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Ultrasonographic Measurement of the Thyroid Isthmus
Thickness in Healthy Turkish Infants, Children, and Adolescents
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| ABSTRACT |

Oz

Aim: The importance of establishing reference ranges for
thyroid volume is a worldwide trend, however, to date, limited
data are available regarding thyroid isthmus thickness (TIT)
in healthy children. The present study aimed to report the
reference values for TIT in children aged between 0 and 18
years from Turkey.

Material and Method: The TIT was measured by
ultrasonography in 447 subjects between December 2018
and September 2020. The 3rd, 10th, 25th, 50th, 75th, and
95th percentiles of the TIT according to age and gender were
determined and compared with published data. The TIT values
were compared with children’s age, gender, and Z-score data
for weight, height, and body mass index (BMI).

Results: The median [interquartile range (IQR) 25 - 75] values
for TIT were 1.5 (1.3-2.0) mm. The Tl was thicker in females
than in males and this gender difference was statistically
significant (1.6 mm vs. 1.5 mm, p=0.023, respectively). The
TIT was highly significantly associated with age, and Z-scores
for weight, height, and BMI (r=0.461, r=0.457, r=0.448, and
r=0.434, respectively; p<0.0001 for all). Z-score for weight was
the strongest predictor of the TIT in the multivariate regression
model.

Conclusion: This study is the first to report the normative data
for TIT in healthy Turkish infants, children, and adolescents.
The present results will provide valuable scientific input for
developing reference standards for TIT on a national and
international level.

Keywords: Thyroid isthmus, thyroid isthmus thickness, ultrasound

Amag: Tiroit bez hacmi icin referans araliklarinin olusturulmasi
dinya capinda bir trend olmasina ragmen bugtne kadar saglikl
cocuklarda tiroit istmus kalinhigi (TiK) ile ilgili sinirli veri meveuttur.
Bu calismanin amaci 0-18 yas arasi Trk cocuklarda TIK'nin referans

degerlerini belirlemektir,

Gereg ve Yontem: Aralik 2018 - Eyltl 2020 tarihleri arasinda 447
kiside TIK ultrasonografiile 6lctildi. TiK icin 3, 10,, 25., 50, 75. ve 95.
persentil degerleri yas ve cinsiyete gore hesaplandi ve yayinlanan
verilerle karsilastinildi. TIK degerleri, cocuklarin yas, cinsiyet ve

agirlik, boy, viicut kitle indeksi (VKI) Z-skorlari ile karsilastinldi.

Bulgular: TiK medyan [ceyrekler arasi aralik (IQR) 25 - 75] degerleri
1,5 (1,3-2,0) mm idi. Tiroit istmus kadinlarda erkeklere gore daha
kalindi ve bu cinsiyet farki istatistiksel agidan anlamliydi (sirasiyla
1,6 mm, 1,5 mm ve p=0,023). TIK ve yas, agirlik, boy, VK Z-skor
degerleri arasinda belirgin fark gézlendi (sirasiyla r=0,461, r=0,457,
r=0,448 ve r=0434; p<0,0001). Agdirlk Z-skoru, cok degiskenli
regresyon modelinde, TIK'nin en guicli belirleyicisiydi.

Sonug: Bu calisma, saglikl Tark infant, cocukluk ve adolesan yas
grubunda TiK'nin normatif verileri bildiren ilk calismadir. Mevcut
sonuglar, ulusal ve uluslararasi dizeyde TiK referans standartlarinin

gelistirilmesi icin dnemli bilimsel katki saglayacaktir.

Anahtar Kelimeler: Tiroit istmus, tiroit istmus kalinhidi, ultrason
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INTRODUCTION

The thyroid isthmus (TI) is a bridge of tissue that
connects the two thyroid lobes and is predisposed
to the same congenital and acquired disorders as
the rest of the thyroid gland (1-3). In iodine-deficient
regions, goiter is the most common cause of thyroid
gland and Tl enlargement in children. The thyroid
isthmus thickness (TIT) may also increase in children
with Hashimoto thyroiditis, Graves' disease, and acute
infectious thyroiditis. The absence of the TI may be due
to Tl agenesis, post-radioactive iodine ablation of the
thyroid gland, or total thyroidectomy. Moreover, thyroid
nodules located in the Tl are at higher risk of malignant
transformation than those found in the thyroid lobes
(3). The TIT is not included in the ultrasonographic (US)
measurement of the thyroid volume. Therefore, the TIT
should be measured and noted as a part of each thyroid
US examination as recommended by Kosiak et al. (4).

The importance of providing reference data for thyroid
volume is a worldwide trend, however, it is striking
that limited data are available for TIT. To the best of our
knowledge, no previous study has reported the normal
values for the TIT among Turkish children from different
age groups. The objective of the present study was to
establish the reference data for TIT in healthy children
aged between 0 and 18 years from Turkey.

MATERIAL AND METHOD

The study protocol was performed in compliance with
the Declaration of Helsinki and approved by the Ethics
Committee of our University Hospital (protocol number:
2020-458). All procedures were carried out in accordance
with the ethical rules and the principles of the Declaration
of Helsinki.

We reviewed the radiology reports of the 498 subjects
who underwent thyroid US examinations between
December 2018 and September 2020. The exclusion
criteria were age >18 years old; heterogeneous
echogenicity of the thyroid gland [n=32]; nodule located
in the Tl [n=7]; thyroidectomy [n=5]; a pyramidal lobe
originated from the midline of the Tl [n=1] (5, 6); and
abnormal thyroid function (T3, T4, and TSH) [n=6]. A total
of 447 patients with normal thyroid function (T3, T4, and
TSH) tests were finally included for analysis.

ThyroidUSmeasurementswereobtainedbyoneradiologist
certified by the European Board of Radiology with 5 years of
experience. A diagnostic US system (Aplio 500; Toshiba
Medical Systems Corporation, Otawara, Japan) with a
5-12 MHz linear transducer was used. Participants were
studied in the supine position. On a transverse image,
the maximum anteroposterior diameter of the Tl was
measured at its thickest part at the midline (Figure 1).
Data on demographic characteristics including age,

gender, weight, and height were collected from the
medical records. The Z-scores for weight, height, and BMI
were derived from the reference data for Turkish children

(7).

Figure 1. The maximum thickness of the thyroid isthmus is shown on a
transverse ultrasound image of the thyroid gland in a 7-year-old male
patient.

Numeric variables were reported as median
(interquartile range [IQR]), as the data proved to be
skewed distributed when analyzed by the Skewness-
Kurtosis test and Kolmogorov-Smirnov test. The results
were carried out using the Chi-square test and the
Kruskal-Wallice test. Significant correlations were
calculated by Spearman's rank correlation test. After the
logarithmic transformation of not normally distributed
variables, stepwise multivariable regression analysis was
performed to assess the independent predictors of the
TIT. The SPSS software version 20.0 (SPSS Inc., Chicago,
IL, USA) was used for statistical analyses. P values of less
than 0.05 and less than 0.001 were regarded as significant
and highly significant.

RESULTS

The total study group included 273 (61.6%) girls and
174 (38.9%) boys. The meanSD age of the subjects was
10.88+4.79 (range 0-18) years. Children were stratified
into seven groups according to their age. The age
groups were selected according to the criteria suggested
by the Medical Subject Headings (infants, toddlers,
preschoolers, primary school-aged children, secondary
school-aged children, and adolescents). The median
[interquartile range (IQR) 25 - 75] Z scores for weight,
height, and BMI were -0.25 (-0.94 - 0.91) kg, 0.39 (-0.74 -
0.78) m, and -0.12 (-0.92 - 0.87) kg/m?, respectively.

The median (IQR) values for TIT were 1.5 (1.3-2.0) mm.
The Tl was thicker in females (median: 1.6; IQR: 1.4-2.1)
compared to males (median: 1.5; IQR: 1.3-2.0) and this
gender difference was statistically significant (p=0.023).
The age of the children was positively associated with
the TIT (r=0.461, p<0.001). Data for TIT stratified by age
and gender are demonstrated in Table 1. The 3rd, 50th,
and 95th percentiles of the TIT according to age and
gender are depicted in Figure 2.
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Table 1. Thyroid Isthmus Thickness According to Age and
Gender

Age Gender Thyroid Isthmus Thickness (mm) p
(n) P3 P10 P25 P50 P75 P95 values
M@1) 070 070 100 130 170 2.46

g;liths F (6) 100 100 100 150 163 195 036
T(A7) 070 070 1.00 150 160 2.21
M(18) 080 080 100 135 1.60 2.03

;:;rs F(21) 080 102 120 150 170 246 0516
T(39 080 100 1.10 150 160 2.20
M(@29) 050 090 105 150 1.60 225

i;rs F(33 100 100 110 150 150 215 0350
T(62) 068 100 108 150 150 217
M(30) 100 100 120 150 163 232

3:;:5 F(44) 100 100 1.10 140 200 325 0.066
T(Z4) 100 100 1.10 150 200 255
M(38) 1.00 100 140 150 1.85 222

;;;rj F(52) 080 106 150 160 2.10 320 0.408
T(90) 095 1.00 140 1.50 200 3.00
M@34) 101 130 150 190 200 3.05

;:alf F(80) 1.09 132 150 200 250 320 0513
T(14) 109 130 150 200 235 3.3
M(14) 150 155 200 210 3.00 4.00

;;158 F(37) 104 150 160 200 250 320 0.631
T(51) 117 150 160 200 250 500
M(174) 080 1.00 130 150 2.00 250

3:;5 F(273) 100 100 140 160 2.10 3.03 0023
T@47) 100 100 130 1.50 200 3.00

P-values were determined by the Chi-square test; P < 0.05 considered statistically
significant; M, male; F, female; T, total; n, number of subjects; P, percentile.
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Figure 2. The graph presents the 3rd, 50th, and 95th percentiles of the
age-dependent distribution of the thyroid isthmus thickness measured
by ultrasonography among boys and girls.

The TIT was highly significantly associated with Z-scores
for weight, height, and BMI (r=0.457, r=0.448, and
r=0.434, respectively; p<0.0001 for all). Z-score for
weight was the only strongest predictor of the TIT in
the multivariate regression model [F (1, 445) =99.007,
p<0.0001, R2 =0.182].

DISCUSSION

The ultrasonographic measurement of the TIT may
provide important diagnostic clues in pediatric patients
with thyroid disorders (1,4). Thyroid parenchymal
diseases such as goiter, acute infectious thyroiditis,
and autoimmune thyroiditis may manifest with diffuse
Tl enlargement (1,3,8). A focal Tl enlargement may be
caused by thyroid nodules located in the Tl. A reduction
of the TIT and thyroid volume is observed in the end
stage of Hashimoto's thyroiditis and radiation-induced
thyroiditis (3). An absence of the Tl in its anatomical
location is detected in Tl agenesis, thyroid gland ectopia,
and after thyroid gland surgery (3). The TIT is not included
in the US estimation of the thyroid volume. Thus, it is
recommended that TIT should be monitored as a part of
each thyroid US examination (4). The proper diagnosis
of children with thyroid disorders is highly dependent
on the presence of relevant normative data for thyroid
volume (9-11). However, only limited data are currently
available in the literature for TIT.

The present study provides the first reference ranges
for TIT measured by US in 447 healthy children and
adolescents aged up to 18 years from Turkey. To date,
reference values for TIT have been based on studies with
limited sample sizes. To our knowledge, only Kosiak et al.
have measured the TIT by US in 402 healthy prepubertal
children (4). The median TIT for children aged 7 to 9 years
was 1.9+0.74 mm for boys and 2.0+0.72mm for girls.
The recommended values for median TIT in 10-12-y-old
boys and girls were 2.3+0.96 mm and 2.4+1.08 mm,
respectively. They have also proposed the upper cut-off
values of 2.6 mm for boys and 2.7 mm for girls aged 7 to
9 years; 3.3 mm for boys and 3.5 mm for girls aged 10 to
12 years. The reported median values for TIT in children
aged 7 to 12 years by Kosiak et al. in 2010 were 29.2%
higher than the values reported in the present study. Our
upper cut-off values for TIT among children of the same
age range were 9.3% lower compared to those proposed
by Kosiak et al. (4). These results are probably due to the
successful implementation of the recommendations for
iodine supplementation.

Recently, Kayastha et al. have evaluated the TIT in 485
individuals aged 1 to 83 years (12). The mean TIT was
3.1£0.9 mm for males, and 3.1+1.1 mm for females. In a
study proposed by Seker et al., the mean values for TIT
in males and females among 251 adult patients from
Turkey were 3.42+1.14 and 3.10+1.05, respectively (13).
However, the age range in this work was 15-78 years and
cannot be regarded as competent for pediatric patients.
Won et al. reported that TIT was 3.6£1.9 mm in male and
3.1£1.4 mm in female adult cadavers (14). In another
study carried out by Sultana et al. the mean values of the
TIT in <18 years, 19-45 years, and >45 years old cadavers
were 4.45+1.36 mm, 4.72+2.68 mm, and 4.91+1.78 mm,
respectively (15). In the present study, the median (IQR)
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values for the TIT were 1.5 (1.3-2.0) mm for boys, 1.6
(1.4-2.1) mm for girls, and 1.5 (1.3-2.0) mm for the total
study population aged up to 18 years old. The higher
values of the TIT in the <18 age group reported by Won
et al. (14) might be explained by the differences in the
diagnostic tools, year of research, age subgroups, racial,
and geographical factors.

In the study by Kosiak et al., the Tl was thicker among
females (4). According to Kayatsa et al. and Seker et
al., the Tl was thicker among males (12,13). In the
present study, the Tl was thicker among girls and this
gender difference was statistically significant. The
gender difference could be explained by the fact that
prepubertal girls are more susceptible to the effects
of iodine insufficiency (4,10,12). The TIT was highly
significantly correlated with age, and Z-score data for
weight, height, and BMI. Similar results were obtained
in previous studies as well (12,13).

An important strength of our study was its potential
to fill a gap in the knowledge of the reference data for
pediatric TIT in Turkey. However, some limitations need
to be considered when interpreting the results of this
study. Our work was a single-center study with a relatively
small number of subjects in each age group, especially
in the youngest age group (n=17). Since all the TIT
measurements were performed by a single radiologist,
inter-observer variability should be taken into account in
future studies. There was a lack of studies and consensus
regarding normative data for TIT in children, thus, future
multicenter studies with a larger sample size in each age
group are required to confirm and generalize the results
of the present work.

CONCLUSION

This is the first study to establish the data for TIT in
healthy Turkish children. The present results will provide
valuable scientific input for developing reference
standards for TIT and we believe the results of this
study might be used internationally for children from
the newborn period up to 18 years of age.
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