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Abstract. Background/Aim: Intraosseous orbital hemangiomas
or vascular malformations (VM) are rare. This report is intended
to complement the experience of diagnosing and treating a rare
vascular lesion at this site. Special attention is paid to three-
dimensional imaging and the morphological distinction between
the two entities in this location. Case Report: A 54-year-old
female was examined and surgically treated for an exophytic
firm mass of the infraorbital, which had become palpable as a
hard mass due to growth in size. At first, a bone tumor, for
example, an osteoma, was suspected. Intraoperatively, an
osseous expansion with distinct fenestrations of the newly grown
bone’s surface, was detected. The lesion was firmly attaching to
the orbital rim. The densely vascularized tumor was well defined
to the soft tissues but had grown in continuity from the orbital
floor and rim. Vascularized cavities caused the tumor to have a
slightly reddish color. The histological examination confirmed
the suspicion of the lesion’s vascular origin. The lesion’s
immunohistochemical expression profile approved the final
diagnosis of intraosseous VM. Conclusion: The symptoms of
intraosseous vascular lesions of the orbit are determined by
location and size. Modern imaging techniques facilitate the
estimation of tumor-like expansion of lesions. However, the
imaging characteristics of intraosseous vascular lesions are very
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variable. The symptoms of the patient presented herein show that
growth phases of a vascular orbital malformation can occur in
later stages of life and are initially indistinguishable from a
neoplasm. In individual cases, patient care necessitates
advanced diagnostic measures to establish the diagnosis and
determine surgical therapy.

Hemangiomas and vascular malformations (VM) are common
findings in humans. Vascular anomalies may cause significant
aesthetic and functional problems (1). In particular, the
periorbital and orbital soft tissues can be the region of very
noticeable and difficult to treat forms of vascular anomalies and
tumours of vascular origin (2-6). However, hemangioma arising
from the osseous boundaries of orbital content are usually not
considered in analyses of cases, reviews, or textbooks (1, 3-5, 7-
10). Vascular lesions with a locus in the orbital bones are rare
(11-17). Reports on this manifestation are individual cases, small
case series, and compilations from various collections of case
reports (2, 12-33). The following report is about an intraosseous
lesion of the facial skull, which, due to its unusual localization
and presentation in the orbital region, initially directed suspicion
to other solid skeletal lesions (34, 35). Differential diagnosis has
already been facilitated by preoperative imaging. However, the
final diagnosis was based on morphological findings.

Case Report

Clinical findings. A 54-year-old female patient attended the
outpatient clinic of the Department of oral and
craniomaxillofacial surgery on the initiative of her family
doctor, who suspected a solid facial tumor of unknown origin.
She had suffered a stroke in the previous year that had healed
without residual deficits. This experience had permanently
frightened the patient and was, therefore, afraid of further
illnesses. On admission, the woman had a symmetrically
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developed, age-appropriate shaped face. The skin’s surface
was intact and appeared normal according to age. The patient
described a painless, slowly increasing mass below the lower
edge of the left orbit. No tumor was visible at this point. A
firm tumor was palpable on the facial skull bone, adhering to
the inferior orbital rim. The firm mass’ surface appeared to be
round. The skin was easily moved over the bony mass. The
patient responded to slight pressure at this point with a
moderate sensation of pain. The sensitivity test of the facial
skin showed normal innervation of both cheeks and also of the
upper teeth. The patient had no history of facial trauma.

Radiographic findings. A radiopaque mass of the left
infraorbital rim was visible on cone beam computed
tomograms of the midfacial region (Figure 1). The
radiopaque mass was fixed with a broad base on the facial
skeleton, lateral to the infraorbital foramen. The edges of the
lesion were sharply defined. The outer boundary of the
lesion showed contrast formation like cortical bone guiding
preliminary diagnosis to peripheral osteoma. Nevertheless,
this cortex-like aspect was restricted to tumor parts close to
the rim. The main part of the lesion was a balloon-like tumor
isointense to cancellous bone. However, the whole lesion
was heterogeneous, showing small regions isointense to soft
tissue. Focal bar-like areas inside the lesion appeared like
residual cortical bone. The sectional images suggested an
osseous lesion with fluid-filled cavities, so that suspicion of
the so-called intraosseous hemangioma was obvious. The
patient was recommended to remove the lesion but initially
opted for a wait-and-see policy. However, the patient came
back to the outpatient clinic 6 weeks later because she had
noticed local growth of the lesion and the conspicuous tumor
made her feel insecure about the characteristics of the lesion.

Surgery. The patient was treated surgically under general
anesthesia. After an infraorbital incision through the lower
eyelid, the intact periosteum covering the lesion was cut and
pushed aside so that the surface of the lesion was visible
(Figure 2). The infraorbital nerve was shown medially to the
lesion and protected. The origin of the lesion was the transition
area from zygoma to maxilla at the infraorbital margin. The
tumor was of a bony consistency, but showed a very thin, lively
translucent and focal porous surface. The tumor reached the
edge of the orbit and had grown in continuity into the orbital
floor. The tumor was cut off with a drill and chisel. The
bleeding from the bone wound was minor and quickly treated,
then the wound was closed in stages. The wound healing
process was uncomplicated; the sensitivity disorder of the
infraorbital nerve was slight and decreased within 4 weeks.

Histology. Microscopic examination revealed a benign

vascular lesion surrounded by fibrous connective tissue
without any cytological atypia. The dilated and ectatic
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vessels were lined by endothelium and paucicellular smooth
muscle stroma of variable thickness. Focal thromboses were
present. Immunohistochemistry revealed positivity for
endothelial marker CD31 and nuclear positivity for ETS
family transcription factor ERG. Staining results were
negative for podoplanin (D2-40), glucose transporter protein
1 (GLUT-1), Wilms tumor protein (WT-1) and AA-Mast cell
tryptase. The proliferation marker Ki67 did not stain
endothelial cells, but inflammatory cells as an internal
positive control. In summary, the histological findings were
consistent with a cavernous venous malformation, previously
termed as orbital cavernous hemangioma (Figure 3).

Micro-computed tomography. The cavernous venous
malformation was further examined using a Skyscan pCT
1272 (Bruker, Kontich, Belgium) operated with a spatial
resolution of 7.5 um (Figure 4). On microstructural level, the
malformation showed a spongy structure composed of rods
and plates [Structure model index (SMI)=1.1938] that
resembles cancellous, trabecular bone. Compared to
cancellous bone of other regions, e.g. iliac crest or long
bones (36), the structure had a bone volume/tissue volume
(BV/TV) ratio within the upper range and a slightly higher
number of trabeculae, which are less separated and of similar
thickness. Mineral density parameters (Tissue mineral
density (TMD) and bone mineral density (BMD)),
determined after pre-calibration with hydroxyapatite
phantoms, were in range of cancellous and cortical bone
within other skeletal regions (37). Furthermore, the bone
matrix at the trabecular surface was less mineralized than at
its center suggesting ongoing mineralization. The fenestrated
surface of the expanding bone is visible in detail in the
scanning electron microscopic images (Figure 5).

Discussion

This examination shows that an intraosseous tumor of the
periorbital region with tactile findings of a bone tumor and
imaging findings of a vascularized osseous lesion can only
be definitely classified by morphological analysis. The
expression profile of individual antigens in the endothelium
is crucial in the differential diagnosis of vascular lesions.
Intraosseous VM and hemangiomas of the orbit and
periorbital region are rare findings and, therefore, initially
not the first differential diagnosis based on frequency of
osseous lesions (38, 39). Radiographic differential diagnosis
of calvarial lesions of vascular origin includes epidermoid
cyst and Langerhans’ cell histiocytosis (40). Exophytically
growing tumors with a palpable bone-dense surface suggest
exostosis or osteoma (41, 42), fibrous dysplasia (38), or
other even more rare lesions of osseous origin (38, 43).
Indeed, the paranasal cavities are predilection sites giving
rise to osteoma, and these masses of the ethmoid or maxilla
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Figure 1. Cone beam computed tomograms of the osseous lesion arising from the left inferior orbital rim. (A) The axial view shows a roundish,
inhomogeneous radiopaque lesion infiltrating the orbital rim. (B) The coronal view shows a cortex-like limitation predominantly at the base of the
lesion at the rim that in (C) gets lost in the central part of a balloon-like tumor with a sunburst-like internal structure. (D) Sagittal view of orbital
rim shows rather radiopaque pedunculated basal tumor part and protruding, less radiopaque, well-defined tumor. While the lesion in (D) merges
into the normal orbital rim, portions of the lesion in (E) extend into the infraorbital canal.

can expand into the orbit and periorbital soft tissues (44).
Furthermore, VM and hemangioma of the calvaria can grow
into the orbit and become symptomatic (45), so infiltration
of the orbit can be secondary to a more distant vascular
lesion arising at different sites of the skull (18). This report
supplements the limited information on the manifestation of
orbital intraosseous vascular lesions.

Information on intraosseous vascular lesions often describes
findings on frequency, topography, preferred age of
manifestation, and gender distribution under the term
"hemangioma". The distinction between hemangioma and VM
for intraosseous lesions was requested early by some authors
(46), but up to now is not generally taken into account (16,
26, 47). Therefore, up to now, literature references to
intraosseous vascular lesions of orbit often relate to
hemangioma in general without considering malformations of
vascular origin at this site (38).

Frequency of intraosseous hemangioma. The intraosseous
development of vascular lesions in the whole skeleton is a
frequent finding (38, 48). The most common locations of
intraosseous hemangiomas are the spine and skull (40, 49),
followed by other bones (38, 50, 51). However, the data on
prevalence vary greatly from author to author, presumably
because the reference relates to very different populations
and investigation techniques (40, 52). The prevalence of

intraosseous hemangioma confined to the vertebral column
ranges between 10-27% in adults (53) or even 37% (54),
depending on the mode of investigation (necropsy, plain
radiography, CT, MRI) (53, 54). The ethnic background of
the study population very likely has an impact on the results
(53). Still, many intraosseous hemangiomas remain
asymptomatic and are random findings when examining the
skeleton (40). In the area of the jaws, the mandible is
affected more frequently than the maxilla (41, 55). However,
manifestations of the jaws are significantly less common
than findings on the calvaria (40).

It has been suggested the majority of intraosseous
hemangiomas of the facial skull are, in fact, VMs (46). There
are no epidemiological data on the distribution of
intraosseous VM of the orbit and adjacent bone regions using
current morphological criteria. Only a few recently published
papers analyze osseous vascular lesions as VM arising in the
facial skeleton (56). Most reports or series are based on case
reports or a small number of cases (57-60). Indeed, the vast
majority of orbital lesions are arising in soft tissues (5).

Localization of intraosseous orbital hemangioma. Henderson
(2) has summarized earlier reviews of intraosseous orbital
hemangiomas (20, 61). Published data show that all bones of
the orbital walls may be a locus for a hemangioma (2, 62).
Intraosseous hemangiomas of the orbit arise in the majority of
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Figure 2. Exposed left infraorbital rim. (A) Incised periosteum covering an osseous lesion with a parchment-thin, porous surface that makes the
blood-filled cavities visible. (B and C) Excised specimen with (B) surface and (C) bottom. Large cavities are cut at the base of the lesion.

Figure 3. (A) Methyl methacrylate embedded and Toluidin blue stained specimen: Bone with multiple ectatic and blood-filled spaces, lined by
endothelium. (B) Immunohistochemistry for ERG stains endothelial lining cells. (C) Endothelium shows negative staining for GLUT-1. (D) Loss of
WT-1 expression in endothelium.
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Mineralization

Microstructure

Parameter Value
TMD (g/cm3) 1.2383
BMD (g/cm?) 0.31802
BV/TV (%) 26.03
Tb.N (1/mm) 3.01
Tb.Th (um) 191.35
Tb.Sp (mm) 0.141
SMI 1.1938

Figure 4. Micro-computed tomography of the infraorbital osseous lesion. (A, B) The very compact bone normally reinforced at the infraorbital rim is
inflated by the soft tissue lesion to a sponge-like structure resembling cancellous bone predominantly composed of plates (SMI). (C) Mineralization of bone
matrix is lower at its surface indicating an ongoing formation. (D) Bone mineral density is in the range of normal values, taking reference to values derived
from other skeletal regions of healthy individuals as normal standard [tissue mineral density (TMD) range of normal values=1.15-1.24 g/cm3 (37); BV/TV:
Bone volumeltissue volume; Tb.N: trabecular number; Tb.Th: trabecular thickness; Tb.Sp: trabecular separation; SMI: structure model index].

cases from the orbital roof (63). The frontal bone is affected
in about 50% of all intraosseous orbital hemangiomas (2).
Recent reviews confirm that intraosseous hemangiomas of the
orbit preferentially arise from the upper half of the cone (29).
The tumors (or potentially VM) arise more frequently in the
front sections of the orbit, often the orbital rim (29) than in
deep sections of the cone (11), for unknown reasons. In rare

cases, bony bulges caused by intraosseous hemangioma are
palpable (63).

Age and gender of intraosseous orbital hemangioma.
Basically, an intraosseous hemangioma of the orbit can affect
any age. The average age group is individuals in the fourth
to fifth decade of life (2). Females are affected a little more
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frequently than males (2). Assuming that the majority of
intraosseous vascular lesions previously classified as
hemangioma are to be reclassified as VM, the patient meets
the frequency expectation for this rare lesion according to
age and gender.

Imaging  diagnostics of intraosseous hemangioma.
Hemangiomas, in general, can often be reliably estimated by
clinical assessment without the need for further imaging (64).
This assessment applies to many superficial soft tissue lesions,
but has narrow limits for the evaluation of deep lesions and
lesions with suspected osseous involvement or those that
primarily develop intraosseously (10, 14). Computed
tomography is the imaging technique of choice to delineate
intraosseous hemangioma (14, 23, 41, 65). In individual cases,
the use of magnetic resonance tomography may be indicated,
for example, to differentiate the hemangiomatous infiltration
of organs such as the brain or orbital soft tissues (11, 13, 16,
20, 30, 66). Ultrasound examination or angiography can be
indicated for extensive lesions in order to assess the flow
characteristics or to perform preoperative embolizations (1,
67). However, the penetration depth into the bones is limited
for B-scan ultrasound.

Some authors describe typical radiological characteristics
allowing intraosseous hemangioma to be recognized with a
high degree of probability both on plain radiographs (68, 69)
and cross-sectional images (24). Cross-sectional images have
significantly improved the demonstration of intraosseous
lesions (15, 70). On the other hand, other authors consider
the advantage of CT or MRI diagnostics in the differential
diagnosis of intraosseous hemangiomas of the orbit to be
unsuccessful for routine use (2). Radiological diagnostic
criteria of hemangioma include honeycomb-like rarefication
of trabecular structure. Other hemangiomas of osseous origin
show a sunburst-like pattern (15, 20) (Figure 1). However,
these patterns are not necessarily to be expected in
intraosseous hemangiomas of the facial skull (2, 11, 31, 63)
and are not specific for vascular lesions of bone (71). Indeed,
intraosseous vascular lesions of the jaws show a wide range
of radiographic findings (41) that also applies to intraosseous
VM of the orbit (2, 31, 63). Evidence to differentiate
between an intraosseous hemangioma or VM from imaging
cannot be derived from previous publications. Although, an
influence on growth of neighboring tissues and organs in
childhood is known for VM but was not recorded in
hemangioma (72).

Classification of vascular lesions. A distinction is made
between hemangiomas (as true neoplasias) and vascular
malformations (non-neoplastic malformations of the vascular
system) (70, 73, 74). Hemangioma is a benign tumor of
variable size composed of cells involved in the construction
and lining of vessels (6). It is believed that a hemangioma
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may be existing at birth but is not necessarily recognized at
this time (73), with exception of so-called congenital
hemangioma (70). Hemangioma becomes conspicuous due
to disproportional growth in postnatal life and shows
involution in many cases (1). Hemangioma does not
necessarily infiltrate surrounding structures but can
sometimes be destructive. In these characteristics,
hemangioma differs from VM, which is defined as a lesion
already present at birth (73) growing in proportion to body
development (1). Similar to hemangioma, VM may not be
noticeable at birth or early childhood. VM is a slowly
growing, infiltrative, and destructive lesion. However, these
definitions are not generally recognized for distinguishing
hemangioma as neoplasia and VM as differentiation disorder
(69). It has repeatedly been pointed out that both terms have
been referred to as two exchangeable diagnostics and were
erroneously used to address different entities with genuinely
vascular components. However, there are different entities
that may require different therapy (41, 70, 73, 75). However,
it is sometimes difficult to apply the defining terms for a
vascular lesion if a lesion of vascular origin only becomes
symptomatic in a previously unremarkable region of the
body at a later stage in life. According to literature reviews,
intraosseous orbital lesions (usually termed hemangioma)
preferentially are first recorded in individuals in their middle
age (2). The unavoidable restrictions on the observability of
the vascular lesions’ development becoming first
symptomatic in later phases of life make it understandable
that external local factors of growth induction are sought,
especially the impact of local trauma on bone regeneration
(19). However, no local traumatic events can be proven in
the medical history of many reported cases (2, 21, 69), with
few exceptions (19, 26). Thus, in individual cases, the
disproportionate growth of the lesion remains an important,
but ambiguous diagnostic feature in the vascular lesion.

A historical distinction is made between capillary and
cavernous intraosseous hemangiomas (3). Cavernous lesions
outweigh capillary-type hemangiomas in intraosseous locations
of the facial skull (18). The type of growth of the hemangioma
does not influence on the size of the mass or the biological
tumor behavior in the orbital region (13, 16). Some authors
suspect intraosseous capillary hemangiomas can transform into
cavernous hemangiomas because transitional forms of both
types of hemangioma have been detected in individual cases
(38). Other authors consider the terms capillary and cavernous
hemangioma to be out of date and alternatively call them
superficial, deep, and compound haemangioma according to
the depth of the lesion (55). However, this classification refers
to soft tissue lesions. A subclassification of intraosseous
vascular lesions taking into account infiltration depths, is not
known and very likely not applicable.

One attempt to standardize the terminology of vascular
lesions was the classification of the International Society for
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Figure 5. Scanning electron microscopy of the osseous surface. Drying of the infraorbital lesion uncovers the surface of mineralized rods and plates
partially coated with soft tissue residues. The lower part of the figure shows a detail of the bone surface at a higher magnification (WD = working

distance; EHT = electron high tension).

the Study of Vascular Anomalies (ISSVA) (70, 74). In this
classification, the undetermined use of the term ‘hemangioma’
is rejected as misleading. Rather, a distinction should be made
between vascular tumors and vascular malformations as
individual entities that are classified under the generic term
‘vascular anomaly’. Hemangioma is a benign neoplasia of
vascular origin to be specified (70). However, the ISSVA
classification of vascular anomalies has focused on the
definition of soft tissue tumors. Osseous malformations of
vascular genesis and vascular bone lesions, in particular, are no
subject in the current classification on vascular anomalies (74).
Intraosseous hemangiomas can, if at all, be classified under the
"others" subgroup (70, 74). This may be one reason that the
well-established concept of hemangioma is still in use to define
intraosseous lesions that show characteristics of a neoplasm
(38) and the term has been chosen for the description of the
essential finding also in recent reports on this item (13-17, 19-
26,29-33). On the other hand, further surveys show that in the
periorbital area, VM arising from soft tissue is far more
common than those of intraosseous origin (9).

However, there have been individual attempts to apply the
classification of vascular lesions, as suggested by ISSVA, to
vascular lesions arising in bone (56). Tissue samples from
children, adolescents, and young adults (n=77) were examined,
because in this age group, the differential diagnosis between
malformation and neoplasm is paramount (1, 73). Interestingly,
there are intraosseous lesions of the calvaria and maxilla
analyzed in this study, but no orbital manifestation (56). The
authors were able to demonstrate distinguishing features for
VM or neoplasm can also be made on lesions of osseous
origin. The consequence of re-classified intraosseous lesions
was a decrease in the proportion of neoplasms in favor of
vascular malformations. Epithelioid hemangioma was the most
common entity among confirmed osseous tumors in children
and adolescents (56). As a further consequence of their
research, the authors conclude that the term 'hemangioma'
should only be used if a neoplastic lesion with endothelial
proliferation has been diagnosed. The term 'hemangioma'
should, if applicable, always be used in conjunction with
another qualifying term such as 'infantile', 'spindle cell', or
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‘epitheloid' (56, 74). Reclassification of orbital cavernous
hemangiomas as cavernous venous malformations has also
been adopted for soft tissue manifestations of orbital vascular
lesions (5). However, this classification has not yet been
generally used (75, 76). Only in recent analyses, it is pointed
out that facial vascular lesions are often entities that should not
be classified as hemangioma, but as VM (52, 56-70). The
radiological criteria of the intraosseous lesions correspond to
those that have been used to differentiate hemangiomas (59).
Morphological criteria are an essential part of the revised
classification to distinguish intraosseous VM (60, 77).

Morphological differential diagnosis of hemangioma versus
malformation. Morphological assessment plays an essential role
in the differential diagnosis of hemangioma vs. vascular
malformation (78). Autoradiographic studies have shown that
hemangiomateous endothelia, in contrast to malformations,
incorporate radioactive thymidine (73). In light microscopy,
malformations — in contrast to hemangiomas — lack any mitotic
activity (38). Established morphological methods are therefore
available to distinguish between the two entities. The mitotic
activity can be identified with antibodies directed against cell
cycle-associated antigens, for example, molecular immunology
borstel 1 (MIB1) antigene. However, contradicting data on
mitotic activity of hemangiomas of the orbit as a distinguishing
parameter of vascular lesion diagnosis have been published (15).
Glucose transporter protein 1 (Glutl) and Wilms tumor protein
1 (WT1) are expressed in vascular cells of haemangiomas and
are missing in VM (38, 56). The results of a current study
suggest that intraosseous vascular lesions of the facial skeleton
are predominantly venous malformations. The reclassification is
primarily based on Glutl expression pattern of the lesion’s
vessels (52). However, the specificity of Glutl expression as an
indicator of hemangioma only seems to apply to manifestations
outside the central nervous system. Glutl has been detected in
intracerebral VM (79). For the diagnosis of cutaneous vascular
lesions, the detection of Glutl is an important finding to rule out
VM (80). This diagnostic tool was also used to differentiate
intraosseous vascular lesions (56). However, the diagnosis of a
vascular lesion should not be made dependent on Glutl
expression pattern alone (80).

Therapy of intraosseous vascular lesions. If the entire skeleton
is considered, most intraosseous lesions are not treated
because they remain asymptomatic, and there is no targeted
diagnosis in this area (38, 40). The term intraosseous
hemangioma is generally used for lesion arising in the entire
skeleton (38, 40). In the skull area, intraosseous hemangiomas
are more likely to develop symptoms, be it due to local
sensitivity disorders (26, 29), asymmetry of the affected skull
area (21, 81), bone destruction (39) or functional restrictions,
especially in the orbital area (16, 17, 29). However, complaints
are rarely reported in the case of intraosseous orbital
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hemangioma (55) and are mostly vague pain symptoms (38).
Facial contour deformity due to a vascular lesion is not a
sufficient reason for surgical treatment for some authors (26).

Treatment consists of surgical removal of the lesion (22, 25,
81-84) supported by angiological techniques. Bluish
discoloration of the exposed osseous lesion (Figure 2) would
suggest a vascular lesion (81). For more substantial defects,
skeletal reconstructions are necessary (21, 69, 81-84). Relapses
of the lesions are rare (2). Although resection in toto is
preferred, good esthetic results are achieved in individual cases
even after partial resection without local recurrence (15, 39).
Adjuvant radiation therapy of hemangioma is not recommended
(14, 56) because the malignant degeneration of tissues in the
radiation field is one of the known late consequences of this
therapy of a benign neoplasm (33). However, some authors
refer to the radiotherapy option in individual cases (20),
predominantly for lesions outside the orbital regions and
without the option of surgical therapy (9, 85).

Conclusion

Intraosseous VM of the orbit is a rare finding and, if the
course is symptomatic, may require surgical therapy. Cross-
sectional imaging facilitates the preoperative assessment of the
lesion. The extent of the reconstructive measures depends on
the size and localization of the osseous lesion. Histological
examination of the specimen is mandatory, whereby the
histogenetic assignment of the intraosseous lesions arising in
this region remains the subject of current research.
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