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proposed by the WHO are recommended for children 
aged 6 to 12 years and cannot be considered appropriate 
for infants [5]. As far as we are aware, no data currently 
exist regarding TV and thyroid isthmus depth (TID) for 
Turkish infants. Moreover, the successful implementa-
tion of the iodine supplementation programs in our 
country has prompted the need for new normative data. 
Therefore, the aim of the present study was to establish 
the normative values for TV and TID in healthy infants 
aged up to 12 months from the west coast of Turkey.

Material and methods

The study protocol was approved by the ethical review board of 
the University of Health Sciences Dr. Behçet Uz Child Disease 
and Paediatric Surgery Training and Research Hospital (date: 
24.06.2021, ethics approval number: 2021/11-21). The principles 
of the Declaration of Helsinki were followed. A descriptive and 
cross-sectional study design was used. The US measurements of 
the thyroid gland were performed in 348 infants between October 
2018 and February 2021. The criteria for exclusion were preterm 

Introduction 

Congenital hypothyroidism (CH) is the leading cause 
of intellectual impairment in children, with a reported 
incidence of 1 in 3000 to 4500 live births worldwide [1, 2]. 
While early diagnosis is successfully achieved through 
neonatal screening programs, thyroid ultrasonography 
(US), increasingly used for its lack of exposure to ionizing 
radiation and portability, is essential in determining the 
aetiology of the CH [3]. In permanent CH, the thyroid 
gland may be small due to hypoplasia or hemiagenesis, 
absent due to agenesis or ectopia, and normal-sized or 
enlarged due to dyshormonogenesis [4]. Infants with 
transient CH due to prematurity, congenital malforma-
tions, or iodine deficiency may have a normal-sized 
or enlarged eutopic thyroid gland [1, 4]. Thus, proper 
diagnosis, treatment, and monitoring of infants with 
CH depend on the presence of relevant references 
for thyroid volume (TV). The reference values for TV 
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criteria. The median Z scores for weight, height, and 
BMI for infants included in our study were –0.01 (IQR: 
–0.81–0.79), –0.16 (IQR: –0.91–1.01), and –0.02 (IQR: 
–0.61–0.60), respectively. 

The median (IQR) values for the depth, width, and 
length were 6.50 (6.00–7.50), 7.90 (7.10–8.80), and 16.80 
(15.00–18.70) mm for the right thyroid lobe, respec-
tively, and 6.20 (5.80–7.00), 7.50 (7.00–8.30), and 16.10 
(14.30–17.60) mm for the left lobe, respectively. 

Using the formula of Brunn et al. and Brown et al. 
the median (IQR) volumes were 0.40 (0.31–0.55) and 
0.43 (0.34–0.60) mL for the right lobe, respectively; 0.37 
(0.27–0.47) and 0.41 (0.29–0.51) mL for the left lobe, re-
spectively; and 0.77 (0.61–1.00) and 0.84 (0.67–1.10) mL 
for both lobes, respectively. The sonographic measure-
ments of the thyroid lobes and TV in infants of different 
age groups are shown in Table 1.

The TV was slightly higher in boys; however, these 
changes did not reach the significance level (0.77 vs. 0.72, 
p = 0.985). The TV increased gradually with the age of 
the study group (r = 0.366, p < 0.001). The 3rd, 25th, 50th, 
75th, and 97th percentiles of the TV according to age are 
presented in Figure 1. 

There were significant positive correlations of 
Z scores for weight, height, and BMI with the TV of 
the infants (r = 0.343, p < 0.0001; r = 0.269, p < 0.0001; 
and r = 0.157, p = 0.019; respectively). The results of the 
multivariate regression analysis revealed that the Z score 
for BMI was the only independent predictor of the 
logarithmic value of the TV [F (1, 18) = 7.004, p = 0.016, 
R2 = 0.280]. The correlations of the age and Z scores for 
BMI with the TV of the infants are shown in Figure 2.

The median (IQR) value for the TID was 1.5 (1.3–1.9) 
mm. Although not statistically significant, the 75th per-
centile of the TID was slightly higher in boys compared 
to girls (2.0 vs. 1.8, p = 0.176). The median values for 
the TID in infants of different age groups are described 
in Table 1. 

The TID was positively correlated with TV and 
Z score for height (r = 0.190, p = 0.004; and r = 0.144, 
p = 0.032; respectively), but not correlated with age, 
and Z scores for weight and BMI (r = 0.122, p = 0.069; 
r = 0.110, p = 0.102; and r = –0.017, p = 0.796; respec-
tively). The TV was the only significant independent 
predictor of the logarithmic value of the TID in the mul-
tivariable regression model [F (1, 45) = 5.561, p = 0.023, 
R2 = 0.110]. A comparison of the TID in infants of dif-
ferent ages is presented in Figure 3.

Discussion

Thyroid US is an initial imaging tool for investigating 
paediatric patients with suspected CH. It provides valu-
able information for the presence, size, and parenchy-

delivery (n = 15); neonates (n = 32); children over 12 months of 
age; body weights and lengths outside the age-specific cut-offs for 
Turkish infants (n = 16) [6, 7]; thyroid agenesis and hemiagenesis 
(n = 6); thyroid parenchymal disease (n = 4); major congenital 
or chromosomal anomalies (n = 12); abnormal thyroid function 
parameters (TSH or FT4) (n = 16); and suboptimal image quality 
due to head movements (n = 24). A total of 223 infants with normal 
serum thyroid-stimulating hormone (TSH) and free thyroxine (FT4) 
levels were enrolled in the study analysis.
An Aplio 500 ultrasound machine (Toshiba Medical System, Ota-
wara, Japan) equipped with high-frequency probes (5–15 MHz) was 
used for the thyroid gland evaluation. The infants were investigated 
in the supine position with the head slightly extended and turned 
opposite to the exploratory side. The thyroid gland was scanned 
in both the transverse and longitudinal sections. The size assess-
ment of the thyroid gland was based on the three measurements 
of each thyroid lobe. The maximum width of the thyroid lobe was 
measured on a transverse image. The maximum depth was obtained 
perpendicular to the width. The maximum length was recorded 
from the longitudinal views. The volume (mL) of each thyroid 
lobe was determined by the method of Brown et al. (TV = 0.524 × 
width × depth × length) [8] and Brunn et al. (TV = 0.479 × width 
× depth × length) [9]. The total TV was estimated as the sum of 
both lobe volumes. The thyroid isthmus was not considered in the 
calculation of the TV. The maximum thyroid isthmus depth (TID) 
was measured on a transverse image at its thickest part. All the 
measurements were obtained by a European Society of Radiology 
board-certified radiologist.
The infants’ age, gender, weight, and height were extracted from 
the medical files. Body mass index (BMI) was computed as weight 
in kilograms divided by height squared in metres. Since weight, 
height, and BMI are age- and gender-related, the standard de-
viation (Z) scores were calculated according to Turkish paediatric 
reference values [6, 7].

Statistical analysis
The normality of data distribution was checked with the Skew-
ness-Kurtosis and Kolmogorov-Smirnov tests. Because the data 
were skewed, group differences were compared using the non-
parametric Mann-Whitney and Kruskal-Wallis tests. Quantitative 
variables were expressed as median (interquartile range [IQR]). 
After a logarithmic transformation of the data with positive skew-
ness, a multivariate stepwise regression model was conducted to 
determine the independent predictors of the TV and TID. Qualita-
tive variables were summarised as percentages and compared by 
the chi-square test. The significance of correlations was obtained 
by Spearman’s rank correlation tests. Statistical analyses were done 
using SPSS software version 20.0 (SPSS Inc., Chicago, IL, USA). P-
values of ≤ 0.05 and ≤ 0.001 were accepted as statistically significant 
and highly significant, respectively.

Results

The present study evaluated 223 healthy infants (58.7% 
boys and 41.3% girls) aged 1 to 12 months (mean 
age ± SD, 5.05 ± 3.72 months) in University Hospital in 
Izmir, Turkey. Infants were subdivided into six groups 
according to their postnatal age: 1–2 months (n  = 78; 
42 males and 36 females); 3–4 months (n = 40; 24 males 
and 16 females); 5–6 months (n = 24; 18 males and 6 
females); 7–8 months (n = 28; 17 males and 11 females); 
9–10 months (n = 24; 15 males and 9 females); and 
11–12 months (n = 29; 15 males and 14 females). 

The weight, height, and BMI of the study group 
were within the normal ranges according to Turkish 
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mal echogenicity of the thyroid gland [1, 3]. Determin-
ing if the thyroid gland as small, normal, or enlarged 
is important for proper diagnosis, treatment decision, 
and prognosis of patients with CH [1, 10]. The norma-
tive values for the TV in infants have been strongly 
influenced by the geographical location, nutritional 
status of iodine during pregnancy, and ethnic and 
genetic factors. A recent study by Vural et al. reported 
a prevalence of iodine deficiency of 74% among preg-
nant women and 51% among newborns in Turkey. In 
the western part of Turkey, the median (IQR) urinary 
iodine concentration was 83 (49–134) μg/L indicating 
moderate iodine deficiency among pregnant women 
and 93 (34–172) μg/L indicating mild iodine deficiency 
among newborns [11]. Therefore, the WHO/ICCIDD 

underlines the importance of obtaining normative data 
for TV on national and regional levels [5, 12]. Current 

Table 1. The sonographic measurements of the thyroid gland in infants according to age

Age 
[months] 

Right thyroid lobe [mm] Left thyroid lobe [mm]
Thyroid 
isthmus 

[mm]
Total thyroid 

volume (Brunn 
et al.) [mL]

Total thyroid 
volume (Brown 

et al.) [mL]
Depth Width Length Depth Width Length Depth

1–2 6.5 
(5.7–7.0)

7.9 
(7.0–8.6)

14.5 
(12.7–16.3)

6.0 
(5.5–7.0)

7.1 
(6.5–8.3)

14.2 
(12.3–15.6)

1.5 
(1.2–1.8)

0.66 
(0.51–0.82)

0.72 
(0.56–0.89)

3–4 6.5 
(6.2–7.0)

7.7 
(7.2–8.1)

16.4 
(15.0–17.5)

6.0 
(5.5–7.0)

7.1 
(7.0–8.0)

15.6 
(14.1–17.3)

1.6 
(1.4–2.0)

0.68 
(0.60–0.92)

0.74 
(0.66–1.00)

5–6 6.4 
(6.0–7.9)

7.2 
(6.9–8.9)

17.3 
(16.2–19.4)

7.0 
(5.9–7.1)

7.5 
(7.1–8.0)

16.9 
(15.9–18.9)

1.6 
(1.4–1.7)

0.80 
(0.62–1.02)

0.88 
(0.68–1.12)

7–8 6.5 
(6.3–7.2)

7.9 
(7.1–8.7)

18.4 
(17.6–19.4)

6.1 
(5.9–6.9)

7.5 
(7.0–8.0)

17.5 
(17.0–18.5)

1.4 
(1.2–1.7)

0.88 
(0.68–1.03)

0.96 
(0.74–1.12)

9–10 7.00 
(6.4–7.9)

7.9 
(7.2–9.1)

19.1 
(17.6–21.1)

6.5 
(6.1–7.4)

8.0 
(7.0–9.4)

18.1 
(17.1–19.8)

1.7 
(1.2–2.0)

0.89 
(0.80–1.26)

0.97 
(0.88–1.37)

11–12 7.8 
(6.3–8.3)

8.4 
(7.4–9.5)

18.0 
(16.5–20.6)

7.0 
(6.2–7.5)

7.5 
(7.1–8.4)

16.8 
(15.8–18.7)

1.7 
(1.5–2.0)

1.11 
(0.69–1.28)

1.21 
(0.75–1.40)

Data are presented as median (interquartile range [IQR])
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Figure 1. Comparison of the 3rd, 25th, 50th, 75th, and 
97th  percentiles (P)  of  the thyroid volume in infants of 
different ages

Figure 2. Association of the age and Z scores for body mass 
index (BMI) with the thyroid volume of all infants included 
in the study 
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data for infants have been based on a limited number 
of studies with variable age ranges [13, 14]. Moreover, 
no study to date has reported the normal values for the 
TV among Turkish infants from different age groups. In 
the present study, we have attempted to fill the gap in 
knowledge of the normative data for TV and TID in 
healthy infants aged up to 12 months from the west 
coast of Turkey. Current results were also compared 
with previously published data. 

While the importance of establishing reference 
ranges for TV is a worldwide trend, it is striking that 
limited data are available for infants up to 1 year of age. 
Yao et al. measured the TV by US in 408 healthy Chi-
nese infants in the age range of 0–12 months [13]. The 
median values for TV in our infants aged 1 to 10 months 
were more than 10% lower than those found in Chi-
nese infants. The TV in infants aged 11–12 months was 
similar to the values reported for Chinese infants. The 
discrepancy between the results is probably due to the 
differences in geographical location, dietary iodine 
intake, and race. 

A recent study by Prabhu et al. calculated the TV 
in 157 Indian neonates and infants under 18 months 
of age [14]. The median values for TV in Indian infants 
aged 1 to 12 months were approximately 70% lower 
than those measured in our infants. A lesser volume 
in Indian infants might be related to the ethnic factor 
of lower BMI of the Indian population because BMI is 
the most important predictor deciding the TV. 

According to Klingmuller et al., the TV values of Ger-
man infants aged 1 to 12 months were between 0.30 and 
1.70 cm3 [15]. The TV in our infants ranged between 0.67 
and 1.10 mL. Studies from iodine-deficient regions sug-
gested that children of mothers with inadequate iodine 
intake during pregnancy had higher TV than those from 

iodine-sufficient areas [16]. The higher lower limits of 
TV values in our infants proposed that iodine deficiency 
is still a public health problem in our country. The TV 
might be also affected by maternal smoking before 
and during pregnancy. Barrere et al. reported a nearly 
25% higher TV in smokers compared to non-smokers 
[17]. The higher TV measurements might be explained 
in part by the rising prevalence of smoking in young 
women in the west of Turkey. A seasonal variation was 
reported as well with nearly 20% higher TV values dur-
ing the winter months [18]. 

Studies covering a wide age range (0–18 years) of 
children have reported the TV measurements from dif-
ferent regions of Turkey. The mean TV measurements 
in 0- to 1-year-old infants from Central Anatolia [19], 
Marmara [20], and the Aegean region [21] of Turkey 
were 1.8 ± 0.7, 0.81 ± 0.28, and 0.81 cm3, respectively. 
These studies were based on small sample sizes, ranging 
from 19 to 23 infants, and hence should be interpreted 
with caution. Nonetheless, our results were 50% lower 
than those found in Central Anatolia [19] and similar 
to those found in Marmara [20] and the Aegean region 
[21] of Turkey. These results confirmed that the dietary 
iodine intake varies not only across countries but also 
across geographical regions in the same country. 

The TV was significantly associated with Z scores for 
weight and height, which is consistent with the results 
reported by Yao et al. [13]. Moreover, we found that the 
Z score for BMI was the only independent predictor of 
the TV. No gender differences were found in either of 
the previous studies as well as this study [13, 14]. This 
might be because the body surface area in infants is not 
significantly different between boys and girls. 

Comparison of our TID measurements was limited 
by the lack of generally accepted reference values. To 
date, only Yao et al. have reported the TID by US in 
Chinese infants [13]. The median values for TID in our 
infants aged between 1 and 10 months were nearly 
10% higher than those reported in Chinese infants. The 
slight differences observed might be attributed to the 
dietary iodine intake, ethnic, and geographical factors.

The limitations of our study deserve a mention. This 
was a single-centre study with a relatively small sample 
size in each age group. Data regarding urinary iodine 
excretions were not collected. However, the infants in-
cluded in our study had normal TSH levels on newborn 
screening with repeated normal serum TSH and FT4 
values. TSH is a preferred biomarker for the evaluation 
of potential CH. Information on maternal smoking, 
nutritional, and iodine status during pregnancy were 
not available. Finally, we noticed a lack of studies and 
consensus regarding reference values for TV and TID 
in infants; therefore, further studies with larger samples 
are needed to interpret our results appropriately.
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Figure 3. Comparison of the 3rd, 50th, and 97th percentiles of 
the thyroid isthmus depth in infants of different ages
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Conclusions

This is the first study to report the normative values for 
TV and TID in healthy infants aged up to 12 months 
from the west coast of Turkey. The wide variation in 
the TV and TID measurements between countries 
is largely attributable to differences in geographical 
location, demographic status, and racial and environ-
mental factors, which underlines the importance of 
establishing normative data for infants on a regional 
and national level.
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