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Abstract

Introduction

Ultrasound imaging inside bones has long
been considered unfeasible, because clinical
scanners do not consider the complex wave
physics in bone tissue. However, the low
costs, its portability, non-invasiveness and
blood flow measurement ability of ultra-
sound make it an attractive imaging modal-
ity to study bone physiology and disorders.

Aims and Methods

Seismology-inspired methods were em-
ployed to characterize the direction-depen-
dent ultrasound wave velocity (anisotropy)
in the bone cortex. In a study on the tibia of
healthy volunteers (approved by Ethics Com-
mittee [CPP Sud-Est II] and French Health
Authorities [NO ID RCB: 2023-A02403-42]),

single-element transmissions were gener-
ated with a clinical cardiac probe connected
to a fully programmable ultrasound scanner.
From a transverse view of the tibia, the ultra-
sound wave velocity in the skin and the ra-
dial wave velocity in the bone cortex can be
estimated (panel [a]). Then, using a longitu-
dinal view of the bone cortex (panel [b]), the
velocity of a wave guided by the skin/cortex
interface called head-wave was measured,
leading to an axial wave velocity estimation
in the bone cortex. Once the wave velocity
model is determined, delay-and-sum image
reconstruction considering refraction and
wave velocity anisotropy was used to recon-
struct an anatomical image showing the dif-
ferent tissue layers (panel [c]): skin, bone
cortex, marrow, and bone cortex. Finally,
dedicated Doppler processing was applied
to extract the pulsatile blood flow signal in
the bone cortex, relying on the repeated
transmission of diverging waves. Hence this
method allows to retrieve 3 types of biomar-
kers from one single ultrasonic scan: [1] tis-
sue elasticity and micro-structure characte-
rization, [2] anatomical images enabling the
measurement of the cortical thickness and
[3] Doppler signal to estimate the flowing
blood volume. Our method differs from the
previously developed approaches [1] using
ultrasound for bone characterization since it
is an imaging-based technique.

Results

The parameters governing ultrasound wave
velocity in the bone cortex were measured
in vivo with a <1% precision. They are relat-
ed to structural anisotropy, tissue elasticity
and porosity [2], and could become valu-
able biomarkers of osteoporosis. In addi-
tion, B-mode images provided anatomical
information such as the cortical thickness
(2.5–4mm) which is associated with frac-
ture risk [3, 4]. Finally, we measured the
time-varying blood signal power inside the
cortical bone (panel [d]). Such a measure-
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ment is unprecedented and unreachable
with other imaging modalities. Imaging
and characterization of intra-osseous blood
flow has multiple applications [5], like de-
tecting bone marrow lesions (regions with
higher blood flow) involved in osteoarthri-
tis, or studying its coupling with bone re-
modelling in the context of physiology in
microgravity.

Conclusion

Dedicated methods were developed to de-
scribe the physics governing ultrasound
propagation in bone tissue, to unlock ultra-
sound imaging inside bones [6]. They pro-
vide 3 types of biomarkers: bone tissue
characterization related to its microstruc-
tural quality; as well as anatomical images;
and blood flow inside bone.
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▶ Fig.1 Ultrasound imaging of a human tibia in vivo. Beforehand, several methods inspired from seismology are used to determine the anisotropic
wave velocity model in cortical bone (a–b). These parameters are used to reconstruct a B-mode image of a tibia (c), accounting for refraction at tissue
interfaces, then allowing to measure a power Doppler signal in the bone cortex (d).
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Best clinical presentation
Martin Garset-Zamani, Denmark
Office-based Transoral and Transcervical
Ultrasound for Detecting and Staging Oro-
pharyngeal Cancers

Introduction

Distinction between asymmetric palatine
tonsils and oropharyngeal squamous cell
carcinoma (OPSCC) is difficult with current
clinical and radiographic work-up. Further-
more, human papillomavirus (HPV) induced
OPSCC can present with nodal metastasis
and undetected small primary cancers i. e.
as unknown primary (CUP). Ultrasound
(US) of the oropharynx may improve the
outpatient work-up of these patients. We
aimed to compare the diagnostic accuracy
for oropharyngeal tumor detection using
US and magnetic resonance imaging (MRI).
Secondly, to compare tumor staging be-
tween these modalities.

Methods

This was a multicenter, prospective, clinical
trial with paired comparison between US
and MRI. Patients with suspected OPSCC or
neck lumps were assessed clinically by head
and neck surgeons. If an oropharyngeal tu-
mor or neck metastasis was suspected, pa-

tients were offered inclusion. Exclusion crite-
ria were prior history of head and neck
cancer, MRI, or positron emission tomog-
raphy/computed tomography (PET/CT)
within 3 months, and prior oropharyngeal
biopsy results. After clinical exam, surgeon-
performed transoral and transcervical US of
the oropharynx was performed prior to
biopsy results and cross-sectional imaging.
MRIs were performed afterwards (including
PET/CTs if suspected metastasis from CUP)
and these were assessed blinded to US and
histopathology. The primary outcome was
the sensitivity and specificity for oropharyn-
geal tumor detection with transoral and

transcervical US and MRI. Secondly, we com-
pared T-staging between US, MRI, and CT.

Results

We included 162 patients with available MRI,
transoral US, and transcervical US (105
[65%] male; median age 63 years [IQR, 55–
71 years]); 65 (82 %) of 80 HPV-tested
OPSCCs were HPV-positive). A full transoral
US exam could be completed in 78 % of
cases. Compared to MRI, transoral US had
similar sensitivity (86% vs. 92%, P = .11) but
significantly higher specificity (79% vs. 46%,
P < .001). Transcervical US had significantly
worse sensitivity compared to MRI (70% vs.
92 %, P < .001). For patients with CUP
(n = 40), a completed transoral US exam
(n=27) resulted in equal 83% sensitivity as
PET/CT. For T-staging, US had high accuracy
in T1, T2, and T4 tumors (87%, 66%, and
74% agreement with final T-stage, respec-
tively).

Conclusion

Surgeon-performed transoral US has the
potential to improve the work-up of pa-
tients with OPSCC or CUP by providing
point-of-care imaging comparable to
cross-sectional scans.
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