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ssessment of Age-Related
orphological and Functional Changes of
elected Structures of the Head and Neck by
omputed Tomography, Magnetic Resonance

maging, and Positron Emission Tomography
nton Mahne, MD, Ghassan El-Haddad, MD, Abass Alavi, MD, Mohamed Houseni, MD,
ul Moonis, MD, Andrew Mong, MD, Miguel Hernandez-Pampaloni, MD, PhD, and
rew A. Torigian, MD, MA

The head and neck is a complex anatomical region that can be evaluated using many
imaging modalities. It is important to discern normal structures from ones that are affected
by disease and to study how these structures change in their morphological and functional
properties with aging. Therefore, using magnetic resonance imaging (MRI), we retrospec-
tively evaluated volumes of the parotid glands, submandibular glands, thyroid gland,
tongue, soft palate, and lingual tonsils in 64 subjects ages 13 to 81 years. Volume,
attenuation (HU), and metabolic activity (maximum SUV) of the parotid, submandibular, and
thyroid glands were assessed retrospectively using positron emission tomography/com-
puted tomography (PET/CT) imaging in 35 subjects ages 10 to 76 years. Metabolic activity
(maximum SUV) of the parotid, submandibular, and sublingual glands; tongue; adenoids;
and tonsils (lingual and palatine) were evaluated retrospectively using PET imaging in 15
subjects ages 6 to 20 years. Metabolic volumetric products of the parotid, submandibular,
and thyroid gland were calculated and analyzed with increasing age in subjects who
underwent PET/CT imaging. Structures that exhibited statistically significant changes
(P < 0.05) with increasing age included the submandibular glands, thyroid gland, soft
palate, and adenoids. The CT volume of the submandibular glands increased with age, and
the attenuation decreased with age with statistical significance. The thyroid gland volume,
as measured using MRI, showed a statistically significant decrease with aging. The volume
of the soft palate and lingual tonsils, as measured by MRI, exhibited a statistically signif-
icant decrease in volume with aging. The maximum SUV of the adenoids demonstrated a
statistically significant decrease with aging. In conclusion, CT, MRI, and PET may be used
to quantitatively and qualitatively assess structures of the head and neck and are useful in
the assessment of structural and functional changes of these structures with aging.
Semin Nucl Med 37:88-102 © 2007 Elsevier Inc. All rights reserved.
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he head and neck is an intricate area of the human body
in which numerous organ systems coexist. Many ana-

omic structures reside in this confined space, all of which are
usceptible to a wide range of pathology. An understanding
f how these structures change in the aging human is para-
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ount for the differentiation of normal and pathological
tates. At times, it may be difficult to distinguish in the head/
eck what is considered a “normal” process of aging from a
athological process of structures, although many imaging
odalities can be used to evaluate subjects presenting with

omplaints referable to the head and neck region.
Structures of the head and neck, in particular the salivary

lands, historically were evaluated using conventional plain
lm radiography and sialography. However, technological ad-
ancements, including magnetic resonance imaging (MRI),

omputed tomography (CT), and 18F-fluorodeoxyglucose
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Age-related changes in the head and neck 89
FDG) positron emission tomography (PET), have revolu-
ionized the way the head and neck are imaged. MRI has been
eported to have superior soft-tissue contrast resolution and
epicts lesions in the parotid gland more accurately than
T.1 Technical improvements, multiplanar imaging capabil-

ties, and increased clinical experience with MRI have favored
ts use relative to other imaging modalities for evaluation of
he major salivary glands.2

Evaluation of the head and neck with FDG-PET is impor-
ant for evaluation of primary head and neck malignancies
nd also for metastatic disease, systemic disease, infection,
nd inflammation. However, because of the relatively high
hysiologic uptake in complex structures of the pharynx and
eck, interpretation of PET images of the head and neck can
e challenging.3 With the advent of PET/CT, it has become
asier and more reliable to localize radiotracer uptake to spe-
ific head and neck structures.

In this article, we will present our quantitative preliminary
ata regarding evaluation of age-related changes of structures

n the head and neck region using CT, MRI, and PET. We will
lso review the literature and discuss previous studies rele-
ant to this topic of interest. We believe that this will provide
better understanding of the changes in morphology and

unction of selected structures in the head and neck region
ith increasing age, and will provide a basis for future re-

earch in this area.

aterials and Methods
e obtained Institutional review board approval for retro-

pective data collection and image analysis along with a
IPAA waiver from the University of Pennsylvania’s and the
hildren’s Hospital of Philadelphia’s Institutional Review
oards before the study’s initiation.
Sixty-four subjects (25 male, 39 female) between the ages

f 13 to 81 years old who had undergone an MRI of the head
nd neck region were evaluated retrospectively. All MRI ex-
minations were performed on a 1.5-T magnet. Structures
xamined were the parotid glands, submandibular glands,
hyroid gland, tongue, soft palate, and lingual tonsils. Sub-
ects who did not have cancer, masses, or other known ab-
ormalities in the head and neck region and who had normal
RI reports were selected for inclusion. Any subject with an

bnormality of the head and neck region was excluded.
Axial T1-weighted images were obtained with a slice

hickness (ST) of 5 mm and interval space (IS) ranging
etween 5 to 6.5 mm. Regions of interest were drawn
anually along the boundaries of the parotid glands, sub-
andibular glands, and thyroid lobes bilaterally on mul-

iple axial slices through each structure, beginning at the
ost superior border where the structure was visualized

nd continuing inferiorly to the most inferior border; then,
rea values were recorded. Area measurements of the lin-
ual tonsils were obtained on axial T2-weighted images
ith a ST of 5 mm and IS of 5 to 5.5 mm. Regions of

nterest were drawn manually using the same technique as
escribed previously, and area measurements were re-

orded. Area measurements of the tongue and soft palate g
ere obtained on sagittal T1-weighted images with a ST of
mm and IS 6 to 6.6 mm. Regions of interest along the

oundaries of these structures were drawn manually, be-
inning at one lateral border and ending where the struc-
ure of interest was no longer visualized; then, area mea-
urements were recorded. Recorded cross-sectional areas
ere then multiplied by IS values to obtain structure vol-
mes in cm3.
We then retrospectively reviewed whole-body PET/CT

cans (Gemini TF; Philips Medical Systems, Bothell, WA) of
5 subjects (19 male, 16 female; age range, 10-76 years), who
ad been referred to our PET center mainly for oncologic

ndications. Subjects fasted for at least 4 hours before imag-
ng, and serum glucose levels were �140 mg/dL in all sub-
ects. CT scan images were obtained using a low-dose proto-
ol (50-150 mAs) with a 5-mm ST. PET was initiated 60
inutes after the intravenous administration of a dose of

8F-FDG adjusted to the body weight (215 �Ci/kg (7.9 MBq/
g)). Subsequently, 3D PET data were acquired using
-minute table positions. The PET acquisition included a
ime-of-flight and a dead-time correction as well as online
elayed coincidence subtraction to correct for random coin-
idences. Rescaled CT images were used to produce attenu-
tion correction values for the PET emission reconstruction.
ubjects were selected who did not have cancer, masses, or
ther known abnormalities in the head and neck region.
ubjects with thyroid goiter were excluded from analyses
ertaining to the thyroid gland.
If subjects had a history of cancer outside of the head and

eck, they were selected according to the following criteria:
1) no known history of head and neck metastatic lesions, (2)
o chemotherapy at least 3 months before the study, (3) no
rior radiation therapy to the head and neck region, (4) no
ast surgical history involving the head and neck region, and
5) no other abnormalities in the head and neck region.
tructures evaluated included the parotid, submandibular,
nd thyroid glands. Regions of interest were traced manually
bout the margins of the structures bilaterally on axial im-
ges, beginning at the most superior border and continuing
nferiorly to the most inferior border; then, area values were
ecorded. Maximum standardized uptake values (SUV), at-
enuation values in Hounsfield units (HU), and volumes
cm3) were then calculated using the Syntegra computer pro-
ram (Philips Medical Systems, v. 2.1F). Metabolic volumet-
ic products (MVPs), defined as the maximum SUV multi-
lied by the structure volume (in units of SUV-cm3), also
ere calculated for the parotid, submandibular, and thyroid
land with increasing age.

A retrospective analysis also was performed on 15 sub-
ects (11 male, 4 female; age range, 6-20 years) who had
edicated whole-body PET scans (Allegro; Philips Medical
ystems or C-PET; ADAC UGM Medical Systems, Milpi-
as, CA) for oncologic indications. Subjects selected fol-
owed the same inclusion and exclusion criteria as de-
cribed previously for the PET/CT group. The subjects
asted for at least 4 hours, and serum glucose levels were

140 mg/dL in all subjects. No specific preparation was

iven to the subjects. PET was initiated 60 minutes after
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90 A. Mahne et al
he intravenous administration of a dose of 18F-FDG ad-
usted to the body weight (140 �Ci/kg (5.2 MBq/kg) for
he Allegro and 50 �Ci/kg (1.9 MBq/kg) for the C-PET
DAC camera. Transmission scans obtained with a 137Cs
oint source were interleaved between the multiple emis-
ion scans to correct for nonuniform attenuation. Axial
mages of the parotid, submandibular and sublingual
lands, tongue, adenoids, and tonsils (lingual and pala-
ine) were evaluated. Regions of interest were drawn man-
ally around visible portions of these structures, begin-
ing superiorly and continuing inferiorly until the activity
as no longer visualized. Maximum SUVs were calculated

rom these regions of interest and recorded for each sub-
ect.

Calculated volumes, attenuation values, and maximum
UVs from structures with bilateral representation were each
dded together and averaged to give the final values. All
catterplots were performed with Microsoft Excel software
Microsoft Corporation; Redmond, WA). For statistical anal-
sis, Pearson correlation coefficients were calculated between
olume, maximum SUV, and attenuation with increasing age
s described below. For all measurements, P � 0.05 was
onsidered to be statistically significant. All statistical analy-
es were performed using SPSS version 14.0 (SPSS Inc, Chi-
ago, IL).

igure 1 Changes in parotid gland volume on MRI with age (r �
.24, P � 0.06).

igure 2 Changes in parotid gland volume on PET/CT with age (r �

.2, P � 0.3). (
esults
arotid Glands
he volumetric analysis performed using MRI demonstrated
nonsignificant increase in parotid gland volume with in-

reasing age (r � 0.24, P � 0.06; Fig. 1). The volume of the
arotid glands in a separate population, as measured using
ET/CT imaging, also showed a nonsignificant increase in
olume with increasing age (r � 0.2, P � 0.3; Fig. 2). The
ttenuation of the parotid glands was found to exhibit a non-
ignificant decrease with increasing age (r � �0.3, P � 0.1;
ig. 3). The average maximum attenuation in males was
ound to be 85 HU (SD 44), whereas for females it was 82 HU
SD 34), exhibiting a nonsignificant difference between gen-
ers (P � 0.8).
The relationship between parotid gland volume and gen-

er also was evaluated. The mean parotid gland volume as
easured by MRI for males was found to be 55 cm3 (SD, 19;

ange, 20-96 cm3), whereas for females it was 36 cm3 (SD, 16;
ange, 13-72 cm3), demonstrating a significant difference be-
ween genders (P � 0.0001). The mean parotid gland volume
s measured by CT for males was found to be 25 cm3 (SD, 12;
ange, 3-42 cm3), whereas for females it was 17 cm3 (SD, 9;
ange, 11-36 cm3), demonstrating a nonsignificant difference
etween genders (P � 0.15).

igure 3 Changes in attenuation (HU) of parotid glands with age
r � �0.3, P � 0.1).

igure 4 Changes in maximum SUV of parotid glands with age

r � �0.17, P � 0.42).
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Age-related changes in the head and neck 91
The relationship between right and left parotid gland vol-
me across both genders also was evaluated. In our MRI
roup, there was no significant difference between right and
eft parotid gland volume (P � 0.8). The average volume of
he right parotid gland was 4.2 cm3 (SD, 2) and the left was
.2 cm3 (SD, 1.8). In our PET/CT group, there was no signif-

cant difference between right and left parotid gland volume
P � 0.9). The average volume of the right parotid gland was
.9 cm3 (SD 6) and that of the left was 9.9 cm3 (SD 6).
The maximum SUV of the parotid glands in our PET/CT

roup of subjects showed a nonsignificant decrease with in-
reasing age (r � �0.17, P � 0.42; Fig. 4). The average
aximum parotid gland SUV in males was 2.1 (SD, 0.7),
hereas for females it was 1.6 (SD, 0.5), demonstrating a
onsignificant difference between genders (P � 0.1).
MVPs for the parotid gland in this PET/CT group demon-

trated no significant change with increasing age (r � �0.03,
� 0.9; Fig 5). The relationship between right and left pa-

otid gland activity (maximum SUV) across both genders was
lso evaluated. In our PET/CT group, there was no significant
ifference between right and left parotid gland activity (P �
.2). The average maximum SUV of the right parotid gland
as 2.0 (SD, 0.9) and that of the left was 1.7 (SD, 0.6).
Dedicated PET scans of our pediatric population suggested

nonsignificant increase in the maximum SUV of the parotid
lands with increasing age (r � 0.32, P � 0.3; Fig. 6). The
verage maximum SUV in males was found to be 1.5 (SD,

igure 5 Changes in MVP of parotid glands (units of SUV-cm3) on
ET-CT with age (r � �0.03, P � 0.9).

igure 6 Changes in maximum SUV of parotid glands with age (r �

.32, P � 0.3). a
.5), whereas for females it was 1.2 (SD, 0.3), demonstrating
nonsignificant difference between genders (P � 0.3).

ubmandibular Glands
he volumetric analysis performed using MRI demonstrated
o significant change in submandibular gland volume with

ncreasing age (r � 0.1, P � 0.5; Fig. 7). We noted that the
olume of the submandibular glands in a separate popula-
ion, as measured using PET/CT imaging, was significantly
ositively correlated with increasing age (r � 0.5, P � 0.05;
ig. 8). The attenuation of the submandibular glands was
ound to exhibit a significant negative correlation with in-
reasing age (r � �0.37, P � 0.05; Fig. 9). The average
aximum attenuation for males was found to be 96 HU (SD

2), whereas for females it was 83 HU (SD 23), demonstrat-
ng a nonsignificant difference between genders (P � 0.1).

The relationship between submandibular gland volume
nd gender also was evaluated. The mean submandibular
land volume as measured by MRI for males was found to be
6.5 cm3 (SD, 5; range, 6-25 cm3), whereas for females it was
2.6 cm3 (SD, 3; range, 6-19 cm3), demonstrating a signifi-
ant difference between genders (P � 0.01). The mean sub-
andibular gland volume as measured by CT for males was

ound to be 11.1 cm3 (SD, 5; range, 7-20 cm3), whereas for
emales it was 12.2 cm3 (SD, 5; range, 5-23 cm3), dem-

igure 7 Changes in submandibular gland volume on MRI with age
r � 0.1, P � 0.5).

igure 8 Changes in submandibular gland volume on PET-CT with

ge (r � 0.5, P � 0.05).
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92 A. Mahne et al
nstrating a nonsignificant difference between genders
P � 0.6).

The relationship between right and left submandibular
land volume across both genders also was evaluated. In our
RI group, there was no significant difference between right

nd left submandibular gland volume (P � 0.9). The average
olume of the right submandibular gland was 1.4 cm3 (SD,
.5) and the left was 1.4 cm3 (SD, 0.5). In our PET/CT group,
here was no significant difference between right and left
ubmandibular gland volume (P � 0.8). The average volume
f the right submandibular gland was 6.1 cm3 (SD, 3.1) and
hat of the left was 5.9 cm3 (SD, 2.7).

The maximum SUV of the submandibular glands in our
roup of subjects showed a nonsignificant decrease with in-
reasing age (r � �0.22, P � 0.3; Fig. 10). The average
aximum submandibular gland SUV in males was 2.5 (SD,

.5), whereas for females it was 2.1 (SD, 0.9), demonstrating
nonsignificant difference between genders (P � 0.2). MVPs

or the submandibular gland in this PET/CT group demon-
trated a nonsignificant increase with increasing age (r �
.36, P � 0.09; Fig. 11).
The relationship between right and left submandibular

land activity (maximum SUV) across both genders also was
valuated. In our PET-CT group, there was no significant
ifference between right and left submandibular gland activ-

ty (P � 0.9). The average maximum SUV of the right sub-

igure 9 Changes in attenuation (HU) of submandibular glands with
ge (r � �0.37, P � 0.05).

igure 10 Changes in maximum SUV of submandibular glands with

age (r � �0.22, P � 0.3).
andibular gland was 2.4 (SD, 0.6) and that of the left was
.4 (SD, 0.8).
Dedicated PET scans of our pediatric population suggest a

onsignificant increase in maximum SUV of the submandib-
lar glands with increasing age (r � 0.36, P � 0.34; Fig. 12).
he average maximum SUV in males was 1.9 (SD, 0.7),
hereas for females it was also found to be 1.9 (SD, 0.1),
emonstrating a nonsignificant difference between genders
P � 0.99).

hyroid Gland
he volumetric analysis performed using MRI showed a sig-
ificant negative correlation between thyroid gland volume
nd increasing age (r � �0.38, P � 0.05; Fig. 13). The
olume of the thyroid gland in a separate population, as mea-
ured using PET-CT imaging, did not demonstrate a significant
hange with increasing age (r � �0.09, P � 0.6; Fig. 14). The
ttenuation of the thyroid gland did not demonstrate a signifi-
ant change with increasing age (r � 0.02, P � 0.9; Fig. 15). The
verage maximum attenuation for males was found to be 168
U (SD, 41), whereas for females it was 153 HU (SD, 34),
emonstrating a nonsignificant difference between genders
P � 0.3).

The relationship between thyroid gland volume and gen-
er also was evaluated. The mean thyroid gland volume as
easured by MRI for males was found to be 9.2 cm3 (SD, 1.9;

ange, 5-14 cm3), whereas for females it was 7.6 cm3 (SD, 2.8;

igure 12 Changes in maximum SUV of submandibular glands with

igure 11 Changes in MVP of submandibular glands (units of SUV-
m3) on PET/CT with age (r � 0.36, P � 0.09).
ge (r � 0.36, P � 0.34).
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Age-related changes in the head and neck 93
ange, 2-15 cm3), demonstrating a significant difference be-
ween genders (P � 0.01). The mean thyroid gland volume as
easured by CT for males was found to be 8.7 cm3 (SD, 2.8;

ange, 2-13 cm3), whereas for females it was 9.5 cm3 (SD, 3;
ange, 4-15 cm3), demonstrating a nonsignificant difference
etween genders (P � 0.5).
The relationship between right and left thyroid lobe vol-

me across both genders was also evaluated. In our MRI
roup, there was no significant difference between right and
eft thyroid lobe volume (P � 0.1). The average volume of the
ight thyroid lobe was 0.9 cm3 (SD 0.3) and that of the left
as 0.8 cm3 (SD 0.3).
The maximum SUV of the thyroid gland in our PET-CT

roup of subjects showed that there was no significant
hange with increasing age (r � 0.03, P � 0.9; Fig. 16). The
ales in our study had an average maximum SUV of 1.8 (SD

.7), whereas for females it was 1.9 (SD 0.6), demonstrating
nonsignificant difference between genders (P � 0.7). MVPs

or the thyroid gland in this PET/CT group demonstrated no
ignificant change with increasing age (r � �0.03, P � 0.9;
ig. 17).

ongue, Soft Palate, Lingual and Palatine
onsils, Adenoids, and Sublingual Glands
olumetric analysis of the tongue, soft palate, and lingual

onsils were performed by measurements from MRI exam-

igure 14 Changes in thyroid gland volume on PET-CT with age (r �

igure 13 Changes in thyroid gland volume on MRI with age (r �
0.38, P � 0.05).
0.09, P � 0.6). 0
nations of the head and neck. The volume of the tongue
howed no significant change with increasing age (r �
0.04, P � 0.7; Fig. 18). The average tongue volume for
ales was 64.6 cm3 (SD, 8.8; range, 51-88 cm3), whereas

or females it was 51.2 cm3 (SD, 8.8; range, 36-80 cm3),
emonstrating a significant difference between genders (P

0.00001).
We were unable to accurately calculate the volume and
aximum SUV of the tongue in our PET/CT subjects because

f the presence of beam hardening artifacts related to dental
malgam. In our pediatric population studied by PET alone,
here was a nonsignificant increase in the maximum SUV of
he tongue with increasing age (r � 0.4, P � 0.19; Fig 19).
he average maximum SUV for males was 1.6 (SD 0.4),
hereas for females it was 1.5 (0.2), demonstrating a nonsig-
ificant difference between genders (P � 0.7).
The soft palate showed a significant negative correlation be-

ween volume and increasing age (r � �0.4, P � 0.05; Fig. 20).
he mean soft palate volume in males evaluated by MRI was

ound to be 2.4 cm3 (SD, 0.7; range, 1.3-4.1 cm3), whereas
or females it was 1.8 cm3 (SD, 0.7; range, 0.9-3.5 cm3),
emonstrating a nonsignificant difference between genders
P � 0.09).

The lingual tonsils demonstrated a significant negative cor-
elation between volume and increasing age (r � �0.67; P �
.05; Fig. 21). The average volume of the lingual tonsils

igure 16 Changes in maximum SUV of thyroid gland with age (r �

igure 15 Changes in attenuation (HU) of thyroid gland with age
r � 0.02, P � 0.9).
.03, P � 0.9).
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94 A. Mahne et al
valuated by MRI in males was found to be 4.1 cm3 (SD, 2.6;
ange, 0.5-9.2 cm3), whereas for females it was 2.5 cm3 (SD,
.4; range, 0.5-4.9 cm3), demonstrating a nonsignificant dif-
erence between genders (P � 0.02).

The relationship between right and left lingual tonsil vol-
mes across both genders was also evaluated. In our MRI
roup, there was no significant difference between right and
eft lingual tonsil volume (P � 0.8). The average volume of
he right lingual tonsil was 0.2 cm3 (SD 0.2) and that of the
eft was 0.2 cm3 (SD 0.2).

We were unable to accurately calculate the maximum SUV
f the lingual tonsils in our PET-CT subjects due to the pres-
nce of beam hardening artifacts due to dental amalgam. In
ur pediatric population, the maximum SUV of the lingual
onsils exhibited a nonsignificant increase with increasing
ge (r � 0.3, P � 0.4; Fig. 22), whereas the maximum SUV of
he palatine tonsils exhibited no significant change with in-
reasing age (r � �0.02, P � 0.9; Fig. 23). The maximum
UV of the lingual tonsils in males was found to be 3.1 (SD,
), whereas for females it was 3.5 (SD, 1.2), demonstrating a
onsignificant difference between genders (P � 0.6). The
aximum SUV of the palatine tonsils in males was 3.1 (SD,

.6), whereas for females it was 2.4 (0.6), demonstrating a
onsignificant difference between genders (P � 0.1).
The maximum SUV of the adenoids in our pediatric pop-

lation was found to exhibit a significant negative correlation
ith increasing age (r � �0.8, P � 0.05; Fig. 24). The

igure 17 Changes in MVP of thyroid gland (units of SUV-cm3) on
ET-CT with age (r � �0.03, P � 0.9).

igure 18 Changes in tongue volume on MRI with age (r � �0.04,

� 0.7). P
verage maximum SUV for males was 3.5 (SD 0.4). We were
ot able to calculate the average maximum SUV in females
ue to a small sample size.
We were unable to accurately calculate the maximum SUV

f the sublingual glands in our PET-CT subjects due to beam
ardening artifacts related to dental amalgam. The maximum
UV of the sublingual glands in our pediatric population
emonstrated a nonsignificant increase with increasing age
r � 0.44, P � 0.13; Fig. 25). The average maximum SUV for
ales was 2.5 (SD, 0.9), whereas for females it was 2.0 (SD,

.4), demonstrating a nonsignificant difference between gen-
ers (P � 0.4).

iscussion
alivary Glands
mbryologically, the parotid glands are the first salivary
lands to develop, followed by the submandibular glands,
nd then the sublingual glands. The parotid gland becomes
ncapsulated late in the second trimester after the subman-
ibular and sublingual glands, and before the parotid gland
ncapsulates, the lymphatic system begins to emerge in the
esoderm. Hence, in the adult, there are intraglandular

ymph nodes and lymphatic tissue within the parotid glands
ut not in the remaining salivary glands.4,5

CT and MRI can successfully identify the parotid gland

igure 20 Changes in soft palate volume on MRI with age (r � �0.4,

igure 19 Changes in maximum SUV of tongue with age (r � 0.4,
� 0.15).
� 0.05).
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Age-related changes in the head and neck 95
nd show changes that occur with development and again, as
ell as with the development of pathology.1 The parotid
land is divided into superficial and deep lobes by the plane
f the facial nerve and is bordered by the masseter muscle
nteriorly, the pterygoid muscles medially, as well as by the
tyloid process, carotid arteries, jugular vein, and parapha-
yngeal space. Variations in normal anatomy of the parotid
land are important to be aware of. Medbery and coworkers
ade the following observations regarding normal variation

n parotid location: (1) parotid glands can extend anterior to
he masseter muscle or posterior to the posterior margin of
his muscle; (2) parotid glandular tissue can extend above the
ygoma and external auditory canal; (3) parotid tissue can
xtend posteriorly to overlap the vertebra; (4) parotid glands
an extend below or remain above the angle of the mandible;
nd (5) parotid glands can widely vary in transverse dimen-
ion.6 A normal salivary gland in an abnormal position may
otentially be mistaken for a pathological lesion on a CT or
RI scan and also can lead to a misdiagnosis of malignancy

n PET imaging.
Scott and coworkers have shown in a postmortem study of

he parotid glands that acinar atrophy and ductal irregulari-
ies correlate with advancing age. In the same study, adipose
issue together with fibrovascular tissue tended to increase
ith age, and there was a 30% reduction in acinar volume.7

ong and coworkers studied the morphologic changes in the

igure 22 Changes in maximum SUV of lingual tonsils with age (r �

igure 21 Changes in lingual tonsil volume on MRI with age (r �
0.67, P � 0.05).
.3, P � 0.4). �
istologic structure of human submandibular glands sam-
led during surgery and showed that the volume of paren-
hymal cells in the elderly population decreased by 23%
ompared with that of the younger population, with a 31.2%
ecrease in volume of acinar tissue and an increase of fat and
brous tissue by 2-fold and 0.8-fold, respectively.8

urashima and coworkers have shown that the presence of
ocal lymphocytic infiltration in postmortem submandibular
lands was seen more frequently in patients older than 70
ears of age (80.3%), compared with those younger than 70
53.8%).9 Another postmortem study by Azevedo and co-
orkers found that, with increasing age, the sublingual
lands underwent acinar atrophy, ductal irregularities, and
arenchymal replacement by fibrous and/or adipose tissue.10

ge-induced variations and reactive changes in the major
alivary glands include oncocyte proliferation, fatty infiltra-
ion, squamous and mucous metaplasia, hyperplasia, atro-
hy, and regeneration.11 Dayan and coworkers have demon-
trated that there is a 48% decrease in mean acinar volume
rom biopsies of palatal salivary glands between the young
nd old groups, along with significant age-related increases
n intercalated ducts, blood and lymphatic vessels, adipose
issue, and connective tissue.12 Not only can the salivary
lands become infiltrated with adipose tissue, but so may the
urrounding connective tissue, which may be independent of
he overall body habitus.13

igure 23 Changes in maximum SUV of palatine tonsils with age
r � �0.02, P � 0.9).

igure 24 Changes in maximum SUV of adenoids with age (r �

0.8, P � 0.05).
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Sumi and coworkers found that the T1-weighted signal
ntensity of the parotid glands increased with age, although
he signal intensity of the sublingual and submandibular
lands did not, and postulated that the cause of the discrep-
ncies in signal intensity between the three major salivary
lands were related to differences in content of adipose tis-
ue. This was supported by the finding that the parotid gland
ttenuation has an age-related decrease on CT, indicating an
ncreased adipose component in the parenchyma.14 How-
ver, some CT studies of the parotid and submandibular
lands have shown that the attenuation of both glands de-
rease with age, which is thought to be related to a decrease in
ean acinar volume and an increase in fibrofatty tissue
ithin the major salivary glands.15-19 In one study, Heo and

oworkers performed quantitative analysis of the subman-
ibular glands by calculating the maximum cross-sectional
rea on CT and showed a decrease in the size of the subman-
ibular glands with age in a Korean population.18 Yonetsu
nd coworkers found a similar relationship in a Japanese
opulation.19 Sumi and coworkers used quantitative MRI to
how that the size of the sublingual glands decreased gradu-
lly with age.14

In our study, we have found that the attenuation of the
arotid and submandibular glands showed a tendency to
ecrease with increasing age, in keeping with the reported
istopathologic changes in those glands described above that
ccur with aging.7-14 Furthermore, volumes of the parotid
lands were seen to increase with age, and volumes of the

igure 25 Changes in maximum SUV of sublingual glands with age
r � 0.44, P � 0.13).

Figure 26 Axial images of a 42-year-old man demonstr

PET/CT (C). FDG uptake is noted in parotid glands (arrows) o
ubmandibular glands either remained stable or increased
ith age based on MRI or CT measurements, respectively.
Previous studies have evaluated the function of the salivary

lands, suggesting that there are age-related alterations in
alivary function, including a significant age-related decrease
n secretion rates.20 It has been postulated that salivary gland
ysfunction is a normal part of the aging process.21 In con-
rast, other studies have evaluated salivary flow rates and
ave concluded that major salivary gland output is age-sta-
le, suggesting that salivary gland dysfunction (xerostomia)

n an older person should not be considered a normal process
f aging.22,23 More recently, other studies also have suggested
hat there is no direct age effect on salivary flow rates mea-
ured under different conditions of stimulation.24 Further-
ore, several investigators have evaluated the concept of se-

retory reserve capacity, whereby even though there is a loss
f acinar cells in major salivary glands, saliva production
emains age stable.25,26 It is thought that younger people have
n excess of acini and, as they age, they lose a certain amount
f acinar volume. Function is not compromised under nor-
al conditions with increasing age because there is an excess

mount of acini present early on. However, because the num-
er of acini decreases with age, the gland may have a decrease

n function with stress, such as that induced by the anticho-
inergic glycopyrrolate.26

Stahl and coworkers evaluated the excretion of FDG into
aliva and its significance on PET imaging, and have sug-
ested that the increased uptake identified in the floor of the
outh was not from the sublingual glands but was within
uscles. They concluded that the sublingual glands should

e expected to behave similarly to the other major salivary
lands, and that the muscles of the floor of the mouth in-
olved in swallowing could not be totally controlled after
DG administration. They also concluded that the FDG con-
entration in saliva did not influence PET imaging, as tubes of
aliva containing FDG placed beside the patient’s neck dur-
ng scanning were not visualized on PET imaging. They also
howed that SUV measurements obtained before and after
he patient drank water did not influence the radiotracer
istribution in the head and neck.27

Nakamoto and coworkers reported that FDG accumulation
as variable in the normal parotid gland (mean SUV of 1.90;
ig. 26), submandibular gland (mean SUV of 2.11; Fig. 27), and

arotid glands (arrows) on CT (A), FDG-PET (B), and
ating p

n PET (B) and PET/CT (C).
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Age-related changes in the head and neck 97
ublingual gland (mean SUV of 2.93; Fig. 28), with a negative
orrelation between age and physiologic FDG uptake in the
ublingual glands on PET/CT.28 Our results showed that
aximum SUVs of the parotid and submandibular glands

howed a tendency to decrease with increasing age, in keep-
ng with acinar atrophy and that maximum SUVs of the pa-
otid, submandibular, and sublingual glands had a tendency
o increase in pediatric subjects. In our PET-CT subjects, the

VP of the parotid gland demonstrated no significant change
ith increasing age, while that of the submandibular gland
emonstrated a nonsignificant tendency to increase with age.

hyroid Gland
he thyroid gland is derived from the embryological foregut,

s an important endocrine structure in the neck, and is lo-
ated anterior to the trachea. When the volume of the thyroid
land is assessed, one must consider the gender of the subject
ecause the thyroid gland is somewhat heavier in women and
ay become enlarged during menstruation or pregnancy.29

Palpation of the thyroid gland to determine its size carries
n inaccuracy rate of approximately 40%.30 Ultrasonography
as been used to evaluate the volume of the thyroid gland but
ay fail to completely measure enlarged thyroid glands that
ave substernal extension.30 CT scanning has been used to
uantify the volume of the thyroid gland in subjects with
nlarged thyroids that have extended substernally and is an

Figure 27 Axial images of a 35-year-old man demonstrat
and PET/CT (C). FDG uptake is noted in submandibula

Figure 28 Axial (A) and coronal (B) PET images demon

17-year-old boy.
asy, reliable, and reproducible method of determining thy-
oid gland volume.31 In determining the volume of the thy-
oid gland on CT, investigators reported that it is possible to
alculate the thyroid volume by multiplication of the area
btained from manually traced regions of interest on axial
lices by the interval thickness.31,32 We therefore used a sim-
lar method in our study to calculate thyroid gland volumes.

Hermans and coworkers evaluated thyroid gland volumes
sing CT and calculated postoperative thyroid gland weights

n subjects with goiter. The average calculated thyroid vol-
me by CT was 267 cm3, and the average postoperative thy-
oid gland weight was 243 g, with a mean difference between
olume and weight of �12% (r � 0.98, P � 0.001) assuming
hat 1 cm3 of volume should equal 1 g of tissue, suggesting
hat CT overestimates the thyroid gland volume, possibly
ecause of a distortion of adjacent fat planes and inclusion of
onthyroidal structures in areas of measurement. However,
urgical intervention may also have decreased the true weight
f the thyroid gland as a result of fluctuations in intraglandu-
ar fluid and blood volume or as the result of subtotal thy-
oidectomy, particularly because 50% of the subjects studied
ad substernal extension of the thyroid gland.31

The thyroid gland has variable uptake of FDG (Fig. 29).3

oderate-to-intense uptake may be seen in the normal thy-
oid gland, although it may also be seen with thyroid inflam-
ation, Graves’ disease, or malignancy if focal.33-35 However,

mandibular glands (arrows) on CT (A), FDG-PET (B),
s (arrows) on PET (B) and PET/CT (C).

DG uptake in sublingual salivary glands (arrows) of a
ing sub
strate F
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98 A. Mahne et al
akamoto and coworkers reported that minimal FDG uptake
s seen in the normal thyroid gland (mean SUV of 1.31), and
hat mean thyroid SUV is slightly greater in men than in
omen on PET/CT.28 PET/CT is superior to scintigraphic

maging alone to distinguish thyroid activity from activity in
djacent structures. Yi and coworkers evaluated the thyroid
lands of 140 patients with newly diagnosed nonsmall cell
ung cancer and found that on PET/CT images, thyroid FDG
ptake was not likely to be misinterpreted as adjacent nodal
ptake, and that there was less of a tendency to disregard

ncreased FDG activity as representing normal variation
hen a corresponding morphologic abnormality is seen.36

A study by Dvorakova and coworkers suggested that thy-
oid gland volume increases with age based on ultrasono-
raphic measurement. Their study involved subjects ages 18
o 65 years from areas of known moderate iodine deficiency
n the Czech Republic.37 However, a study by Brown and
oworkers evaluated the volume and histology of 107 thyroid
lands at necropsy (age range, 1-93 years) and showed that
hyroid volume increased with age during childhood and
dolescence, remained fairly constant in younger adults, and
eclined more slowly in older people related to a decrease in
cinar size and not of acinar number.38 Our results showed
hat thyroid gland volume decreased with age on MRI but did
ot significantly change with age on CT, although our young-

igure 29 Axial images of a 58-year-old woman demonstrating thy-
oid gland on CT (A), FDG-PET (B), and PET/CT (C). Note minimal
DG uptake in thyroid gland of this particular subject.
st subject was only 10 years old. In our sample population, g
e excluded subjects with CT or MRI findings of goiter,
hereas the study of Dvorakova and coworkers likely in-

luded subjects with goiter related to iodine deficiency.
Age-associated histological findings of the thyroid gland

ave been documented, including a reduction in follicle size,
egeneration and flattening of epithelial cells, increased in-
erfollicular fibrosis, and varying lymphocytic infiltra-
ion.39-41 Our data showed that the attenuation and maxi-
um SUV of the thyroid gland did not significantly change
ith increasing age, which may be due to a balance between
decrease in acinar size along with a concomitant increase in

ymphocytic and fibrous tissue infiltration. Similarly, El-
addad and coworkers have shown that FDG uptake in the

hyroid gland did not vary substantially with age.3 The MVP
f the thyroid gland in our PET/CT subjects showed no sig-
ificant change with increasing age.
Studies have been performed to evaluate thyroid function

n the elderly. Mooradian and coworkers concluded that re-
uced thyroid hormone clearance with age explains the re-
uced daily replacement doses of thyroxine in hypothyroid
lderly subjects.42 Chakraborti and coworkers showed that
en older than the age of 60 had significantly lower T3 and

hyroid-stimulating hormone levels and higher T4 levels
ompared with younger patients. They also found that a re-
uction in the basal and thyrotropin-releasing hormone in-
uced a response of thyroid-stimulating hormone secretion
ith increasing age.43 Habra and coworkers concluded that,

n older people, serum total T4 and thyroxine-binding glob-
lin levels remained stable, although total T3 levels were
lightly diminished because of a lower combined production
ate (by the thyroid gland and peripheral tissue) without a
hange in its clearance rate.44 Mariotti and coworkers have
ound that aging is associated with an increased prevalence of
hyroid autoantibodies and subclinical hypothyroidism.
hyroid autoantibodies were rare in centenarians and in
ther highly selected aged populations, but frequently ob-
erved in hospitalized elderly subjects, suggesting that thy-
oid autoimmune phenomena are not the consequence of the
ging process itself but due to age-associated disease.45

ongue and Soft Palate
he tongue embryologically develops from the first pharyn-
eal arch. A study by Iskander and coworkers compared the
eonatal and adult tongue to search for differences that
ould explain the functional specialization in neonatal

ongues for suckling. The following observations were ob-
ained from serial coronal sections of neonatal tongues with
-dimensional reconstructions relative to the adult tongue:
1) there is considerably less fat and soft tissue; (2) there is a
hinner mucosa; (3) there is relatively enlarged extrinsic mus-
ulature; (4) there is a less well-developed superior longitu-
inal muscle resulting in a flat dorsal surface; and (5) there
re attachments between the extrinsic muscles and the trans-
erse muscle group that have not been identified in the adult
ongue.46

A study by Temple and coworkers evaluated differential

rowth rates in the tongue and showed that the anterior
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Age-related changes in the head and neck 99
ungiform papillae-rich region of the tongue achieves adult
ize by 8 to 10 years of age, whereas the posterior region
ontinues to grow until 15 to 16 years of age, without gender
ifferences.47 Rother and coworkers looked at the morpho-
etric aging changes in the tongue and found that the mean

ross-sectional area of the muscle fibers increases sharply
uring youth, remains at a high level into old age, and in-
reases after the age of 70.48 Ohnishi and coworkers reported
hat the tongue does not atrophy with increasing age based
n area and perimeter measurements obtained from midsag-
ttal MR images.49 Similarly, we found that tongue volume

easured on MRI did not significantly change with increas-
ng age. However, we did observe a significant difference in
ongue volume between males and females (P � 0.00,001) in
ur MRI group. The average tongue volume for males was
4.6 cm3 (SD, 8.8; range, 51-88 cm3), whereas for females it
as 51.2 cm3 (SD, 8.8; range, 36-80 cm3).
Hirai and coworkers have shown that there are differences

n tongue function with aging. Using ultrasonography, they
oncluded that upward and downward tongue movement
hythms in the elderly were more irregular than those of
oung adults and that velocities of upward and downward
ongue movements were statistically decreased in the elderly
P � 0.01).50 It has also been shown that tongue strength
ecreases with age.51 Studies that have measured tongue pro-
rusion force and fatigability in patients have demonstrated
hat maximal tongue protrusion force decreases with age and
ongue fatigability increases with age.52,53

We also have observed a nonsignificant increase in the
aximum SUV of the tongue with increasing age in our pe-
iatric population. Unfortunately, we were unable to evalu-
te the change in maximum SUV of the tongue in adult sub-
ects with increasing age based on measurements from
ET/CT images due to beam hardening artifacts from dental
malgam that was present in 30 of 35 subjects. Dental amal-
am produces defects on PET images as a result of excessive
hoton absorption, and can cause artifacts that mimic FDG
ptake on PET/CT images.54 However, El-Haddad and co-
orkers have shown that FDG uptake in the tongue and oral
uscles did not vary substantially with age (Fig. 30).3 In

ddition, Nakamoto and coworkers reported that minimal
DG uptake is seen in the normal tongue on PET/CT (mean

Figure 30 The tongue (�) and soft palate (arrow) seen h
woman (A) and on a midsagittal FDG-PET image in an 1
maximum SUV of soft palate was 2.5.
UV of 1.39).28 c
The effects of aging on taste perception, oral somatic sen-
ation, and olfactory function have been evaluated. One
tudy showed there was a significant age-related deteriora-
ion in taste sensation but not in oral somatic sensation.55

ther studies have evaluated olfactory function with increas-
ng age and have reported that olfactory function decreases
ith increasing age.56,57 It has been postulated that age-related

oss of both taste perception and olfactory function have an
dditive effect in the decreased perception of taste in the elderly
opulation.55 This may not just reduce the pleasure and comfort
f eating food but may increase the risk of nutritional and im-
une deficiencies as well as adherence to specific dietary regi-
ens.58

We have shown that soft-palate volume, as measured by
RI, significantly decreases with increasing age. Nakamoto

nd coworkers reported that intense FDG uptake usually was
een in the normal soft palate (mean SUV of 3.13; Fig. 30)
nd that mean soft palate SUV was slightly higher in men
han in women on PET/CT.28 Future research regarding the
tructure and metabolic activity of the soft palate will be
ursued, as changes in soft palate morphology and function
ith age may have implications related to swallowing func-

ion.

onsils
onsils consist of aggregates of incompletely encapsulated

ymphoid tissue. During development, the epithelial lining of
he second pharyngeal pouch proliferates and forms buds
hat penetrate into the surrounding mesenchyme. The buds
ecome infiltrated by mesodermal tissue, forming the pri-
ordium of the palatine tonsils, and are infiltrated by lym-
hatic tissue in the third to fifth months of gestation.59 A
imilar process occurs for the adenoids and lingual tonsils.

Harada analyzed the age-related histopathological changes
f the human palatine tonsils in 118 patients (age range from
months to 89 years) obtained from tonsillectomy or during

utopsies and demonstrated the following: (1) the ratio of
arenchymal area to the total tonsillar area decreased with
ge; (2) the average area of lymphoid follicles decreased with
ge; (3) the number of lymphoid follicles per unit area did not
orrelate with age, although the number remarkably de-

a T1-weighted midsagittal MR image in a 28-year-old
old man (B). The maximum SUV of tongue was 2.2 and
ere on
8-year-
reased in patients older than the age of 70 years old; (4) the
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100 A. Mahne et al
ymphocyte infiltration number per unit area of crypt epithe-
ium decreased with age; (5) the ratio of crypt area to the total
rea did not show a correlation with age although a tendency
oward an increase with increasing age was seen; (6) the ratio
f fibrous connective tissue area to total tonsillar area in-
reased with age; (7) collagen fibers and elastic fibers had a
endency to increase with age; and (8) fatty degeneration
egan at about 25 years of age, was seen in most specimens
rom patients older than 35 years of age, and tended to in-
rease with age.60

Our results showed that there was no change in maximum
UV of the palatine tonsils with increasing age in our pediat-
ic population, although Nakamoto and coworkers have re-
orted a negative correlation between physiologic FDG up-
ake in the palatine tonsils with age.28 In addition, we
bserved a significant negative correlation between lingual
onsil volume and increasing age (Fig. 31). We also noted
hat maximum SUVs of the lingual tonsils had a nonsignifi-
ant tendency to increase with age in our pediatric popula-
ion. Furthermore, maximum SUVs of the adenoids signifi-
antly decreased with age in our pediatric population
Fig. 32). Nakamoto and coworkers reported that intense

Figure 31 Axial T2-weighted MR images show the lingua
old man (B). The lingual tonsils are more prominent in

igure 32 Coronal PET images of adenoids (arrows) in a 13-year-old
oy (A), and an 18-year-old man (B). Note relatively decreased
activity of adenoids in (B).
DG uptake was usually seen in the palatine tonsils (mean
UV of 3.48) and lingual tonsils (mean SUV, 3.11) on PET/
T.28 El-Haddad and coworkers have shown that FDG up-

ake in the nasopharynx, larynx, and nose, as well as the
yelids and eye muscles did not vary substantially with age.3

akamoto and coworkers also reported that minimal FDG
ptake was seen in the inferior concha (mean SUV, 1.56),
nd that FDG accumulation was variable in the vocal cords
mean SUV, 1.77) on PET/CT.28

tudy Limitations
imitations of our study include its retrospective nature, its
mall study sample, the potential for sampling error in our
easurements, and inability to obtain height and weight in-

ormation in the majority of subjects. Furthermore, CT and
RI scans were performed on a variety of scanners using

arious scanning protocols, likely increasing the variability in
easurements performed, and structure volume measure-
ents were performed in different subjects who had either
T or MRI. Despite these limitations, we believe that our data
rovide useful information for those interested in studying
hanges in the head and neck with normal aging, and provide
basic methodological approach for future study of normal

tructural and functional changes in this region with aging.

onclusion
T, MRI, and PET are imaging modalities that may be used to
uantitatively and qualitatively assess the structures of the
ead and neck and may be applied to the study of morpho-

ogical and functional changes of these structures with aging.
uch information can be used as a normative baseline to
ssess subjects of any age in the clinical setting who undergo
ead and neck imaging, and may be useful to aid investiga-
ors involved in aging-related research. In this article, we
ave reported quantitative preliminary data retrospectively
btained from CT, MRI, and PET imaging of the head and
eck regarding changes in structural volume, attenuation,

ls (arrows) of an 18-year-old man (A) and of a 68-year-
l tonsi
nd metabolism with increasing age, and have reviewed the
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Age-related changes in the head and neck 101
iterature regarding reported changes in normal head and
eck structure and function as well. We hope that some of
hese basic methodological approaches will be useful as a
tarting point for future prospective research regarding head
nd neck structural and functional changes with age.
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