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ABSTRACT

Background: Van der Hoeve syndrome (VDHS) is a rare connective tissue disorder; however, its temporal bone
imaging features remain poorly characterized without integrated high-resolution computed tomography (HRCT) and
magnetic resonance imaging (MRI) analysis. To address this, we systematically analyzed the imaging spectrum in a
VDHS cohort using combined HRCT and MRI, and correlated these findings with clinical presentations.

Methods: Retrospective analysis of clinical, HRCT, and MRI data from eight VDHS patients (15 ears), documenting
clinical manifestations along with imaging features of temporal bone and adjacent skull base.

Results: All affected ears exhibited hearing loss (tinnitus, 53.3%). All patients had blue sclerae and a history of fractures
or dislocations history. Enamel hypoplasia was observed in four of the five patients with follow-up data. HRCT revealed
otic capsule hypodensities in all 15 ears (target sign: eight ears), with oval window and stapes footplate involvement. On
MRI, six lesions showed mild to marked enhancement (including labyrinthine enhancement). Five patients had skull base
bone thinning and deformation (three with basilar invagination or platybasia).

Conclusion: The integrated HRCT and MRI assessment delineates a spectrum of temporal bone abnormalities in VDHS.
When correlated with characteristic systemic manifestations, these imaging features aid in accurate diagnosis and
preoperative evaluation.
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1 Introduction manifestation is a high susceptibility to fractures. In

adulthood, fractures occur less frequently, and patients

Van der Hoeve syndrome (VDHS) is a rare congenital
connective tissue disorder characterized by increased
bone fragility due to reduced collagen, often involving
multiple systems throughout the body!?. It belongs to
type I osteogenesis imperfecta (OI), which is the type
with the mildest clinical symptoms in OI®4. The main
clinical manifestations of Van der Hoeve syndrome
include fragile bones prone to fractures, blue sclerae, and
hearing impairment®. In the early stage, the main clinical
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often seek medical attention due to hearing impairment®l.

The radiological characterization of temporal bone
involvement in VDHS is not well established. Current
evidence, largely derived from isolated case reports, lacks
a synthesized analysis that integrates the complementary
findings of high-resolution computed tomography
(HRCT) and magnetic resonance imaging (MRI)13.
This deficit contributes to diagnostic ambiguity, with
VDHS frequently being mistaken for otosclerosis.
Although the pathological relationship between the two
entities remains controversial, a key clinical distinction
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is widely recognized: patients with the diffuse osteopenia
inherent to VDHS face a substantially greater risk of
complications from stapes or cochlear implant surgery
compared to otosclerosis!!®!4 ¢l Therefore, achieving a
precise preoperative diagnosis through imaging is of
critical importance.

To bridge this knowledge gap, we performed an
integrated analysis of HRCT and MRI in eight patients
(15 ears) with VDHS—one of the largest dedicated
imaging cohorts reported. This study aims to systema-
tically characterize the temporal bone imaging spectrum
in VDHS and to demonstrate the clinical utility of this
combined approach for differential diagnosis and
preoperative assessment.

2 Materials and Methods

2.1 Clinical data

We retrospectively analyzed the clinical and imaging data
of eight patients (15 ears) with clinically diagnosed
VDHS from the electronic medical record system of the
two hospitals between August 2018 and April 2025. The
diagnostic criteria for VDHS in this study were formu-
lated with reference to previous literature!'”), including (1)
blue sclerae, (2) fragile bones prone to fractures, (3)
presence of at least one of the following: hearing
impairment, tinnitus or vertigo, (4) exclusion of otoscler-
osis, osteitis deformans, otosyphilis, rickets, vitamin C
deficiency, otitis media and bone metabolic diseases. All
patients had audiological and HRCT data. MRI was
performed in a subgroup of three patients (six ears) based
on clinical indications. Among them, three were males
and five were females. The age of the patients ranged
from 21 to 55 years, with a median age of 31 years.
Cochlear implantation (CI) was performed in four ears.

2.2 CT and MRI examinations

All eight patients underwent HRCT examination, using
an Italian cone-beam CT system (NewTom™ 5G) or a
Siemens dual-source spiral CT (SOMATOM Drive or
Definition Edge, Siemens Healthineers, Forchheim,
Germany). The scanning parameters were as follows.
CBCT: supine position, left and right sides were scanned
separately; scanning baseline: horizontal positioning line
parallel to the acanthiomeatal line, voltage 110 kV,
current 269.98 mA, field of view 120 mm x 80 mm, matrix
1560 x 1420, exposure time 9 s. Dual-source CT:
scanning baseline was the supraorbitomeatal line, voltage
120 kV, automatic tube current modulation, collimator
width 20 x 0.625 mm or 6 mm X 0.75 mm, pitch 0.6 or
0.75, field of view 190 mm x 190 mm, matrix 512 x 512,
reconstruction slice thickness 0.6 mm or 0.75 mm,
reconstruction interval 0.4 mm or 0.3 mm.

Three patients underwent MRI plain scan and enhanced
scan, using a GE Discovery MR750w 3.0 T MR scanner
with a 19-channel head and neck combined -coil.
Transverse T1WI fat-suppressed scanning parameters:
TR 900 ms, TE 15 ms, echo train 60, matrix 256 x 256,
slice thickness 1.0 mm, slice interval 0 mm, number of
slices 48, field of view 205 mm x 174 mm, and number
of acquisitions 2. Transverse T2WI scanning parameters:
TR 2500 ms, TE 102 ms, echo train 120, matrix 256 X
256, slice thickness 1.0 mm, slice interval 0 mm, field of
view 205 mm x 174 mm, number of acquisitions 2. The
enhanced scan used the transverse T1WI fat-suppressed
sequence, with the same parameters as above. Images
were acquired immediately after intravenous injection of
the contrast agent gadoteridol (Singen, Germany) at a
dose of 0.2 mL/kg.

2.3 Image processing and evaluation

All original CT and MRI image data of patients were
transferred from the picture archiving and communication
system to the AW 4.7 workstation (GE Healthcare,
Milwaukee, WI) for multiplanar reconstruction of the
inner ear and auditory ossicles.

CT and MRI images were independently evaluated by
two radiologists with more than 10 years of work
experience. Disagreements were resolved through
consultation. The clinical and temporal bone imaging
(external, middle, and inner ear; ossicular chain; and
adjacent skull) were recorded, including base bone
density, signal intensity, and enhancement patterns. The
relevant  audiological classification and grading
diagnostic criterial'®!'”! were as follows: (1) The signal
intensity of the lesion in the otic capsule area of VDHS
was classified as hypointensity, slight hypointensity,
isointensity, slight hyperintensity, and hyperintensity with
reference to the brain parenchyma; (2) Audiological types
were divided into conductive, mixed, and sensorineural
deafness; (3) The degree of hearing loss was graded as
mild, moderate, severe, and profound.

3 Results
3.1 Clinical manifestations of VDHS

All 15 diseased ears in eight patients had mild to
profound mixed (11 ears) or sensorineural (four ears)
deafness, eight ears (53.3%) were accompanied by
tinnitus, and one patient (12.5%) had vertigo. All eight
patients had blue scleraec (Figures la, 2a, and 3a),
multiple fractures of the clavicle and limbs, or easy joint
dislocation (Figures le, 2f, and 3i). Among the five
followed-up patients, four had a history of enamel
hypoplasia (Figures 2e and 3h). Among them, two
patients patients had a family history, and four patients
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underwent genetic testing, all of whom carried COLIA1
gene mutations, as shown in Table S1.

3.2 Imaging findings of VDHS

On temporal bone HRCT, 15 ears showed patchy, strip-
shaped (Figure 1b and 1c), and circular hypodensities in
the otic capsule area (Figures 2b, 3b, and 3c). Among
them, eight ears showed a target sign (Figures 2b, 3b, and
3c¢), all involving the oval window and stapes footplate,
with varying degrees of thickening of the footplate
(Figures 2c and 3d). Focal areas of demineralization were
also noted in the ossicular chain, involving the body of
the incus in four ears.

4

Fig.1 Clinical and imaging features of VDHS in a
representative patient. (a) Facial photograph demonstrating
characteristic bilateral blue sclerae. (b—c) Axial high-resolution
computed tomography (HRCT) images of the temporal bone
reveal patchy and strip-shaped hypodensities (long arrows)
surrounding the cochleae. (d) Sagittal HRCT reconstruction
shows diffuse thinning of the skull base and basilar invagination
(arrows). (e) Radiograph of the hand exhibits slender
metacarpals and phalanges, cortical thinning, joint laxity, and
malalignment (arrows).

Fig.2 Multisystem involvement in a second patient with
VDHS. (a) Clinical photograph showing prominent blue sclerae.
(b) Axial temporal bone high-resolution computed tomography
(HRCT) demonstrates a strip-shaped hypodensity encircling the
cochlea, consistent with the “target sign” (arrows). (c) Magnified
HRCT view of the oval window reveals thickening and
involvement of the stapes footplate (arrow). (d) Sagittal HRCT
image illustrates thinning of the clivus (long arrow) and
platybasia (short arrow). (e) Intraoral photograph showing
enamel hypoplasia and extensive dental caries. (f) Chest
radiograph depicts osteopenia, slender ribs and clavicles, and an
old fractured clavicle with deformity (arrows).

On plain MRI, the above-mentioned lesions in the six
otic capsule areas showed slightly prolonged T1-
weighted, prolonged or slightly prolonged T2-weighted
signals (Figure 3e and 3f), slight hypointensity on fluid-
attenuated inversion recovery (FLAIR), mild to marked
enhancement on enhanced scans, and significant
enhancement in the labyrinth (Figure 3g). Among them,
five patients had varying degrees of thinning and
deformation of the adjacent skull base bones, and three
patients were accompanied by basilar invagination or
platybasia (Figures 1d and 2d).

3.3 Surgical findings

Three patients (four ears) in this group underwent CI.
During the operation, it was found that the temporal bone
adjacent to the electrode slot was thin and fragile, and the
bone around the round window was thickened and closed,
with increased fragility. The electrode was inserted
carefully, and the electrode position was normal on re-
examination after the operation. Facial twitching occurred
in two patients after device activation, and the symptoms
of facial nerve stimulation disappeared by adjusting the
current. Postoperative outcomes were favorable during

Fig.3 Composite clinical, CT, and MRI findings in a third
patient with VDHS. (a) Clinical photograph confirms blue
sclerae. (b—c) Axial and coronal high-resolution computed
tomography (HRCT) images of the temporal bone show

extensive patchy and circumferential hypodensities (long
arrows) around the cochleae, vestibules, semicircular canals, and
internal auditory canals, forming a “target sign”; note
concomitant thinning of the pericochlear bone (short arrows).
(d) Detailed HRCT image confirms stapes footplate thickening
and oval window involvement (arrow). (e—f) Axial MRI scans
show lesions with mildly prolonged T1 and T2 signals within the
otic capsule (arrows). (g) Contrast-enhanced fat-suppressed T1-
weighted MRI shows mild to marked enhancement of the otic
capsule lesions (long arrows) and marked labyrinthine
enhancement (short arrows). (h) Photograph of the dentition
shows severe enamel hypoplasia, caries, and loss of mandibular
teeth. (i) Chest radiograph demonstrates bone thinning and a
healed fracture of the clavicle with residual deformity (arrows).
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follow-up.
4 Discussion

VDHS, a subtype of OI, is a rare autosomal dominant
connective tissue disorder primarily caused by mutations
in the COLIAI and COL1A2 genes, leading to defective
collagen synthesis®.. This underlying collagen defect
underlies the systemic manifestations (blue sclerae, bony
fragility, dental enamel hypoplasia)l’-!*! and also dictates
the temporal bone pathology, which encompasses both
conductive (e.g., from ossicular microfractures or stapes
fixation) and sensorineural (e.g., from otic capsule
demineralization or cochlear hair cell atrophy) compon-
ents of hearing loss!!3l. Patients typically present with
hearing loss in young adulthood, which is progressive and
often asymmetricall*%12],

This study provides a systematic delineation of the
temporal bone imaging spectrum in VDHS by integrating
HRCT and MRI. Our findings confirm the established
hallmarks, including pericochlear demineralization
(frequently presenting as a “target sign”), stapes footplate
thickening, and labyrinthine enhancement on post-
contrast MRI®791. Notably, the demineralization process
demonstrated a potential for diffuse involvement, as
evidenced by incidental focal lucency within the incus
body in a subset of cases (4/15 ears). The principal diagn-
ostic advance offered here is not a novel solitary sign, but
the integrated application of this imaging spectrum.
Correlating these temporal bone findings with invariant
systemic features (blue sclerae, fracture history, skull
base dysplasia) establishes a robust framework for reli-
ably differentiating VDHS from isolated otosclerosis®.

Consistent  with and extending prior case
reports!l7%1112 HRCT in our cohort revealed a spectrum
of osteopenia ranging from patchy to circumferential
pericochlear hypodensities. MRI complemented this by
characterizing these areas with mildly prolonged T1/T2
signals and variable enhancement, often extending into
the membranous labyrinth—a finding suggestive of active
inflammatory or hypervascular processes!®l. Furthermore,
a significant proportion of patients (5/8) exhibited
concomitant thinning or deformity of the skull base, a
feature that reinforces the systemic nature of the disease.
It is this combination of diffuse temporal bone
abnormalities and extracranial skeletal features that
critically distinguishes VDHS from conditions like
otosclerosis (which is focal and lacks systemic signs),
Paget’s disease (of older age with distinctive bone
expansion), and otosyphilis (associated with specific
serology and a “moth-eaten” destructive pattern)!0.11,

The precise radiologic identification of VDHS carries
direct and significant implications for clinical manage-
ment. Preoperative imaging serves as an essential
roadmap: HRCT meticulously defines the extent of

demineralization and identifies potential surgical obsta-
cles such as round window atresia. Concurrently, MRI-
derived markers like prominent labyrinthine enhancement
may signal a state of hypervascularity, correlating with a
higher observed risk of postoperative facial nerve stimul-
ation in our and other surgical series®!. Foreknowledge
of this diffuse bony fragility and anatomic variance alerts
the surgical team to the heightened risks of ossicular
chain disruption and electrode misplacement, mandating
tailored surgical techniques and caution.

In conclusion, our analysis underscores the definitive
value of a combined HRCT and MRI approach for
VDHS. HRCT excels in depicting the architectural
compromise of the temporal bone, while MRI provides
unique insight into associated active processes. This
synergistic assessment enhances diagnostic confidence,
solidifies differentiation from otosclerosis, and delivers a
comprehensive anatomical overview indispensable for
preoperative planning and risk stratification. The
limitations of this study include its retrospective design
and the small sample size inherent to rare diseases, which
may affect the generalizability of findings. Future
prospective studies with larger cohorts are warranted to
validate the proposed imaging integration framework and
further explore the debated pathological continuum
between VDHS and otosclerosis.

5 Conclusion

The diagnosis of VDHS relies on a constellation of
findings. Integrated HRCT and MRI of the temporal bone
reveal a characteristic spectrum of abnormalities,
including otic capsule demineralization, stapes footplate
involvement, labyrinthine enhancement, and associated
skull base dysplasia. Radiologists and otologists should
be familiar with this imaging spectrum and must correlate
it with the patient’s systemic clinical manifestations (blue
sclerae, fracture history) to achieve an accurate diagnosis,
which is fundamental for appropriate patient counseling
and surgical planning.
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