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ARTICLE INFO ABSTRACT

Keywords: Purpose: To evaluate age-dependent reference values for measurements of the thyroid gland in pediatric pa-
Thyroid gland tients.

Children Method: In total 425 chest and neck computed tomography images of pediatric patients without pathology of the
Adolescents

thyroid gland were retrospectively reviewed. Measurements of the thyroid gland were obtained in three di-
mensions (width, depth, length). The total volume was the sum of volumes of each lobe. Measurements were
compared among the six groups according to age from 0 to 18 years.

Results: There were moderate to strong positive linear correlations between age and all values (r = 0.58-0.82,
allp < 0.001). The total volume of the thyroid gland showed a strong positive linear correlation with the three
linear measurements of each lobe (all r > 0.7, all p < 0.001). Among these measurements, the depth of the
right lobe showed the highest Pearson correlation coefficient with the total volume of the thyroid gland
(r = 0.859).

Conclusion: The depth of right lobe could be a representative measurement of total thyroid gland volume, similar

Reference values
Computed tomography

to prior findings in adults.

1. Introduction

Measurement of the size of thyroid gland is necessary for the di-
agnosis and treatment of thyroid diseases. Palpation of the thyroid
gland is a necessary step in patients with suspected thyroid disease and
is considered a screening test during physical examination.
Ultrasonography (US) is known to be an accurate, safe, and noninvasive
technique for thyroid gland evaluation (1). Although palpation is pri-
marily used for goiter diagnosis, it is more accurate to measure the
volume by using US. The World Health Organization (WHO) classifies
the size of goiter using inspection and palpation into four grades. The
method of palpation for thyroid size assessment has been criticized in
many studies for its inaccuracy, and the US is known to be an accurate,
safe, and noninvasive technique for thyroid gland evaluation and uni-
versally utilized method [1-4]. Several studies have measured the size
of the thyroid gland by using US, and thyroid volume has been pro-
posed as a criterion for assessment of thyroid size [5-9]. The WHO has

provided reference values for thyroid volume by US for goiter screening
in school-aged children (age range, 6-12 years) [9]. However, there are
some limitations with respect to the use of US in children. First, it is
difficult to measure the length of the thyroid, which is required for
calculation of thyroid volume, because the short neck in children makes
positioning of the linear probe used for thyroid US examination diffi-
cult. Second, in children who exhibit lack of cooperation, it is often
difficult to accurately obtain all numerical values required to calculate
thyroid volume. Together, these limitations cause difficulty in evalu-
ating thyroid volume using US in pediatric patients. In adults, the depth
of the thyroid gland measured using US is known to be the most ac-
curate indicator of its volume. If the depth of the thyroid is > 2 cm, it is
considered to be enlarged [4]. The volume of pediatric thyroid gland
increases with age [10,11], making it difficult to apply the adult stan-
dard and there is a lack of reference values for pediatric population The
thyroid gland is present in chest or neck computed tomography (CT).
Some studies have measured the dimensions of the thyroid gland in

* Corresponding author at: Department of Radiology, Chungnam National University College of Medicine, 266 Munhwa-ro, Jung-gu, Daejeon, 35015, Republic of

Korea.
E-mail address: sunkyou@cnuh.co.kr (S.K. You).

https://doi.org/10.1016/j.clinimag.2019.04.001

Received 7 February 2019; Received in revised form 1 April 2019; Accepted 8 April 2019

0899-7071/ © 2019 Elsevier Inc. All rights reserved.


http://www.sciencedirect.com/science/journal/08997071
https://www.elsevier.com/locate/clinimag
https://doi.org/10.1016/j.clinimag.2019.04.001
https://doi.org/10.1016/j.clinimag.2019.04.001
mailto:sunkyou@cnuh.co.kr
https://doi.org/10.1016/j.clinimag.2019.04.001
http://crossmark.crossref.org/dialog/?doi=10.1016/j.clinimag.2019.04.001&domain=pdf

J.H. Sea, et al.

adults using chest or neck CT [12-15]. Although CT is not regarded as
the modality of choice for evaluation of the thyroid gland, linear
measurement data of the thyroid gland (obtained from CT scans that
have already been taken) would provide helpful data for assessment of
pediatric populations.

To our knowledge, only one study in Japan [16] has provided re-
ference US values regarding the thyroid gland for each age or body
surface area of children (n = 38,063; range, 0-19 years. Our study will
be the first to perform thyroid size measurements using existing chest or
neck CT images from pediatric patients. The aim of our study was to
obtain age-matched reference values for normal dimensions of the
thyroid gland based on chest and neck CT. Furthermore, we aimed to
determine which of these measurement values shows the highest cor-
relation with thyroid volume.

2. Materials and methods
2.1. Patients

The institutional review board of our institution approved this ret-
rospective study and waived the requirement for informed consent. We
performed a retrospective review of chest and neck CT images for
various disease other than thyroid gland diseases. The data was col-
lected from a population between the ages of 0 and 24 years between
March 2014 and February 2017 from the tertiary hospital in Daejeon,
Korea. The initial dataset included data on patients up to 24 years of
age. When the mean values of the measured dimensions and volumes
were compared by dividing the patients into eight groups in increments
of 3years of age, none of the values showed statistically significant
differences among the 15-18 year, 19-21 year, and 22-24 year groups.
Therefore, we decided to obtain age-dependent reference values for the
pediatric thyroid gland in patients up to 18 years of age. A total of 425
patients (boys:girls, 268:157; mean age, 9.5 * 5.4years; range
0-18 years) were enrolled in this study, and were subdivided by age
into six groups in increments of 3 years.

2.2. Image acquisition and analysis

CT scans were performed using Somatom Definition Flash or
Sensation-64 (Siemens Healthcare, Forchheim, Germany). The scan
parameters were as follows: 80-120 kVp; 20-200 mAs; pitch, 0.6-1.5;
and collimation, 32 X 1.2 mm, 64 X 0.6 mm, and 128 X 0.6 mm.

Linear measurements of the thyroid gland (width, X; depth, Y;
length, Z) were obtained on axial and coronal images. Cross-sectional
and coronal dimensions of the thyroid lobes were measured at the level
of isthmus (Fig. 1). The volume of each lobe was calculated using the
following equation [17]: Volume = (XY % Z) x 0.479. The total vo-
lume of the thyroid gland was regarded as the sum of the left and right
thyroid lobe volumes.

2.3. Statistical analysis

Statistical analyses were performed using SPSS 21.0 for Windows
(IBM Corp., Armonk, NY, USA). A p-value of 0.05 was considered to be
statistically significant. All linear measurements and volumes of the
thyroid gland were presented as mean =+ standard deviation. Pearson's
correlation coefficient was used to evaluate the correlation between age
and each linear measurement, as well as between age and volume. A
one-way analysis of variance (ANOVA) with a Tukey multiple-com-
parison post-hoc test was used to compare the linear measurements and
volumes of the thyroid gland among the six groups. The significance
levels of the post hoc tests were set at p < 0.003 to correct for alpha
error related to multiple comparisons.
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Fig. 1. Method of measurement performed on (a) axial and (b) coronal images
of contrast enhanced CT. (a) Width: small dotted line, Depth: solid line, (b)
Length: large dotted line.

3. Results

The descriptive statistics for the width, depth, length, and volume of
each lobe, and the total thyroid volume in each group are presented in
Table 1. Mean value of depth and volume of the right lobe were higher
than those of the left lobe in all groups (allp < 0.05), except Groups 1
and 4. Moderate to strong positive linear correlations were observed
between age and all values (r = 0.58-0.82, all p < 0.001). The mean
values of linear measurements and volume of each lobe, as well as the
total volume of the thyroid gland were statistically different among the
6 groups (Fig. 2). The total volume of the thyroid gland showed a strong
positive linear correlation with the three linear measurements of each
lobe (all r > 0.7, all p < 0.001). Among them, the depth of the right
lobe showed the highest Pearson correlation coefficient with the total
volume of the thyroid gland (r = 0.859, Fig. 3, Table 2).

4. Discussion

In this study, we obtained the thyroid volume and three linear
measurements of width, depth, and length in Korean children (age
range, 0-18 years). There were no differences in the ratios of boys and
girls among the six groups. Moderate to strong positive linear correla-
tions were observed between age and most measurements obtained in
our study. All linear measurements and the volume of the thyroid gland
increased as increased, up to 18 years of age. This result was similar to
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Fig. 3. Correlation between total volume of the thyroid gland and depth of the right lobe.

91



J.H

Sea, et al.

Table 2
Depth of right lobe of the thyroid gland in patients up to 18 years of age

Age (yrs) Number Mean (cm) SD Minimum (cm) Maximum (cm)
0-1 26 0.87 0.17 0.52 1.12
1-2 24 0.97 0.20 0.48 1.31
2-3 24 1.07 0.28 0.60 1.66
3-4 15 1.01 0.23 0.76 1.63
4-5 22 1.22 0.37 0.70 2.02
5-6 25 1.41 0.26 0.90 2.01
6-7 25 1.54 0.21 1.08 1.94
7-8 12 1.74 0.35 1.29 2.41
8-9 22 1.70 0.36 0.92 2.49
9-10 13 1.76 0.20 1.34 2.05
10-11 17 1.70 0.30 1.04 211
11-12 20 1.76 0.36 0.92 2.34
12-13 26 1.72 0.36 0.89 2.41
13-14 29 1.97 0.45 1.05 2.72
14-15 38 2.01 0.40 1.16 2.85
15-16 47 2.11 0.39 1.21 2.92
16-17 23 1.87 0.35 1.32 2.64
17-18 17 2.16 0.43 1.24 2.75

Declarations of interest

None.

References

[1]
[2]

[3]

[4]

[5]

[6]

Rasmussen SN, Hjorth L. Determination of thyroid volume by ultrasonic scanning. J
Clin Ultrasound 1974;2(2):143-7.

Igl W, Lukas P, Leisner B, Fink U, Seiderer M, Pickardt C, et al. Sonographie de-
termination of thyroid volume-comparison with other methods. Nuklearmedizin
Archive 1981;20(2):64-71.

Hegediis L, Perrild H, Poulsen LR, Andersen JR, Holm B, SCHNOHR P, et al. The
determination of thyroid volume by ultrasound and its relationship to body weight,
age, and sex in normal subjects. J Clin Endocrinol Metab 1983;56(2):260-3.
Rumack CM, Levine D. Diagnostic ultrasound E-book. Elsevier Health Sciences;
2017.

Recommended normative values for thyroid volume in children aged 6-15 years.
World Health Organization & International Council for control of iodine deficiency
disorders. Bull World Health Organ 1997;75(2):95-7.

Hess SY, Zimmermann MB. Thyroid volumes in a national sample of iodine-

92

[71

[8

[}

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Clinical Imaging 56 (2019) 88-92

sufficient Swiss school children: comparison with the World Health Organization/
International Council for the control of iodine deficiency disorders normative
thyroid volume criteria. Eur J Endocrinol 2000;142(6):599-603.

Marwaha RK, Tandon N, Ashraf GM, Ganguly SK, Batra A, Aggarwal R, et al.
Ultrasound evaluation of thyroid size: a large nationwide study of schoolchildren in
India. Natl Med J India 2008;21(2):69-74.

Moradi M, Hashemipour M, Akbari S, Kor Z, Mirbod SA, Kooshanmehr MR.
Ultrasonographic evaluation of the thyroid gland volume among 8-15-year-old
children in Isfahan, Iran. Adv Biomed Res 2014;3:9.

Zimmermann MB, Hess SY, Molinari L, De Benoist B, Delange F, Braverman LE,
et al. New reference values for thyroid volume by ultrasound in iodine-sufficient
schoolchildren: a World Health Organization/nutrition for health and development
iodine deficiency study group report. Am J Clin Nutr 2004;79(2):231-7.

Marchie TT, Oyobere O, Eze KC. Comparative ultrasound measurement of normal
thyroid gland dimensions in school aged children in our local environment. Niger J
Clin Pract 2012;15(3):285-92.

Wiersinga WM, Podoba J, Srbecky M, van Vessem M, van Beeren HC, Platvoet-Ter
Schiphorst MC. A survey of iodine intake and thyroid volume in Dutch school-
children: reference values in an iodine-sufficient area and the effect of puberty. Eur
J Endocrinol 2001;144(6):595-603.

Nygaard B, Nygaard T, Court-Payen M, Jensen LI, Spe-Jensen P, Gerhard Nielsen K,
et al. Thyroid volume measured by ultrasonography and CT. Acta Radiol
2002;43(3):269-74.

Lee D-H, Cho K-J, Sun D-I, Hwang S-J, Kim D-K, Kim M-S, et al. Thyroid dimensions
of Korean adults on routine neck computed tomography and its relationship to age,
sex, and body size. Surg Radiol Anat 2006;28(1):25-32.

Prince JS, Stark P. Normal cross-sectional dimensions of the thyroid gland on
routine chest CT scans. J Comput Assist Tomogr 2002;26(3):346-8.

Hermans R, Bouillon R, Laga K, Delaere PR, Foer BD, Marchal G, et al. Estimation of
thyroid gland volume by spiral computed tomography. Eur Radiol
1997;7(2):214-6.

Suzuki S, Midorikawa S, Fukushima T, Shimura H, Ohira T, Ohtsuru A, et al.
Systematic determination of thyroid volume by ultrasound examination from in-
fancy to adolescence in Japan: the Fukushima Health Management Survey. Endocr J
2015;62(3):261-8.

Peterson S, Sanga A, Eklof H, Bunga B, Taube A, Gebre-Medhin M, et al.
Classification of thyroid size by palpation and ultrasonography in field surveys.
Lancet 2000;355(9198):106-10.

Anele T. Ultrasound volumetric measurement of the Normal thyroid gland in
Nigerians. West African Journal of Ultrasound 2001;2(1).

Aydiner O, Karakoc Aydiner E, Akpinar I, Turan S, Bereket A. Normative data of
thyroid volume-ultrasonographic evaluation of 422 subjects aged 0-55 years. J Clin
Res Pediatr Endocrinol 2015;7(2):98-101.

Zou Y, Ding G, Lou X, Zhu W, Mao G, Zhou J, et al. Factors influencing thyroid
volume in Chinese children. Eur J Clin Nutr 2013;67(11):1138.

Kim BK, Choi YS, Oak CH, Park Y-H, Kim JH, Park DJ, et al. Determination of
thyroid volume by ultrasonography among schoolchildren in Philippines. Int J
Endocrinol 2012;2012.


http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0005
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0005
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0010
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0010
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0010
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0015
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0015
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0015
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0020
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0020
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0025
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0025
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0025
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0030
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0030
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0030
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0030
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0035
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0035
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0035
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0040
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0040
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0040
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0045
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0045
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0045
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0045
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0050
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0050
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0050
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0055
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0055
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0055
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0055
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0060
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0060
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0060
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0065
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0065
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0065
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0070
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0070
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0075
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0075
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0075
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0080
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0080
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0080
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0080
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0085
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0085
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0085
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0090
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0090
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0095
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0095
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0095
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0100
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0100
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0105
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0105
http://refhub.elsevier.com/S0899-7071(19)30067-1/rf0105

	Age-dependent reference values of the thyroid gland in pediatric population; from routine computed tomography data
	Introduction
	Materials and methods
	Patients
	Image acquisition and analysis
	Statistical analysis

	Results
	Discussion
	Conclusion
	Declarations of interest
	References




