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Highlights

● We propose a novel method for assessing thyroid size using ultrasonography in children.
● Sex-specific reference values of thyroid width, thickness, and width multiplied by the thickness 

of each lobe, for every age, and 0.1 m2 of body surface area were determined.
● This method, namely “The Fukushima Method”, could be useful for the quantitative assessment 

of thyroid size, by providing supportive information on hypoplasia, atrophy, and enlargement of 
the thyroid gland in children and adolescents.
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Introduction

After the Fukushima Daiichi Nuclear Power Plant 
accident of 2011, the Fukushima prefectural government 
initiated the Fukushima Health Management Survey, 
involving a mass ultrasonographic thyroid examination. 
We previously demonstrated that the thyroid volume 
estimated using ultrasonography in children and 
adolescents (1, 2), corresponded to the body surface 
area (BSA). While the volume of the right lobe was 
greater than that of the left lobe, that of the entire gland 
was greater among girls, than that among boys, after 
correcting for BSA. However, three major concerns are 
encountered when calculating the thyroid volume, as 
described in the previous study (1). First, measuring the 
longitudinal length is challenging in study participants, 
whose neck lengths are short or whose thyroid lengths 
are greater than that of the ultrasound probe. Second, 
the shape of the thyroid may vary, and not match with 
the fusiform simulation. Finally, the isthmus volume 
is not assessed. Therefore, the earlier method may be 
insufficient to elicit the exact volume.

The shape-simulation concern is resolved by 
using a digital scanner, that measures multiple cross-
sectional areas by tracing the thyroid, and produces 
serial longitudinal sections, to accurately calculate 
the thyroid volume (3). Although the thyroid gland is 
composed of bilateral lobes, an isthmus, and a pyramidal 
lobe, the volume of the isthmus could not be determined 
in previous studies (1, 2); an additional scanning method 
could address this issue, along with overcoming the 
shape-simulation challenge. However, assessing the 
thyroid volume in those with neck and probe length 
discrepancies may be possible if the normal reference 
width and thickness can be defined without requiring 
the longitudinal length measurement.

Thus, addressing these concerns is important 
for accurately assessing the thyroid volume, which is 
occasionally crucial for the diagnosis of autoimmune, 
infectious, and hereditary thyroid diseases, especially 
in children, owing to the non-invasiveness of 
ultrasonography.

Considering the clinical significance and associated 
challenge of measuring the thyroid volume, we provided 

the means and standard deviations (SDs) for every age 
between 0 and 20 yr, and for every 0.1 m2 of BSA in each 
sex, after correction to the optimal distribution with 
Box–Cox transformation (4). We further proposed the 
practical application of assessing the thyroid volume 
using ultrasound. The transverse area of the thyroid was 
calculated by multiplying the width by thickness of each 
lobe to provisionally determine the thyroid size, instead 
of the practical tracing area, which was unavailable in 
the previous study.

Materials and Methods

Participants

The thyroid ultrasound examination (TUE) program 
of the Fukushima Health Management Survey began in 
October 2011, with an intended repetition every 2 or 5 yr 
(5). An ultrasound volumetric examination was performed 
using a commercial ultrasound machine equipped with 
a linear array probe (10–12 MHz, 4 cm in length), to 
measure the width, thickness, and longitudinal length 
of the thyroid, in addition to detecting thyroid nodules 
and cysts (6). Currently, a fifth-round examination is in 
progress. Data were obtained from 300,472 and 270,552 
participants, who underwent their first examination in 
the first and second rounds of TUE, and 299,927 and 
269,660 of them were analyzed, respectively, following 
the confirmation by a written informed consent. 
We excluded 7,203 participants because of invalid 
measurements of height, weight, and thyroid size. Among 
the study population, 240,337 (42.7%) participants 
underwent the examinations twice. Participants who 
underwent a second-round examination, and were > 20 
yr of age were excluded. Finally, we analyzed 317,847 
(girls: 156,913, boys: 160,934) participants. With only a 
single girl participant at 2.1 m2 of BSA (0.00064%), the 
corresponding results are not shown in Table 2, nor in 
Supplementary Tables 2 and 4.

Methods

BSA was calculated based on height and weight 
using the Du Bois method (7), and rounded off to the 

Abstract. We previously described the thyroid volume, which was calculated by measuring the thyroid width, 
thickness, and longitudinal length using ultrasonography, in children and adolescents. We have proposed a simplified 
method for quantitatively assessing the thyroid size, to overcome the inaccuracy and challenges in measuring the 
longitudinal length of the thyroid. Based on measurements of 317,847 (girls: 156,913, boys: 160,934) children and 
adolescents, we calculated sex-specific means and standard deviations of thyroid width and thickness, and of the 
cross-sectional area computed by multiplying them, for every age and 0.1 m2 of body surface area, after ensuring 
normal distribution with Box–Cox transformation. Multivariate regression analysis revealed that female sex, age, 
and body surface area were independently associated with areas of each thyroid lobe. Our novel method may be 
useful in quantitatively assessing the thyroid size, and appropriately diagnosing pathological conditions, such as 
hypoplasia, atrophy, and enlargement of the thyroid gland, in children and adolescents.
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first decimal place, to ease grouping. The transverse area 
of the thyroid was calculated by multiplying the width 
by thickness (WTAR; width multiplied by thickness of 
the area). The distribution of each measurement was 
normalized by Box–Cox transformation (4).

Statistics

The WTAR at different ages was compared between 
the right and left thyroid lobes, using paired student’s 
t-test. The participants were divided into two groups (1 
and 2), depending on the thyroid longitudinal length: 
≤ 40 mm and > 40 mm, respectively. The Spearman’s 
correlation matrix coefficient was estimated between 
WTAR and thyroid volume, which was calculated using 
the width, thickness, and longitudinal length (WTLV), 
for each lobe. All probability values for statistical tests 
were two-tailed, and p values < 0.05 were considered 
statistically significant. Multivariate regression analysis 
was used to determine whether sex, age, and BSA, 
independently affected the WTAR.

Ethics

This study was approved by the Ethics Committee 
of Fukushima Medical University (No. 1318). Written 
informed consent was obtained from the surveyed 
participants or their parents or guardians, if < 16 yr of 
age. The raw data used to create all tables in this study 
are unavailable because of restrictions outlined in the 
informed consent form.

Results

The number of participants and the mean (± SD) 
WTAR at every age (0–20 yr) for both sexes, are shown 
in Table 1, and those for every 0.1 m2 BSA are shown in 
Table 2. The mean (± SD) thyroid width and thickness 
in girls and boys, based on age (Supplementary Table 
1), and BSA (Supplementary Table 2) are shown for 
reference. In addition, the WTAR of the bilateral lobes 
for both sexes, based on age and BSA, are shown in 
Supplementary Tables 3 and 4, respectively. The mean 
(± SDs) body height, weight, and BSA are shown in 
Supplementary Table 5; these were not corrected by 
the Box–Cox transformation.

The mean WTAR of each lobe based on sex, age, and 
BSA, are shown in Fig. 1. The WTAR of the right lobe 
was significantly larger than that of the left lobe at all 
measures, except for boys at 0.3 m2 of BSA (P = 0.081). 
WTAR in girls and boys, rapidly increased with age until 
approximately 12 and 14 yr, respectively, with a decline 
in this rate, henceforth (Fig. 1a, b). The relationship 
between BSA and WTAR increased linearly (Fig. 1c, d).

A longitudinal length of > 40 mm may be inaccurate 
because the length of the probe is 40 mm. To estimate the 
accuracy of WTAR, we assessed the relationship between 
WTAR and WTLV. The participants were divided into 
two groups depending on their longitudinal length. 
Spearman’s coefficients between WTAR and WTLV were 
calculated groupwise, for each lobe; the coefficient values 
in group 1 were higher than those in group 2 (right lobe 
in group 1: r = 0.648, p < 0.001; right lobe in group 2: r = 

Table 1. Mean WTAR in the bilateral thyroid lobes, at the ages of 0 to 20 yr, in girls and boys

girls WTAR (mm2)

n

boys WTAR (mm2)

n
Age

right lobe left lobe
Age

right lobe left lobe

mean SD mean SD mean SD mean SD

0 57.6 20.6 58.1 21.3 127 0 57.7 21.4 56.7 19.4 148
1 66.3 21.3 64.8 20.8 1701 1 67.9 21.9 66.2 20.9 1838
2 69.9 18.3 65.2 20.0 5446 2 71.3 21.2 67.4 20.2 5761
3 73.3 20.6 68.1 19.5 8485 3 74.5 20.8 68.9 20.1 8997
4 79.4 21.4 71.5 19.7 8266 4 80.5 21.7 72.2 19.8 8711
5 86.4 22.9 76.7 20.8 7509 5 86.8 22.7 77.0 20.9 7808
6 94.0 24.7 83.4 22.3 8829 6 95.6 24.6 83.8 22.0 9405
7 104.4 27.7 91.5 24.7 9203 7 103.9 27.1 90.6 23.9 9768
8 113.3 30.3 98.2 26.5 9196 8 113.9 29.8 98.1 25.8 9493
9 124.7 34.6 107.6 29.7 8928 9 122.4 32.2 105.1 27.6 9370

10 138.9 39.6 118.9 33.9 9047 10 132.2 35.4 113.1 30.3 9736
11 156.4 43.7 134.2 37.5 9588 11 146.0 40.1 123.8 34.2 9802
12 169.1 46.4 145.7 40.3 9519 12 160.7 44.3 136.3 37.4 10183
13 174.8 47.4 149.4 40.4 9579 13 175.8 47.9 149.2 39.7 9929
14 177.5 47.8 152.4 41.1 9641 14 189.3 50.2 159.0 42.7 10128
15 180.3 48.7 154.7 41.7 7891 15 199.5 53.1 167.6 44.9 8024
16 181.5 48.6 156.6 42.2 7974 16 205.1 54.6 173.1 46.3 7752
17 182.4 50.0 156.4 42.7 8741 17 214.9 57.5 182.4 48.0 8787
18 184.4 51.0 159.2 43.6 7447 18 219.1 58.2 185.2 49.4 7220
19 183.7 52.2 158.7 44.2 5866 19 221.1 58.8 186.5 49.2 4896
20 185.9 51.1 160.4 44.3 3930 20 227.1 60.1 190.1 50.2 3178

WTAR, width multiplied by the thickness of the area.
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Table 2. Mean WTAR in the right and left thyroid lobes, for every 0.1 m2 of BSA in girls and boys

girls WTAR (mm2)

n

boys WTAR (mm2)

n
BSA (m2)

right lobe left lobe
BSA (m2)

right lobe left lobe

mean SD mean SD mean SD mean SD

0.3 51.6 19.9 54.3 15.8 14 0.3 51.4 23.5 51.4 16.9 6
0.4 63.6 20.9 62.1 20.5 1190 0.4 63.9 21.9 63.0 20.9 823
0.5 69.1 18.0 64.5 19.5 6220 0.5 69.3 20.4 66.0 19.8 5717
0.6 74.1 20.5 68.3 19.5 11792 0.6 75.0 20.9 68.8 19.7 12629
0.7 83.9 22.2 74.7 20.1 11864 0.7 83.4 21.8 74.6 20.1 12450
0.8 95.2 24.2 84.0 21.9 12130 0.8 94.8 23.9 83.2 21.7 12377
0.9 106.7 27.2 93.6 24.3 11528 0.9 105.8 26.4 91.8 23.3 12136
1.0 119.4 30.9 103.6 26.8 10480 1.0 117.2 29.2 101.3 25.5 11592
1.1 134.5 34.8 115.3 30.3 8935 1.1 127.4 32.1 109.3 28.1 10632
1.2 149.3 39.0 128.2 33.9 8725 1.2 140.3 35.6 119.6 30.4 9416
1.3 163.3 42.7 140.2 36.9 13357 1.3 153.3 38.9 129.5 33.4 8590
1.4 173.0 45.1 149.3 38.7 22338 1.4 169.1 43.6 143.2 36.8 8715
1.5 183.0 47.8 157.5 41.4 21862 1.5 183.5 46.2 154.4 39.3 11195
1.6 193.9 51.5 165.1 43.6 11328 1.6 196.6 50.0 166.5 42.3 15047
1.7 207.1 56.3 178.2 49.4 3681 1.7 210.4 52.8 177.2 44.9 13795
1.8 221.3 63.9 189.0 57.3 1109 1.8 222.5 57.1 187.8 48.4 8970
1.9 239.2 66.7 198.3 56.2 305 1.9 234.8 59.8 198.0 49.9 4001
2.0 230.4 64.3 201.7 63.9 54 2.0 248.8 63.5 206.2 54.7 1751

2.1 266.3 68.8 219.7 56.8 730
2.2 263.8 74.8 226.7 61.5 309
2.3 283.0 71.3 236.2 65.0 53

WTAR, width multiplied by the thickness of the area.

Fig. 1. Graphs representing the relationships between WTAR, and age (a, b) and BSA (c, d) in girls and boys, respectively. 
Orange- square and blue-circle symbols represent the left and right lobes, respectively. Mean ± standard deviations 
are shown.
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0.379, p < 0.001; left lobe in group 1: r = 0.657, p < 0.001; 
left lobe in group 2: r = 0.338, p < 0.001).

To clarify the factors affecting WTAR in each thyroid 
lobe, we used a multivariate regression analysis (Table 
3); sex, age, and BSA were found to independently affect 
the thyroid volume. The WTAR in girls was significantly 
larger than that in boys, after correcting for age and 
BSA (p < 0.001).

Discussion

The systematic measurement of thyroid size using 
ultrasonographic devices was first reported in 1974 (8). 
Several studies on reference ranges for thyroid volume 
estimated by ultrasound in childhood included more 
than 5,000 participants (1, 2, 9–12).

In this study, we estimated the means ± SDs of the 
thyroid width, thickness, and WTAR based on age and 
BSA in girls and boys, using > 600,000 determinants 
of thyroid size measurements. To achieve an optimal 
distribution of each measurement, we applied Box–Cox 
transformation, that provides a coefficient value such as 
lambda to correct for the skewness of the distribution. 
The lambda-mu-sigma (LMS) method is commonly used 
for creating growth curve standards in children using 
lambda, mean, and sigma as the SD (4). The rapid growth 
in infants, especially at 0 yr of age, does not permit the 
availability of few measurable values in few of them.

Although several thyroid volume measurements 
in children and adolescents have been published, 
comparisons between the reported values are challenging 
(1), owing to the difficulty in obtaining longitudinal 
measurements. Yasumoto et al. assessed the thyroid 
volume in children by measuring the width and 
thickness of thyroid gland, and the diameter of trachea 
(13). Although this method is easily available for the 
assessment of thyroid volume without measuring the 
longitudinal length, the number of participants was 
small (n = 30), and they were predominantly hyper- or 
hypothyroidism (7), and thus, would be insufficient for 
evaluating the normal population.

In this study, the right thyroid lobe was larger 
than the left lobe in girls and boys (Fig. 1 and Table 
3), except for boys at 0.3 m2 of BSA, possibly because 

of an insufficient number of boys in this category. As 
previously speculated, laterality may be affected by 
genetic factors or the surrounding organs, such as the 
esophagus, which is almost always present on the left 
side (1). The relationship between BSA and WTAR was 
linear, in contrast to that between age and WTAR; a 
difference of approximately 2 yr was observed, when 
the WTAR plateaued in girls and boys. However, the 
precise reason for this finding remains unknown. As 
shown in Supplementary Table 5, the BSA plateaued 
after 15 and 17 yr of age in girls and boys, respectively. 
Because thyroid volume is related to BSA, this 2-yr 
difference may be attributed to the sex difference in 
BSA. Alternatively, thyrotropin may affect thyroid size 
as regulation of the pituitary-thyroid axis may develop 
in a sex-dependent manner, similar to puberty (14). 
WTAR in the right and left lobes were independently 
associated with sex, age, and BSA, and were larger in 
girls than in boys. This difference may be accredited 
to sex hormones and sex-specific regulation of thyroid 
hormones as previously described (1, 14). These features 
are consistent with previous results obtained using three 
determinants: longitudinal length, width, and thickness 
(1).

When we grouped the participants based on the 
longitudinal length, the relationship between the WTAR 
and thyroid volume was stronger in the group with 
longitudinal length ≤ 40 mm, suggestive of inappropriate 
measurement in the other group.

In conclusion, we have proposed a simple method 
for assessing thyroid volume. This study provides 
the mean (± SD) width and thickness of the thyroid, 
at each year of age, and for every 0.1 m2 of BSA in 
children and adolescents. Our method facilitates the 
quantitative assessment of thyroid size and expectantly 
aids in the accurate diagnosis of hypoplasia, atrophy, 
and enlargement of the thyroid gland in children and 
adolescents.

The findings and conclusions of this study are solely 
the responsibility of the authors, and do not represent the 
official views of the Fukushima Prefecture government.
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conflict of interest, in relation to this study. HO is a 

Table 3. Association of right (upper panel) and left (lower panel) WTAR with sex, 
age, and BSA

Factors WTAR, mm2 CI p-value

Right lobe
sex (girls) 1.583 [1.288–1.877] < 0.001
Age (1 yr increase) 0.839 [0.762–0.916] < 0.001
BSA (0.1 m2 increase) 11.78 [11.68–11.88] < 0.001

Left lobe
sex (girls) 2.346 [2.089–2.603] < 0.001
Age (1 yr increase) 0.914 [0.847–0.981] < 0.001
BSA (0.1 m2 increase) 9.26 [9.17–9.35] < 0.001

WTAR, width multiplied by thickness area; CI, confidence interval; BSA, body surface area.
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