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Hyperostosis in Meningiomas: MR Findings in Patients with
Recurrent Meningioma of the Sphenoid Wings

K. Terstegge, W. Schorner, H. Henkes, N. Heye, N. Hosten, and W. R. Lanksch

PURPOSE: We used MR imaging to analyze retrospectively the pattern of hyperostosis occurring
concomitantly with recurrent sphenoid wing meningiomas. METHODS: Bone involvement was
compared in 12 corresponding CT and MR studies of 10 female patients with sphenoid wing
meningiomas recurrence after earlier surgical treatment. Four of these had histologically confirmed
meningiomatous infiltration of the bone. RESULTS: All patients had CT findings of localized
hyperostosis of parts of the sphenoid wings. MR revealed inhomogenous areas of slightly increased
signal intensity in hyperostotic bone on T2-, proton density- and T1-weighted sequences. In nine
of 10 patients, segments of the hyperostotic bone showed different degrees of gadolinium
enhancement. CONCLUSIONS: Because earlier studies have revealed high incidences of menin-
giomatous bone infiltration in sphenoid wing meningiomas, and because infiltration was confirmed
in four of our patients, we postulate that the gadolinium enhancement in the area of hyperostosis
may be related to meningiomatous bone infiltration.
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In some patients with intracranial meningio-
mas, localized hyperostosis of adjacent bone can
be observed. The estimated incidence of this
feature varies between 4.5% and 44% (1, 2).
Some authors postulate that meningiomatous tu-
mor infiltration of the bone is the cause of the
hyperostosis (3—6). Others assume a hypertrophic
bone reaction not dependent on tumor invasion,
and have suggested that it may be caused by
vascular hyperperfusion in the area of the menin-
gioma, or other mechanisms (7-10). For sphenoid
wing meningiomas, the incidence of hyperostosis
reaches 90% and more (4, 6, 11-13). In all
reported series of sphenoid wing meningiomas,
histopathologic examinations revealed high inci-
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dences of meningiomatous infiltration of the af-
fected bony tissue (4-6, 8, 11-13). Computed
tomography (CT) is useful in the diagnosis of
osseous changes in sphenoid wing meningiomas
(6, 11). Although the intracranial features of me-
ningiomas as demonstrated by magnetic reso-
nance (MR) imaging have been studied exten-
sively (14, 15), the MR characteristics of concom-
itant hyperostosis have received scant attention.
The purpose of this study was to determine the
MR characteristics of bony changes in sphenoid
wing meningiomas in relation to the reported
infiltrative behavior of the tumor.

Patients and Methods

We analyzed 12 corresponding CT and MR studies of
10 women with recurrence of sphenoid wing meningiomas.
These were all the patients with a diagnosis of recurrent
sphenoid wing meningiomas having undergone MR exam-
ination in our department before September 1992. Eight
of them were between 42 and 55 years of age, one was
69, and one 80 (median 47.5 years). The patients had been
referred for examination by different neurosurgical institu-
tions; the intervals between the operation and the MR
examination ranged from 1 to 8 years in eight patients,
and was 17 and 22 years in the two oldest patients (patients
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8 and 10; median 4.5 years). The diagnosis was proved by
operation in all and the recurrence by repeat surgery in
three patients. Four patients had “en plaque”-type sphenoid
wing meningiomas (patients 1-4) and six others (patients
6-10) globoid or “en masse”-type sphenoid wing meningi-
omas. One patient (patient 8) had received adjuvant radia-
tion therapy. A review of histopathologic samples revealed
that decalcified hematoxylin-eosin sections of hyperostotic
bone were still available for only four patients (patients 2,
3, 4, 10). All four samples showed massive infiltration of
the bone, especially in the Haversian channels, by broad
meningiomatous streaks.

MR was performed at 0.5 T on a medium-field body
scanner. The protocols of axial tomography included a T2-
weighted spin-echo sequence (1600/70/1 [repetition time/
echo time/excitations], nine of 12 studies), a proton den-
sity—weighted spin-echo sequence (1600/30/1, nine of 12
studies) and T1-weighted gradient-echo sequences (315/
14/1, 90° flip angle) before and after (11 of 12 studies)
application of 0.1 mmol/kg gadopentetate dimeglumine.
Coronal T1-weighted sections were obtained without con-
trast medium and after administration of contrast medium
(11 of 12 studies). The interval between the CT and the
MR examinations was less than 3 months. All CT studies
included axial tomograms in the gantry position parallel to
the orbitomeatal plane, a contrast-enhanced series, and
images at bone window settings, the latter predominantly
in high resolution technique. In individual cases additional
primary tomograms in infraorbitomeatal and/or coronal
planes had been obtained. The planes of the CT scans and
MR axial tomograms varied, and the differences were
carefully considered on evaluation.

The presence and location of hyperostosis (broadening
of bone, increased density, and structural changes) were
evaluated on CT scans at bone window level. The CT
density of the hyperostotic mass was rated relative to
contralateral normal bone. The structure of this mass was
classified as plaque-shaped, coarse-trabecular, or normal.
The tabular architecture in the same area was rated as
distinguishable or not distinguishable.

The signal intensity of corresponding anatomical struc-
tures was rated in MR examinations, relative to normal
bone of the contralateral skull (mildly, moderately, or
markedly increased). The distinguishability of tabular bone
architecture was judged. Contrast enhancement was as-
sessed and the intensity (marked, moderate, mild, or no
enhancement) and the local distribution were described
(homogenous, inhomogenous or spongy; marginal en-
hancement was noted if present).

Results
CT findings

All 10 patients had localized hyperostosis of
varying degrees. The sites most frequently and
extensively affected were the medial portions of
the sphenoid wings and orbital walls. The lateral
elements of the sphenoid wings typically showed
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varying extensions of postoperative bone defects.
The walls of the paranasal sinuses and the clinoid
processes were less frequently involved, and the
sellar and clival region only rarely demonstrated
hyperostosis. In nine of 10 patients the hyperos-
totic alterations extended beyond the sutures of
the sphenoid bone at at least one point. Seven of
10 patients showed markedly increased density
of the hyperostotic bone, relative to the density
of compact or cortical zones of the bone of the
opposite side. In all patients with increased den-
sity of the hyperostotic bone there were irregular
clotted plaque- and whorl-shaped structures. In
two patients with spongiosalike hyperostosis the
structure was trabecular and somewhat coarse;
in one patient with circumscribed bone enlarge-
ment the osseous structures remained normal. In
seven patients no laminar bone architecture was
visible in the hyperostotic zone.

MR findings

In eight of 10 patients MR (Table 1) showed
mild or moderate hyperintensity, but also in a few
patients showed marked hyperintensity in areas
within the CT-proved hyperostotic bone: the sig-
nals were clearly higher in these areas than in the
corresponding contralateral bone (which was al-
most free of signal). This hyperintensity was
found in T2-, proton density— and T1-weighted
images. In one patient (patient 8) no difference
between the signal intensity in the affected and
contralateral normal bone was visible in any se-
quence. In the majority of the patients the struc-
ture of the hyperostotic area was inhomogenous;
in nine of 10 the hyperostotic area presented
without distinguishable laminar architecture.

In two patients (patients 1, 6) some areas of
hyperostosis on CT showed marked or strong
enhancement in MR after administration of ga-
dopentetate dimeglumine (Fig 1). Five other pa-
tients showed moderate enhancement (Fig 2) and
two other patients mild or weak enhancement in
parts of the hyperostosis. The distribution of the
enhancement was inhomogenous and was clearly
accentuated towards the borders of the hyperos-
tosis in some patients (patients 1, 2). The follow-
up MR study in patient 1 demonstrated a clearly
detectable shift in the local distribution of the
enhancement; corresponding CT proved the pro-
gression of the hyperostotic mass (Fig 1).
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TABLE 1: MR findings in hyperostosis

HYPEROSTOSIS 557

Signal Intensity of Hyperostotic Mass

Contrast Enhancement

Patient T2-weighted images Prf)ton dc?nsny- T1-weighted images Postcontrast T1-weighted images
weighted images

la mild increase mild increase moderate increase —

1b moderate increase mild increase moderate increase marked enhancement, inhomogenous

lc — — marked increase marked enhancement, inhomogenous, marginal
accentuation

2 mild increase marked increase moderate increase moderate enhancement, spongy, marginal ac-
centuation

3 mild increase mild increase mild increase moderate enhancement, spongy

4 mild increase mild increase moderate increase mild enhancement, spongy

5 mild increase mild increase moderate increase moderate enhancement, spongy

6 — — marked increase marked enhancement, inhomogenous

7 _ —_ moderate increase moderate enhancement, inhomogenous

8 normal (free of signal) normal (free of signal) normal (free of signal) not enhancing

9 mild increase moderate increase moderate increase moderate enhancement

10 mild increase mild increase mild increase mild enhancement

Note.—Relative signal intensity in T2-, proton density—, and T1-weighted images, and contrast enhancement of hyperostotic mass relative to

contralateral normal bone.

Discussion

Some authors have postulated that the
hyperostosis in sphenoid wing meningiomas may
be a reactive process of the bone in the vicinity
of meningiomas, perhaps promoted by nutritive
effects of the well-known hyperperfusion of the
tumor (7, 8). The concept of “reactive” hyperos-
tosis has been not infrequently used in this sense
in the radiologic literature (9, 10). However, many
other investigators have contrarily favored a
causal relationship between the meningiomatous
tumor infiltration of the bone and a resulting
“infiltrative” bone enlargement (3-6), a model that
may include undetermined (intercellular) “reac-
tive” factors, too.

Pathologic findings of hyperostosis have been
extensively investigated in sphenoid wing menin-
giomas. A high incidence of histologically proved
tumor infiltration was reported correspondingly
in all larger series of sphenoid wing meningiomas
(4-6, 11-13) and for this subgroup of meningio-
mas the “infiltrative” pathogenesis of hyperostosis
is most favored (4-6, 13). It should be emphasized
that even authors who proposed “reactive” path-
ogenesis of hyperostosis (7, 8) reported high
incidences of meningiomatous bone infiltration
(21 of 23 patients of Rowbotham [8]), but these
authors merely denied that the bone mass was
originating from (modified) tumor cells.

In the hyperostotic “en plaque” type of sphe-
noid wing meningioma the subdural tumor com-
partment forms only a small carpet; the mass
effect on the brain and orbit is produced entirely
by the massive infiltrative hyperostosis (5, 11-

13). Because these tumors are frequent at this
site of the cranium and extremely rare at others
(11-13), it has been also proposed that there may
be a primary disposition or “local factor” towards
meningiomatous bone infiltration at the sphenoid
wings (6, 11).

Some longitudinal studies (16—19) have shown
the recurrence rate of meningiomas to be highly
dependent on surgical strategy, with the best
results obtained in operations including complete
resection (19) of the underlying bone. Sphenoid
wing meningioma has high recurrence rates (16—
18) that are explained as result of the difficulty
of completely or even radically resecting bone at
this site (4, 5). We decided to study the MR
characteristics of meningiomas, because it seems
to represent one cause of meningioma recur-
rence. We decided to examine the highly selected
group of patients with recurrent, histologically
proved sphenoid wing meningiomas, because
these tumors constitute a homogenous group
with regard to the histopathology of hyperostosis.

A high preponderance of female patients and
the (postoperative) distribution of the hyperosto-
sis of our patients is consistent with other reports
(4-6, 12). The pattern of CT findings in our
patients is similar to earlier CT descriptions of
local distribution in patients with sphenoid wing
meningiomas (4, 10) and the CT features found
in hyperostotic meningiomas en plaque (11).
Thus we feel that the group studied forms a
representative sample of patients with sphenoid
wing meningiomas after surgical therapy and with
advanced hyperostosis. Although histological
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Fig. 1. A-C, Demonstration of gadolinium enhancement in hyperostotic mass. Patient 1, right en plaque meningioma, second study,
6 years after first operation. Right exophthalmos. Extensive areas of bone resections in orbital walls and pterional vault. Marked new
bone formation in lateral walls of right sphenoidal sinus and ethmoidal cells. Axial CT and MR.

A, CT, bone window. Patchy and hyperdense structure of new bone formation in right sphenoidal sinus (long arrow) and ethmoidal
cells (short arrow). B, T1-weighted axial image (315/14/1), moderate hyperintensity, cloudy structure in corresponding area (straight
arrow). Carotid encasement (curved arrow). C, T1-weighted axial image (315/14/1) after 0.1 mmol Gd-DTPA/kg bodyweight shows
strong and inhomogenous enhancement, pronounced at the borders of the new bone formation (straight arrow). Carotid encasement
(curved arrow). Additional enhancement in sinus cavernosus.

D-F, Follow-up study with increase of mass effect. Same patient (third study), after reoperation and 2 years after second study.
Progression of exophthalmus; fluid retention in left sphenoid sinus. Axial CT and MR. D, CT, bone window. Proliferation of the
hyperostosis (long arrow), with higher densities and irregular caval surface. Fluid in left sphenoid sinus (short arrow). E, T1-weighted
axial image (315/14/1). Inhomogenous hyperintensity of bony formation (long arrow). Note increased signal intensities corresponding
to of fluid retention in left sphenoid sinus (short arrow). F, T1-weighted axial image (315/14/1), after administration of gadopentetate
dimeglumine. Strong inhomogenous enhancement in hyperostotic formation, but with a different local distribution than in B and C
(arrow).



Fig. 2. A-C, Patient 3, right meningioma of en plaque type, 2
years after operation. Marked right exophthalmos.

A, CT, bone window. Marked hyperostosis (long arrow) at
lateral orbital walls. Note spiculated external surface (short arrow)
near extracranial meningioma mass (see B). B, T1-weighted axial
image (315/14/1) after 0.1 mmol gadopentetate dimeglumine
shows mild, spongiform enhancement (white arrow) in the medial
portion of the hyperostotic bone. Homogenous enhancement of
extracranial soft tissue mass (black arrow) over surface with
spiculated appearance on CT (see A). C, Histologic specimen from
involved bone in patient 3. EDTA-decalcified bone, hemotoxylin-
eosin, X 82,5. The Haversian channels are filled by cones of
meningiotheliomatous meningioma (arrows).

confirmation of meningiomatous bone infiltration
was available in only four of 10 patients, this
must be highly suspected in at least some other
patients, based on general experience discussed
above (4-6, 11, 12). Hyperostosis appeared on
CT as compacta-dense, whorl-shaped, and in-
homogenous structure with local disappearance
of the laminar architecture of the bone. The
changes in the fine structure of the bone presum-
ably included a marked increase in the density of
osseous calcification (quantitative chemical
analysis not performed). These CT features re-
semble reported histopathologic features of irreg-
ular bone morphology (3, 7, 8) in hyperostosis
but seemingly do not demonstrate correlates of
the laminar growth that has been reported from
histological studies, too (3, 8).

MR showed mildly or sometimes moderately
increased signal intensities of the CT-proved hy-
perostosis, as compared with the contralateral
bone. The slightly increased signal intensity in
contrast-free images was seen exactly in the same
areas in which CT had demonstrated high density
and presumably dense calcification. This was not
expected, because the effects of increased calci-
fication alone do not explain increases in signal
intensity. However, it has been found that MR
signal intensities in areas of intracranial calcifi-
cations do not simply (or inversely) correlate with
corresponding CT densities (20). It has been sus-
pected that either calcium-independent soft tissue
characteristics or the concentration of certain
trace elements (Fe) in the calcification may influ-
ence the signal intensity in such areas (20), but
the precise relations are uncertain. We can only
speculate that tumor tissue in the bone and es-
pecially in the Haversian channels could have
some influence on the slightly increased signal
intensity in the hyperostotic tissue (Fig 2).

Inhomogenous intraosseous contrast enhance-
ment of varying distribution and degree was seen
in parts of the hyperostotic bone in most patients.
In one patient the progression of hyperostosis
correlated with marked alterations in the pattern
of enhancement which remained accentuated at
the (changing) borders. There is no physiological
enhancement of osseous tissue following admin-
istration of gadopentetate dimeglumine. The
massive, predominantly homogenous tumor en-
hancement in meningiomas is well established
(15). In view of the selection of our patients the
possibility of bone infiltration was believed espe-
cially high in our patients, although confirmatory
histological specimens existed in only four pa-
tients. We suspect that contrast enhancement in
hyperostotic bone of the sphenoid wings may be
enhanced meningiomatous tumor tissue infiltrat-
ing the bone. The restriction of the enhancement
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to bone segments of the hyperostotic mass sub-
divides areas that appear more uniform in CT
scans. This leads to the assumption that certain
tissue differentiations are only depicted by (con-
trast-enhanced) MR. There were gross changes
of marginal enhancement in a follow-up MR study
of a patient with enlarging bone apposition (pa-
tient 1). Some authors reported marginally ar-
ranged laminar growth in infiltrative hyperostosis
(3, 7, 8) and it may be speculated that the
marginal and unstationary gadolinium enhance-
ment demonstrates imaging correlates of such
laminar and marginal growth. However, prospec-
tive histopathologic confirmation is certainly re-
quired.

The possibility that contrast enhancement may
be a tool in the diagnosis and evaluation of bony
infiltration in meningiomas merits further consid-
erations, because this part of the tumor is strongly
implicated in recurrence. The surgical strategy
(10, 12) and the decision whether to give adjuvant
radiation therapy postoperatively (21) could be
influenced by improved diagnostic evaluation of
hyperostosis. Because MR findings in hyperosto-
sis occurring in meningiomas at other sites, or in
different tumor “stages,” may differ from those
presented here, hyperostosis in meningiomas re-
quires further investigation.
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