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ABSTRACT

Osteopoikilosis is an asymptomatic osteosclerotic dysplasia
initially described by Albers Schonberg in 1915. Osteopoikilosis is a
rare disease with an estimated incidence of 1/50,000 and with an
unknown etiology. Osteopoikilosis can have a very typical
radiographic appearance and distribution; however, diverse clinical
associated pathologies can lead to diagnostic uncertainty and the
need for further investigation. We emphasize on the radiological
characteristics of this condition with clinical presentations and
associated dysplasias. The extensive search was conducted using
an indexed search database (Pubmed and Cochrane) using MeSH
terms, the relevant articles were chosen by title, abstract, language
and publication date. The importance of its differential diagnosis is
stressed with relevant review of the literature. When uniform
multiple radio-dense round or oval sclerotic lesions in a periarticular
distribution are found on radiographic examination, osteopoikilosis
must be in the differential diagnosis. Osteopoikilosis should not be
considered a coincidental radiographic finding, but rather part of a
systemic disorder, as several developmental dysplasias coexisting
with this disorder has been reported.Radiologically, the differential
diagnosis are Enostosis, dysplasias of endochondral bone formation
including osteopetrosis (Albers-Schénberg disease), pycnodysostosis
and osteopathia striata (Voorhoeve disease), each with varying
radiologic appearance. Although osteopoikilosis is generally
considered an incidental finding, several developmental dysplasias
coexisting with this disorder must be considered and excluded. In
patients with a known or suspected malignancy, radionuclide bone
scan has a critical role in distinguishing osteopoikilosis from
osteoblastic bone metastases.

INTRODUCTION

Osteopoikilosis (osteopathia condensans disseminata, spotted bones) is an asymptomatic
osteosclerotic dysplasia initially described by Albers-Schénberg in 1915 23], Osteopoikilosis associated
with benign conditions can have a very typical radiographic appearance and distribution; however, with
diverse clinical associated pathology can lead to diagnostic uncertainty and the need for further

investigation.
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METHODS

The extensive search was conducted using an indexed search database (Pubmed and Cochrane)
using MeSH terms, the relevant articles were chosen by title, abstract, language and publication date. We
review the literature available on osteopoikilosis with focus on characteristics, associated benign
conditions, relevant differential diagnosis and diagnostic workup.

DISCUSSION

Osteopoikilosis is a rare disease with an estimated inci-dence of 1/50,000 [131 and with an
unknown etiology [ 21, Actual incidence is not known[1l] since the disease is asymptomatic, actual
incidence may be under-reported). It appears with variable onset in both sexes regardless the age but
preferably adult males. The lesions have been described in all age groups, and although prevalence
studies have shown a higher frequency among men, the apparently unequal sex distribution may be a
result of referral bias in the literature (men are more likely than women to present to hospital with
traumatic injuries requiring radiologic investigation [4. ]

Pathogenesis

A hereditary failure (abnormality in endochondral bone maturation process and collagen
regulation) to form normal trabeculae along lines of stress is blamed in the pathogenesis [6l. Furthermore,
an altered osteogenesis may be responsible for the lesions [71. Benli et al. studied epidemiological, clinical
and radiological features of the disease in 53 patients from four families to evaluate its genetic
transmission (11,

Osteopoikilosis exists in hereditary (autosomal dominant transmission) and sporadic forms [791and
is one of several bone dysplasia’s characterized by defective endochondral bone formation [0, It is more
frequent in self-contained communities were consanguineous marriages are frequent 8 11, Buschke-
Ollendorff syndrome is an autosomal dominant, generally benign, combination of osteopoikilosis and
connective tissue nevi (dermatofibrosis lenticularis disseminata) or juvenile elastoma [12. 13],

Familial clustering suggests a dominant inheritance, associated with LEMD-3 gene, responsible for
the disease, featured by abnormality in enchondral bone maturation process [12. 1419, The LEMD-3 gene
codes for a protein of the inner nuclear membrane that inhibits both the BMP and TGF-b signaling
pathways [14.20],

Endochondral ossification refers to the formation of the long and flat bones, which begins from a
primitive hyaline cartilaginous model. This process is in contrast to intramembranous ossification, which
refers to direct transformation of condensed mesenchymal cells into cortical bone without a cartilaginous
phase, as is typically seen in the formation of the skull bones [19. The condensation of cancellous bone in
osteopoikilosis consists of a peripheral area of trabeculae in which osteocysts are scant and there are no
osteoblasts and osteoclasts, together with a central core of irregular trabeculae, in which both osteoblasts
and osteoclasts are present. The lesions appear to be metabolically active, and they become denser with
time, but later their size may change or they may even disappear. The precise origin of these abnormal

areas remains debatable, but they appear to represent foci of deranged differentiation in cancellous bone
[21, 22],

Clinical and radiographic presentation

This rare hereditary condition is usually noticed radiologically as an incidental finding of diagnostic
sclerotic lesions identified during the investigation of unrelated problems in which there is no clinical
history suggestive of either malignant or systemic disease [23. 241, These lesions are symmetric, numerous,
small, well-defined, homogeneous and circular or ovoid [25. The most frequently involved sites are the
epiphyses and metaphyses of long tubular bones and the carpi, tarsi, pelvis and scapulae 1.

According to an epidemiologic study on 53 patients with osteopoikilosis members of four families,
Benli et al[1], noticed that the most frequent sites for op appearance were the phalanges (100%), carpal
bones (97.4%), metacarpals (92.3%), phalanges of the foot (87.2%), metatarsals (84.4%), tarsal bones
(84.6%), pelvis (74.4%), femur (74.4%), radius (66.7%), ulna (66.7%), sacrum (58.9%), humerus (28.2%),
tibia (20.5%) and fibula (12.8%). It is generally accepted in the literature that it is more frequently located
in long bones and pelvis and male to female ratio is 3:2 [2:3],
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Although osteopoikilosis is generally considered an incidental finding, several developmental
dysplasias coexisting with this disorder have been reported [26]. Izge Gunal et al. reported a family in
whom various members had osteopoikilosis with 5 different associated lesions and suggest that
osteopoikilosis is a bone manifestation of a generalized fibroproliferative or stenosing disease 271,

Diagnostic work up of radiographic lesions

When Osteopathia condensans disseminata or spotted bones presenting with sclerotic lesions of
bone are areas of increased bone density seen on plain radio graphs, it is necessary to consider the
following three elements: the appearance of the spots, their number, and their location and distribution.

As mentioned previously, the characteristic radiologic feature in osteopoikilosis is multiple,
punctate, sclerotic, rounded or oval foci. The multiple benign lesions of osteopoikilosis tend to have a
characteristically symmetrical periarticular distribution within the epiphyseal and metaphyseal regions of
the axial and appendicular skeleton that is virtually diagnostic of the condition. Osteopoikilosis has not
been described in the skull.

Figure 1: (A) Anteroposterior Pelvis radiograph shows multiple dense radio-opaque spots in the proximal femoral and
acetabular region bilaterally. (B) Anteroposterior bilateral hand radiograph showing multiple small radiodense foci
bilaterally.

Figure 1 (A)

Assessment of the radiograph as well the patient’s clinical history is highly relevant to the workup
of bone lesions. The diagnosis of osteopoikilosis is clear when the characteristically benign-looking
periarticular spots are found incidentally in an otherwise healthy person or in a patient presenting with a
traumatic injury. Occasionally, OP can be painful without causing any deformity or dysfunction at the
location site [74., Although a benign condition, it may lead to diagnostic problems when the patient
undergoes diagnostic imaging of the skeletal system due to various reasons like malignancy [28l,

In benign Enostosis, or bone islands, which also have sclerotic rounded lesions, the peripheral
margins tend to blend or merge with the underlying normal trabeculae (Figure 3). These lesions are
typically small (< 1 cm) and frequently isolated. Although the lesions in Enostosis are usually round or oval,
their shape is not specific. If the lesions are larger than 1 cm, other sclerotic bone conditions or lesions
must be considered, despite the characteristic appearance of the peripheral margins. If sclerotic lesions
are large or numerous, the diagnosis of osteopoikilosis or Enostosis is questionable. In addition, bone
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islands should be blandly homogeneous, as they represent a hamartoma (i.e., cortical bone where
medullary bone should be).

Figure 2: Anteroposterior radiograph of both knee showing sclerotic foci of variable size appear in the femur and tibia.
Note the periarticular distribution and predominant meta-epiphyseal location (sites of endochondral bone formation)
characteristic of osteopoikilosis.

Figure 2.

Figure 3: (A) Anteroposterior view of the pelvis showing a single sclerotic focus in the right iliac bone typical of a bone
island or Enostosis. (B) Anteroposterior view of the Hip joint showing a single dense sclerotic focus with spiculated
margins merging with underlying normal trabeculae, which is characteristic of bone islands.

Figure 3(A)

Figure 3(B)

Nonhomogeneous or multiple lesions are cause for concern, as they may indicate osteoblastic
activity related to an underlying marrow-replacing disease such as metastasis (Figure 4). Metastases tend
to be more frequent in the pelvis and spine. Metastatic disease can affect any bone, but it predominates in
the axial skeleton, is rarely seen below the knee or elbow and tends not to follow a periarticular
distribution. In these situations, a review of previous imaging is essential to show that the lesion has
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remained stable over time. In patients with a known or suspected primary malignancy, radionuclide bone
scan has a critical role in distinguishing osteopoikilosis from osteoblastic bone metastases when previous
images are not available [29. 301, Although osteopoikilosis may have the appearance of sclerotic metastatic
disease to the bone on plain films and CT, the lesions are classically inactive on scintigraphy 31, There
have been a few cases reported in literature of abnormal bone scans in patients with osteopoikilosis [32-34],
In such cases, the pattern of increased uptake is usually symmetric and localized to the distal ends of
tubular, carpal, and tarsal bones. This may perhaps correspond to active bone remodeling of these
multiple foci, which has also been reported in pathologic specimens of osteopoikilosis [€l. In addition,
fluoro-deoxyglucose positron emission tomography scan is normal and can further support the case for
benign bone lesions 311,

Figure 4: Anteroposterior view of the pelvis showing patchy, poorly defined areas of sclerosis over the entire pelvis and
proximal femar. Subtle, more focal areas and diffuse areas of sclerosis are visible. This pattern is most typical of
sclerotic bone metastasis (e.g. prostate cancer). A subtle underlying pattern of small, rounded lesions can also be
seen.

Figure 4.

Although uptake of 99mTc is unusual in osteopoikilosis and bone islands, it is commonly observed
in connection with metastasis, sarcoidosis, mastocytosis and tuberous sclerosis [33: 35-38], Such conditions
are associated with systemic illness in addition to their radiologic manifestations, and their appearance is
usually clinically overt by the time skeletal changes occur [36-38], However, Mungovan et al. suggest that an
abnormal bone scan does not exclude the diagnosis of osteopoikilosis in young patient if the
roentgenographic findings are characteristic of that entity [39. Although there have been reports describing
uptake of 99mTc in patients with osteopoikilosis and Enostosis, such false-positive results are uncommon
and are usually seen only in patients with larger lesions [13. 28], The uptake may be due to active
remodeling of the bone, i.e., a process similar to the formation of callus 2.

Differential Diagnosis (Table 1)

Radiologically, the differential diagnosis are enostosis, dysplasias of endochondral bone formation
include osteopetrosis (Albers-Schonberg disease), pycnodysostosis and osteopathia striata (Voorhoeve
disease), each with varying radiologic appearances [10. 14],

Lagier et al. documented that the radiological appearance of rounded and linear densities in
osteopoikilosis corresponded to old and inactive remodeling of spongy trabeculae in epiphyseal and
metaphyseal locations [€l. On histological examination, these lesions were found to be composed of
lamellar osseous tissue containing haversian systems. It was suggested that the lesions were not probably
formed through enchondral ossification of cartilage rests.

Enostosis histopathologically and radiographicaly most closely resembles osteopoikilosis and the
difference is that bone islands can be isolated and small. If multiple, they are usually scattered and do not
display a characteristic periarticular distribution. Histopathologically, the lesions consist of compact,
markedly hypertrophied trabeculae composed of lamellar osseous tissue [49l. Osteons within a bone island
are not regularly oriented and contain well-vascularized canals surrounding narrow rings of lamellae, but
which are empty of osteoclasts and osteoblasts [0l Both osteopetrosis (Figure 5) and pycnodysostosis
have a very different radio graphic appearance from osteopoikilosis; the lesions appear in a more diffuse
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pattern of sclerosis, rather than spotted or rounded 8. These patients also have severe systemic
manifestations. Osteopathia striata (Figure 6) also has a different appearance. The sclerotic areas within
the bone are neither round nor oval. Instead, they are linearly striated and periarticular in distribution [40-42],
Clinical manifestations of this disorder are subtle or nonexistent. Histopathologic and biochemical studies
are able to differentiate osteopetrosis and pycnodysostosis from osteopoikilosis, but little pathologic data
are available on osteopathia striata 24 331, Fortunately, all of these disorders can be diagnosed and
differentiated readily by their radiologic features.[43!]

Figure 5: Anteroposterior view of the pelvis showing a pattern of sclerosis described as bone within bone and
characteristic of osteopetrosis.

Figure 5.

Figure 6: Anteroposterior view of a patient’s knees showing a pattern of diffuse sclerosis similar to that seen in
osteopetrosis. However, vertical striations shown in the distal femar and proximal tibia are consistent with the pattern
seen in osteopathia striata.

Figure 6.
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Table 1: Differential Diagnosis [3, 63]

Diagnosis Inheritance Distinctive radiologic features Distinctive clinical features
Osteopoikilosis AD Sclerotic, rounded or oval foci with a typically Asymptomatic if sporadic; AD form is
or periarticular distribution associated with dermatofibrosis
sporadic lenticularis disseminata
Enostosis (bone island) None Sclerotic, rounded or oval foci (scattered) Asymptomatic
Osteopetrosis AR (lethal) or AD Diffuse sclerosis or bone-within bone pattern Variable anemia and increased risk of
(adult form) fracture
Pycnodysostosis AR Diffuse sclerosis (similar to osteopetrosis) Dwarfism, mandibular hypoplasia,
short fingers
Osteopathia striata AD Linear areas of sclerosis with periarticular Asymptomatic
or distribution
sporadic
Osteopathia striata AD Linear areas of sclerosis with periarticular Cranial nerve dysfunction
with cranial sclerosis distribution

Note: AD = autosomal dominant, AR = autosomal recessive.

Table 2. Osteopoikilosis and associated disorders
Authors Associated disorders
Chatterjee, P [55] Synovial Osteochondromatosis

Adel J [64] Rheumatoid arthritis
Sari | [65] Ankylosing Spondylitis,
Familial Mediterranean Fever
Kavukcu S [66] Amyloidosis,
Familial Mediterranean Fever
Gunal | [61] Dacryocystitis
Grimer RJ [67] Chondrosarcoma
Ayling RM [43] Giant Cell Tumor
Weisz G M [60] Lumbar spinal canal stenosis
Mindell ER [7] Osteosarcoma
Marshall J [68] Hereditary Polyfibromatosis
Zajac J[69] Guillain-Barre syndrome]
Kaparov A [70] De Quervain's syndrome
Zhang XT [71] Bilateral Gluteal muscle contracture:
Brandt K[72] Acute lymphoblastic leukaemia
Sanyal K[73] Psoriatic arthritis
Baasanjav S [17] Multiple Exostoses
Havitcioglu H [54] Synovial Chondromatosis

Associated Syndromes (Table 2)

Osteopoikilosis is usually incidentally found on radiographic examination, but it can be rather part
of a systemic disorder. In approximately in 25% of cases, whitish fibrocollagenous infiltrations (Buschke-
Ollendorf Syndrome) are found [12. 14, 16, 44-53] Hasan et al. reported case of synovial chondromatosis
associated with osteopoikilosis 541, If cellular activity exists in the foci of osteopoikilosis, it is conceivable
that a malignant lesion could develop 5% 56, This is also true of synovial chondromatosis [55 561, By taking
into account the similarities, we can speculate that chondromatosis is the synovial manifestation of
osteopoikilosis (synosteopoikilosis) and increasing evidence suggests that, when osteopoikilosis is
detected in a case, other associated disorder, especially lesions of fibroproliferative origin should be
sought. Tander et al reported a case where etiology of the symptom was related to an osteopoikilosis and
the MRI findings was confusing, which can mimic bone metastases and concluded that, in patients with

similar findings of metastases of MRI should be carefully re-evaluated for the presence of osteopoikilosis
[57-59]

Spinal stenosis, dwarfism, dystocia and mild articular pain with or without joint effusion have been
reported in patients with osteopoikilosis €01, This disorder may resemble Osteoblastic metastases,
mastocytosis and tuberous sclerosis [76]. Gunal et al. have reported five members of a family with
dacryocystitis with osteopoikilosis 61 Overlap syndromes, formerly known as mixed sclerosing dystrophies,
in which osteopoikilosis and other osteosclerotic bone disorders (such as fibrous dysplasia, osteopathia
striata, and melorheostosis) are combined, must be borne in mind in the differential diagnosis. A
combination of melorheostosis, OPK, and osteopathia striata (type 1) is the most frequent among the other
overlap syndromes [10. 62],

CONCLUSIONS

The discovery of bone spots on a radiograph is often disturbing, and benign conditions need to be
differentiated from indicators of serious disease. Osteopoikilosis is one of several uncommon benign
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variants of bone formation that must be distinguished from more worrisome disorders, most notably
osteoblastic metastases on the basis of the lack of internal architecture, irregular margins, the periarticular
distribution and relative sparing of the skull. Although the natural course of this condition is benign and
requires no treatment, and coexisting pathologic conditions require medical attention. Therefore, it is
important that an accurate diagnosis be made. Despite the fact that osteopoikilosis is a very rare
asymptomatic condition that most physicians are not familiar with, it is valuable to take it into
consideration, particularly when diagnostic issues on bone radiography occur and severe pain at the
adjacent joints co-exists.

Key Message
° When uniform multiple radiodens round or oval sclerotic lesions in a periarticular distribution

lesions are found on radiographic examination, osteopoikilosis must be in the differential
diagnosis before invasive diagnostic procedures and dangerous unnecessary treatments are

planned.

. No further investigation is required if the patient is otherwise healthy and there is no suspicion of
systemic or metastatic disease.

. Although osteopoikilosis is generally considered an incidental finding, several developmental
dysplasias coexisting with this disorder must be considered and excluded.

. Technetium 99m Scintigraphy is helpful in ruling out disorders that are of greater concern like

bone metastasis.
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