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Abstract:  Background: Bizarre parosteal osteochondromatous proliferation (BPOP),
or Nora lesion, is a rare proliferative disease arising from the parosteal region of bones.
Although BPOP’s pathogenesis is still not certain, modern literature suggests it to be a
tumor-like lesion or even a benign neoplasm. Due to the extremely low incidence, to this
date studies on the topic are limited to case reports and a few case series. is narrative
review aims to resume literature on BPOP and provide an overview of its natural history,
morphologic characteristics and prognostic horizon.
Materials and methods: A systematic research of the literature was done to identify
studies reporting on patients who suffered from BPOP between 1983 and 2021. We
collected data regarding aetiologic and pathogenetic theories, patients’ personal data
and anamnesis, lesions’ location, clinical presentation, imaging features, pathological
appearance, treatment and prognosis.
Results: We identified 322 cases of BPOP with a mean age of 34.3 years at the moment
of diagnosis. ere was no gender difference. e most involved site was the hand,
followed by the foot. A history of trauma was reported for 14.7% of the cases. 38.7% of
the patients had pain. Literature defined typical radiographic and microscopic patterns
that characterize Nora lesions. While imaging is fundamental to orientate towards
BPOP, histological evaluation is mandatory to get the definitive diagnosis. To this date,
only reliable therapeutic option is represented by surgical resection. BPOP is burdened
by a risk of recurrence that accounts to 37.4%.
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Conclusion: BPOP is a rare benign disease that should be considered during the
differential diagnosis of parosteal lesions, especially in the acral regions. Careful
diagnostic evaluations are necessary to get the correct diagnosis and wide margins of
resection are recommended to minimize the relatively high risk of local recurrence.
Keywords: Bizarre parosteal osteochondromatous proliferation, BPOP, Nora lesión.
Summary:   Įvadas: Neįprasta parostealinė osteochondromatozės proliferacija (BPOP),
arba Noros pažeidimas, yra reta proliferacinė liga, atsirandanti dėl kaulų parostealinės
srities. Nors BPOP patogenezė vis dar nėra iki galo aiški, šiuolaikinėje literatūroje
nurodoma, kad tai yra naviko pažeidimas ar net gerybinis navikas. Dėl labai nedidelio
sergamumo iki šiol tyrimai šia tema apsiriboja sveikatos priežiūros įstaigų pranešimais
ir keliais atvejais. Šia apžvalga siekiama atnaujinti BPOP literatūrą ir apžvelgti jos
atsiradimo istoriją, morfologines charakteristikas ir prognozes.
Medžiagos ir metodai: Atlikta sisteminga literatūros apžvalga, siekiant rasti tyrimų,
kuriuose pranešama apie pacientus, 1983–2021 m. sirgusius BPOP. Surinkti duomenys
apie etiologines ir patogenetines teorijas, pacientų asmens duomenis ir anamnezę,
pažeidimų lokaciją, klinikinius simptomus, magnetinio rezonanso vizualizavimo
ypatybes, patologinę išvaizdą, gydymą ir prognozę.
Rezultatai: Nustatyti 322 BPOP atvejai, paciento vidutinis amžius diagnozės metu
buvo 34,3 metų. Lyčių skirtumo nebuvo. Dažniausia pažeidimo vieta buvo ranka, po
to pėda. Traumų istorija buvo būdinga 14,7 proc. visų atvejų. 38,7 proc. pacientų
jautė skausmą. Literatūroje apibrėžti tipiniai radiografiniai ir mikroskopiniai modeliai,
apibūdinantys Noros pažeidimus. Nors magnetinio rezonanso vaizdai yra labai svarbūs,
norint nustatyti BPOP, histologinis vertinimas yra būtinas galutinei diagnozei. Iki šiol
patikimiausias gydymo būdas yra tik chirurginė rezekcija. BPOP apsunkina tai, kad ligos
pasikartojimo rizika sudaro 37,4 proc.
Išvada: BPOP yra reta gerybinė liga, į kurią turi būti atsižvelgiama diagnozuojant
diferencinius parostealinius pažeidimus, ypač galūnėse. Teisingai diagnozei gauti būtina
atlikti kruopštų diagnostinį vertinimą, o norint sumažinti santykinai didelę lokalaus
pasikartojimo riziką, rekomenduojama atlikti platesnę rezekciją.
Keywords: neįprasta parostealinė osteochondromatozės proliferacija, BPOP, Noros
pažeidimas.

Introduction

Although a large variety of diseases can be responsible for osteochondral
proliferation in the parosteal region, its onset is extremely rare in the distal
segments of the human body. At the end of the 1970s, the osteochondral
lesions that were most likely to present with parosteal localization were
osteochondromas and parosteal chondromas. Both were only rarely
found in the distal extremities, as emerged from the Mayo Clinic’s
casuistry, reported by Dahlin in 1978 [1,2]. In particular, the document
testified that only 14 of the 516 documented osteochondromas (2.7%)
involved the bones of hands and feet. In parallel with the extremely
low incidence of these tumors, through the years the same institution
had hospitalized and treated dozens of cases who suffered from other
parosteal osteochondromatous neoformations which mainly occurred
in the distal segments of the upper and lower limbs and that could
not meet the radiological and pathological criteria for the diagnosis
of osteochondroma, periosteal chondroma or other pathologies then
known. In 1983 Nora et al. [1] condensed this experience in an article,
reporting 35 cases of lesions involving hands and feet with similar
radiographic and histological patterns. In light of these similarities, and
the substantial differences with other pathologies known to that date,
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authors proposed the introduction of a new and undescribed disease,
which they named “Bizarre Parosteal Osteochondromatous Proliferation
of the small bones of the hands and the feet’’. Although this first study
verged only on lesions of the extremities, the authors already noted that
identical lesions had also been seen to involve the long bones in two
cases. is opened to the idea that the disease could also be found in
proximal regions. In the years that followed, several case reports and
case series [3-82] increased the number of known cases which had the
same clinical, radiographic and histological characteristics described by
Nora et al. [1], with a certain share of lesions involving also the proximal
skeleton. In light of this evidence, the disease was definitely accepted as a
separate entity and is now commonly referred to as the “Bizarre Parosteal
Osteochondromatous Proliferation” or “Nora lesion”, in honor of its
discoverer.

e aim of our study is to resume international literature on this topic
and provide an overview of Nora lesions’ characteristics. With this aim,
we resumed the data available to this date to give an overall picture of
Nora lesion’s epidemiology, possible risk factors, clinical presentation,
imaging and histological characteristics, but also the possible therapeutic
approaches and their effects on patients’ prognosis.

Search strategy and data management

A systematic review of the literature was carried out in order to
identify in international literature studies on the Bizarre Parosteal
Osteochondromatous Proliferation (BPOP), also known as Nora lesion.
Our analysis was performed searching in PubMed, Scopus and Google
Scholar the terms “Bizarre”, “Parosteal”, “Osteochondromatous” and
“Proliferation”, as well as “BPOP” and “Nora Lesion” with all their
possible combinations. e research was extended to the studies
published between 1983 and December 31st, 2021. Studies in English
language, with available full-text and explicitly reporting on patients with
BPOP were included in this review. Exclusion criteria were represented
by the use of languages other than English and the absence of a clear
histological diagnosis. Both retrospective studies and prospective trials
were considered. e full text of each article potentially suitable for
the purpose of our analysis was viewed independently by two different
authors (EI and EF). Each patients’ personal data including age at
diagnosis and gender were recorded, as well as lesions’ location and
size. We considered whether cases had or not a history of trauma in
their lesion site. Data about clinical presentation such as pain, reduced
articular mobility and functional limitations were included in our
database when reported by their authors. Considerations about imaging
and anatomical characteristics of Nora lesions have been analyzed to get
a multi-comprehensive view of the disease. In parallel, when referred, all
the surgical approaches were recorded, alongside eventual postoperative
complications and clinical outcomes aer surgery. All those studies which
reported patients’ prognosis, in particular whether they suffered or not
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from local recurrence, were collected in order to assess a global recurrence-
free survival rate. In general, the focus of the references varied broadly.
Studies could either be case reports or case series and investigate one or
more specific aspects like preoperative presentation, imaging, pathology,
genetics, surgical treatments and postoperative outcomes.

81 articles met our selection criteria. 55 of them were case reports,
whereas the remaining 26 were case series with a population size ranging
between 2 and 69 units (mean 10.3). In total, our search led to the
identification of 322 documented cases reported in literature through
a period of 38 years. e chronological evolution of BPOP’s overall
casuistry is resumed in Figure 1.

Epidemiology

Bizarre Parosteal Osteochondromatous Proliferation is an extremely rare
disease, with less than 350 cases described in literature since its discovery
in 1983. Our research led to the identification of 322 different cases
with histopathological diagnosis of BPOP. 49.8% of those patients were
females and 50.2% were males, testifying an equal distribution of the
disease between the two genders. Patients’ mean age, calculated on 306
cases, was 34.3 years (2-81).

Nora lesions arose from the upper limb in 223 cases (69.2%). In
particular, the bones of the hand were the most frequently affected,
accounting alone for a total of 191 cases (59.3%). Metacarpal bones were
involved in 38 cases (11.8%) [1, 3-17], proximal phalanx in 41 (12.7%)
[1, 3, 7-10, 18-24], middle phalanx in 44 (13.6%) [1, 3, 6-10, 13, 19, 20,
25-29] and distal phalanx in 19 (5.9%) [1, 3, 7-10, 19, 30, 31]. e exact
localization of the disease inside the hand was unknown in the other
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Figure 1.
Graphic representation of cumulative number of cases and studies through

the years since the discovery of the disease by Nora et al. in 1983 [1].

49 patients. Nora lesions involved radius [5, 32-37] and ulna [5, 30,
33-35, 37-43], respectively, in 10 and 17 cases. 4 (1.2%) lesions were
diagnosed nearby the humerus [33, 44-46] and only a single case in
literature was found in the clavicular region [18].

87 patients (27.0%) developed Nora lesions in their lower limbs.
Neoformation involved femur [3, 16, 33, 37, 47, 48], tibia [3, 9, 18, 33,
49, 50] and fibula [18, 33, 51] in 11 (3.4%), 8 (2.5%) and 4 cases (1.2%),
respectively. One additional case was discovered nearby the patella [52].
e foot was by far the most frequently involved site in the lower limb,
with 62 (19.2%) documented cases. In 17 of them (5.3%), the exact site of
the lesion was not reported [33, 46, 50, 53]. Only 3 cases (0.9%) involved
the hindfoot – calcaneus in 1 case [54] and talus in 2 cases [14, 55] –
whereas the large majority of cases arose from the forefoot. 29 of them
were localized in the metatarsal area [1, 5, 9, 16, 23, 34, 56-64], with 3 in
particular arising from sesamoid bones [5, 65, 66]. Proximal phalanx was
involved in 11 cases [1, 9, 67-72] and distal phalanx in 2 cases [73, 74],
while no BPOP of the middle phalanx of the foot has been described with
certainty in literature to this date.

8 patients suffered from Nora lesions localized in their head bones [33],
including mandible (4; 1,2%) [75-78], maxilla (1; 0.3%) [79], zygoma (1;
0.3%) [80], and nose (1; 0.3%) [81]. Only one case of spine localization
has been described in literature to this date [82]. Lesion’s localization was
not provided for 4 cases: 3 by Nora et al. in 1983 and for 1 by Cocks et
al. in 2018 [1, 7].



Edoardo Ipponi, et al. Bizarre Parosteal Osteochondromatous Proliferation (Nora Lesion): A Narrative Review

PDF generado a partir de XML-JATS4R por Redalyc
Proyecto académico sin fines de lucro, desarrollado bajo la iniciativa de acceso abierto 181

e distribution of Nora lesions in terms of locations and frequency is
graphically represented in Figure 2, while a schematic overview in detail
is reported in Table 1.

Table 1.
Detailed distribution of all cases of BPOP included in our review. Each localization

(le column) was associated with its overall number of cases (right column).
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Figure 2.
Schematic distribution of Nora lesions included in our literature review.

Etiology and pathogenesis

To this date, BPOP’s etiology and pathogenesis still remain controversial.
For years, several authors hypothesized it could be a reactive
neoformation consequential to a traumatic event. Post-traumatic
calcifications of the so tissues are largely described in literature, and
periosteum, as well as the other connective tissues adjacent to it, could
theoretically calcify as a result of a reparative process that follows deep
hematomas or localized flogistic events. Nora lesions have radiographic
and histologic characteristics that remind of the ossification which
typically follows a reparative process of periosteum or growing plates’
cartilage aer a traumatic lesion [1, 33].

Among the 217 cases with detailed anamnestic and clinical
presentation described in literature, 32 had a trauma in the location
which later hosted the Nora lesion. Cases with a history of trauma
therefore account for a total of 14.7% of the cases, whereas the remaining
85.3% did not suffer from significant traumatic events (Table 2).
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Table 2.
Synthetic resume of the findings obtained by studies with 5 or more cases.
e others were gathered in a single line, under the name “Other studies”.

When evaluating these data, we must consider that the distribution
of cases with a history of trauma varies largely between one study and
the other. For example, Nora et al. [1] excluded any history of trauma
for their 36 cases, whereas injuries were present in the anamnesis of 5
out of 7 patients in the study published by Smith et al. in 1996 [46].
is difference could be attributable to diverse standards used by the
authors to define a traumatic event as potentially relevant. Contextually,
the entity of the injury, as well as the time between its occurrence and the
definitive diagnosis of disease, were only rarely reported in literature. In
light of the low incidence of the disease compared to the high frequency
of traumas, it is unlikely that localized injuries alone may represent the
etiologic cause of BPOP’s outbreak. On the other hand, they could play a
role in a multifactorial pathogenesis, representing a risk factor for already
predisposed patients.

In parallel with the post-traumatic hypothesis, since its discovery by
Nora et al. the lesion has been speculated to be a tumor-like lesion or
even a neoplasm. is theory has always been supported by the extremely
high risk of local recurrences testified by several authors and in part by
the histologic appearance of the lesions, described below in a dedicated
paragraph [1, 3, 5, 6, 8-10, 17, 18, 23, 28-31, 33-37, 39, 46, 50, 53, 70-76].
Although in the first moment some authors theorized that BPOP could
have been an intermediate stage that connected florid reactive periostitis
with Turret exostosis [83, 84], further studies definitely established Nora
lesion as an independent pathological entity [8, 9, 22 33]. Some studies
also focused on the genetic characterization of BPOP, in order to allow
a better comprehension of lesions’ nature. In 2004, using chromosome
banding and fluorescence in situ hybridization (FISH) analyses, Nillson
et al. [53] detected a balanced translocation between chromosome 1 and
chromosome 17: t (1;17) (q32;q21). e same mutation was found in the
same year by Zambrano et al., in their only case who had a local recurrence
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aer surgical excision [35]. A similar translocation between the two
chromosomes, t(1;17)(q 42;q23), was discovered by Endo et al. [68] only
one year later, in 2005. In both cases translocations involved several genes,
including BRCA1, an oncosuppressor gene related among the others with
breast carcinoma, and COL1A1, involved in the deposition of type 1
collagen whose disregulations have been demonstrated to be associated
with diseases such as dermatofibrosarcoma protuberans and giant cell
fibroblastoma. Furthermore, in 2021 Zhang et al. [85] discovered a
correlation between the disruption of the Jmjd3/p16 Ink4a signaling
pathway and the onset of BPOP in a mice model. ese evidences
reinforce the idea that BPOP should be considered as a benign neoplasm,
although the influence of these genes on the outbreak of the disease is
still uncertain and the full knowledge of its etiology and pathological
pathways are still far from being fully known [19].

Clinical presentation

BPOP can either stay asymptomatic for a long period of time and be
diagnosed as an incidental lesion or overcome the clinical horizon leading
to the onset of significant signs and symptoms. Typical symptoms – when
present – include pain, palpable swelling and functional impairment.
Taking into consideration all the 217 cases in literature whose clinical
picture was described, the 38.7% (84) of them had localized soreness at
the moment of their diagnosis (Table 2) [1, 3-6, 8-10, 12-14, 17-22, 27,
30, 31, 33-37, 40, 44, 46-50, 54, 57, 61, 62, 73, 74]. e remaining 61.3%
(133) did not suffer from any pain directly attributable to the disease.

Pain apart, BPOP can also be discovered due to the progressive
appearance of a swelling in the hosting region. In general, the tumefaction
is described as a lone hard mass, not mobile against the underlying bony
surface. Lesion’s growth is oen slow but unceasing for months and
even years, although cases whose size remained steady or even decreased
have been recently described in literature [56]. In case these masses are
not promptly diagnosed or treated, they can reach even considerable
dimensions [18, 20, 44, 61-63]. Furthermore, the bigger lesions get,
the higher is the risk their volumetric spread translates into visible
deformations and functional limitations. Lesions that involve superficial
bones or anatomical regions nearby mobile articulations are more likely
to develop these consequences of the lesion’s mass effect. In particular,
Nora lesions have a higher incidence on the upper limb, where several
authors testified a mild-to-severe functional impairment to the fine and
precise articulations of wrist, hand and fingers [3-5, 9, 14, 18-20, 26].
Similar appearances can be found in cases whose lesions are localized in
the lower limb, with plantar lesions in particular that may represent an
obstacle for patients’ correct load distribution and deambulation [5, 27,
54, 61]. Both Rottler et al. [55] and Reddy et al. [14] associated BPOP
with local fasciitis, and it was considered by the authors whether the two
diseases are comorbidities or alternatives in a differential diagnosis.
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No significant correlation with systemic diseases could be observed on
patients who suffered from BPOP, although the patient’s global clinical
picture was portrayed only for a low number of cases. In their case report,
Orui et al. [12] looked into their patient’s blood exams, identifying
neutrophilic leukocytosis and increased values of alkaline phosphatase.
Rottler et al. [55], for their part, documented a case with slightly increased
CRP values. However, single cases are insufficient to establish whether
there was a cause and effect relationship between these values and BPOP.
Studies on larger populations should therefore be taken in order to get a
better comprehension on the topic.

Appearance and diagnosis

Depending on the entity of their clinical presentation, Nora lesions
can come to medical attention due to the onset of the aforementioned
symptoms or present as an occasional finding during a radiographic exam
taken for other diagnostic purposes.

As a rule, a diagnostic approach is carried out in a two-step process. In a
first step, the morphology of the mass is investigated using X-ray images.
In case the radiographic findings are consistent with the ones of a Nora
lesion, further multiplanar exams such as CT scan and MRI should be
taken in order to achieve a better characterization of the mass. Cases with
suggestive radiographic presentation require a second step, since biopsy
and consequential histological examination are mandatory in order to
get the definitive diagnosis of Bizarre Parosteal Osteochondromatous
Proliferation.

Imaging

Although the final diagnosis of BPOP is classically made through
pathological investigation, imaging tests play a pivotal role in orienting
the diagnostic process towards the disease. X-rays, but also MRI and
CT scans can be useful to characterize a suspect lesion, supporting or
excluding a presumptive diagnosis of Nora lesion.

X-RAYS – X-rays represent the first-line imaging test for bone and
calcified tissues. Radiographically, BPOP presents as a well-marginated
ossified mass that directly arises from the cortical surface of the underlying
bone [10, 19, 63]. e lesion generally has a large implant base above an
intact cortical surface. Cortical erosion has been occasionally reported,
but does not represent a typical feature [19, 32].

CT SCANS - CT scans provide a tridimensional radiographic view
that confirms the characteristics highlighted by X-rays, adding further
information about the surrounding so tissues and the relation between
the lesion and the underlying bone. CT confirms the calcific nature of
the mass and excludes signs of continuity with the medullary canal or
interruptions of the cortex. Moreover, it gives a better picture of the
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nearby so tissues, evidencing in particular the absence of periosteal
irritative reactions (Fig. 3) [3, 10, 19, 64, 67].

Figure 3.
CT image of a Nora lesion arising from the antero-lateral surface of the tibia.
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Figure 4.
MRI images of the same lesion already pictured in Figure CT, displayed

both with T1 weighted (A and B) and T2 weighted (C and D) sequences.

MRI – Magnetic resonance displays a Nora lesion with homogeneous
low-signal intensity in T1 weighted sequences. In T2 weighted and STIR
sequences, instead, the mass shows a slightly increased signal intensity
in its center, with its periphery being of higher signal intensity. On
T2 weighted gradient imaging, the central portion of the lesion was
of inhomogeneous intermediate signal with a uniformly high signal
periphery [19, 23]. Signs of periosteal reaction or perilesional oedema are
exceptionally rare, although occasionally described in literature [5], and
their recognition should orient physicians towards a different diagnosis
(Fig. 4).

Macroscopic and microscopic appearance

Histological examination is necessary in order to complete the
diagnostic evaluation and get a definitive diagnosis of Bizarre Parosteal
Osteochondromatous Proliferation.
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From a macroscopic point of view, Nora lesions generally present
as single or multilobulated solid bony masses, covered by a superficial
cartilage cap and oen surrounded by a reactive pseudocapsule that
separates the neoformation itself from the surrounding so tissues. In the
operative theater, masses are commonly demarcable with ease from the
overlying so tissues, while they tend to stay firm to the periosteum. Once
lesions are exposed and isolated, they generally have a bluish appearance
[30, 33, 60]. eir surfaces are smooth and plain in most of the cases,
although occasional sharp or irregular surfaces have been described in
literature [60]. e main diameter of Nora lesions ranged between 4 and
100 millimeters in literature [1, 18, 33].

At first glance, according to several authors, this gross appearance
may not significantly differ from the one of osteochondromas [1, 9,
33]. However, unlike the latter, Nora lesions have a structurally normal
bone surface, without any cortical flaring [60]. Furthermore, theoretically
there should be no continuity between the lesion itself and the medullary
cavity of the host bone [30, 33], although cases of continuity have been
described in literature [34].

From a microscopical point of view, BPOP consists of three different
tissue components, expressed in different amounts: cartilage, trabecular
bone and fibrous tissue [7, 33]. e lesions’ cap rarely exceeds the
centimeter in thickness and is usually formed by hypercellular hyaline
cartilage with signs of marked proliferative activity [3]. Chondrocytes
are oen large, with a bizarre shape and a certain share of them can
be double-nucleated. Visible signs of tissue hypermetabolism overcome
the ones of peripheral osteochondromas, almost mimicking the cellular
characteristics of low-grade chondrosarcomas [1]. Inside the lesion, the
osteocartilaginous interface is oen irregular and a definite maturation
pattern from cartilage to bone tissue is uneasy to identify, similarly to
what can be found in a callus [1]. As found by Meneses et al. and
later confirmed by other studies, the subchondral area is composed
of fibrovascular tissue, with a form of calcified cartilage and gradual
signs of endochondral ossification [1, 3, 33]. ere the calcified matrix
forms an irregular trabecular web that stains blue on haematoxylin–eosin
coloration, a characteristic also known as “blue bone appearance” [30, 33,
34, 60]. Blue bone cellularity can range from hypercellular to hypocellular
and matrix-rich [7].

Bony trabeculae are separated by a fibrous stroma with benign, reactive-
looking spindle-shaped cells [3]. Focally, spindle cells round up to form
osteoblasts, from which trabeculae seem to arise [33]. Mitotic figures are
frequent in each cellular line, testifying the high metabolic activity of the
tissues that compose the mass, while cytological atypia is infrequent [33].

Differential diagnoses

e diagnosis of Bizarre Parosteal Osteochondromatous Proliferation
is uneasy to establish due to its extremely low incidence and its
paucity of pathognomonic characteristics both from the clinical and the
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radiographic point of view. For these reasons, the diagnostic flow oen
comes through a differential diagnosis with other more common diseases.

Below are listed some of the lesions that more frequently come in
a differential diagnosis with BPOP. Each one is provided with a short
resume that contains anamnestic, radiographic and histologic features
which can direct toward the most correct diagnosis.

OSTEOCHONDROMA - Osteochondroma is the most common
benign bone tumor in the human being. It is more likely to arise from the
metaphysis of long bones and involves the hands in less than 5% of the
cases. is tendency is contrary to the one of Nora lesions. In fact, hands
are the most suitable location for the development of a BPOP, which
hardly involves long bones and, when it does, it does not seem to prefer
metaphysis over the other segments of long bones [19]. Radiographically
osteochondromas appear as sessile bony neoformations surrounded by
a cartilage cup. Osteochondroma’s bony roots are continuous with the
original cortical bone and also the medullary cavity shows continuity
within the lesion. e eventual absence of medullary continuity or the
integrity of the cortical bone underlying the lesions, instead, represent
key radiological findings in BPOP. Nora lesion and osteochondroma
also differ in some histologic features. At microscopic examination,
the cartilage cap of osteochondromas resembles a growth plate, with
columns or clusters of chondrocytes evenly distributed and undergoing
a maturing process which cannot be found in BPOP [36]. Furthermore,
unlike Nora lesions, osteochondroma’s chondrocytes lack atypia and
oen are arranged in parallel lacunar spaces. Moreover, in its bony parts,
osteochondroma has a regular arrangement of bone trabeculae, which
are oriented at ninety degrees to the cartilage and are not irregular and
puzzled like the ones present in BPOP [10, 19, 33].

MYOSITIS OSSIFICANS - Myositis ossificans is a benign extraskeletal
ossification that occurs within muscular tissue, commonly as a
consequence of a trauma. From an histological point of view it presents
with three different concentric zones: a center of immature fibroblasts
in a myxoid stroma with an inflammatory infiltrate, an intermediate
vascularized zone with osteoid components and, finally, a rim of lamellar
bone set at the edge of the mass [36, 67]. Unlike BPOP, myositis ossificans
are only rarely located in the distal segments of the human body. Another
difference with BPOP can be found with imaging examinations. X-
rays, CT scans and MRI images taken of a myositis ossificans show a
characteristic ossification that proceeds from the margins inwards [19].
is tendency is diametrically opposed to the one of BPOP, which shows
an expansive evolution that extends from the center to the surrounding
areas. Furthermore, in contrast to what can be found in Nora lesions
which are juxtaposed to the underlying bone, myositis ossificans are
usually separated from the adjacent bone and a periosteal reaction can
oen be identified [36, 67].

FLORID PERIOSTITIS - Florid reactive periostitis is a rare benign
lesion that presents as an aggressive periosteal reaction associated with so
tissue swelling. It is oen related to trauma and more frequently affects
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the small bones of the hands and feet in the second and third decade
of life. Radiographically, it presents as an irregular and partially calcified
mass situated peripherally to cortical bone. Microscopically, the lesion has
an osteoid appearance with focally prominent surrounding osteoblasts.
Florid reactive periostitis is oen associated with periosteal reaction,
which is not a common finding in BPOP [19, 84, 85]. Although florid
periostitis and BPOP share the same locations and their radiographic
appearance may oen come to be similar, a careful histologic evaluation is
generally able to distinguish one from the other. Microscopic evaluation
also marks a difference between florid periostitis and myositis ossificans:
in the first one bone tissue matures from the periphery of the lesion
inwards, whereas in the latter the bone formation mainly involves the
center [19, 36].

PERIOSTEAL CHONDROMA - Periosteal chondromas are benign
tumors made of cartilage that arise in a juxtacortical position. ey
mainly involve metaphyseal regions, in contrast with BPOP that does
not show any significant predilection. Under microscopical evaluation,
juxtacortical chondromas show a majority of fibro-cartilagineous tissue
with scattered matrix calcifications. is finding is similar to what can
be seen in the early stages of BPOP. However, despite some similarities,
periosteal chondroma is associated with cortical scalloping, cortical
irregularities and periosteal reaction which are not common in BPOP
[86].

PAROSTEAL OSTEOSARCOMA - Parosteal osteosarcoma is a low-
grade malignant bone tumor that originates from the bone cortex surface.
Although it prefers long bones, a short minority of cases can be found to
involve the extremities and therefore enter the differential diagnosis with
Nora lesions. Macroscopically, parosteal osteosarcoma appears as a dense
lobulated mass with heavy mineralization and a sclerotic appearance,
attached by a broad-based pedicle to the cortex [23]. On radiographs,
these tumors present as densely mineralized masses arising from the
bone surface. e underlying cortex is usually either normal or thickened
and rarely loses its continuity. A thin radiolucent zone between the
tumor and the underlying bone can be seen in the majority of cases.
e imaging features that differentiate BPOP and parosteal osteosarcoma
are the periosteal reaction and the infiltration of the nearby tissues: two
features that are typical in osteosarcoma but absent in BPOP [36, 44].
Microscopically, parosteal osteosarcoma is a well-differentiated fibro-
osseous neoplasm composed of regularly arranged bony trabeculae or
broad seams of osteoid with a hypocellular spindle cell proliferation.
While a low percentage of cartilage may be present, its spread is extremely
limited and it lacks cellularity and cellular atypia compared to Nora
lesions [19, 36].

PAROSTEAL CHONDROSARCOMA - Periosteal chondrosarcoma
is a rare, low-grade malignant tumor mainly composed of cartilage which
arises from the external surface of the bone. Peripheral chondrosarcoma,
typically found in adults, is rare in the hands and feet. Radiographically,
it appears as a mass with characteristic popcorn-like calcifications
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[67]. In order to establish a differential diagnosis between BPOP and
chondrosarcoma, it is important to consider that the extremities, the
most suitable locations for the development of a BPOP, are only an
exceptional location for parosteal chondrosarcomas. ese latter can be
distinguished histologically by the well-differentiated hyaline cartilage
with lobular architecture and no mitosis (in grade I) or increased
cellularity and foci of necrosis (in grade II variant) [87].

Treatment and prognosis

In light of their benign nature, Nora lesions do not require any treatment
if they are small and – in particular – asymptomatic. Conversely, a
treatment becomes necessary in cases when lesions imply pain and
functional limitations. Several surgical approaches have been described
in literature so far. Intralesional excisions, curettage and extralesional
excisions have been used to treat the lesion[5, 18, 22, 32, 47].

Although the surgical approach should always depend on each patient’s
necessities and each lesion’s location and size, the treatment of choice for
Nora lesions is represented by en-bloc resection of the lesion as a whole,
possibly with wide margins. In the vast majority of cases in literature
a proper resection could be carried out without significant sacrifice of
the nearby bone and so tissues, so that no further reconstruction was
necessary [5, 18, 22, 32]. For one patient, present in Barjwa et al.’s
case series [18], reinforcement with a plate and crews was necessary in
order to increase postoperative stability, since the mass resection caused a
significant gap of the cortical bone as well. Berber et al. [5], for their part,
did not mention reconstructions aer their “shark bite” resections.

In case lesion’s resection implies a significant bone loss, bone stock
can be restored using bone gras or prostheses. Although the use of
prosthetic implants is not excluded by modern literature, with Barjwa et
al. [18] who used an elbow megaprosthesis to fulfill a large bone gap le
aer resection, gras represent the most suitable reconstructive approach
for the majority of cases. Some authors already testified the use of both
allogras and allogras [5, 11, 32, 33]. e first allows to replace or
reinforce local bone with tissue of desired size and shape without the
need to resect another patient’s bone. e latter, such as vascularized
fibulas, provide an already vital implant to the receiving region at the
cost of a sacrifice in a donor site. In particular free vascularized bone
gras, which can be associated with a so tissue cover, can be useful when
surgeons are called to face not only a lack in bone stock, but also a limited
amount of overlying so tissues that could hinder a proper wound closure.
Amputation of toes, fingers or hand rays has to be reserved for exceptional
cases, when the growth of wide masses in narrow anatomical segments
compromised the surrounding so tissues, precluding both an adequate
wound closure and a sufficient functionality of what remains distally to
the involved site [1, 4, 5, 21]. Regardless of the surgery of choice, a wide
resection is mandatory in order to achieve free-of-disease margins and
therefore minimize the risk of local recurrence. In fact, since its discovery
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by Nora et al. [1], BPOP has always been observed to be associated with
significantly high rates of local recurrence aer surgical treatment. Our
literature analysis shows that a local recurrence was developed in 102 of
the 273 cases where post-operative intercourse was described. ese data
highlight an overall incidence that amounts to 37.4%. e diagnosis of
local secondary lesions was made between 1 month and 10 years aer
surgery (Figure 5). No case of metastatic lesion has been described to this
date, reinforcing the idea that BPOP is to be considered effectively as a
benign disease.

Our data confirm the burden of frequent recurrences in Nora lesions,
which still represent a challenge for orthopedic surgeons both inside and
outside the surgical theater. In today’s common practice, the achievement
of a complete resection is the only intra-operative factor that could play a
role in reducing recurrence rates months or years aer the treatment. As
far as we know, the use of

Figure 5.
A Kaplan–Meier graph that describes the survival rates to local recurrence for Nora lesions.

e graph only takes into consideration data from studies that indicate the time gap between
surgery and the diagnosis of recurrence. erefore, only 217 out of 273 cases were included.

systemic treatments or radiant therapy have not been experimented
yet, not only due to the benign nature of the disease, but also because of
our limited knowledge on BPOP’s etiology and pathogenesis. A better
comprehension of the disease’s nature could provide us with new tools
to fight the disease in a more complete and effective way in the near
future. Coming to know the mechanisms that regulate Nora lesions’ onset
and growth could allow us to make early diagnosis and perform quicker
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interventions with surgery and potentially even systemic or locally micro-
invasive adjuvant or neoadjuvant treatments.

Conclusion

Bizarre Parosteal Osteochondromatous Proliferation (BPOP), also
known as Nora lesion, is an extremely rare parosteal disease characterized
by an exophytic outgrowth from the cortical surface of the bone
consisting of a peculiar combination of cartilage, osteoid and fibrous
tissue. Due to both the low incidence of the disease and absence of clinical
or radiographic pathognomonic signs, diagnosis is challenging even for
the most experienced practitioners. e radiographic presentation of
Nora lesions generally puts them in a differential diagnosis with other
calcifying lesions of benign and malignant nature. Definitive diagnosis
can only be made aer a biopsy, under an accurate histological evaluation.
Surgical resection with wide margins represents the treatment of choice,
since BPOP shows a remarked tendency to give local recurrence aer
therapeutic approach.
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