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Summary
Purpose The aim of this study was to report the
findings from enhanced depth imaging (EDI) and
swept-source optical coherence tomography (OCT) in
a choroidal osteoma.
Methods A case study of a patient with choroidal os-
teoma is presented and discussed.
Results A 25-year-old woman presented with an
asymptomatic peripapillary mass. Fundus examina-
tion revealed a yellow–orange, well-defined geograph-
ical lesion. B-scan ultrasonography, corroborated by
fundus autofluorescence (FAF) and OCT findings,
pointed to the diagnosis of choroidal osteoma. Cal-
cified areas of the tumor were iso-autofluorescent on
FAF and hyporeflective on OCT, revealing the mor-
phological patterns of cancellous bone, including
a sponge-like pattern and lines indicating lamel-
lae, Haversian canals, and cement lines. Decalcified
patches of the tumor were hypofluorescent on FAF
and hyperreflective on OCT and showed overlying
retinal damage—most prominently depigmentation
and retinal pigment epithelium disruptions. A central
area of the tumor revealed unusual characteristics; hy-
perreflectivity on OCT indicating decalcification but
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isofluorescence on FAF and sharing the same color as
the rest of the retina on fundus photography. The area
also differed from the other decalcified areas with its
cumulus cloud-like appearance. Compared with EDI-
OCT, SS-OCT images showed some increased defini-
tion of the bony features of the tumor, especially in
its deeper layers, as well as a mild reduction of the
shadowing caused by overlying retinal vessels.
Conclusion The morphological features of a choroidal
osteoma are demonstrated using EDI- and SS-OCT.
Calcified and decalcified areas of the tumor were dif-
ferentiated, as well as another area showing unex-
pected characteristics. In our case, SS-OCT imaging
revealed very similar features to EDI-OCT.

Keywords Choroid neoplasms · Osteoma · Optical co-
herence tomography · Swept-source · Enhanced depth
imaging

Ergebnisse erweiterter Tiefenbildgebung und
optischer Kohärenztomographie mit Swept-
Source-Technologie bei choroidalem Osteom:
Falldarstellung

Zusammenfassung
Zielsetzung Ziel der vorliegenden Arbeit war die Dar-
stellung der Ergebnisse der optischen Kohärenztomo-
graphie (OCT) mit erweiterter Tiefenbildgebung („en-
hanced depth imaging “, EDI) und der OCTmit Swept-
Source-Technologie (SS-OCT) bei einem choroidalen
Osteom.
Methodik Es handelt sich um eine Fallstudie.
Ergebnisse Eine 25-jährige Frau stellte sich mit ei-
ner asymptomatischen peripapillären Masse vor. Die
Fundusuntersuchung ergab eine gelb-orangefarbene,
gut definierte geografische Läsion. Im Ultraschall-
B-Bild, bestätigt durch Fundusautofluoreszenz (FAF)
und OCT-Befunde, ergaben sich Hinweise auf die
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Fig. 1 a Fundus photog-
raphy: a yellow–orange,
well-defined geographic le-
sion. The bulk of the tumor,
the calcified part, has an
orange–yellow appearance,
while the decalcified areas
in the periphery of the tumor
appear as yellow–white.
b Fundus autofluorescence:
areas of isofluorescence
corresponding with calci-
fication and patches of hy-
pofluorescence in the pe-
riphery corresponding with
decalcification

Diagnose eines Aderhautosteoms. Verkalkte Bereiche
des Tumors waren in der FAF isoautofluoreszent und
in der OCT hyporeflektiv, offenbarten morphologi-
sche Muster von spongiösem Knochen, einschließlich
eines schwammartigen Musters von Linien, Lamel-
len, Havers-Kanälen und Zementlinien. Entkalkte
Bereiche des Tumors waren hypofluoreszent in der
FAF und hyperreflektiv in der OCT. Darüber hinaus
zeigten sich Netzhautschäden – am deutlichsten de-
pigmentierte und retinale Pigmentepithelstörungen.
Ein zentraler Bereich des Tumors wies ungewöhnli-
che Eigenschaften auf: Hyperreflektivität in der OCT
als Entkalkungszeichen, aber Isofluoreszenz bei FAF,
obwohl die Farbe des Tumors in der Fundusfotografie
wie die der Netzhaut war. Das Fläche unterschied
sich auch von den anderen entkalkten Gebieten mit
seinem „cumuluswolkenartigen“ Aussehen. Im Ver-
gleich zur EDI-OCT zeigten SS-OCT-Aufnahmen eine
etwas stärkere Darstellung der knöchernen Merkmale
des Tumors, insbesondere in den tieferen Schichten,
sowie eine leichte Verringerung der Schattenbildung,
welche durch darüber liegende Netzhautgefäße ver-
ursacht wurde.
Schlussfolgerung Mittels EDI- und SS-OCT können die
morphologischen Merkmale eines Aderhautosteoms
dargestellt werden. Verkalkte und entkalkte Bereiche
des Tumors konnten unterschieden werden sowie ein
zentraler Bereich mit ungewöhnlichen Eigenschaften.
In dem hier erörterten Fall zeigte die SS-OCT-Bildge-
bung sehr ähnliche Merkmale wie die EDI-OCT.

Schlüsselwörter Choroidneoplasmen · Osteom · Op-
tische Kohärenztomographie · Swept-Source-Tech-
nologie · Erweiterte Tiefenbildgebung

Introduction

Choroidal osteoma is a rare, benign intraocular tumor
comprising mature bone that replaces the choroid [1,
2], often damaging the overlying retina in the pro-
cess [3]. It typically occurs in young women, as an

orange–yellow calcified plaque with sharp margins in
the juxtapapillary or macular region [1]. Despite its
benign cytology, choroidal osteoma impedes visual
acuity in up to 58% of cases [3], most commonly due
to choroidal neovascularization, subretinal fluid de-
position, or photoreceptor atrophy [4].

In addition to ultrasonography and computer-as-
sisted tomography, optical coherence tomography
(OCT) has been used to identify and study choroidal
osteomas. Time-domain OCT (TD-OCT), while useful
in assessing damage to the overlying retina, has lim-
ited ability to assess the choroid [5–7]. This aspect has
been improved upon with spectral-domain OCT (SD-
OCT) and further with a modification of the former,
enhanced depth imaging OCT (EDI-OCT), allowing
for a more detailed analysis of the tumor [8–11]. The
latest generation of OCT, swept-source OCT (SS-OCT)
has facilitated even deeper penetration into tissues
with less sensitivity roll-off [12], thereby improving
visualization of the choroid.

Case presentation

A 25-year-old Caucasian woman presented with an
incidental finding of an asymptomatic peripapillary
mass on fundus examination of her right eye.

Upon the first follow-up examination, her visual
acuity, intraocular pressure, and anterior segment
findings were unremarkable on both eyes. Fundus
examination revealed a yellow–orange, well-defined
geographic lesion, nasal and inferior to the optic
disc, 4–5 disc diameters in size (Fig. 1a). B-scan
ultrasonography showed a highly echogenic lesion
with posterior acoustic shadowing. These findings,
combined with the suggestive epidemiological fac-
tors (young adult, female) prompted the diagnosis of
choroidal osteoma. The diagnosis was further cor-
roborated by fundus autofluorescence (FAF) and OCT
findings.

The tumor contained both calcified and decalcified
areas, the calcified areas being recognized clinically
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Fig. 2 a Enhanced depth
imaging optical coherence
tomography (EDI-OCT):
A peripheral area of the
tumor showing decalcifi-
cation (horizontal arrow).
The interior of the tumor is
inhomogeneous and a dis-
ruption can be seen in the
retinal pigment epithelium
anteriorly (vertical arrow).
b EDI-OCT: Calcified area
with a slightly visible lamel-
lar pattern and a central
hyperreflective patch (long
vertical arrow). A Haversian
canal can be seen (short
horizontal arrow) and a pos-
sible cement line (short ver-
tical arrow). Adjacent to the
Haversian canal an area of
decalcification is seen with
preserved retina lying ante-
rior to it. c Swept-source
(SS)-OCT: Calcified area of
tumor with a central area of
increased reflectivity (short
horizontal arrow). The cal-
cified area appears hypore-
flective with hyperreflective
spots interspersed (vertical
arrow). Haversian canals
can be seen

as orange and the decalcified areas as yellow–white
[7]. Areas of isofluorescence on FAF corresponded to
the calcified areas, while patches of hypofluorescence
to decalcification (Fig. 1b), as previously reported by
Navajas [9].

Further morphological study of the tumor and the
adjacent retina was conducted using both EDI-OCT
(Spectralis OCT, Heidelberg Engineering, Heidelberg,
Germany) and SS-OCT (DRI OCT-1 Model Triton
[plus], Topcon, Tokyo, Japan; Fig. 2).

On EDI-OCT (Fig. 2a,b), the calcified areas of the
tumor appeared hyporeflective with interspersed hy-
perreflective dots, a speckled or sponge-like pattern,
resembling cancellous bone. Within the tumor were
numerous lines, some hyporeflective, others hyper-
reflective, reminiscent of lamellae and vascular chan-
nels. The retina lying above the calcified area of the
tumor was preserved.

The decalcified areas appeared as regions of higher
reflectivity, with a decidedly less homogeneous, less
organized interior than the calcified areas. Although
generally hyperreflective, there were also large spots
of hyporeflectivity within. In addition, compared with
the largely even surface of the calcified portion, the
decalcified regions had a more undulating profile. The
overlying retina showed varying degrees of damage,
with depigmentation and disruptions in the retinal
pigment epithelium (RPE) as the most prominent fea-
ture.

Another central area of hyperreflectivity was seen
in the tumor. This area was isofluorescent on FAF and
showed no damage to the retina anteriorly (Fig. 1b).
On fundus photographs this area appeared similar in
color to the area surrounding the tumor (Fig. 1a).

On SS-OCT (Fig. 2c), similar patterns in calcified
and decalcified areas were found, but with increased
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definition of the tumor’s bony features and with
slightly less shadowing from overlying retinal vessels.

The patient was followed up for 4 years, during
which six sets of OCT images were obtained. Anal-
ysis of these images showed no signs of growth, nor
did the patient develop any symptoms or complaints.

Discussion

The first mention of choroidal osteoma in the liter-
ature was by Gass, who described the clinical char-
acteristics of the tumor: a slightly and irregularly el-
evated, yellow–white, choroidal tumor with well-de-
fined geographic borders, covered by RPE with dif-
fuse and mottled depigmentation [1]. The description
was later expounded upon, the orange, thicker parts
of the tumor were recognized as calcified, while the
thinner, atrophic yellow–gray parts were identified as
decalcified [7]. Furthermore, using FAF, Navajas rec-
ognized calcified areas as isofluorescent and decalci-
fied areas as hypofluorescent [9]. These descriptions
corresponded well with the tumor in our case, save
for one finding. A central area of increased reflectiv-
ity did not appear orange or yellow–white on fundus
photo (FP), instead sharing the color with the rest of
the retina; on FAF it appeared isofluorescent. This
leaves some room for interpretation. One possibility
is that it represents a decalcified area that has not yet
caused any damage to the overlying retina. Another
one may be that it is a lone patch of choroid that has
yet to be replaced by tumor tissue.

The spongy architecture in the calcified regions of
the tumor as well as its Haversian canals, Volkmann
canals, and cement lines have all been described in
previous articles [9–11, 13] and—save for Volkmann
canals—can also be seen clearly in our case (Fig. 2a,c).

Decalcification of choroidal osteoma was first de-
scribed by Trimble et al. [14] and was later classified
into two patterns by Navajas [9]: (1) hyperreflectiv-
ity with lamellar appearance and (2) heterogeneous,
hyperreflective, mound-like irregular areas. The tu-
mor in our case contained calcified areas that cor-
responded more with the latter description, but in
places lamellar elements were faintly visible. Here,
it is worth mentioning the other area of high reflectiv-
ity found centrally in the tumor, previously described.
This area also corresponded with the latter descrip-
tion, but was even more disorganized giving a cumu-
lus cloud-like appearance.

The retinal findings in our case are consistent with
the clinical picture. As noted, the patient’s visual acu-
ity has been unimpaired since the lesion was first di-
agnosed, indicating that there is no central retinal
damage since the tumor did not affect the macular
region. At the site of the tumor, OCT images showed
relatively few areas of decalcification and only mild
damage to the overlying retina.

In an earlier study of 22 choroidal osteomas [7],
Shields et al. found that in all cases of decalcification

there was damage to the overlying retina. In relation
to our tumor, this offers room for interpretation in the
case of the central hyperreflective area. A likely possi-
bility though, if this is indeed not just a patch of un-
encumbered choroid, is that this represents an early
stage of decalcification, leaving the overlying retina
still intact but also leaving the possibility of damage
at a later stage. In any case, any decalcification of
a choroidal osteoma is still a still a risk factor for long-
term visual loss. In a long-term study by Shields et al.
[4], over a 10-year period, 48% of cases with decalcifi-
cation showed poor visual acuity versus 11% of cases
without decalcification. It is worth mentioning that
in all cases in which partial decalcification was seen
at the first visit, as in our case, there was no further
tumor growth. As noted previously, this was also true
for our tumor, showing no growth in the 4 years we
have followed it up.

Lastly, the SS-OCT images obtained in our case
showed an increased definition of the bony features
of the tumor, especially in its deeper layers. It should
be added here that the tumor in our case was relatively
small and that this improvement would perhaps show
a greater benefit in a larger tumor. Another favorable
feature of the SS-OCT images was a mild reduction
of the shadowing caused by overlying retinal vessels
compared with the EDI-OCT images. Despite these
improvements, however, no new morphological find-
ings were made using this technology. Furthermore,
since the clinical significance of this type of tumor is
mainly due to the damage it causes anterior to the
tumor, the SS-OCT image, at least in our case, was of
little value. In conclusion, based on our observations
EDI-OCT and SS-OCT show very similar features in
a small choroidal osteoma.
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