
squamous-cell carcinoma of the larynx. Subsequent MRI of the

neck revealed carcinoma extending from the epiglottis to the
subglottic region, nearing the airway. The images demonstrated
abnormalsignalcrossingthethyroidcartilage,suggestinginvasion
of tumor beyond the larynx. No abnormalnodes were reported
(Fig. 2).

Shortlyfollowingthepatient'sinitialpresentationandworkup,
hebeganexperiencinglowerbackpainandwas referredforscin
tigraphicevaluation.Awhole-body bone scan performedwith 740
MBq (20 mCi) of @Tc-MDPdemonstratedmarkedly increased
tracer uptake in the region of the thyroid cartilage (Fig. 3) and
mildlyincreaseduptake in the hyoidbone. The remainderof the
bone scan was unremarkable.

Pathologic examination of tissue from a subsequent total lar
yngectomy performed 1 mo following the bone scan, demon

strated squamous-cell carcinoma invading the perichondriumof
the thyroidcartilagewith associated ossified cartilageand inflam
matory infiltration.

DISCUSSION

Ossification of the laryngeal cartilages usually begins
after the second or third decade of life, although direct
correlationwith age is poor (2â€”4).Ossification of the thy
roid cartilagehas been noted to follow a defined, symmet
rical pattern which usually begins at the posterior border
near the root of the inferior horn, spreading along the
inferior border and reaching the midline where there is
usually a separate center of ossification (2,3).

The thyroid cartilage uptake pattern seen on this pa
tient's bone scan is homogeneous and more intense than
can be explained by a normal degree of cartilaginous cal
cification expected for his age. The lateral image (Fig. 3B)
demonstrates that uptake is clearly not in the cervical
spine. Thyroid gland uptake of free pertechnetate is un
likely given the absence of uptake in the stomach and
salivaiy glands as well as the excellent quality control
results obtained on preparationof this patient's radiophar
maceutical dose. A tumor-mediatedincrease in osteoblas
tic activity is most likely responsible for this increased
tracer accumulation, secondary to direct tumor invasion.

The increased susceptibility of ossified cartilage to can
cerous invasion comparedto nonossified cartilagehas been
well described (2,5â€”8).The pattern of laiyngeal cartilage

A 36-yr-oldmalewftha pasthistoryof invaswesquamous-cell
carcinoma of the larynx underwent @Tc-MDPscintigraphyfor
theevaluationoflowerbackpain.Thescanfindingswereunre
markable except for markedly and uniformly increased tracer
uptake in the region of the thyroid cartilage, suggesting caicifi
cation and/or tumor invasion.Confirmationof significantpathol
ogy was obtainedon tissue examinationfrom a subsequenttotal
laiyngectomy demonstrating inflammatory infiltration and pen
chondnal invasionof the thyroid cartilage by carcinoma

KeyWords: technebum-99m-MDP;squamous-cellcarcinoma;
thyroid cartilage
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one tracer uptake noted in the lower neck on anterior
views of bone scans is usually mild and diffusely irregular
(Fig. 1). This pattern of uptake is most commonly associ
atedwith osteoarthritisor metastatic disease of the cervical
spine. Lordosis of the lower cervical spine and attenuation
of photons from the upper cervical spine by the mandible
and submandibularsoft tissues also tend to emphasize the
normal lower cervical spine uptake (1). Less commonly,
calcification of the laiyngeal cartilages and very rarely, free
pertechnetate uptake by the thyroidgland, may be respon
sible for this appearance. However, more pronounced up
take in the neck may indicate specific pathology involving
the anterior structures of the neck. We report a case of
markedly and uniformly increased bone tracer accumula
tion in thyroid cartilage associated with perichondrial in
vasion by squamous-cell laryngeal carcinoma.

CASE REPORT
A 36-yr-oldmalewho smokeda halfpackof cigarettesa day,

but was otherwise healthy, presented with a 5-mo histoiy of
hoarseness. The patient underwent direct laryngoscopy with bi
opsy which demonstratedpathologicfindingsconsistentwith
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invasion has been studied by Kirchner and others who
found that invasion occurred almost invariablyin the areas
of ossification in the lower thirdof the thyroidcartilageand
the upper edge of the cricoid ring in the early stages of
tumor spread (2,7). The reason for this is not completely
understood;however, the invasion of ossified cartilagehas
been attributedprimarilyto increased vascularization by
which most carcinoma cells initially reach metaplastic
bone (7). It has also been suggested that normalcartilagi
nous tissues may release a substance which inhibitstumor,
or tumor substances that enhance invasion.

In a study by Bennett et al. (2,5), a prostaglandin-like
substance was demonstrated to be produced by carcinoma
of the head and neck. The cellular origin of this substance
and other tumor-associatedosteoclast-activatingproducts,
remainsunclear;however, it is thoughtby some investiga

FIGURE2. MRIoftheneckinthetransaxialplanedemonstrating
carcinoma invoMng the subglottic region with abnormal signal
crossingthe thyroidcartilage(arrow)which is suggestiveof Iaryn
gealcartilageinvasion.
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FiGURE1. Technetium-99m-MDPpisnarimagesfroma 65-yr-oldfemalewfthknowndegenerativediseaseoftheceMcalspine
demonstratingtypk@ainonspecificanteriorcer@calboneuptake.(A)Anterior @dewand (B) left lateralviewof the ceMcal spine.

tors that host cells, such as macrophages, may play a role
in its production (2,5,8). The mechanisms of osteoblastic
stimulation by this substance are obscure, although they
seem to be linked to increased osteoclastic activity. A
study by Gregor et al. (2) also demonstrated that frame
work invasion of the laryngeal cartilages was found to
occur exclusivelyin ossifiedor calcifiedcartilageand was
associated with osteoblastic activity which appearedto be
at least partially mediated by tumor-produced alkaline
phosphatase. Osteoclastic activity was noted to be linked
to this process and, at this stage, tumorremainedoutside of
the perichondrium. Other investigators have found that
during the process of resorption, bone releases a factor that
is strongly chemotactic for tumor cells (2).

Regardless of the mechanism, the finding of markedly
increased bone tracer accumulationin cartilaginoustissue
in patients with laryngealcarcinoma may be clinically sig
nificant since it implies invasion of the laiyngeal frame
work by cancer. Laiyngeal carcinomas, such as subglottic
squamous-cellcarcinoma, are known to quickly invade the
perichondriumof the thyroid and cricoid cartilages and
almost always extend to or through the cricothyroid mem
brane (9). Laryngeal carcinoma stage T3 and T4 are thus
typically treated in most institutions with total laryngec
tomy. Some authors, however, advocate more conserva
tive surgery and/or primaryradiotherapywith total laryn
gectomy reserved only for recurrent disease. Radiotherapy
is considered the preferred therapy for Ti and T2 glottic
cancers in most centers since it offers a high cure rate in
additionto the preservationof nearly normalvoice quality
(7,10). The response to radiotherapy may relate to many
factors such as the patient's physical condition, sex, his
tology of the tumor, the site of origin and the extent of
lesion (10). Determination of tumor infiltration into the
cartilaginous structures is especially important because it
rules out the possibility of conservative surgery and is a
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FiGURE3. Thyroidcartilageinvasion.
Technetium-99m-MDP planar images dem
onstrate intense and uniform uptake in the
thyroidcartilage(A)Antenorviewand(B)left
lateral view of the cervical spine.

relative contraindication to radiation therapy since it re
duces the response to radiation and may then result in
perichondritis, chondronecrosis and sequestration of car
tilages (11 ). An increased risk of subsequent tumor recur
rence has also been demonstrated in the presence of even
small foci of invasion in thyroid cartilage (12). In addition,
invasion of the laryngealskeleton is considered an adverse
prognostic feature associated with an increased incidence
of nodal metastasis and decreased survival (7).

MRI and CT have therefore become importantinvesti
gationalprocedures in the T-stagingoflaryngeal carcinoma
(10,12â€”15).Both imaging modalities have been demon
strated to be effective in the detection of calcified cartilage
invaded by cancer. MRI appears to have better sensitivity
and specificity of 89% and 9i%, respectively, compared
with 46%and 88%for CF. The decreased sensitivity of Cl'
may be due to the fact thatlaryngealtumorinvasion cannot
be distinguished from normal irregular patterns of ossifica
tion in some patients (10,1417). Additionally, noncalcifled
or poorly calcified cartilage may appear as erosion or de
struction on CT scans. Both MR and CT fail to demon
strate microscopic disease and motion artifact due to dis
ease relateddyspnea, and cough may significantlyinterfere
with image quality in many MR examinations (7,13).

CONCLUSION

Bone scintigraphymay have a role to play in the detec
tion of local extension of this tumor due to its high sensi
tivity for osteoblastic bone and cartilaginous lesions. In
tense and uniform thyroid cartilage uptake clearly
differentiatedfrom nonspecific low-grade uptake, strongly
suggests tumor invasion in these patients. Since laryngeal
carcinoma only rarely metastasizes to bone or bone mar
row, bone scintigraphyhas not been routinelyperformedin
the evaluation of this disease (12). This may explain why

increased bone tracer uptake in thyroid cartilage invaded
by laryngeal carcinoma has not been previously well de
scribed. Further study may be warranted to evaluate the
sensitivity and specificity of bone scintigraphy in the de
tection of vascular changes and microscopic disease asso
ciated with invasion of the laryngeal cartilages by carci
noma, and its potential role as an adjunct to MRI in the
T-staging of invasive laryngeal carcinoma.
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