlain by a basophilic
d girl with a recurrent mass on the middle finger middle phalanx 6
sion of the mass demonstrates a recurrent parosteal mass along the
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FIGURE 8: A Intraoperative photograph and B lateral radiograph demonstrate complete excision of the mass and dorsal cortex of the
middle phalanx. Note that the extensor tendon has been reflected with the skin to facilitate removal of the mass, which was later repaired
distally. C Lateral radiograph taken 3 years after surgery demonstrates reconstitution of the dorsal cortex and no signs of recurrent tumor.

FIGURE 9: A Anteroposterior and B lateral plain radiographs of the left ring finger demonstrate a radiodense periosteal mass measuring
9.3 mm in length. The mass extends proximally from the radial collateral ligament insertion along the PIP joint. C Five months following
initial presentation, the mass had grown to 11.6 mm, and decreased motion persisted despite aggressive occupational therapy.
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chondroid stroma, or blue border, with prominent
haphazard chondrocytes consistent with a diagnosis of
BPOP. Four years following surgery, there was no evi-
dence of recurrence (Fig. 12), although the patient had a
persistent mild loss of motion at the PIP joint (5�e105�).

DISCUSSION
Bizarre parosteal osteochondromatous proliferation is
an uncommon benign reactive lesion that arises from
the periosteum through a process of cartilaginous
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metaplasia. The age distribution of cases reported in
the literature ranges from 8 to 74 years with most
cases occurring in the 20s and 30s1e3 without sex
predilection. We report 3 cases between the ages of 2
and 12 in this series, all arising in the middle or
proximal phalanx. In approximately three-quarters of
all cases of BPOP, the small bones of the distal ex-
tremities are affected with the hands being 4 times
more commonly affected than the feet. Fifty percent
of lesions involve the metacarpal and middle
ol. 46, April 2021
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FIGURE 10: A Axial and B coronal plane computed tomography scans of the lesion demonstrate a parosteal calcified mass consistent
with BPOP.

FIGURE 11: Intraoperative fluoroscopy demonstrates the excisional biopsy performed for the mass. A Drill holes were made through
the cortical bone with 2-mm margins away from the mass. B The drill holes were connected with an osteotome and the mass was
removed en bloc. C Lateral view demonstrates complete excision of the mass and full flexion at the PIP joint.
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phalanges.19 In contrast to subungual exostoses,1,20

the lesions do not tend to involve the distal phalanx.
Although the pathophysiology of BPOP is un-

known, it appears to be related to trauma. Meneses
et al2 reported a history of trauma, occurring between
2 months and 3 years prior to presentation, in 30% of
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patients. In fact, trauma has been hypothesized to
explain the relationship between BPOP and other
conditions commonly affecting the tubular bones of
the hand (florid reactive periostitis and turret exos-
tosis).13,14 In our series, 2 of the 3 patients reported
recent trauma to the area, which supports this
ol. 46, April 2021
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FIGURE 12: A Posteroanterior and B lateral radiographs of the left ring finger 4 years following surgical resection demonstrate no
recurrent tumor and bony remodeling of the radial cortex after mass excision.
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hypothesized pathophysiology. The existence of a
previous trauma to the region is controversial in this
etiological hypothesis because it is not always pre-
sent, as in our second case in which there was no
history of any trauma. However, we cannot
completely exclude a traumatic inciting event for this
case because children in this age group commonly
sustain minor injuries that may not warrant evaluation
by parents or physicians.

Yuen et al7 suggested that florid reactive perios-
titis, BPOP, and turret exostosis are different repre-
sentations of the same process explained by temporal
factors, local anatomical features, and breaching of
the periosteum. Dorfman and Czerniak6 postulated
that the differences were related to different stages of
maturation of the tumor itself. The first stage is a
florid reactive periostitis made up of spindle cells
with minimal ostoecartilaginous proliferation. The
second stage is BPOP, consisting of a newly formed
prominent bone and metaplastic cartilage. The last
stage is a turret exostosis that would occur once the
ossified focus matures and is characterized by a broad
base and cartilaginous cap. According to this hy-
pothesis, a traumatic event causes a hemorrhagic
subperiosteal proliferation. The resulting lesion is
commonly referred to as florid reactive periostitis. In
time, a localized fusiform bony lesion develops while
the underlying cortex remains intact underneath the
J Hand Surg Am. r V
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osteocartilagenous lesion seen in BPOP. With further
maturation and remodeling, the lesion is incorporated
into the cortex of the underlying bone and develops
as a broad-based protuberance or turret exostosis.14

Our 3 cases demonstrated typical features of BPOP
as previously reported, namely, bony trabeculae with
prominent osteoblastic rimming and a cartilage cap
with enchondral ossification and characteristic blue
calcification referred to as blue bone. However, we
have observed hyalinized vessels on histological ex-
amination, which is something that, to the best of our
knowledge, has not been reported previously. This is
most likely a coincidental finding that reflects
degenerative changes within the tumor, but it could
be of interest as another possible histological feature
of Nora lesion, particularly in the phalanges of
children.

The differential diagnosis for BPOP includes
benign and malignant tumors commonly found in the
hand. Bizarre parosteal osteochondromatous prolif-
eration has unique radiographic and histological
patterns that require careful scrutiny and can be
confused with a variety of other entities. The most
common such lesion in the differential diagnosis is
osteochondroma. Isolated osteochondromas are un-
common in the small bones of the extremities but are
more frequently noted in patients with multiple he-
reditary exostosis. However, the bony stalk of an
ol. 46, April 2021
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osteochondroma is contiguous with the cortical bone
and frequently has a connected medullary cavity,
findings that are not seen in BPOP, in which the base
is the widest part of the mass. The absence of con-
tinuity between the lesion and the medullary cavity of
the bone and a lack of cortical flaring at the tumoral
junction are important radiographic signs that differ-
entiate BPOP from osteochondroma.

Other lesions in the differential diagnosis include
periosteal chondroma, which is a lobulated hyaline
cartilage tumor that lacks bony trabeculae and blue
calcification seen in BPOP. In addition, periosteal
osteosarcoma is a predominantly chondroblastic os-
teosarcoma that displays cytological atypia without
well-circumscribed borders. Parosteal osteosarcoma
is a well-differentiated osteosarcoma, with a predi-
lection for the posterior cortex of the distal femoral
metaphysis and is rare in the hand. Radiographically,
this tumor displays a heavily mineralized mass
attached by a broad base to the cortical bone. His-
tologically, parosteal osteosarcoma presents at least
minimal cytological atypia.21 Other entities in the
differential diagnosis include myositis ossificans and
chondrosarcoma.

Patients with BPOP typically present with a solid,
rapidly growing, nontender mass in the tubular bones
of their hands. Pain, discoloration, and erythema are
rare. Radiographic examination shows a mass of
mineralized bone arising from the cortical surface on
the tubular bones of the hand, demonstrating a thick
cartilage cap with advanced imaging. The lesion has a
well-defined margin and is attached by a broad base
that does not disrupt the architecture of the underly-
ing bone. The definitive treatment of BPOP is wide
surgical resection because recurrence is common,
especially with marginal excision.
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