Facial Bone Scanning by Emission Tomography
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A single-photon emission tomographic system was used to study the nor-
mal anatomy of the facial bones and the usefulness of emission computed
tomography in evaluating diseases of the bones of the face. The examina-
tion was performed following routine bone scintigraphy and took an addi-
tional 20-30 min. The anatomy of the facial bones was well defined, with
clear separation of deep and superficial structures. Early experience with
tumor, infection, bone grafts, and postirradiation osteonecrosis indicates
that useful added diagnostic information can be obtained by this method.
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The bone scan is a useful procedure for identifying
and locating disease in all parts of the skeleton. In
the axial and appendicular skeleton, the demonstra-
tion of abnormal areas is easily accomplished by
anterior and posterior views and occasionally lateral
views. This is not the case in the facial region. The
anatomy of the facial bones is complex and numer-
ous structures overlap, making accurate location of
abnormalities by bone scanning extremely difficult.
Gates and Goris (/) correctly point out the need for
multiple projections to aid in accurate location of
disease processes. Even with multiple projections,
overlapping structures may not allow adequate sepa-
ration of normal and abnormal areas. The use of a
technique such as computed tomography, which pro-
vides for the separation of structures in three di-

FIG. 1. Relationship of canthomeatal line to plane of recon-
structions presented in this paper. (CML) canthomeatal line; (ECT)
plane in emission computed tomography.
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mensions, should help to overcome these difficulties.
This study was undertaken to define the normal
anatomy of the facial bones by emission computed
tomography (ECT) and to evaluate in a preliminary
fashion the usefulness of this technique in diseases
involving the bones of the face.

MATERIALS AND METHODS

Patients were studied 3 to 4 hr after administra-
tion of 15 mCi of Tc-99m pyrophosphate. Emission
computed tomography of the face and head was per-
formed with a single-photon emission tomographic
system, the Humongotron, a system described by
Keyes et al. (2). A high-resolution parallel-hole
collimator was used, and total time for tomographic
data acquisition was between 20 and 30 min.

Serial transaxial tomographic reconstructions cor-
responding to 12-mm-thick sections were made of
all levels of the head and face from the vertex to
below the mandible. Data-processing time was ap-
proximately 30 sec per reconstruction using a fil-
tered back-projection algorithm without correction
for attenuation. Between 8 and 12 sections were
usually required to reconstruct the entire volume of
the face.
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Six patients without clinical, radiographic, or scan
evidence of head and neck disease provided samples
of normal anatomy. The reconstructed sections were
carefully compared with skulls and transverse sec-
tions of the head provided by the University of
Michigan Department of Anatomy, and with several
standard textbooks and atlases of cross-sectional
anatomy (3-5).

Eight patients with various disease processes in-
volving the face and jaw were also studied in order
to provide correlation with the normal anatomy and
to offer a preliminary basis for judging the clinical
utility of the technique. The diseases studied in-
cluded sinusitis, osteoradionecrosis, osteomyelitis,
bone grafts, and several different neoplasms.

RESULTS

In most cases the images demonstrated resolution
comparable with that obtained in conventional

FIG. 2. Normal anatomy shown in contiguous sections extend-
ing from level of orbital roof and frontal sinus (A) downward to
level of alveolar ridge of maxilla (F). These and all other sections
shown are approximately 12 mm thick and oriented with subject's
face toward bottom of figure and viewed from above. (Sk) skull;
(OR) orbital roof; (GS) greater wing of sphenoid; (ZF) zygomatic-
frontal process; (N) nasion; (SE) sella turcica; (O) orbit; (NE) naso-
ethmoid region; (Z) zygomatic arch; (CL) clivus; (T) temporal bone;
(S) body of sphenoid; (P) petrous pyramid; (OB) occipital bone; (MC)
mandibular condyle; (IT) infratemporal fossa; (Mx) maxilla; (FM)
foramen magnum; (OC) occipital condyle; (AR) alveolar ridge.
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FIG. 3. Selected planes illustrating normal anatomy. (A) Level
of hard palate; (B) level of alveolar ridge of maxilla; (C) level of
mandible; (D) level of upper cervical spine with mandible distorted
by partial volume artifact; (HP) hard palate; (AR) alveolar ridge;
(Mn) mandible; (CV) cervical vertebra.

gamma-camera images. Motion artefacts degraded
some of the images, although in only one case was
the study rendered uninterpretable. In all of the
technically satisfactory studies the tomographic pres-
entation was superior to conventional images in dis-
playing the anatomy of the facial bones.

Normal anatomy. Due to constraints in patient
positioning, the reconstructed sections are at a slight
angle (10-15°) to the plane defined by the can-
thomeatal line (Fig. 1). Although this is not a
significant shortcoming, it does make correlation with
conventional transverse-section anatomy texts diffi-
cult, since the sections presented therein are invari-
ably parallel to the canthomeatal line.

Normal anatomy as defined by ECT is depicted
in Figs. 2 and 3. In these and all other reconstruc-
tions shown, the sections are viewed from above with
the subject’s face toward the bottom of the figure.
The subject’s right is thus on the viewer’s left.

Representative case studies. Case 1 (Fig. 4). A
45-year-old diabetic man had the chief complaint
of a swollen left cheek 6 mo after the extraction of
a molar. Radiographic exam showed a normal left
maxillary sinus. Routine bone scan was normal.
Tomography shows asymmetrical localization of
tracer with greater uptake in the left maxilla and
lower maxillary sinus than on the right. The dis-
charge diagnosis was actinomycosis.

Case 2 (Fig. 5). A 49-year-old man had a 1-yr
history of a mass in the right maxillary area following
multiple dental extractions. Skull radiographs were

1185



BROWN, KEYES, LEONARD, THRALL, AND KIRCOS

FIG. 4. Case 1. Actinomycosis: (A) level of alveolar ridge of
maxilla showing increased uptake in left aveolar ridge at tip of

arrow; (B) next higher section showing uptake in wall of maxillary
sinus at tip of arrow. (Mx) maxilla.

normal. Sinus radiographs showed right maxillary
antral mucosal thickening. The bone scan showed
two discrete areas of increased tracer uptake over
the right maxillary region and right frontal bone.
Emission tomography clearly locates the process in
the maxilla, zygoma, lateral wall of orbit, and frontal
bone, extending almost to the vertex as one continu-
ous area. Involvement of the body of the sphenoid
is also clearly seen. Biopsy revealed histiocytic
lymphoma.

Case 3 (Figs. 6 and 7). A 49-year-old man had
failure of wound healing following tooth extractions.
Physical exam revealed a firm fixed mass in the area
of the right submandibular gland. Mandibular radio-
graphs showed bone erosion. The bone scan showed
possible increased tracer uptake in the right man-
dible. Emission tomography clearly shows a local-
ized photon-deficient region surrounded by increased
activity in the reactive bone. The pathologic diag-
nosis was a squamous-cell carcinoma infiltrating the
mandible.

Case 4 (Fig. 8). A 50-year-old woman had un-
dergone radiation therapy for a squamous-cell car-
cinoma of the floor of the mouth. She had developed
postirradiation osteonecrosis of the left mandible.
The clinical question was whether there was viable,
perfused bone surrounding the necrotic focus. The
emission scan showed the necrotic area with reactive
bone both laterally and inferiorly, demonstrating that
the remainder of the left jaw was viable and that
healing was possible.

DISCUSSION

Relatively few authors have stressed bone scan-
ning in patients with head and neck diseases. Arft
(6) studied a series of patients with and without
dental disease and showed that increased tracer
uptake occurred after recent dental extraction and
with early periapical disease. Garcia et al. (7) have
also evaluated the use of bone imaging in dental
disease and feel that it is of potential use in detecting
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incipient dental disease as well as in distinguishing
active from arrested disease. Olson and McCombs
(8) presented a case of ameloblastoma of the jaw
with intense tracer localization, and Alexander et al.
(9) reported using bone scans in the evaluation of
patients with squamous-cell carcinoma, chondro-
sarcoma, multiple myeloma, fibrous dysplasia, ce-
mentifying fibroma, central giant-cell lesions, odon-
tomas, osteomyelitis, bone grafts, and various dental
cysts. They concluded that these conditions were
detected earlier and more accurately with scintigra-
phy than with radiographs.

In order to interpret bone scans of the facial re-
gion adequately, a knowledge of normal anatomy is
necessary. Jones and Patton (10) compared gamma-

FIG. 5. Case 2. Histiocytic lymphoma. (A) Conventional an-
terior view showing levels of selected sections. (B) Conventional
lateral. (AA—FF) Reconstructed tomograms. (Mx) maxilla; (Z) zygoma;
(HP) hard palate; (S) body of sphenoid; (Cl) clivus; (NE) nasoethmoid
region; (ZF) zygomatic-frontal process; (N) nasion.
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FIG. 6. Case 3. Sq cell carci Contiguous sections
through mandible. Unlabeled open arrows point to photon-deficient
lesion. Unlabeled closed arrows point to adjacent reactive bone.
(FM) foramen 9 ; (Mn) dible; (CV) cervical vertebra.

camera images of facial bones with radiographs and
described the normal scintigraphic anatomy of the
facial bones. In a study of maxillary-facial abnor-
malities, Gates and Goris (/) also discuss the anat-
omy of the bones of the face. They studied various
scanning positions using a dried skull with a thallium-
201 flood source and correlated this with the tech-
netium-99m phosphate bone scans in 88 patients
with diseases of the facial bones. The various pro-
jections used included lateral, oblique lateral, an-
terior, modified Waters, and Waters views. Each
projection was useful in defining some portion of
the skull with the exception of the Waters view,
which produced difficulties due to facial foreshorten-
ing. They conclude that interpretation from any sin-
gle view may be difficult or misleading, and they
advocate that for the most complete examination,

FIG. 7. Case 3. Radiograph of jaw showing lytic lesion in right
mandible in area corresponding exactly to photon-deficient lesion
seen in tomograms, cf. Fig. 6.
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FIG. 8. Case 4. Ost di osis. Contig sections through
mandible at successively lower levels. (les) Necrotic lesion; (Mn)
mandible, showing reactive bone. Unlabeled open arrow points to
decreased uptake in right side of mandible secondary to prior
radiation therapy.

six views be obtained: both laterals, both lateral
obliques, anterior, and a modified Waters.

It is clear from these presentations that even with
multiple projections, the exact anatomic extent of
disease is often difficult to define. In any projection,
deep structures may remain hidden by the super-
ficial. Theoretically, emission transaxial tomography
should provide accurate reconstructions of the anat-
omy of the bones of the face, with the distinct ad-
vantage of allowing separation of the deep from the
superficial structures. Only one anecdotal report of
emission bone tomography has appeared in the lit-
erature in an article by Kuhl et al. (/1), defining
the utility of the Mark IV system for tomography of
the brain.

Using the Humongotron, a single-photon emission
tomograph, we were able to study patients without
evidence of facial disease to define the normal anat-
omy, and also to study a group of patients in whom
abnormalities have been proven.

The use of a single-photon system has several dis-
tinct advantages. All patients were studied following
routine skeletal imaging with a standard, widely
available agent, technetium-99m pyrophosphate. The
system uses a standard gamma-camera detector*
mounted on a rotational device and is interfaced to
a small on-line computert. The time for both data
acquisition and processing (20-30 min) is approxi-
mately the same as the time required to do a series
of static views of the face, as suggested by Gates and
Goris.
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Emission computed tomography is a useful tech-
nique. In our study, the normal and abnormal trans-
axial anatomy was clearly defined. The tomograms
revealed information that was not available from
either the routine bone scan or from x-ray studies.
It offers particular advantages in problem areas,
such as bone scanning of the face and skull, where
the complex structures of the mandible and facial
bones are easily studied and well defined.
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