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Abstract

When head and neck infection is suspected, appropriate imaging contributes to

treatment decisions and prognosis. While contrast-enhanced CT is the standard imaging

modality for evaluating head and neck infections, MRI can better characterize the skull base,

intracranial involvement, and osteomyelitis, implying that these are complementary

techniques for a comprehensive assessment. Both CT and MRI are useful in the evaluation of

abscesses and thrombophlebitis, while MRI is especially useful in the evaluation of

intracranial inflammatory spread/abscess formation, differentiation of abscess from other

conditions, evaluation of the presence and activity of inflammation and osteomyelitis,

evaluation of mastoid extension in middle ear cholesteatoma, and evaluation of facial neuritis

and labyrinthitis. Apparent diffusion coefficient derived from diffusion-weighted imaging is

useful for differential diagnosis of and treatment response of head and neck infections in

various anatomical sites. Dynamic contrast-enhanced MRI perfusion may be useful in
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assessing the activity of skull base osteomyelitis. MR bone imaging may be of additional

value in evaluating bony structures of the skull base and jaw. Dual energy CT is helpful in

reducing metal artifacts, evaluating deep neck abscess, and detecting salivary stones.

Subtraction CT techniques are used to detect progressive bone-destructive changes and to

reduce dental amalgam artifacts. This article provides a region-based approach to the imaging

evaluation of head and neck infections, using both conventional and advanced imaging

techniques.

INTRODUCTION

Head and neck infections require rapid diagnosis and intervention due to their

proximity to critical neurovascular structures including the brain and spinal cord.

Radiological imaging plays a critical role in depicting the location and extent of the disease,

identifying the origin of infection, and detecting associated complications. Delayed clinical

intervention increases the risk of complications and the spread of infection, which can

compromise critical anatomical structures such as the airway, blood vessels, optic nerves, and

intracranial structures.

Contrast-enhanced CT is the first and standard imaging modality of choice in head
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and neck infections. Its advantages include immediate availability, cost-effectiveness, short
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examination time with rapid data acquisition, and thus minimal motion artifacts which are
potentially caused by swallowing and eye movements. Contrast-enhanced CT is also well
suited for identifying the origin of infection and its extension into the deep neck spaces.! CT
with a bone reconstruction kernel is an excellent imaging modality for the temporal bone and
paranasal sinuses. Although CT has many of these advantages, metal artifacts associated with
dental treatment can degrade image quality and obscure the depiction of infectious diseases
of the oral cavity or oropharynx.? Various state-of-the-art techniques including virtual
monochromatic imaging derived from dual-energy CT, subtraction CT technique and artifact
reduction algorithm described later in this article, can be useful to mitigate these artifacts. In
addition, dual energy CT can produce non-contrast CT-like virtual unenhanced images that
are useful for the detection of sialoliths.> MRI is not used as the first or only imaging
modality in emergency situations due to some disadvantages such as limited availability,
relatively long scan times, and patient access related to implantable devices and
claustrophobia. However, MRI has unique advantages compared to CT, including higher
contrast resolution, detection sensitivity for detecting head and neck abscesses,*> and a
tendency for less image quality degradation due to metal artifacts associated with dental
treatment.® Additionally, MRI is superior in evaluating intracranial spread of head and neck
infections and assessment of abnormal bone marrow intramedullary signal intensity in the
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skull base and maxillofacial bone.! Despite the limited research on advanced imaging in head
and neck infections, some studies have focused on the widely used techniques of diffusion-
weighted imaging (DWI) and apparent diffusion coefficient (ADC). These techniques are
recognized for their clinical relevance and applicability. In addition, recent developments that
can reduce artifacts, such as zoomed DWI reported in the abdominal region,” may further
improve image quality in the head and neck region. '®F-fludeoxyglucose (FDG) PET/CT has
been employed to assess head and neck malignancies and whole body systemic infections and
inflammation,®” while its use in head and neck infections is confined to the skull base and
dental areas.!®!! To date, the role of newer imaging techniques in head and neck infections
has not been adequately described. Knowledge of advanced imaging is necessary to avoid
unnecessary additional examinations. In this article, we present a region-based approach to

contemporary imaging evaluation of head and neck infections.

A. Orbital/sinonasal region

Orbital complications associated with paranasal sinus infectious disease

Due to their close anatomical relationship, orbital infections are often associated
with rhinosinusitis.!>!3 On MRI, fat-suppressed sequences such as short tau inversion

recovery (STIR) and fat-suppressed T2-weighted image (T2W]) are useful for detecting and
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assessing the extent of the orbital cellulitis (Fig. 1A).!*!> DWI adds diagnostic reliability in
detecting suborbital periosteal abscesses by characteristically showing diffusion restriction
within the orbital structures (Fig. 1D, E),'®!7 which is particularly useful in patients in whom
contrast is contraindicated.'® MRI is recommended in cases of clinical suspicion of superior
ophthalmic vein or cavernous sinus thrombosis,, intracranial abscesses, or meningitis that
may be associated with orbital infections.!” Orbital thrombophlebitis shows high signal
intensity within an enlarged vein on nonenhanced T1-weighted image (T1WI) or as an

1318,19

enhancement defect in a dilated vein on post-contrast T1W with the thrombus showing

high signal on DWI.?°

Intracranial complications associated with paranasal sinus infection

Paranasal sinus infection could be associated with complications such as meningitis,
epidural abscess, subdural abscess, intracerebral abscess, encephalitis, and venous sinus

1321 although these are less common than those in the orbit.?? Post-contrast MRI

thrombosis,
is superior to Contrast-enhanced CT in evaluating intracranial complications associated with
sinusitis.?® Classic imaging features of meningeal involvement on MRI include abnormal
leptomeningeal enhancement adjacent to the sinuses on post-contrast TIWI (Fig. 2A)!? and

high signal extending into a sulcus on fluid attenuated inversion recovery (FLAIR) images

(as a result of high protein concentration of cerebrospinal fluid due to leptomeningeal
This article is protected by copyright. All rights reserved.



).2% Post-contrast FLAIR imaging is also used to diagnose meningitis.?> Most

inflammation
commonly, spread of infection from the paranasal sinuses to the intracranial compartment
causes subdural and epidural abscesses'> seen as fluid signal intensity lesions with a rim-like
enhancement effect between the skull and cerebral parenchyma (Fig. 2A), and additionally
demonstrating diffusion restriction on DWI (Fig. 2B, C).!> The “double rim sign (surrounded
by two concentric rims, with the outer rim showing low signal intensity and the inner rim
showing high signal intensity)” on susceptibility weighted imaging is considered a

characteristic finding of intracranial pyogenic abscess?® and may be useful in the diagnosis of

this entity (Fig. 3).

Noninvasive Fungal Rhinosinusitis

Noninvasive fungal rhinosinusitis includes pathologies such as allergic fungal
rhinosinusitis (AFRS) and fungal ball formation.?” AFRS is seen as unilateral or bilateral
mucosal thickening and allergic mucin characterized by markedly low signal intensity on
T2WI (Fig. 4A).2"* AFRS and eosinophilic mucin rhinosinusitis both have similar CT
findings of characteristic eosinophilic allergic mucin with a high density component;
however, AFRS has been reported to have lower signal intensity on T2WI than eosinophilic

mucin rhinosinusitis.”” ADC values derived from DWI have been reported to be significantly
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lower in fungal sinusitis (mean ADC value, 0.98 x 10> mm?/s) than in other inflammatory
This article is protected by copyright. All rights reserved.
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lesions (Fig. 4B).*° Fungal ball formation is suspected when MRI shows markedly low signal
intensity on T2W1.!23! Recently, it has been reported that high-signal intensity findings on

T1WI are also characteristic of fungal ball formation (Fig. 5).>2
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Invasive fungal rhinosinusitis is classified into acute or chronic invasive and chronic
granulomatous forms*? and is characterized by thickening of the soft tissues of the nasal
cavity (especially the middle turbinate), ethmoid and sphenoid sinuses, and as bone
destruction progresses, extension into fat pad, pterygopalatine fossa,intracranial region,
cavernous sinus, and orbit.>*** MRI is useful in the diagnosis and evaluation of orbital and
intracranial spread.®* Intracranial involvement of invasive fungal sinusitis may present as
reactive edema, leptomeningeal enhancement, granulomas and abscesses on MRI. 334
Invasive fungal paranasal sinusitis causes tissue ischemia, therefore contrast-enhanced T1WI
shows lack of contrast enhancement in normally enhancing structures such as the mucosal
surfaces of the nasal cavities and turbinates ("black turbinate sign")(Fig. 6 A, B).>*> Chronic
invasive fungal sinusitis has been reported to show characteristic MRI features of
heterogeneous low signal on T2WI with lack of contrast enhancement on post-contrast TIWI,

distinguishing it from sinonasal tumors (Fig. 6).>® There are reports suggesting that a pattern
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of lack of contrast enhancement on MRI was the only independent prognostic factor for

disease-specific mortality in acute invasive fungal sinusitis.>’

B. Temporal bone/skull base

Necrotizing otitis externa and skull base osteomyelitis

Necrotizing otitis externa is common in elderly diabetic or immunocompromised
patients, and is caused by an infection of the external auditory canal caused by Pseudomonas
aeruginosa, which can progress to skull base osteomyelitis via the temporal bone.*® MRI is
highly sensitive for detecting changes in the skull base bone marrow, and provides the most
comprehensive and accurate assessment for monitoring response to treatment, and assessing
intracranial extension compared to CT.!¥-% MRI findings include variable low to high signal
intensity on T2WI, low signal intensity on T1WI, and diffuse enhancement on post-contrast
fat-suppressed TIWI (Fig. 7A, 8A).***! Additionally, MR venography and MR angiography
are useful when venous thrombosis or carotid artery occlusion is suspected.*® Skull base
osteomyelitis tends to have higher ADC values derived from DWI compared to malignancy
(mean ADC values of osteomyelitis of the skull base, 1.26 x 10°mm?; malignancy, 0.59-0.99
x 10~ *mm?), which may be helpful in the differentiation (Fig. 7B).*** The advanced MRI

44,45

technique, MR bone imaging ™" may be of additional value in visualizing skull base

This article is protected by copyright. All rights reserved.



Author Manuscript

destruction (Fig. 9). Bone subtraction iodine CT imaging has been reported to be useful in
evaluating skull base invasion by nasopharyngeal carcinoma,*® and this subtraction CT
technique may also be useful in evaluating the activity of skull base osteomyelitis. The
optimal imaging modality for evaluating treatment response in skull base osteomyelitis is
controversial due to the scarcity of reported data;*° however, MRI and CT are often
commonly used to determine treatment response. Since imaging findings associated with
skull base infection may persist for some period after treatment, this makes an accurate
assessment difficult.*®*” Reduction of high signal intensities on the ADC map has been

).48

reported to reflect the treatment response (Fig. 7 B, C).*® Temporal subtraction CT

technique, subtracting images of a previous CT from a current CT that is reported to be useful

in detecting middle ear cholesteatoma and recurrent progressive bone erosion,*->%-!

may
have utility in evaluating the treatment response if follow-up CTs are performed. Because of
its wide clinical availability, superior spatial resolution, and reduced radiation exposure
compared with gallium scintigraphy, '*F-FDG-PET/CT should be considered as one of the
additional imaging modalities for the initial diagnosis and follow-up of necrotizing otitis
externa and skull base osteomyelitis (Fig. 8B).**!* In the future, new imaging modalities such
as PET-MRI with advantages such as superior soft tissue detail evaluation, reduced radiation

exposure, and shorter imaging time compared to PET-CT may play a greater role in the
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follow-up.*® One of the dynamic contrast-enhanced MRI parameters, Ve (fraction of the
extravascular extracellular space) was moderately high (median, 0.48)* in the pretreatment

status (Fig. 8C), and its quantitative decrease after treatment may reflect a treatment response.

Coalescent mastoiditis

Acute mastoiditis is the most common complication of acute otitis media, and acute
coalescent mastoiditis occurs when a mucoperiosteal infection in a mastoid cell spreads to the
bones.>? The most common complications seen on MRI are intratemporal abscess (23%),
subperiosteal abscess (19%), and labyrinthine involvement (16%).%* These abscesses are
associated with rim enhancement on contrast-enhanced T1WI (Fig. 10A) and high signal
intensity of the contents on DWL.°>°*%* ADC values greater than 1.2 x 10> mm?/s have been
reported to have a negative predictive value of 92% for complicated coalescent mastoiditis>
(Fig. 10). Lesions with erosion of the medial wall/sigmoid sinus plate cause thrombosis
involving the adjacent sigmoid sinus,'** which can be identified as loss of signal voids on
spin-echo MR sequences(Fig. 11A), intravenous contrast defects on post-contrast TIWI
(Fig.11B), lack of flow-related enhancement on MR venography/gradient-echo sequences

(Fig. 11C), and high signal on DWL!%!3

Petrous apicitis
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Petrous apicitis is typically caused by medial spread of infection to the pneumatized
petrous apex from acute otorhinolaryngitis.! MRI may show high signal intensity on
STIR/fat-suppressed T2WI (Fig. 12A) and enhancement on post-contrast T1WI, usually in
the early stages, or additional enhancement of the adjacent dura in the advanced stage.!-*°
DW1 is also useful for detecting small abscesses within the inflamed region (Fig. 12B).°” In
addition, MRI is useful in assessing abscess formation in the intracranial and nasopharyngeal
regions as well as the spread of infection to the surrounding structures including the

cavernous sinus.'>>°

Acquired cholesteatoma

Cholesteatomas are benign collections of keratinized squamous epithelium in the
middle ear. Chronic and recurrent otolaryngologic infections and inflammations are
associated with the formation of cholesteatoma as a complication. MRI is characterized by
high signal on non-echoplanar (non-EP) DWI and low signal on TIWI, and these findings are
also useful in evaluating the presence of mastoid extension of cholesteatoma (Fig. 13A, B).*®
In particular, non-EP DWI for the detection of middle ear cholesteatoma has a very high
sensitivity and specificity of 0.91 and 0.92, respectively.’® There are reports that it is useful in
differentiating cholesteatoma from non-cholesteatoma (mean 0.87 vs 1.87 x 10 mm?/s), and

in predicting the risk of recurrence after surgery (less than mean 1.00 x 10> mm?/s) based on
This article is protected by copyright. All rights reserved.
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ADC values derived from DWI(Fig. 13C).5%%! Recent studies have reported the utility of
temporal subtraction CT images in evaluating for recurrence and extension of middle ear
cholesteatoma into the mastoid region with a sensitivity of 0.93 and specificity of 1.00 (Fig.
14).4° Fusion imaging of DWI (excellent for lesion detection) and CT/MRI (excellent for
anatomical evaluation) has been shown to improve image interpretation of middle ear

cholesteatoma (Fig. 15).%?

Labyrinthitis

Labyrinthitis is characterized by inflammation and infection of the inner ear, usually
caused by viral infections, and rarely by bacterial infections.'? The key imaging finding is
enhancement of the membranous labyrinth on post-contrast high-resolution T1WIL!? Ramsey
Hunt syndrome (herpes zoster oticus) is an entity that involves both the facial nerve and the
membranous labyrinth. Post-contrast T1 WI shows enhancement in the membranous
labyrinth, and along the course of the facial nerve within the labyrinthine segment and the
internal auditory meatus (Fig. 16).!? Labyrinthitis ossificans shows characteristic findings of
decreased or absent signal compared to normal inner ear fluid on high-resolution T2WI (Fig.

17),'26 with MRI being more sensitive than CT in identifying the fibrotic stage.!>

Facial neuropathies
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Facial nerve palsy (Bell's palsy) is the most common cause of acute peripheral facial
nerve dysfunction, with the etiology attributed to inflammation and edema, often related to
viral infection.** Bell's palsy usually shows homogeneous enhancement of the facial nerve on
post-contrast TIWI (Fig. 18), particularly in segments medial to the geniculate ganglion
and/or asymmetric enhancement in the geniculate and lateral segments, where enhancement
per se may be a normal finding.®> There is a recent report that Bell's palsy has a higher
incidence of mastoid fluid retention on MRI than Ramsey-Hunt syndrome, which may be an

additional finding in differentiating the two entities.

C. Pharynx

Peritonsillar abscess

Peritonsillar abscess results from tonsillitis. In  uncomplicated acute tonsillitis,
imaging is usually not required. Post-contrast T1WI shows peritonsillar abscess as a localized
fluid collection with enhancement of the margins, and DWI shows internal diffusion
restriction (Fig. 19).!2 In emergencies, MRI of the head and neck, although not usually the
first choice, can provide an accurate assessment of the extent of abscess formation and the

extent of deep neck spread, including the parapharyngeal and retropharyngeal spaces.!>®’

Author Manuscript

D. Deep neck
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The main locations of deep neck infection include the sublingual, parapharyngeal,
perivertebral, masticator, and parotid spaces.®® In the deep neck region, it is clinically
important to differentiate between cellulitis and abscess and to assess the extent of abscess
extension. MRI has been reported to be superior to CT in clearly visualizing lesions,
assessing extension, and identifying the origin of infection.®® MRI also has a very high
diagnostic accuracy of 0.96 for abscesses*. On MRI, cellulitis shows diffuse swelling and
edema with increased signal on fat-suppressed T2WI and STIR (Fig. 20A, 21A), and
enhancement on post-contrast T1WI. Abscess is seen as a localized non-enhancing area with
enhancing margins on post-contrast T1WI with associated surrounding cellulitis. The
cellulitis shows high ADC values compared to the abscess which shows low ADC values
(Fig. 20B, 21B).” The diagnostic performance of DWI and contrast-enhanced MRI is
equivalent in the detection of abscesses.”! MR venography is useful in detecting internal
jugular vein thrombophlebitis, o including Lemierre's syndrome.”> DWI can also detect
thrombophlebitis due to high signal from intraluminal thrombus.” Low keV (40 keV) virtual
monochromatic image and iodine mapping derived from dual-energy CT have recently been

reported to be useful in the evaluation of deep neck abscess (Fig. 22).7

E. Oral cavity

Periapical/periodontal disease, osteomyelitis of the jaw
This article is protected by copyright. All rights reserved.
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Odontogenic infections are the most common form of inflammatory disease of the
head and neck.”* Acute osteomyelitis of the jaw shows low signal intensity on T1WI and high
signal intensity on T2WI, whereas chronic osteomyelitis of the jaw shows low signal
intensities on both TIWI and T2WL.”® In particular, STIR is effective in detecting
osteomyelitis of the jaw and assessing surrounding soft tissue inflammation (Fig. 23A).7° It
has been reported that the ADC value derived from DWI is useful in the quantitative
assessment of mandibular osteomyelitis (higher ADC [cut-off value, 0.98] indicates
osteomyelitis) (Fig. 23B),”” and that the ADC value of odontogenic abscesses is very low
(mean 0.67 x 10~ mm?/s), which is useful in differentiating them from other maxillofacial

4445 may add new value to the morphologic evaluation of

diseases.”® MR bone imaging
osteomyelitis of the jaw (Fig. 24). Dynamic maneuvers for evaluating lesions, such as puffed-
cheek distension combined with breath-holding, can better visualize the oral cavity where

anatomical structures are in close proximity’® and may improve imaging of oral infections

and abscesses.

Artifacts associated with dental treatment

Dental fillings as a treatment can cause severe beam-hardening artifacts on CT ,
making detailed evaluation of the oral cavity and oropharyngeal region difficult in many

cases.®® MRI is a superior imaging modality for imaging oral cavity lesions with fewer
This article is protected by copyright. All rights reserved.



artifacts compared to CT.® Known artifact reduction methods include the use of bite blocks
and tilting the CT gantry or patient head.®! Improvements in the evaluation of intraoral CT
images have been reported with new technologies such as the metal artefact reduction (MAR)
algorithm for CT artifact reduction(Fig. 25A, B).%?* Virtual monochromatic imaging at a
high energy level (derived from dual-energy CT) has also been shown to reduce metal
artifacts associated with dental hardware compared to conventional CT®* (Fig. 26). In
addition, the combination of the MAR algorithm and dual-energy CT-derived virtual
monochromatic imaging to reduce dental metal artifacts has recently been reported to be

t.3% There is additional developing evidence that subtraction iodine

beneficial in this contex

imaging, which is an application of the subtraction CT technique, can reduce intraoral metal

artifacts by subtracting artifacts (Fig. 25C).%

F. Salivary Glands

Infections of the salivary glands can be acute, recurrent or chronic and are related to
obstructive mechanisms such as salivary stones, and can be either bacterial or viral in
etiology.?” On MR, sialadenitis is seen as diffuse enlargement of the glands with high signal
on T2WI and STIR,* and enhancement with enlarged glands on post contrast TIWI. In the

case of acute bacterial sialadenitis, DWI can be used to detect early stage or small abscess
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formation with high sensitivity compared to conventional imaging.”” DWI has shown high
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diagnostic performance in detecting changes in the salivary glands and may be useful in the
evaluation of sialadenitis (Fig. 27).%8 It has been reported that early pathologic changes in
Sjogren's syndrome can result in a definite increase in ADC values even when they cannot be
visualized with conventional MRI, and may be useful in differentiating from infectious
sialadenitis.®® Virtual unenhanced images derived from dual energy CT may be an alternative

to conventional non-contrast CT in the detection of sialolithiasis® (Fig. 28).

Conclusion

In this article, we have reviewed important head and neck infections in a region-by-
region approach, including features derived from conventional imaging as well as
contemporary emerging technologies. By reading this article, we hope that the readers gain a
better understanding of the role of various imaging modalities in the workup of head and

neck infections.
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Figure 1. 4-year-old male with orbital cellulitis associated with ethmoid sinusitis. Fat-

suppressed T2-weighted coronal images (A) show high signal intensities (arrows) consistent

with cellulitis secondary to right ethmoid sinusitis (arrowheads). Conventional T2-weighted

axial image (B) shows high signal intensities in the bilateral infraorbital regions,

complicating detailed evaluation of inflammatory spread. Contrast-enhanced fat-suppressed

T1-weighted image (C) shows irregular enhancement at the margin (arrows) and lack of

enhancement (*) in the right orbital subperiosteum. There is enhancement (arrowheads) with

mucosal thickening of the right ethmoid air cells. The right orbital lesion shows high signal

(arrows) on diffusion-weighted imaging (D) and low signal (arrows) on apparent diffusion

coefficient (ADC) map (E), indicating diffusion restriction consistent with abscess formation.

The ADC value is 0.56 x 103 mm?/s.
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Figure 2. 24-year-old male with intracranial subdural empyema and meningitis associated
with frontal sinusitis. Contrast-enhanced fat-suppressed T1-weighted image (A) shows
intracranial subdural and frontal subcutaneous areas of poor enhancement (*) with
enhancement at the margins, indicating an abscess. Meningeal thickening (arrows) with
enhancement adjacent to the intracranial abscess suggests meningitis. Diffusion-weighted
imaging (B) shows high signal intensities (arrows) with the low mean apparent diffusion
coefficient value of 0.51 x 10 *mm?/s (C, arrows), indicating diffusion restriction, consistent

with intracranial subdural empyema and frontal subcutaneous abscess (Pott's puffy tumor).
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Figure 3. 69-year-old male with brain abscess. Susceptibility-weighted imaging shows double

rim sign (surrounded by two concentric rims, with the outer rim showing low signal intensity

and the inner rim showing high signal intensity, arrows).

Figure 4. 38-year-old female with allergic fungal rhinosinusitis. Fat-suppressed T2-weighted
imaging (A) shows a markedly low signal in the right sphenoid sinus (arrow). The apparent

diffusion coefficient value of the lesion was 0.53 x 107> mm?/s (B, arrow).
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Figure 5. 82-year-old female with a fungus ball in the left maxillary sinus. T2-weighted

image (A) shows a nodular structure with low signal intensity in the left maxillary sinus

(arrow), consistent with a fungal ball. T1-weighted image (B) shows the fungal ball with high

signal intensity (arrow).
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Figure 6. 61-year-old male with invasive fungal rhinosinusitis. Contrast-enhanced T1-

weighted image (A, B) shows a non-enhancing lesion (*) from the right maxillary sinus to the

nasal cavity and lack of contrast enhancement of the adjacent right maxillary sinus and nasal

mucosa and nasal septum (arrows). The normal nasal turbinate (arrowhead) is absent on the

right side (black turbinate sign). T2-weighted image (C) shows heterogeneous low-signal

intensity (arrows) within the lesion.
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Figure 7. 72-year-old male with skull base osteomyelitis. Post-contrast fat-suppressed T1-
weighted image (A) shows ill-defined enhancement (arrows) in the nasopharynx, prevertebral
space, and left parapharyngeal space (arrows). The pre-treatment apparent diffusion
coefficient (ADC) value is 1.49 x 103 mm?/s (B, arrowheads) and the post-treatment ADC
value is 0.94 x 10~ 10 mm?/s (C, arrowheads), and such a reduction of ADC values

indicates a good response to treatment.
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Figure 8. 68-year-old female with necrotizing otitis externa and skull base osteomyelitis.
Contrast-enhanced fat-suppressed T1-weighted image (A) shows diffuse heterogeneous
enhancement (arrows) consistent with inflammation of the bilateral nasopharynx, skull base,
and clivus. '8F-fludeoxyglucose(FDG)-PET/CT (B) shows prominent FDG uptake (*:
maximum standardized uptake value max = 18.0) corresponding to the lesion on MRL
Dynamic contrast-enhanced MRI (fraction of the extravascular extracellular space [Ve]: C)

also shows increased perfusion (thick arrows) with Ve of 0.54.
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Figure 9. 75—year-old healthy male. MR bone imaging at the level of the skull base clearly

shows the bony cortex and trabecula of the clivus, pterygoid process, condylar process, and

zygomatic bone (arrows).

Figure 10. 29-year-old female with complicated coalescent mastoiditis. Post-contrast T1-

weighted image (A) shows a hypo-enhancing region from the left mastoid to the adjacent

subcutaneous area with an enhancing rim (arrows), consistent with coalescent mastoiditis
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associated with subcutaneous and subperiosteal abscesses. The apparent diffusion coefficient

value (B, arrowhead) was 0.49 x 10> mm?/s.

Figure 11. 3-year-old male with sigmoid sinus thrombosis associated with coalescent

mastoiditis. Fat-suppressed T2-weighted image (A) shows high signal intensity in the right

mastoid (arrowhead), consistent with coalescent mastoiditis, and the right sigmoid sinus

with high signal intensity(arrow), indicating the loss of the flow void. Contrast enhanced T1-

weighted image (B) shows enhancement defect (arrow) in the right sigmoid sinus, and MR

Author Manuscript
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venography (C) shows that the right sigmoid sinus is absent (within circle) and the left

sigmoid sinus (arrows).

Figure 12. 6-year-old female with right petrous apicitis. Fat-suppressed T2-weighted image

(A) shows high signal intensity in the right petrous apex (arrow), consistent with petrous

apicitis. Diffusion-weighted imaging (B) shows localized high signal intensity in the right

petrous apex (arrowhead), indicating the presence of an abscess.
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Figure 13. 12-year-old male with a cholesteatoma of the left middle ear. On preoperative

evaluation, the left mastoid shows partial low signal intensity on T1-weighted image (A,
arrows) and high signal intensity on diffusion-weighted imaging (B, arrowhead), indicating
mastoid extension of the cholesteatoma. Surgery revealed the mastoid extension. The
apparent diffusion coefficient value of the lesion is very low (0.58 x 10°mm?/s) (C,

arrowhead). The disease recurred three years after surgery.
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Figure 14. 46-year-old female with a cholesteatoma of the left middle ear. The temporal

subtraction CT was obtained by subtracting the remote high-resolution CT (HRCT) from the

preoperative HRCT. The temporal subtraction CT shows the mastoid cell wall (arrows) and

ossicles (arrowhead) in black color, indicating progressive bone erosive changes. The black

color in the mastoid region indicates the presence of mastoid extension of the middle ear

cholesteatoma. Other areas within the tympanic cavity and mastoid are shown in white color

(*), indicating increased non-specific inflammatory changes. Surgery revealed mastoid

extension.
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Figure 15. 42-year-old male with a cholesteatoma of the left middle ear. The fusion image of

diffusion-weighted imaging and T2-weighted image clearly shows the extent of mastoid

extension of the cholesteatoma, which is easy to interpret (arrows).

Figure 16. 12-year-old male with left labyrinthitis. Post-contrast T1-weighted image (A, B)

showed enhancement (arrows) in the left inner ear, including the cochlea and vestibule,

consistent with labyrinthitis.
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Figure 17. 67-year-old female with left labyrinthitis ossificans. 3D heavily T2-weighted

image showed decreased signal intensity in the left lateral semicircular canal (arrow),

consistent with left labyrinthitis ossificans.

Figure 18. 45-year-old female with Bell's palsy. Contrast-enhanced fat-suppressed T1-

weighted image shows an enhancement (within circle) of the facial nerve (meatal,

labyrinthine, and tympanic segments).
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Figure 19. 65-year-old female with left peritonsillar abscess. Short tau inversion recovery (A)
shows enlargement of the left palatine tonsil with peripheral edematous signal intensities
(arrows) and localized high signal (*) within the lesion. Diffusion-weighted imaging (B)

shows high signal intensity within the lesion (arrow), indicating a peritonsillar abscess.

Figure 20. 57-year-old male with a masticator space abscess. Short tau inversion recovery (A)

shows high signal intensities (within circle) in left masticator space with the low mean

This article is protected by copyright. All rights reserved.



apparent diffusion coefficient of 0.51 x 10 mm?/s (B, arrows), indicating diffusion

restriction.

Figure 21. 77-year-old female with masticator space cellulitis. Short tau inversion recovery
(A) shows high signal intensities (within circle) in left masticator space with the high mean

apparent diffusion coefficient of 1.52 x 10 °mm?/s (B, arrows).

Figure 22. 76-year-old male with a sublingual abscess. The 70 keV virtual monochromatic
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image (A), which approximates conventional CT, shows a low density area with a rim-like
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enhancement in the left sublingual space (arrows), suggestive of an abscess. The low keV (40

keV) virtual monochromatic image (B) shows the rim enhancement more clearly than the 70

keV image (arrows), which is more definitive for abscess.

Figure 23. 46-year-old female with mandibular osteomyelitis. Short tau inversion recovery
(A) shows high signal intensity (*) of the right mandible with edematous high signal intensity
in the surrounding soft tissues (arrows). The mean apparent diffusion coefficient value of the

lesion is elevated at 1.31 x 10 *mm?/s (B, arrows).
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Figure 24. 48—year-old healthy male. MR bone imaging at the level of the mandible clearly

shows the bony cortex and trabecula of the jaw (arrows).

Figure 25. Female in her 90s with inflammatory spread to the masticator space from right

mandibular osteomyelitis. On conventional contrast-enhanced CT (A), it is difficult to

evaluate the right masticator space due to metal artifacts from dental hardware. Contrast-

enhanced CT after the application of the metal artifact reduction algorithm (B) shows

swelling of the right masseter muscle with mild, ill-defined enhancement (*). Subtraction

iodine CT (non-enhanced CT subtracted from contrast-enhanced CT, C) shows not only
This article is protected by copyright. All rights reserved.



artifact reduction but also the detailed extent of inflammation (arrows), including mandibular

osteomyelitis (arrowhead).

Figure 26. 52-year-old male. Compared to 70-keV virtual monochromatic imaging, which
approximates conventional CT (A), 140-keV virtual monochromatic imaging (B) shows

reduced dental metal artifacts (arrows).

Figure 27. 72-year-old female with submandibular sialadenitis. T2-weighted image (A)
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shows no internal abnormal signal intensity in the slightly swollen left submandibular gland
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(arrows). Diffusion-weighted imaging (B) shows a high signal intensity (arrows) in the left

submandibular gland indicating submandibular adenitis.

Figure 28. Virtual monochromatic imaging (B) derived from contrast-enhanced dual-energy

CT (A) more easily depicts a salivary stone (arrow) of the left submandibular duct.
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