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Background and Objectives

This study aimed to determine the dimensions of normal sal-

ivary and thyroid glands and assess their relationship with respect to age and sex using three-di-
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Introduction

The parotid gland (PG) and submandibular gland (SMG)
are major salivary glands (that are affected by various diseas-
es including neoplasm, infection, and inflammation. These
diseases cause hyperplastic or hypertrophic changes in the
salivary glands."” Enlargement of the thyroid gland (TG) re-
sults from hormonal or immunological stimulation and in-
flammatory, proliferative, infiltrative, or metabolic disorders.”
Estimation of the size and volume of these glands provide
one element of diagnostic information.”

mensional imaging in children.

Subjects and Method One hundred twenty patients were divided into four age groups:

group 1 (0—5 years), group 2 (6—10 years), group 3 (11—15 years), and group 4 (16—20 years).

The volume, thickness, width, and length of the each gland were measured.

The parotid glands exhibited a growth spurt in group 2. There were no differences

between genders for parameters of the parotid gland in groups 1, 2, and 3 except in group 4. The

length of submandibular gland exhibited a monomodal growth pattern, which increased until

20-years-of-age. There was a significant difference of volume and thickness between the right

and left thyroid gland in all groups.

Volume and other parameters of the salivary and thyroid gland increase with age.
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Salivary glands grow from birth to early adulthood in an
approximately logarithmic growth pattern. An understanding
of how these structures change in aging children is paramount
for the differentiation of normal and pathological states.” In ad-
dition, the gender of the patient must be considered for assess-
ing the volume of the TG because the TG is somewhat heavier
in women and may be affected by sex hormones."” However,
information about the age and sex related change in the nor-
mal size of healthy salivary and TGs is lacking.

Computer tomography (CT) scan can successfully identify
the PG and show changes that occur with development.” The
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CT scan has been used to quantify the volume of the TG in
subjects with enlarged thyroids that are extended substernal-
ly and is an easy, reliable, and reproducible method of deter-
mining TG volume by three-dimensional (3D) reconstruction,
which calculates the thyroid volume by multiplication of the
area obtained from manually traced regions of interest on
axial slices by the interval thickness.*® A previous study re-
ported that CT may be used to quantitatively and qualitative-
ly assess structures of the head and neck, and that the tech-
nique is useful in the assessment of structural and functional
changes of these structures with aging. Such information can
be used as a normative baseline to assess subjects of childhood
in the clinical setting who undergo CT imaging, and may be
useful to aid investigators involved in aging-related research.”

The purpose of this study was to calculate the dimensions
of normal PG, SMG, and TG, and to evaluate their relationship
with respect to age and sex using 3D imaging in Korean children.

Subjects and Method

The patients were referred to CT examination for various clin-
ical reasons unrelated to the salivary glands and TGs. CT
scans of 120 children (64 boys and 56 girls) 0—20-years-of-
age were selected among patients. Patient selection criteria
for the presented analyses were the following: 1) no salivary
gland and TG abnormalities detected in clinical chart review
and radiology reports, 2) CT examination with contrast ad-
ministration, and 3) analyzable data sets without artifact
from motion or prior dental procedures. Any patient with a
history or clinical evidence of endocrine abnormality, genet-
ic syndrome, growth retardation, or abnormality of the head
and neck region was excluded through chart review from the
study. In this study, all subjects were divided into four age
groups: group 1 (0—5 years), group 2 (6—10 years), group 3
(11—15 years), and group 4 (16—20 years). The average ages
and numbers of four groups are shown in Table 1. The Insti-
tutional Review Board of our hospital approved the retrospec-
tive review of medical records.

Table 1. Average age and case numbers in each group
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Routine neck CT scans were performed usinga SOMATOM
Volume Zoom™ apparatus (Siemens, Forchheim, Germany).
The technical settings were 120 kV, 240 mA, 3 mm slice thick-
ness, and 1 second scanning time in spiral mode. The field
of view was 215%215 mm, which resulted in a 512x512 ma-
trix. The doses (kgx2 mL) of intravenous CT contrast (Iohex-
ol 300 mg I/mL) were given at a rate (kgx0.04+0.4 mL/sec).
Prior to obtaining contrast enhanced CT transmission images,
a 40 second delay was implemented to decrease contrast den-
sity in the major vessels and allow a more uniform distribution
of contrast while still permitting adequate visualization of
vascular structures. After the scan was performed imaging
data were stored in a Digital Imaging and Communication in
Medicine file and imported to a personal computer. Using
3D-DOCTOR software (Able Software, Lexington, MA,
USA), we reconstructed 3D images designed in accordance
with anatomic boundaries (Fig. 1). Window widths and cen-
ters were adjusted depending on the type of tissue being ex-
amined. Once 3D digital models were constructed, measure-
ments of gland size and shape were obtained.

Measurements of width and thickness of the PG, SMG, and
TG were performed at the level of the greatest transverse di-
mension. After 3D images of the PG, SMG, and TG were re-
constructed by segmentation technique, the length of the PG,
SMG, and TG, defined as the distance between the most su-
perior and the most inferior points of the PG, SMG, and TG,
was measured. The volume of each PG, SMG, and TG were
calculated automatically. The isthmus of the TG was not in-
cluded in these measurements.

Linear measurements and volumes were expressed as an
average +standard deviation. We evaluated relationships be-
tween variables, age, and gender using Pearson correlations
and we compared groups of quantitative variables using one-
way ANOVA. A p-value<0.05 was considered statistically
significant. All calculations were performed using SPSS soft-
ware ver. 16.0 (SPSS Inc., Chicago, IL, USA).

Group 1 (n=30)

Group 2 (n=30) Group 3 (n=30) Group 4 (N=30)

Gender
Male
Female
Age (years)
Computed tomography dose index volume (CTDho, mGy)
Dose-length product (DLP, mGycm)

16 15 18 15
14 15 12 15
27%1.1 8.0+1.3 129+1.2 18.0+1.4
11+1.1 17.4+£2.0 22.0+5.7 28.0+4.9
223.8+48.3 408=+67.3 5563.5+188.1 768.2+168.5
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Right side

Parotid
gland

Fig. 1. Measurements of linear parameters and volumes of parotid gland, submandibular gland, and
thyroid gland. The right parotid gland is colored green in accordance with anatomic boundaries in the
axial and coronal views. The width (a) and thickness (b) of the parotid gland were the largest horizon-
tal and anteroposterior diameters in the axial plane of the greatest transverse dimension, respectively.
The length (c) of the parotid gland was the largest distance between the superior and inferior portions
in the coronal plane (A). The right submandibular gland and thyroid gland are colored orange and
blue in accordance with anatomic boundaries in the axial and coronal views, respectively. The width
Thyroid gland (a), thickness (b), and length (c) of the submandibular gland and thyroid gland were measured with
the same methods (B and C). Three-dimensional reconstructions of right parotid gland, submandibu-
lar gland, and thyroid gland are generated after segmentation, which are the same colored with line
segmentation. The volume of each gland is calculated automatically (D).

. Submandibular
4 gland
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Results

Volume and size parameters of the PG, SMG, and TG were
positively correlated with age (»<0.05) (Table 2). The PGs
exhibited a growth spurt of volume between 6 and 10 years
of age (group 2) (r=0.65 for right, p<0.001; r=0.62 for left, p
<0.001) (Table 3). There was also close correlation between
age and thickness (r=0.48 for right, p=0.007; r=0.60 for left,
»<0.001), width (r=0.57 for right, p=0.001; r=0.50 for left,
p=0.005) of the PG in the group 2. in pediatric groups (groups
1-3), only marginal differences were found between genders
in the parameters of the PG. However, in group 4, the male
volume (right, p=0.004; left, p=0.004), width (right, p=0.010;
left, p=0.009), and length (right, p=0.001; left, p=0.001) of
the PG were larger than those of females (Table 4). There was
a significant increase in the mean volume, thickness, and

length of SMG in groups 1 and 2, but this was not found for

Table 2. Correlation of the age with salivary gland volume accord-
ing to laterality

Right Left
r p value* r p value*
PG volume (mm?) 0.756 <0.0001 0.727  <0.0001
SMG volume (mm®  0.709 <0.0001 0.731 <0.0001
TG volume (mm?®) 0.860 <0.0001 0.818  <0.0001

Spearman’s correlation. #p <0.0001. PG: parotid gland, SMG: sub-
mandibular gland, TG: thyroid gland

Analysis of Age-Related Dimensions of Glands I Hwang SH, et al.

the glands of groups 3 and 4. Especially in length, a monomo-
dal growth pattern occurred and increased until 20-years-of-
age (r=0.82 for right, p<0.001; r=0.80 for left, p<0.001).

The TGs exhibited a fastest growth pattern of volume be-
tween 0- and 5-years-of-age (group 1) (r=0.82 for right, p<
0.001; r=0.82 for left, p<0.001). A significant linear regres-
sion model was found between age and volume, thickness
and length of the TGs in the group 1 and 2 (Table 5). There
was no significant difference between genders in the mean
volume, thickness, width, and length of TGs in all groups ex-
cept the thickness of the glands of groups 2 (Table 6). In all
age groups, volume and thickness of the right thyroid lobe
were significantly larger than those of the left lobe (p<0.05)
(Table 7). However, there was no significant difference of the
width and length between the right and left lobes in the pedi-
atric group.

Discussion

Various imaging modalities including ultrasonography, CT,
and magnetic resonance imaging (MRI) have been used to
evaluate the structures of head and neck organs, with some
studies comparing changes in structure with age.” CT has been
established as an accurate means of measuring PG, SMG,
and TG volume in both pediatric and adult populations.*” CT

Table 3. Results of linear regression analysis between age and measurements of salivary glands

Group 1 Group 2 Group 3 Group 4 Total
Parameter
r p value r p value r p value r p value r p value
PG

Volume (cm?®) Rt 0.50 0.005* 0.65 <0.001* 0.28 0.129 0.20 0.280 0.75 <0.001*
Lt 0.45 0.012* 0.62 <0.001* 0.39 0.036* 0.06 0.750 0.73 <0.001*

Thickness (mm) Rt 0.10 0.597 0.48 0.007* 0.06 0.772 0.21 0.260 0.38 <0.001*
Lt 0.15 0.442 0.60 <0.001* 0.09 0.644 -0.11 0.555 0.37 <0.001*

width (mm) Rt 0.13 0.510 0.57 0.001* 0.33 0.077 0.10 0.601 0.75 <0.001*
Lt 0.09 0.656 0.50 0.005* 0.42 0.021* 0.01 0.964 0.70 <0.001*

Length (mm) Rt 0.41 0.026* 0.30 0.110 0.30 0.104 0.37 0.044* 0.75 <0.001*
Lt 0.31 0.093 0.30 0.108 0.42 0.021* 0.29 0.117 0.71 <0.001*

SMG

Volume (cm®) Rt 0.45 0.014* 0.66  <0.001* 0.18 0.347 0.10 0.607 0.70 <0.001*
Lt 0.57 0.001* 0.62 <0.001* 0.24 0.208 0.10 0.590 0.74 <0.001*

Thickness (mm) Rt 0.51 0.004* 0.83 <0.001* —-0.10 0.592 —0.04 0.839 0.75 <0.001*
Lt 0.64  <0.001* 0.81 <0.001* —-0.03 0.883 0.22 0.237 0.75 <0.001*

Width (mm) Rt 0.26 0.166 -0.12 0.543 -0.05 0.806 0.23 0.215 0.22 0.018*
Lt 0.27 0.143 —0.08 0.665 0.06 0.763 —-0.20 0.301 0.29 0.001*

Length (mm) Rt 0.61 <0.001* 0.54 0.002* 0.38 0.041* 0.48 0.007* 0.82 <0.001*
Lt 0.61 <0.001* 0.54 0.002* 0.33 0.073 0.46 0.011* 0.80 <0.001*

%0 <0.05. PG: parotid gland, SMG: submandibular gland
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Table 4. ANOVA results of gender differences in each age group of salivary glands

Group 1 Group 2 Group 3 Group 4
Male Female voﬁ)ue Male Female vorlgue Male Female voflaue Male Female voiljue
PG
Volume Rt 83%1.5 7.6+24 0372 12.4£38 123+4.6 0975 19.4+£6.5 154+3.1 0.056 21.8+t4.6 17.1+3.4 0.004*
em) 4 8.6+1.7 77+25 0248 123+40 11.8+43 0.718 20.0+6.5 150£3.7 0.012* 21.9+58 16.7+£2.7 0.004*
Thickness Rt 34.5+45 33.4+3.8 0.474 37.5£6.8 356+4.1 0.341 40.3£5.5 39.0+£3.8 0.464 37.4+4.9 39.0£4.5 0.359
(Mm) |+ 354439 32.4+37 0.040* 361460 349+45 0541 42.0+45 345+87 0.004* 40.1+9.1 38.4+3.3 0.510
Width Rt 19.6+22 182+22 0.094 20.7+4.4 19.9+40 0592 255+4.5 23.6+2.9 0211 30.7+3.6 27.2+3.5 0.010*
(Mm) |+ 19.6+3.1 189+2.6 0538 21.9+4.5 20.6+38 0.428 256+48 242+27 0354 31.1+55 267+2.1 0.009*
length Rt 31.2+28 31.7+4.1 0.726 36.1+3.5 36.7+4.1 0.672 38.4+4.2 38.0+3.4 0.778 453+3.9 39.7+3.8 0.001*
(Mm) 1+ 320+3.1 31.043.6 0.425 358+39 37.144.5 0434 39.6+51 38.7+4.] 0.638 45.6+3.8 39.0+4.5 0.001*
SMG
Volume Rt 43+1.4 39+12 0392 64+1.8 7.2+1.8 0237 9.1+26 8.6+22 0564 98+27 8.6+2.6 0.251
€M) 1t 4110 39413 0699  67+17 66+1.6 0887 97+29 89+2.1 0401 10.1£25 8.8+22 0.139
Thickness Rt 17.4+2.1 17.4+£2.6 0937 22.6+43 21.9+6.0 0.723 27.1+3.9 26.9+25 0.882 28.4+3.6 26.5+2.8 0.112
(Mm) 1+ 169+1.8 179429 0300 233+3.3 21.7+50 0287 26.1+2.8 268+22 0451 287+3.4 24.5+3.7 0.003*
Width Rt 18.1+2.1 17.8+£27 0.686 188+2.6 19.7+£1.8 0237 18.5+3.1 17.7+2.5 0.479 20.1£2.8 19.7+3.3 0.727
(Mm) 1+ 178431 17.3£40 0700 17.8+2.3 19.8+2.5 0.031* 19.0+2.9 185+1.9 0.629 20.142.6 20.1+2.7 0972
length Rt 21.0+£25 20.6+3.7 0.752 252+3.1 258+3.3 0.612 31.7+3.6 29.2+£4.1 0.901 31.6+3.5 31.4+£2.7 0.890
(Mm) |+ 212420 207+£30 0.586 247+3.6 258+3.6 0418 32.6+4.6 289+43 0.032* 320+3.6 31.1+3.6 0.437
xp<0.05. PG: parotid gland, SMG: submandibular gland
Table 5. Results of linear regression analysis between age and measurements of TG
Group 1 Group 2 Group 3 Group 4 Total
Parameter
r p value r p value r p value r p value r p value
G
Volume (cm?®) Rt 0.82 <0.001* 0.71 <0.001* 0.39 0.034* 0.21 0.266 0.86 <0.001*
Lt 0.82 <0.001* 0.65 <0.001* 0.32 0.090 0.09 0.628 0.82 <0.001*
Thickness (mm) Rt 0.73 <0.001* 0.34 0.064 0.24 0.193 0.05 0.777 0.78 <0.001*
Lt 071 <0.001* 0.42 0.021* -0.12 0.512 0.04 0.820 0.71 <0.001*
Width (mm) Rt  0.34 0.064 0.23 0.214 0.29 0.122 0.00 1.000 0.70 <0.001*
Lt 0.45 0.014* 0.34 0.066 0.25 0.192 0.01 0.949 0.66 <0.001*
Length (mm) Rt 0.71 <0.001* 0.74 <0.001* 0.26 0.171 0.16 0.389 0.90 <0.001*
Lt 072 <0.001* 0.73 <0.001* 0.23 0.231 0.11 0.576 0.85 <0.001*

%0 <0.05. TG: thyroid gland

scan of the neck is a method which is easy to standardize and
always permits complete evaluation of the PG, SMG, and TG.
In addition, volume measurement by CT scanning is very ac-
curate.” Since tracing of the thyroid is easy on CT scan based
on the difference in density between the TG and adjacent soft
tissue, TG volume measurement in CT scans has been used
as a calibrated method to calculate the optimal correction fac-
tor in sonographic TG volume measurements.” CT allows
analysis of the parameters including size and volume, which
enables an accurate quantitative assessment of various gland
diseases. An important consideration in establishing patho-

logic volumetric change of glands is the potential confounding
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effect of age. Therefore, we retrospectively studied the normal
age-related changes of these glands using CT.

PG and SMG change in size and volume during aging."**""
However, most of these studies evaluated the volume change
of mainly adult populations or after radiotherapy, which lim-
its measurement of the dynamic change and normal value of
the gland volume in children. In this study, the volume and
size parameters of the PG and SMG were measured and their
relationship with respect to sex and age were evaluated in the
children population.

Previously, it was reported that volumetric age-related ten-
dencies of PG and SMG showed similarities and, from birth



Analysis of Age-Related Dimensions of Glands I Hwang SH, et al.

Table 6. ANOVA results of gender differences in each age group of TG

Group 1 Group 2 Group 3 Group 4
Male Female voﬁ)ue Male Female voﬁ)ue Male Female vorljue Male Female vEluE
G
Volume Rt 20£1.0 1.9+08 0.795 3.9+0.9 42+1.5 0.411 73+23 6.5+1.7 0269 88+2.1 9.1+£3.0 0.804
€M) 1t 18409 17408 0812 36410 40+15 0376 66+20 62422 0602 73+13 7.4+28 0.865
Thickness Rt 13.0+£2.1 12.7+£2.4 0.774 150+1.6 16.5£1.5 0.016* 182+25 17.0£1.3 0.151 19.0£1.6 18.7+22 0.744
(mm) Lt 11.7£1.8 11.5+£2.1 0.745 13.7+£20 154£23 0.032* 17.2+2.7 164+1.7 0319 17.4+£22 17.1£23 0.699
Width Rt  92+£13 9.4%1.7 0647 11.5£1.7 120+1.4 0343 13.0£2.0 11.8+22 0.128 13.9+2.0 14.5+2.4 0.460
(mm) Lt 94+1.4 93+12 0830 11.3+1.5 11.8£1.9 0370 13.1£2.1 122+1.9 0273 129+2.0 13.8+1.9 0.215
Length Rt 25.9+43 252+47 0.656 32.7+£3.6 32.4+50 0.868 42.0+5.1 42.1+50 0.953 48.0+4.7 462+4.1 0.270
(mm) Lt 249+3.6 24.7+4.7 0.869 323+3.3 33.0+6.0 0.730 41.1£58 40.6+6.8 0.839 44.7+53 43.0+4.4 0.346
#p<0.05. TG: thyroid gland
Table 7. ANOVA results of right and left differences in each group of TG
Group 1 Group 2 Group 3 Group 4
Right Left Vo‘fue Right Left Vo‘fue Right  Left Vo‘i’ue Right Left vcﬁ’ue
G
Volume 1.9+0.9 1.8+0.8 0.001* 40+1.2 38+1.2 0.005% 7.0+21 6.4+2.0 0.006* 89+25 73+2.1 <0.001*
(em?)
Thickness 12.9+2.2 11.6+1.9 <0.001* 157+1.7 145+23 <0.001* 17.7+£2.1 16.9+2.4 0.013* 188+1.9 17.2+2.2 <0.001*
(mm)
Width 93+14 94+13 0754 11.7+£1.6 11.5+1.7 0405 125+2.1 12.7+20 0.460 14.2+22 13.3+20 0.032*
(mm)
Length 25.6+4.4 248+41 0065 325+t43 32.6+48 0.770 42.0+50 40.9+6.1 0.140 47.1+4.4 43.9+49 <0.001*
(mm)

%0 <0.05. TG: thyroid gland

to early adulthood, both glands grew in size in a consistent
manner.” In our study, volume size parameters of the PG and
SMG were positively correlated with age. There was a signif-
icant increase in the mean volume of both PG and SMG in
children aged 0—10 years. In addition, two glands exhibited a
similar growth spurt of volume in children 6—10-years-of-age.
There was no significant difference between genders in the
parameters of two glands except that the volume, width, and
length of the PG in males 16—20-years-of-age were larger than
those in females. The results reflect the fact that, of the major
salivary glands, the size of the parotid was positively correlat-

11)

ed with the body mass index ’ and body mass index gained

more rapidly after late childhood for males than for females.”

In previous studies, the mean volumes of PG and SMG in
adult were approximately 25 cm’ and 11 cm’, respectively.”'”
These results were larger than those of PG and SMG in children
aged 16—20-years-of-age in our study (19.5 cm’ and 9.2 cm”).
Considering that volumes of the PG increase with age and vol-
umes of the SMG either remain stable or increased with age

based on MRI or CT measurements,"” these discrepancies

would be caused by the factor that the mean age of cases in
previous studies was older than those of our group 4.

In our study, size parameters (width, thickness, and length)
of the PG and SMG positively correlated with aging, like the
volumetric measurements. Since the evaluation of size param-
eters of salivary glands were not addressed in previous stud-

. 1,6,9-11
jes, 1Y

we could not perform the comparative analysis of
size parameters for usefulness and difference. However, ana-
lyzing the linear regression between age and measurements,
the width and length of PG and the thickness and length of SMG
showed similar correlation pattern with volumetric measure-
ments, respectively. It would mean that these measurements
in a two-dimensional plane could reflect age-related volumet-
ric change well and the thickness of PG and the width of SMG
could be affected by more the surrounding anatomic change
than aging change.

Tas, et al.”)

reported that there was a significant positive
correlation between TG volume and age in the 0—16 year age
group. Although previous result was similar with the relation-

ship with TG volume and size parameters and age in our
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study, the volume of the TGs increased at a faster rate in group
1 than in the other groups (r=0.82). Thyroid hormones regu-
late cell proliferation and influence directly the linear growth,
which may be due to a stimulating effect on DNA synthesis
in osteoblasts and other cells. In growth retardation caused
by hypothyroidism, hormone replacement therapy leads to
an initial catch-up growth spurt.”” Considering these facts, it
would be reasonable that the high volume growth rate of the
TGs in children 0—5-years-of-age could reflect the first
growth spurt well and TG function would be more important
in early childhood. By contrast, TGs showed the relatively
slow growth rate in group 3 (r=0.39) and group 4 (r=0.21),
which were similar with the result of Brown, et al."” that thy-
roid volume increased with age during childhood and ado-
lescence, remained fairly constant in younger adults.

A previous study' reported TG volumes of 1.8 cm’, 2.9
cm’, 3.6 cm’, 4.8 cm’, 9.6 cm’, 12.8 cm’, and 15—16 cm’ in
subjects aged 0—2 years, 3—5 years, 6—8 years, 9—11 years,
and 12—14 years, respectively. The difference among the age
groups was statistically significant but there was no difference
in TG volume of male and female children of the same age
groups. In our study, the thyroid volume measured in age
groups were 1.9 cm’, 4.0 cm’, 7.0 em’, 8.9 cm’ in subjects aged
0—5 years, 6—10 years, 11—15 years, and 16—20 years. The dif-
ference among these groups was statistically significant. Al-
though the age groups in our study did not completely match
with those in the previous study, the TG volume in two studies
was similar in early age groups, but TG volume in the previ-
ous study was larger than those in our study in late age groups.
This discrepancy would result from the difference of ethnic-
ity, which was similar with previous results that the TG vol-
ume in Chinese adult was approximately 7.7 mL compared
with 11 mL in Caucasians.'>'” However, like the previous
study, there was no difference in TG volume of male and fe-
male children of the same age groups. Presently, the right thy-
roid lobe volume and thickness in all age group was greater
than the left with a significant statistical difference. This find-
ing agrees with previous adult studies done among Chinese
and Caucasian subjects.'”"” This finding could show that only
comparison between the two sides would not give adequate
diagnostic information.

This study had several limitations. The study was retrospec-
tive and involved subjects from a patient population rather
than from a healthy volunteer. Therefore, not all studied sub-
jects are completely healthy. Nevertheless, we used data from
patients with no salivary gland abnormalities, based on clini-
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cal chart review and radiology reports, and we believe the re-
sults approximate that of a normal population. Second, we
could not obtain height and weight information in the major-
ity of subjects. Previous studies have suggested that there may
be body surface area and body mass index-related differences
in salivary and TG volume and size parameters.*'""” Height
and weight comparisons were not studied because of insuffi-
cient previous records. Third, small nodules less than 1 cm
would be difficult to characterize on CT. However, the ad-
vancement in technology including improved resolution and
thinner slice collimation has led to a particularly dramatic rise
in the accuracy of diagnosing the thyroid lesion measuring
less than 10 mm in diameter. There were the significant asso-
ciations between lesion number, size, and consistency on CT
and benignity as determined by US." Despite these limita-
tions, we believe that our data provide useful information for
those interested in studying changes in the salivary and TGs
with normal aging in children, and provide a basic method-
ological approach for future study of normal structural and
functional changes in this region with aging.

In conclusion, the results provide a basis for objective nor-
mal dimension of salivary and TG development with 3D re-
construction CT. Volume and other parameters of the PG,
SMG, and TG increased with age. Significant sex dimor-
phism in the volume, width, and length of the PG was evident
in group 4. Length of the SMG correlated with increasing
age until 20-years-of-age. Volume and thickness of the right
thyroid lobe were significantly larger than those of the left
lobe. An understanding of normal 3D salivary and TG anat-
omy and growth may assist in diagnosis and treatment plan-
ning for children with salivary and TG disease.
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