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INTRODUCTION

The incidence of acute mastoiditis secondary to acute
otitis media has decreased significantly in the antibiotic
era (Alper et al. 2004). However, inadequate or delayed
treatment of otitis media predisposes to the development
of this and other more serious, life-threatening complica-
tions (Shanley and Murphy 1992). Among other things,
acute mastoiditis can lead to a subperiosteal abscess, as
purulent material coming from the mastoid seeps into
the potential space beneath the bone and the outer perios-
teum. The infection spreads by traveling through pre-
existing bony dehiscence or bone erosion or along small
vessels. The periosteum of the temporal bone is detached
by the progressing abscess, but its progression is limited
inferiorly by the muscle attachments (Nadol and
McKenna 2005). In children, large subperiosteal mastoi-
dal abscesses can easily form because the periosteum is
loosely attached to the surface of the temporal bone
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(Vinay et al. 2007). According to the relevant literature,
the most common localization of a subperiosteal abscess
is the suprameatal triangle (or MacEwen’s triangle): In
this region, the cortical bone is particularly thin and small
vessels are present, making a preferred hematogenic
route of subperiosteal abscess formation, secondary to
coalescent mastoiditis (Alper et al. 2004).

It is well known that high-resolution computed to-
mography (HRCT) of the temporal bone is the examina-
tion of choice for evaluating the complications of acute
otitis media. This imaging method offers high-resolution
images that allow good visualization of the fine anatomy
of the temporal bone, ossicles and inner ear (Savic et al.
1987). On the other hand, the issue of ionizing radiation
and the need for sedation in many pediatric cases can be
seen as limitations of this method. These aspects are
even more important if we consider that such complica-
tions can easily occur in the sensitive population of pedi-
atric patients (Nadol and McKenna 2005).

In a preliminary report, Mann (1978) described the
potential use of A-scan ultrasonography with a 4-MHz
focused transducer in detecting the presence of fluid in
the antrum and the mastoid in young children: The swollen
mucosa and the fluid retention within the mastoid made ul-
trasound transmission possible, whereas in the case of
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normal air content of the mastoid, all ultrasound energy
was reflected at the bone–air interface and no medial wall
echo was obtainable. Interestingly, the first report on the
possible role of B-mode ultrasonography in the diagnostic
approach to a subperiosteal abscess secondary to mastoid-
itis was published as recently as 2005, when Grant and
Piotto (2005) recommended its use based on the case of a
3-mo-old boy. Since then, to our knowledge, there have
been no data in the literature on the value of ultrasound in
the diagnostic imaging of the temporal bone.

The purpose of this study was to present and eval-
uate our experience in a single academic tertiary center
in the use of ultrasound as a first imaging tool in the
pre-operative diagnostic approach to subperiosteal ab-
scess secondary to mastoiditis. An additional purpose of
our study was to obtain additional imaging information
on the possible importance of ultrasound in the differen-
tial diagnosis of the pathologies of the retro-auricular re-
gion. This may be of practical importance for
optimization of the diagnostic and therapeutic ap-
Fig. 1. (a, b) Ultrasound findings: Poorly demarcated, inhomog
disruption of the continuity of the mastoid bone and defect of th

raphy findings: Delineation of a bony defect of the
proaches to these patients and may minimize the need
for further diagnostic examinations (HRCT), urgent deci-
sion making or unnecessary surgical interventions.
METHODS

This retrospective case series study was conducted
at a single academic tertiary referral center specialized
in ultrasound diagnostics of the head and neck region
(Department of Otorhinolaryngology, Head and Neck
Surgery, University of Erlangen–Nuremberg, Germany).
The ultrasound findings of all patients presenting
between 2004 and 2012 with clinical symptoms compat-
ible with otomastoiditis were examined. Patients with
insufficient imaging data were excluded from this study.
Over a 9-y period, 10 consecutive cases in which an ultra-
sound examination of the retro-auricular region was per-
formed for suspicion of mastoiditis were identified; these
cases included five female and five male patients (mean
age: 6 y, range: 18 mo–13 y). In the presence of a
eneous, irregular lesion in the retro-auricular region with
e external cortex. (c, d) Corresponding computed tomog-
outer cortex of the temporal bone (arrows).



Fig. 2. Additional invasion of the insertion of the sternocleidomastoid muscle on the mastoid process of the temporal
bone and its superior part raised the suspicion of Bezold mastoiditis. MSCM 5 sternocleidomastoid muscle;

RF 5 abscess; GLP 5 parotid gland.
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subcutaneous painful retro-auricular mass with clinical
signs of inflammation and suspected acute mastoiditis,
B-mode and color duplex sonography (ACUSON
S2000, Siemens Healthcare, Erlangen, Germany,
9 MHz) of the temporal bone was performed with a 9
L4 transducer before high HRCT. Approval was obtained
from the institutional review board of our hospital.
Informed consent for use of the patient data was waived
by our institutional review board.
Fig. 3. Color duplex sonography image of an inflamed retro-
auricular lymph node. MSCM 5 sternocleidomastoid muscle.
RESULTS

In nine cases, the ultrasound finding was that of a
poorly demarcated, inhomogeneous, irregular, poorly
(or not at all) perfused lesion abutting the outer table of
the cranial vault, with a clearly delineated defect of the
cortical layer of the mastoid bone, elevation of the outer
periosteum, a vascular periphery in the retro-auricular re-
gion and signs of intracranial extension via this external
cortex defect (Fig. 1a, 1b). All of these ultrasound find-
ings were perfectly consistent with the computed tomog-
raphy and intra-operative findings (Fig. 1c, 1d). In one of
the nine cases, additional invasion of the insertion of the
sternocleidomastoid muscle on the mastoid process of the
temporal bone and its superior part raised the suspicion
of Bezold mastoiditis (Fig. 2), which was confirmed
intra-operatively. In one patient, ultrasound revealed a
well-defined, homogeneous lesion with strongly perfused
hilum signs, and the primary diagnosis of retro-auricular
lymphadenitis was rendered (Fig. 3). In this case,
ultrasound-guided diagnosis helped in avoiding further
diagnostic imaging, and conservative treatment led to
complete resolution of the symptoms.
DISCUSSION

At present, high-resolution computed tomography is
considered to be the imagingmethod of choice for patients
with temporal bone pathology. This method can best
display the fine bony detail and the resorption of the air
cell partition of the mastoid process. However, according
to the literature, even with low-dose scan protocols, the
effective dose of HRCT of the temporal bone appears to
be not lower than 0.25–0.3 mSv (Nauer et al. 2011).
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According to the German Federal Office for Radiation
Protection (2015), this dose is somewhat higher than the
radiation exposure during a transatlantic flight. Further-
more, when performed using conventional sequential
direct axial and coronal methods, parallel to the glabello-
meatal or orbitomeatal line, the patient’s eyes are exposed
to direct radiation (Alper et al. 2004). This is an issue of
major concern if we consider that the lens is one of the
most radiosensitive organs in the human body, especially
in children, in whom the risk of developing lens opacities
(e.g., cataracts) might be higher because of cumulative
lifetime doses (Alper et al. 2004). Thus, the need for an
imaging procedurewithout ionizing radiation in the sensi-
tive patient group of children and pregnant women brings
the aspect of the applicability of other imaging modalities
in the diagnostics of the temporal bone into the discussion.
Ultrasound has numerous advantages in this respect: it is
readily accessible, can be performed with minimal
discomfort to the patient, has a lower cost, constitutes a
real-time imaging procedure and is useful in patients in
whom magnetic resonance imaging is contraindicated
(Pineda et al. 2009).

According to the relevant orthopedic literature, ul-
trasound represents a non-invasive, reliable diagnostic
method in evaluating the soft tissues and cortical
bone involved in cases of osteomyelitis and may pro-
vide guidance for diagnostic or therapeutic aspiration,
drainage or tissue biopsy. In comparison to plain radio-
graphs, this method is able to identify signs of an osteo-
myelitic infection in pediatric patients several days
earlier and does not require sedation (Pineda et al.
2009). On ultrasound, acute osteomyelitis is recognized
through the elevation of the periosteum by a hypo-
echoic underlying layer of purulent material between
the periosteum and cortex. Additionally, erosions of
the bone cortex can become easily and sufficiently
apparent (Pineda et al. 2006). Furthermore, application
of color duplex sonography may be useful in identi-
fying an inflammation-related hyperemia around the
periosteum and surrounding soft tissue abscesses
(Chao et al. 1999; Collado et al. 2008; Klauser et al.
2006).

With the help of these data from the literature, one
may assume that this method can be successfully applied
in the primary diagnosis of inflammatory (osteomyelitic)
pathologies of the temporal bone. This is clearly shown
by our study: Although destruction of the outer cortex
and formation of a subperiosteal abscess are known to
be best demarcated with HRCT (Nadol and McKenna
2005), our experience indicates that ultrasound may be
a useful adjunct as a first imaging tool before temporal
bone CT, as it can precisely delineate a bony defect of
the outer cortex of the temporal bone. Additionally,
extension into the sternocleidomastoid muscle was also
perfectly detected on ultrasound. Furthermore, sono-
graphic exclusion of temporal bone erosion may be useful
in differentiating an inflammatory mastoid process from
retro-auricular erysipelas, a retro-auricular lymph node
or a dermoid cyst with local signs of inflammation. To
this extent, ultrasound may help in selecting patients for
further imaging and might spare radiation therapy, espe-
cially in sensitive patient groups such as children and
pregnant women, if a bony defect can be excluded with
certainty.
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