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SUMMARY

Background: Because of the complex anatomy of the head and neck region,
conventional projection radiography alone is unreliable and carries a high risk
of misdiagnosis. The poor risk-benefit ratio of conventional radiography has led
to their replacement by tomographic imaging for nearly all studies in this
region.

Method: This review is based on pertinent articles retrieved by a selective
search in the PubMed database (January 1980 to May 2013) as well as on the
relevant guidelines from Germany and abroad.

Results: The indication for diagnostic imaging in the anatomically complex
head and neck region should be established for a specific type of imaging
study on the basis of a thorough clinical examination. Conventional films,
though easy to obtain, often cannot answer the diagnostic question and may
yield confusing information leading to misdiagnosis. Computed tomography
(CT) has the best risk-benefit profile and a high diagnostic value, but low-dose
protocols have not yet been put into use in all centers. Magnetic resonance
imaging (MRI) is best for bone and soft-tissue diagnosis, but consumes more
resources. Digital volume tomography (DVT) is another type of three-
dimensional, sectional imaging with high local resolution; the associated
radiation exposure and image quality are generally both low, but may vary
depending on the apparatus used. DVT cannot be used to evaluate the soft
tissues. Ultrasonography can be used to evaluate superficial structures in the
head and neck region; nuclear imaging can be used to evaluate thyroid disease
and cancer.

Conclusion: Inflammatory, traumatic, and neoplastic diseases of the head and
neck are best evaluated with cross-sectional imaging (CT, MRI) in accordance
with current guidelines. Conventional x-rays should, in general, only be used
for dental evaluation, with rare exceptions.
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hen only conventional x-ray methods were

available, radiologic studies had little role to
play in the diagnostic assessment of many types of
lesion in the head and neck area, as they often led to
false conclusions (1). It was only the introduction of
modern tomographic imaging that enabled precise,
non-distorted, and non-overlapping visualization of
head and neck anatomy, with high spatial and contrast
resolution (2).

Tomographic images reveal not only the spatial ex-
tent of disease, but also anatomical danger areas for
surgery, on the basis of which the treatment can be
appropriately chosen and precisely planned (3). For this
reason, computed tomography (CT), above all, has
made a major contribution to the development of endo-
scopic and other minimally invasive surgical tech-
niques and has become an indispensable component of
preoperative evaluation in all cases (4-7).

Ultrasonographic imaging has also improved over the
years and is now highly valuable in the diagnostic evalu-
ation of the salivary glands and the soft tissues of the neck.

In recent years, digital volume tomography (DVT)
has been developed as a further x-ray-based technique
for sectional imaging of the teeth and bony structures of
the skull. DVT is now recognized as a valuable diag-
nostic tool for such high-contrast structures in dental,
oral, and maxillofacial medicine and surgerys; it is under
evaluation for use in further specialty areas (8, 9).

The low diagnostic value of classic projection x-ray
films and the misleading information that they can
provide have been well documented in scientific pub-
lications over the past three decades, and the guidelines
of all relevant specialty societies with the exception of
the German Society of Dentistry and Oral Medicine
(DGZMK) no longer recommend them, or do so only in
exceptional cases. Some guidelines explicitly state that
they are no longer to be performed. Nonetheless, in
clinical practice, standard x-ray views continue to be
requested and obtained in large numbers. This may be,
in part, because of the low associated radiation
exposure, the relatively low expense, and the (decep-
tively) clear anatomical pictures that standard x-rays
provide. The risk of incorrect evaluation—even by
experienced readers—because of projection effects is
often underestimated, and too little attention is paid to
the the risk—benefit profiles of the currently available
diagnostic techniques (1, 9-28).
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The notion that CT automatically confers a higher
radiation exposure than projection films is an overgen-
eralization based on past situations and conditions. The
radiation exposure from a CT study largely depends on
the diagnostic question to be answered. A soft-tissue
study with intravenous contrast medium, under current
radiation safeguards, yields a radiation dose that is only
about 30% of what it was 15 years ago, while the radi-
ation dose from a pure high-contrast diagnostic study,
e.g., of bone, paranasal sinuses, or teeth, is now as low
as that of a conventional x-ray (29-32).

To our knowledge, the question whether a conven-
tional x-ray should be performed to evaluate a problem
in the head and neck region arises very frequently. This
review is intended to meet the evident need for a better
understanding of this matter among treating physicians
(Box, eTable).

Methods

This review is based on the results of a selective litera-
ture search in the PubMed database that yielded several
thousand hits. We judged the clinical relevance of each
publication from the journal it was published in, the
title, and the abstract. No pertinent randomized trials or
Cochrane Reviews have been published to date; thus,
most of the relevant publications are observational
studies. This review is, further, based on the current
guidelines of the specialty societies that deal with each
of the clinical questions under discussion and on the
guidelines of the German Radiation Protection Com-
mission (Strahlenschutz-Kommission, SSK) and other
German and foreign institutions.

Projection radiography

Projection films (conventional x-rays) are now con-
sidered obsolete for studies in the head and neck area.
They have been almost entirely replaced by cross-
sectional imaging, except for a few special indications
including diagnostic assessment of the teeth and jaws
(9, 10, 33, 34).

The indications for imaging studies in head and neck
disease, and the types of study that are to be used, are
well defined in the guidelines of the German and
foreign specialty societies and in the recommendations
of the SSK. There is little divergence among the dif-
ferent sets of recommendations (8—10, 33—40).

Paranasal sinuses

The standard x-ray study of the paranasal sinuses con-
sists of an occipitofrontal and an occipitomental view.
It can be obtained simply and rapidly but generally
does not enable a clear distinction of pathological soft-
tissue shadows from projection effects, because the
sinuses vary widely from one individual to another in
their shape and degree of pneumatization. Thus, such
images are of limited diagnostic value. Their risk-
benefit ratio is unacceptable, as they are fraught with
the risk of misdiagnosis in both positive and negative
directions—e.g., with regard to the diagnosis of
sinusitis (Figure 1) (9—11, 13-23, el). In the current

guidelines, conventional x-rays are classified as “not
recommended” (9, 10); if an imaging study is needed,
modern tomographic techniques are recommended
instead (9, 10, 13, 19, 22, ¢2). In particular, conven-
tional x-rays of the paranasal sinuses are not indicated
for screening purposes—e.g., to evaluate headache,
cystic fibrosis in children (33, €3), asthma, or allergies
(e4)—or for the detection of an infectious focus in
patients with unclear inflammatory symptoms or the
exclusion of such disease in persons at elevated risk
(€5, e6).

Rhinosinusitis, the most common disease of the
paranasal sinuses, is a major economic, as well as
clinical, burden for the overall population. Accord-
ing to the current DGHNO (German Society of
Oto-Rhino-Laryngology, Head and Neck Surgery)
guidelines (9, 10), it should be diagnosed on clinical
grounds; confirmation with an imaging study is
generally unnecessary. If a complication such as
muco- or pyocele or extension beyond the paranasal
sinuses is suspected, then CT is the imaging modality
of choice for local (e.g., orbital) complications, and
magnetic resonance imaging (MRI) for intracranial
complications (9, 10).

Low-dose CT is the imaging method of first choice
for chronic rhinosinusitis (9, 10). It is important to treat
the patient with antibiotics before the CT study is
performed to eliminate any acute inflammatory com-
ponent that may be present. The preoperative CT docu-
ments the site and extent of chronic inflammatory
changes that have not responded to conservative treat-
ment; it also documents any anatomical variants that
may have contributed to the causation of sinusitis or
that might be danger areas for the current state-of-the-
art, minimally invasive, endoscopic surgical approach
(4,5,41, ¢7).

Initial publications on the use of DVT, instead of CT,
for this indication suggest that these two techniques are
of equivalent clinical value, as long as DVT is per-
formed on suitable, appropriately configured equip-
ment (e8, €9). MRI can also be used as an alternative
technique without ionizing radiation. If a neoplastic or
granulomatous disease is suspected, MRI with contrast
is the method of first choice.

Skull

Plain films of the skull were once very commonly ob-
tained in the evaluation of trauma cases. As early as the
1980s, however, multiple studies uniformly revealed
that a skull survey view and an occipital view are of no
use for this indication; indeed, they carry the risk of
clinically significant misdiagnosis (1, 24-28). The
main reason is that skull fractures recognizable on
projection views poorly correlate with intracranial
injuries (26), while the clinically relevant entity is not
the skull fracture itself, but rather the intracranial
hemorrhage that may be associated with it. Jend et al.
found that only 40% of patients with a skull fracture
had an intracranial injury as well; on the other hand,
44% of patients with an intracranial injury had no skull
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fracture (26). Thus if an imaging study is needed, CT is
clearly the method of choice (27, €10, el1).

Conventional skull films are, exceptionally, still
indicated to exclude isolated fractures of the zygomatic
bone, maxilla, mandible, or nasal bone, to diagnose
congenital anomalies and premature synostoses, to
demonstrate pneumocephalus after intracranial pro-
cedures, to detect metallic foreign bodies before MRI,
and to check the setting of a programmable ventriculo-
peritoneal shunt (34).

Orbit

Conventional x-rays of the orbit were, likewise, used in
the past almost exclusively for the evaluation of trauma
cases. Their sensitivity for fractures is only 15-50%;
thus, clinical decisions based on conventional orbital
views can easily be wrong (1, 18, el2). Conventional
orbital x-rays have now been replaced by tomographic
imaging for nearly all indications. As an exception,
they can still be used (as an alternative to plain films of
the skull) to rule out the presence of metallic foreign
bodies before MRI (1, 34). Conventional orbital x-rays
are not mentioned in the current AWMF guidelines;
they are obsolete for orbital diagnosis (9).

The imaging method of choice for trauma involving
the orbit, midface, and skull base is thin-section CT (9).
Multiplanar and three-dimensional reconstructions of
the CT dataset yield the details that are needed for the
comrehensive assessment of complex fractures affect-
ing the entire midface or any part of it.

The proper imaging study to evaluate visual distur-
bances is an MRI or CT of the whole neurocranium,
orbits included (9). For the evaluation of orbital tumors
or endocrine orbitopathy, MRI is the imaging study of
first choice, after ultrasonographic examination by an
ophthalmologist (9). CT can be particularly useful for
the demonstration of calcifications or bony changes (9).

Temporal bone

The main conventional x-ray views of the temporal
bone are those of Stenvers and Schiiller. The former is
still used today to document the position of the elec-
trode carrier for cochlear implantation; it is obsolete for
all other indications. The latter yields a rough estimate
of the degree of pneumatization of the mastoid bone but
does not permit any judgment whether diminished
pneumatization is due to a congenital anomaly, tym-
panic sclerosis, or chronic inflammation (bland or ag-
gressive). Schiiller views are still occasionally obtained
in patients with suspected mastoiditis or otitis media;
this has no medical justification (e13, el4).

Nor should conventional temporal bone x-rays be
taken preoperatively to demonstrate anatomical rela-
tionships, as an aid to surgery: projection effects make
them unreliable for the identification and quantitative
measurement of surgically relevant anatomical variants
(Figure 2). Temporal bone x-rays are also wholly un-
suitable for the assessment of trauma, malformations,
and tumors of the temporal region. They have been
replaced by sectional imaging for these purposes—CT,

Deutsches Arzteblatt International | Dtsch Arztebl Int 2014; 111: 417-23

MEDICINE

The main advantages and disdavantages of
imaging modalities in the head and neck region

® Ultrasonograpny

+ widely available

+no exposure to ionizing radiation

— limited to superficial regions

- diagnostic value is examiner-dependent

® Nuclear imaging

+ whole-body evaluation

+ functional, not merely anatomical, evaluation

- limited structural information

— cancer specific diagnostic value of positron emission tomography (PET) not
generally accepted

® Conventional x-rays

+ low cost

+ low radiation exposure

— poor risk-benefit profile, owing to diagnostic uncertainty from projection effects
— therefore, restricted to certain specific indications (e.g., dental diagnosis)

® Computed tomography (CT)

+ 3D sectional imaging technique with high diagnostic value
+ widely available

+ best risk-benefit profile for standard care

- low-dose protocols have not yet come into use in all centers

@ Digital volume tomography (DVT)

+ 3D sectional imaging technique

+ high spatial resolution

+ usually low radiation exposure (but depends on apparatus and examiner)
— cannot be used to examine soft tissues, incl. tumors

® Magnetic resonance imaging (MRI)

+ 3D sectional imaging technique with the highest diagnostic value
+ best modality for imaging the soft tissues

+no exposure to ionizing radiation

- requires expensive special equipment

DVT, or MRI, depending on the indication (9, 10, 34,
el3, els, el6).

CT is preferred for the assessment of trauma, aggres-
sive inflammatory diseases and other extracranial pro-
cesses, and conductive or mixed hearing loss, as well as
for the planning of cochlear implantation and other
surgical procedures in the temporal region. Athough
there have been a few reports of the use of DVT, rather
than CT, in the planning of cochlear implants (eS8, e17),
a definitive judgment of the use of DVT for this
indication is not yet possible.

MRI is the method of choice to assess anomalies of
in the inner ear, sensorineural hearing loss/deafness,
dizziness, and intracranial processes.
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Figure 1: Imaging of the paranasal sinuses. a) A conventional occipitomental x-ray. b) An axial CT obtained shortly after the image in a), clearly revealing an
opacification in the sphenoid sinus (arrow). The plain film is falsely negative despite its good technical quality

The dental and maxillary region

The primary imaging modality for assessment of the
teeth and jaws is conventional radiography: specifi-
cally, intraoral dental views or an (extraoral) panoramic
tomographic view (orthopantomogram, OPG). Intra-
oral dental views enable the assessment of endodontal
and periodontal disease with high local resolution and
minimal radiation exposure. OPG, on the other hand,
provides a comprehensive survey of all of the teeth and
the underlying bone, with a low radiation exposure.
Dental views and OPG are currently used, not only for
the evaluation of inflammatory diseases, but also for
orthopedic evaluation of the jaws, for trauma assess-
ment, for the evaluation of unclear symptoms, and for
the planning of dental implantation procedures.
Conventional lateral views are used (optionally) in
orthognathic surgery.

Tomographic imaging is indicated for the evaluation
of large cysts and other benign or malignant lesions of
the jaws (8, 9, 38) and for the evaluation of trauma with
potentially extensive midface involvement (8, 9, 38). It
is also increasingly being used for the planning of
implantation procedures (8, 9, 38). Compared to con-
ventional x-rays, it enables a more accurate assessment
of the bone substance, exact measurement of the height
and width of the jaws, three-dimensional localization of
the mandibular nerve canal, and an assessment of the
topography of the maxillary sinuses and of inflamma-
tory processes than may affect them.

DVT is superior to conventional x-rays (dental
views and OPG) for the assessment of dental trauma
(e18).

The preferred methods of tomographic imaging are
CT and DVT. Both methods are subject to the same
restrictions with regard to radiation safety (8, 38).

CT and DVT provide better spatial and contrast
resolution than conventional x-rays, and are therefore
superior in the evaluation of osteomyelitis, tumors, and
osteonecrosis of the jaw (8, 38). Nonetheless, of all
imaging methods, MRI has the highest diagnostic value
for these diseases (9).

Other imaging methods

Ultrasonography

Diagnostic ultrasonography of the head and neck is
mainly used to assess organs and lesions that lie near the
surface, including the salivary glands, the thyroid gland,
the major vessels, enlarged superficial lymph nodes, and
other superficial pathologic lesions (9, 10, 34, €19).

A fluid level or empyema in the maxillary sinus
(present in some, but not all, cases of acute sinusitis)
may be difficult to visualize with B-mode ultra-
sonography (10); the ethmoid and sphenoid sinuses are
inaccessible to ultrasonography, for anatomical rea-
sons. Thus, the overall utility of ultrasound in the
evaluation of rhinosinusitis is very limited and
examiner-dependent (10). In chronic sinusitis, ultra-
sonography is not indicated (9, 10, 34).

Nuclear imaging

Nuclear imaging plays an important role in the evalu-
ation of thyroid disease. Bone scanning can be used to
evaluate potential craniofacial or other skeletal involve-
ment by chronic inflammatory or neoplastic processes.
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Figure 2: Imaging of the petrous bone. a) Schiiller view. b) Axial CT. The preoperative x-ray, taken because of a clinical suspicion of mastoiditis, revealed nothing
more than a low degree of pneumatization of the temporal bone. Intraoperatively, when the surgeon began to drill the mastoid bone, a pulsating, blue structure was
seen, and the operation was terminated. A CT obtained thereupon to clarify the situation revealed, as a normal variant, a strongly lateralized sigmoid sinus (star) with
an iatrogenic (post-surgical) bony dehiscence (arrow). This surgically relevant anatomical variant was not recognizable on the plain film, even retrospectively

PET or PET-CT/PET-MRI can be of additional use in
the staging and monitoring of malignant head and neck
tumors (34). Nonetheless, in the judgment of the
German Institute for Quality and Efficiency in Health
Care (Institut fir Qualitdt und Wirtschaftlichkeit im
Gesundheitswesen, IQWiG), the available scientific
evidence does not adequately document improved
diagnosis through the use of PET (e20). As a result,
statutory health insurance in Germany generally does
not cover the cost of such studies.

Computed tomography

CT is the most commonly used imaging modality for
all indications in the head and neck region (9, 10). The
spiral CT mode currently involves the acquisition of
only one thin-section axial volume dataset. From this
dataset, tomographic images in all of the required
planes can be computed without any further radiation
exposure or loss of image quality (e7, e21-e24).

Intravenously administered contrast media improve
the delineation of soft-tissue pathologies and are in-
dispensable in the diagnosis of malignant tumors and
inflammatory complications.

When CT is used to evaluate high-contrast structures
such as bone, the paranasal sinuses, the temporal
region, or the teeth, as opposed to the soft tissues, more
image noise can be accepted without any clinically
relevant decline in image quality. Therefore, a low-dose
technique is used for these indications (e25), with radi-
ation exposures that may be in the same low range as in
conventional x-rays of the same region, or are at any
rate no more than 10 times higher (29-32, €23, ¢26).

Digital volume tomography

Digital volume tomography (DVT, synonym, cone
beam CT, CBCT) is a sectional imaging technique simi-
lar to CT that was used at first only for dental diagnosis
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because of a restriction to small volumes. Technical
advances have made DVT applicable in larger volumes
as well; it can now be used as an alternative to CT for
evaluation of the craniofacial and temporal high-contrast
structures (e8, €9, el7, €27, €28).

The advantages of DVT are high spatial resolu-
tion, low radiation exposure in the same range as
low-dose CT, and reduced metal artefact. It is unsuit-
able for soft-tissue diagnosis, because the image
noise is too high. Apart from clinical use in the diag-
nosis of high contrast structures such as the teeth and
the jaws, a definite judgement, particularly as an alter-
native method to CT, is not possible as yet. Therefore,
the current guidelines designate DVT as a possible
alternative to CT in individual cases but give no
specific recommendations regarding its use (8, 10,
38, 40).

Magnetic resonance imaging

MRI is currently the imaging modality that yields the
most detailed view of the soft tissues. Its main
advantage, in comparison to CT, is the absence of
ionizing radiation; its main disadvantage is the much
longer time during which the patient must keep still
during the study. Patients who cannot cooperate may
need sedation or even general anesthesia.

In the head and neck, MRI is mainly used for pre-
and postoperative tumor imaging and to evaluate
suspected intracranial complications of sinusitis.
Other rare indications include congenital anomalies of
the temporal bone as well as the preoperative assess-
ment for chochlear implants (9, 10, 40, €29). MRI can
be used instead of CT as the primary imaging modal-
ity whenever ionizing radiation is to be avoided, e.g.,
in children who need imaging of the paranasal
sinuses before surgery (e30—e34) or in the evaluation
of cystic fibrosis (e35), or for pediatric applications
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in general. MRI is contraindicated in patients with
cardiac pacemakers (e36) or (on a case-by-case
basis) active implants of other types, or ferromag-
netic foreign bodies. Claustrophobia is a relative
contraindication; combatting it with sedation or
anesthesia can be considered on an individual basis.

Conclusion

Diagnostic imaging in the anatomically complex
head and neck region is performed for specific indi-
cations after thorough clinical examination. Conven-
tional x-rays are easy to obtain but often cannot
answer the clinical question and may yield confusing
information leading to misdiagnosis. Therefore, in-
flammatory, traumatic, and neoplastic diseases of the
head and neck are best evaluated with tomographic
techniques, optimally chosen to answer the specific
clinical question, in accordance with current guide-
lines. Conventional x-rays should, in general, only be
used for dental evaluation, with rare exceptions that are
discussed in detail in this article.
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® Head and neck imaging today essentially consists of two
cross-sectional techniques: computed tomography (CT)
and magnetic resonance imaging (MRI).

® Conventional projection radiography remains the
imaging method of choice for dental diagnosis but is
generally obsolete for other applications in the head
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contrast medium and at a normal radiation dose.
Focused diagnostic CT of high-contrast structures, such
as bone, is performed with a low-dose technique.

® Digital volume tomography (DVT) is a potential
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Its clincal value has not yet been conclusively
demonstrated, except for studies of the teeth and jaws.

@ Other imaging techniques (ultrasonography, nuclear
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eTABLE

Indications for imaging studies of the head and neck

Temporal bone
Suspected complications of acute otitis media and otitis externa

— extracranial, local CT

— intracranial MRI

Chronic otitis media

- unclear, suspected bony destruction CT ‘ (DVT?); MRI
Infectious processes: labyrinthitis

- unclear clinical situation MRI CT
Sequelae of trauma CT MRI
Neoplasia

- external auditory canal, middle ear CT MRI

— inner ear, internal auditory canal, cerebellopontine angle MRI CT

— jugular foramen CT+MRI DSA + embolization
Other

— conductive hearing loss, anomaly of external ear CT (DVT?)

- hearing loss of combined or uncertain type CT (DVT?) MRI

- sensorineural hearing loss/deafness MRI CT (DVT?)
- planning for cochlear implant MRI + CT (DVT?)

Postoperative

— recurrent otitis media, prosthesis dislocation CT (DVT?) MRI

— intracranial complication, tumor course, tumor recurrence MRI (CT)

— complication after stapes surgery: early phase no imaging (CT, MRI)
- complication after stapes surgery: late phase CT (DVT?) MRI

- after cochlear implantation CT (DVT?)

Isolated, non-traumatic peripheral facial palsy

- acute onset with no improvement within 6 weeks MRI

— protracted onset: suspected lesion of parotid gland us MRI

— protracted onset: suspected cisternal lesion, petrous part MRI

- protracted onset: suspected middle ear/mastoid lesion CT MRI
Tinnitus

- subjective, non-pulsatile, no progression, no other symptoms no imaging

- tympanic membrane abnormal CT MRI

— tympanic membrane normal, vascular risk factors Doppler-US

- tympanic membrane normal, no vascular risk factors MRI

Masticatory apparatus

— caries dental films, OPG

- periodontal status

- endodontal or periodontal infection/inflammation dental films, OPG CT,DVT
- orthopedic problems of the jaw

—trauma

— cyst or other benign lesion OPG CT,DVT
- before IV biphosphonate treatment

— osteonecrosis CT, (DVT?) MRI

— jaw lesion of unclear dignity

- orthognathic surgical planning X-ray CT

~ implantation leanning, complication OPG CT,DVT
- planning of 3" molar extraction

- TMJ: trauma OPG CT,DVT
— TMJ: internal derangement, mass, inflammation/infection MRI
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- suspected neoplasia or infection/inflammation

cf. neoplasia, inflammation

Indication ‘ Primary ‘ Alternative/Complementary
- neoplasia of nasopharynx, soft palate, oral cavity MRI CT, US, DSA + embolization
- neoplasia of larynx, hypopharynx, other oropharynx CTor MRI US, DSA + embolization

- infection/inflammation: acute, with suspected complication us CT, MRI

- infection/inflammation: chronic, of uncertain clinical significance cf. neoplasia

— thyroid disease

US, medical work-up

— functional globus sensation, foreign body, diverticulum

fluoroscopy (contrast swallow,
with cinematography if
indicated)

C-spine films if a ventral
spondylophyte is suspected

- suspected central origin

MRI

(€T

- acute infection/inflammation, odontogenic

dental films, OPG

- infection/inflammation, sialolithiasis us endoscopy, MRI, CT
- neoplasia us MRI if staging unclear
- Sjégren’s syndrome us MRI

CT,DVT

- acute infection/inflammation, not odontogenic no imaging CT, MRI for complications
— chronic infection/inflammation CT (DVT?) MRI
— chronic infection/inflammation of uncertain clinical significance MRI

— trauma sequelae special x-rays (zygoma, nasal | MRI for intracranial
bone), otherwise CT complications
- neoplasia CT MRI for (possibly) malignant
tumors; DSA + embolization
- vascular malformations us MRI, (DSA + embolization)

- uncontrollable bleeding

DSA with embolization

- infection/inflammation CT MRI

- neoplasia, benign CT MRI, DSA + embolization
- neoplasia, unclear or malignant MRI CT, DSA + embolization
- after trauma CT MRI

— clinically stable; hypertension and/or coagulopathy

medical work-up

— clinically stable; other causes

CT

MRI, DSA+embolization

— trauma CT MRI, DSA + embolization
— vascular pathology us MRI- or CT-angiography
- neoplasia MRI CT; US for further investigation

of lymph nodes

- myositis, endocrine orbitopathy us MRI

— abscess, phlegmon CTor MRI

— retrobulbar neuritis MRI

—trauma CT MRI

- neoplasia US; retrobulbar, MRI MRI, CT

— protrusio bulbi us CT for trauma, otherwise MRI

CT, computed tomography; MRI, magnetic resonance imaging; DVT, digital volume tomography; DSA, digital subtraction angiography; OPG, orthopantomography;

TMJ, temporomandibular joint; US, ultrasonography
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