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Abstract

Background: Approximately, 200 million people suffer from thyroid disorders worldwide. Thyromegaly is a disorder in which

the thyroid gland becomes abnormally enlarged. High-resolution ultrasound of the thyroid is a useful diagnostic method for

assessing thyroid disorders, including thyromegaly. To investigate the thyromegaly, the thyroid lobe dimensions are measured

separately using an ultrasound device and, the thyroid volume is estimated using a formula which is time-consuming process.

Besides, thyroid volume depends on a variety of factors such as age, sex, anthropometric parameters, and genetic factors.

Objectives: The aim of the present study is to find the most important ultrasound parameters measured to increase the rate of

thyromegaly detection and also to find the relationship between thyroid volume and some anthropometric characteristics in

the study population.

Methods: A total of 131 people were referred to the Ultrasound Department of Imam Reza Hospital in Kermanshah, Iran during

July 2017 and 2019, and after recording the anthropometric characteristics, thyroid ultrasound was taken. Thyroid dimensions

including longitudinal (L) and anterior-posterior or depth (AP), and width (W) diameter of the thyroid lobes and isthmus were

measured and thyroid volume was calculated using the ellipsoid formula. According to the opinion of a fellow radiologist and

considering cut-off point of volume (11.1 for women and 11.6 for men), individuals were divided into two groups: Case or

thyromegaly (n = 69) and control or normal group (n = 62), and statistical analysis was then carried out.

Results: Statistical analysis showed that the mean weight, Body Mass Index (BMI), thyroid dimensions, and total thyroid volume

were significantly higher in the case group than the control group (P < 0.05). In the case group, only the mean width of the right

lobe is significantly larger than the left lobe, while the mean length and depth of the right lobe is significantly larger in the

control group than the left lobe. In addition, cut-off point values for the width of right lobe, depth of the right lobe, length of

the right lobe, volume of the right lobe, width of the left lobe, depth of the left lobe, length of the left lobe, volume of the left

lobe, total volume and isthmus volume were 16.5,15.5, 47.5, 6.45, 15.5, 14.5, 44.5, 5.55, 11.15, and 2.45, respectively based on the best

sensitivity and specificity of the receiver operating characteristic (ROC) curve. According to logistic regression, the three factors

of width of the right lobe, depth of the right lobe, and length of the right lobe, respectively, were selected as the most important

ultrasound parameters in detection of thyromegaly. Thyroid volume was not significantly related with sex, age, and height, but

it was directly and significantly related with weight and BMI.

Conclusions: Considering the increasing use of ultrasound in detection of thyroid disease and its acceptable accuracy in

determining the thyroid volume, the radiologists need to first know the normal thyroid volume and the effect of physiological

variables (such as age, sex, body weight, and BMI) on the thyroid volume in their community so that they can distinguish

pathological cases from normal ones. Also, the three factors of width of the right lobe, depth of the right lobe, and length of the

right lobe, respectively, were determined as the most important factors in detection of thyromegaly. Thyroid volume was not

significantly related with sex, age, and height, but it was directly and significantly related with weight and BMI.
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1. Background

The thyroid gland is a vital hormonal gland located

superficially in the anterior and lower part of the neck

and consists of two lobes joined together by isthmus

and is asymmetrical in a way that the right lobe is larger

(1). The thyroid gland is responsible for production,

storage, and secretion of thyroxine (T4) and

triiodothyronine (T3) (2). Thyroid hormones are

essential for many physiological functions of the body,

including the regulation of metabolism and the

development of the body and proper mental

development (3). Approximately, 200 million people

suffer from some types of thyroid disease worldwide (4)

and women are 5 - 20 times more at risk for thyroid

problems than men (5). The World Health Organization

(WHO) assessed that the number of elder people will

increase from 900 million to two billion between 2015

and 2050 (6).

The size and shape of the thyroid gland is very

different in normal people and is enlarged in tall and

oval in short people, respectively (7, 8).

Many factors affect the size of the thyroid gland, such

as age, sex, weight, height, Body Mass Index (BMI), and

body surface area (BSA), diet iodine, smoking, race,

genetics, and geographic area (9-11). Thyroid gland

enlargement is referred to as thyromegaly, which is also

known as stroma and goiter (12). The most common

cause of endemic goiter is iodine deficiency worldwide

(13). However, in countries with adequate iodine intake,

such as the United States, thyromegaly is usually caused

by autoimmune thyroid disorders (14), the most

common of which are Hashimoto's thyroiditis, Graves'

disease, and thyroid nodules (15). Other causes of

thyromegaly include the impaired intrinsic production

of thyroid hormone, as well as the use of various drugs,

including aminosalicylic acid, lithium, and even

excessive iodine intake (16).

The thyroid gland is easily palpable considering its

superficial location, and a thyroid examination is the

first stage in assessing thyroid disease (17). It is

important to estimate the thyroid volume in a variety of

pathological conditions (18), and skilled physicians can

detect thyromegaly through touch (19). Although, this

estimated size differs from ultrasound estimates in one-

third of cases, and overall physical examination has

little sensitivity or specificity (20). In cases such as

planning for surgery, calculating iodine 131 required for

the thyrotoxicosis treatment (21), and monitoring the

effectiveness of various thyroid treatments, it is

necessary to determine the exact volume of the thyroid

gland, which is not possible by clinical evaluation.

Recently, accurate estimation of thyroid volume has

received much more attention with the introduction of

minimally invasive surgery because the most important

limiting factor is thyroid volume greater than 20 mL

(22).

There are other methods for measuring thyroid

volume, such as ultrasonography, radionuclide

scanning, computed tomography (CT), and magnetic

resonance imaging (MRI) (20, 23, 24). Among these

methods, ultrasound is the preferred and standard for

thyroid evaluation and a proven useful and practical

method considering its availability, low cost, lack of

radiation risk due to ionizing radiation, and ease of use

(20, 25).

The American College of Radiology (ACR), the WHO

and most relevant organizations use the ellipsoid

formula to calculate thyroid volume, and measure

longitudinal (L) and anterior-posterior or depth (AP),

and width (W) diameter of each lobe and calculate the

volume of each lobe and report its total as thyroid

volume using AP×W×L×π/6 formula and the isthmus

volume is not calculated (26). Besides, AP dimeter of

isthmus is calculated (8), which is generally a time-

consuming process because careful attention should be

placed (27). Moreover, it has not still been determined

that an increase in which of these dimensions or the

combination of two or three dimensions can be a

symptom of thyromegaly. The thyroid dimensions, like

other organs, vary from population to population

mainly due to age, sex, anthropometric parameters, and

genetic factors, and the relationship between thyroid

volume and anthropometric characteristics is

controversial (8, 9, 28-32).

2. Objectives

Therefore, the aim of the present study was to find

the most important ultrasound measurement of

thyroid to detect thyromegaly and also to find the

relationship between these measurements and some

anthropometric characteristics in the study population.

The results of the current study could be helpful in

increasing the rate of detection of thyromegaly and

other thyroid diseases.
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3. Methods

3.1. Samples and Data Collection

This case-control study was carried out at Imam Reza

Hospital in Kermanshah, Iran after being approved by

the Ethics Committee of Kermanshah University of

Medical Sciences (code of ethics IR.KUMS.REC.1398.1013).

The sample size formula was calculated by statistics

specialist. An endocrinologist request for ultrasound

imaging on 131 individuals referred to the Ultrasound

Department of Imam Reza Hospital of Kermanshah for

diagnostic examination of thyromegaly during the

years 2017 and 2019. Exclusion criteria included the

following in addition to participants’ dissatisfaction:

- History of thyroid surgery

- Ambiguity in the margin or each dimension of the

thyroid and retrosternal thyroid

- The presence of a large mass (nodule) or a very large

cyst

Eligible individuals entered the research after

completing the conscious consent form and receiving

full explanations about the research objective from the

responsible radiologist. Demographic information was

collected through a researcher-made questionnaire.

Anthropometric factors, including height (in

centimeters) and weight (an accuracy of 100 g) were

measured and BMI was measured based on the

following formula: BMI = weight (kg)/height² (m²). Then,

thyroid dimensions, including L, AP, and W diameters of

both sides, and AP diameter of isthmus were measured

in the supine position using the Samsung WS80

ultrasound device and a 16Mhz multi-frequency surface

probe. The volume of each lobe was calculated based on

the formula (AP×W×L×π/6) and the total volume of the

both lobes was recorded as the total thyroid volume (10

parameters in total). The isthmus volume was not

calculated while calculating the thyroid volume. People

with thyroid volume greater than 11.1 for women and 11.6

for men were considered as the case group (n = 69) and

the rest as the control group (n = 62) by three

radiologists who were unaware of the research.

Data analysis was carried out by statistics specialist

on parameters measured in the two groups (Table 1),

along with the demographic information of the studied

individuals, based on the main objectives, the most

important ultrasound measurement parameters of

thyroid to detect thyromegaly and also find the

relationship between these measurements and some

anthropometric characteristics in SPSS ver. 26.

3.2. Statistical Analysis

Mann-Whitney and chi-square tests, receiver

operating characteristic (ROC) curve, and logistic

regression tests were analysis by statistics specialist in

the present study. To select the best cut-off point based

on the sensitivity and specificity values in the ROC curve

method, the criterion was expressed as in the Unal (33).

Besides, the conditional forward method in logistic

regression was used to determine the effective variables

in thyromegaly and the enter method was used to

investigate the effect of weight on thyromegaly in this

model.

4. Results

According to the results of the Mann–Whitney U test,

there was no significant difference between the case and

control groups in terms of sex, age, and height, (P >

0.05), while the weight and BMI were significantly

higher in the case group than the control group.

In addition, Mann–Whitney U nonparametric test was

used to compare the average width of the right lobe,

depth of the right lobe, length of the right lobe, volume

of the right lobe, width of the left lobe, depth of the left

lobe, length of the left lobe, volume of the left lobe, total

volume, and isthmus volume in both the case and

control groups and the results showed that the mean of

all these factors in the case group was significantly

higher than the control group (P < 0.05).

Also, the results of this test showed that the mean

depth and length of the left and right lobes did not

differ significantly in the case group (P > 0.05), while the

mean width of the left and right lobes is significantly

different (P < 0.05) (the average width of the right lobe

is significantly larger than the left lobe). The opposite is

true in the control group. That is, the mean width of the

left and right lobes is not significantly different (P >

0.05), while the mean length and depth of the left and

right lobes are significantly different (P < 0.05) (the

average length and depth of the right lobe is

significantly larger than the left lobe).

Besides, the results of the ROC curve on the width of

the right lobe, depth of the right lobe, length of the

right lobe, volume of the right lobe, width of the left

lobe, depth of the left lobe, length of the left lobe,

https://ethics.research.ac.ir/ProposalCertificateEn.php?id=107221
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Table 1. Demographic and Anthropometric Information of Case and Control Groups a

Variables Case Control P-Value

Gender (female/male) 11.58 5.57 -

Age 41.99 ± 12.25 37.6 ± 13.32 0.065

Height 165.86 ± 6.97 164.13 ± 7.016 0.207

Weight 73.14 ± 12.51 65.65 ± 10.12 0.000

BMI 26.65 ± 3.96 24.39 ± 3.66 0.000

Abbreviation: BMI, Body Mass Index.

a Values are expressed as mean ± SD.

volume of the left lobe, total volume and isthmus

volume, are shown in Figure 1.

Figure 1. Receiver operating characteristic (ROC) curve results for all variables
measured.

Cut-off point values, according to the criterion

expressed in (34), for the width of right lobe, depth of

the right lobe, length of the right lobe, volume of the

right lobe, width of the left lobe, depth of the left lobe,

length of the left lobe, volume of the left lobe, total

volume, and isthmus volume were 16.5, 15.5, 47.5, 6.45,

15.5, 14.5, 44.5, 5.55, 11.15, and 2.45, respectively. According

to this method, if the desired variable in a person is less

than these numbers, the thyroid is normal and

otherwise the person has a thyromegaly.

Besides, forward conditional method in logistic

regression was used to determine the most important

factors in detecting thyromegaly. The width of the right

lobe, the depth of the right lobe, the length of the right

lobe, the width of the left lobe, the depth of the left lobe,

the length of the left lobe, and the isthmus volume were

taken as independent variables and the individual's

health status (thyromegal or healthy) was considered as

the dependent variable. The results are shown in Table 2.

In fact, this method yielded significant results only

until step 3 and it was not significant in the next steps

with the entry of these 3 variables in the model.

Therefore, the three factors of width of the right lobe,

depth of the right lobe, and length of the right lobe,

respectively, were selected as the most important factors

in detection of thyromegaly.

Also, according to the results of chi-square test (P-

value > 0.05), sex has no effect on thyromegaly, and the

results of using logistic regression with Enter method

showed that the odds ratio of thyromegaly increases by

0.941 with increasing weight.

5. Discussion

The results of the present study showed that the

mean of all ultrasound parameters measured in the case

group is higher than the control group. In the case

group, width of the right lobe was greater than in the

left lobe, and the right lobe length and depth were

greater than in the left lobe in the control group. The

cut-off points values for width of the right lobe, depth of

the right lobe, length of the right lobe, volume of the

right lobe, width of the left lobe, depth of the left lobe,

length of the left lobe, volume of the left lobe, total

volume, and isthmus volume were 16.5, 15.5, 47.5, 6.45,

15.5, 14.5, 44.5, 5.55, 11.15, and 2.45 respectively. According

to this method, if the desired variable is less than these

numbers, the thyroid is normal and otherwise the

person suffers from thyromegaly. Accordingly, normal

thyroid volume is considered < 11.6 mL in men, < 11.1 mL

in women, and < 11.15 mL in general. Also, the three

factors of width of the right lobe, depth of the right

lobe, and length of the right lobe, respectively, were
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Table 2. Summary of Significant Step to Include Variables in the Regression Equation

Variables B Wald Sig.

Width.right -2.042 10.963 0.001

Depth.right -0.678 4.616 0.032

Length.right -1.180 6.097 0.014

Constant 61.234 9.763 0.002

selected as the most important factors in detection of

thyromegaly.

Viduetsky and Herrejon (35) stated that none of L, W,

and AP dimensions could be clearly used to determine

the maximum thyroid size, and it is unclear whether all

three dimensions, a combination of the two

dimensions, or just one of these dimensions, must be

higher than normal range in order to detect

thyromegaly. Other studies have not referred to the

superiority of any these parameters in the detection of

thyromegaly and the conventional ellipsoid formula

was used to calculate thyroid volume (8, 9, 28, 29, 32, 35-

38). Normal thyroid volumes vary in different

geographical areas and based on body conditions, age,

and sex (35). Currently, many countries determine the

reference value of their normal thyroid volume because

there is a great deal of variation based on demographic

and anthropometric, genetic and environmental

factors. For example, the mean thyroid volume was 6.26

± 2.96 mL (8) and 9.14 ± 2.97 mL in another study (29) in

the Pakistani population, 6.44 ± 2.34 in Sudan (32), 6.6 ±

2.5 mL in Nepal (36). In two studies in Iran (28), this

value was 9.53 ± 3.68 and 8.34 ± 2.37 mL (37), respectively.

Accordingly, there is a significant difference between

studies in other countries and the present studies in

terms of cut-off point values for normal thyroid volume

(< 11.15 mL), but it is consistent with other studies

conducted in Iran (28, 37) and in Pakistan (29).

There was no significant difference between the case

and control groups in terms of sex, age and height (P >

0.05), while weight and BMI of individuals in the case

group were significantly higher than people in the

control group, therefore, there was no significant

relationship between thyroid volume with age, sex, and

height, but it was directly related to weight and BMI.

According to previous studies, there was a different

relationship and sometimes inconsistent between

thyroid volume with these anthropometric factors, and

here we mention some of them:

In a study in Murakami et al. (39), thyroid volume was

related to height and then BSA.

Adibi et al. (28) showed in a study in Isfahan that

thyroid volume is related to sex and it was higher in

men. Thyroid volume is related with age and weight,

and it increases with increasing weight (28). One study

showed that higher thyroid volume in men than women

is mainly due to weight and muscle mass differences (9).

A large difference in the thyroid volume in both males

and females is only due to the body weight differences

(9).

Kayastha et al. (36) reported in a study in Nepal a

significant and positive relationship between thyroid

volume with age, height, weight, BMI, and BSA but, not a

significant relationship with sex.

Yousef et al. (32) also showed in a study in Sudan that

there is a significant relationship between thyroid

volume and sex, that is it was higher in men. The right

lobe is larger in both sexes, which is consistent with

previous studies in the Caucasus and China (32).

In a study in Pakistan, Memon (29) found a

relationship between thyroid volume and sex and was

higher in men, the right lobe was larger, however, they

reported no relationship between thyroid volume and

BMI.

In another study in Pakistan, Kamran et al. (8) found

that thyroid volume was significantly related with

height, weight, and BSA, but not with BMI.

In a study conducted in Iran, Nafisi Moghadam et al.

(37) showed a significant relationship between thyroid

volume and sex and was higher in men (higher weight

and muscle mass). It was directly related with weight

and BSA but not with age.

Similarly, in another study in Iran, Adibi et al. (28)

stated that thyroid volume was related to sex and it was

higher in men. They also found a direct relationship

between thyroid volume with age, height, and BSA, but

not with BMI. Thyroid volume values greater than 10.14
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mL is indicative of thyromegaly, which is almost equal

to the amount obtained in the present study (28).

In a study in Nepal, Lamichhane found a relationship

between thyroid volume and age, and the right lobe was

larger in both sexes (38).

Considering the great discrepancy in the evidence

regarding the relationship between thyroid volume and

anthropometric factors in various studies and the lack

of studies on the most important ultrasound

parameters in detecting thyromegaly, it is

recommended to carry out a more comprehensive

multi-center studies in different geographical areas

(coastal, mountainous and desert) with a larger sample

sizes to answer these ambiguities.

5.1. Conclusions

Considering the increasing use of ultrasound in the

detection of thyroid disease and its acceptable accuracy

in determining the thyroid volume, the radiologists

need to first determine the normal thyroid volume and

be well aware of the effect of physiological variables

(such as age, sex, body weight, and BMI) on thyroid

volume in their community so that they can distinguish

pathological cases from normal ones. A total cut-off

point of 11.15 was obtained for thyromegaly and the

thyroid dimensions, including L, AP, and W diameters of

the both lobes and isthmus were determined. Also, the

three factors of width of the right lobe, depth of the

right lobe, and length of the right lobe, respectively,

were selected as the most important ultrasound

parameters in detection of thyromegaly. There was no

significant relationship between thyroid volume with

sex, age, and height, but was directly related to weight

and BMI.

Footnotes

Authors' Contribution: Study concept and design,

Farhad Naleini and Meysam Siyah Mansoory; acquisition

of data, Farhad Naleini and Sahar Soroori; analysis and

interpretation of data, Elham Niroomand and Vahab

Dehlaghi; drafting of the manuscript, Farhad

Naleini,Meysam Siyah Mansoory ,Elham Niroomand,

Vahab Dehlaghi and Sahar Soroori; statistical analysis,

Meysam Siyah Mansoory and Vahab Dehlaghi.

Conflict of Interests Statement: None of the authors

have potential conflicts of interest to be.

Data Availability: The dataset presented in the study is

available on request from the corresponding author

during submission or after publication.

Ethical Approval: This study is approved under the

ethical approval code of IR.KUMS.REC.1398.1013 .

Funding/Support: This study was supported in grant

980886 from Kermanshah University of Medical

Sciences.

Informed Consent: Eligible individuals entered the

research after completing the conscious consent form

and receiving full explanations about the research

objective from the responsible radiologist.

References

1. Khan Y, Farhana A. Histology, Thyroid Gland. Treasure Island, FL:

StatPearls; 2020.

2. Nasar DM, Mohammed DH, Madlool ZS, Ali RH, Salem AAAS. Effect of

Trace Elements on Thyroid Gland Review. Europ J Mod Med Practice.

2024;4(4):373-87.

3. Mullur R, Liu YY, Brent GA. Thyroid hormone regulation of

metabolism. Physiol Rev. 2014;94(2):355-82. [PubMed ID: 24692351].

[PubMed Central ID: PMC4044302].

https://doi.org/10.1152/physrev.00030.2013.

4. Hadgu R, Worede A, Ambachew S. Prevalence of thyroid dysfunction

and associated factors among adult type 2 diabetes mellitus patients,

2000-2022: a systematic review and meta-analysis. Syst Rev.

2024;13(1):119. [PubMed ID: 38689302]. [PubMed Central ID:

PMC11061916]. https://doi.org/10.1186/s13643-024-02527-y.

5. Gietka-Czernel M. The thyroid gland in postmenopausal women:

physiology and diseases. Prz Menopauzalny. 2017;16(2):33-7. [PubMed

ID: 28721126]. [PubMed Central ID: PMC5509968].

https://doi.org/10.5114/pm.2017.68588.

6. Khoozan M, Moudi S, Kheirkhah F, Hosseini SR, Bijani A, Hamzehpour

R. Thyroid Function and Depressive Symptoms in Older Adults: A

Five-Year Follow-Up. Shiraz E-Med J. 2020;21(4).

7. Badran DH, Kalbouneh HM, Al-Hadidi MT, Shatarat AT, Tarawneh ES,

Hadidy AM, et al. Ultrasonographic assessment of splenic volume

and its correlation with body parameters in a Jordanian population.

Saudi Med J. 2015;36(8):967-72. [PubMed ID: 26219448]. [PubMed

Central ID: PMC4549594]. https://doi.org/10.15537/smj.2015.8.11809.

8. Kamran M, Raza I, Mukhtar S, Bughio S, Waseem H. Positive

Correlation of Thyroid Gland Volume with Isthmus Dimensions and

with Anthropometric Parameters through a Cross Sectional Study on

Karachi Population. British J Med Med Res. 2016;18.

9. Turcios S, Lence-Anta JJ, Santana JL, Pereda CM, Velasco M, Chappe M,

et al. Thyroid volume and its relation to anthropometric measures in

a healthy cuban population. Eur Thyroid J. 2015;4(1):55-61. [PubMed ID:

25960963]. [PubMed Central ID: PMC4404892].

https://doi.org/10.1159/000371346.

10. Liu J, Wang C, Tang X, Fu S, Jing G, Ma L, et al. Correlation analysis of

metabolic syndrome and its components with thyroid nodules.

Diabetes Metab Syndr Obes. 2019;12:1617-23. [PubMed ID: 31564932].

[PubMed Central ID: PMC6724178].

https://doi.org/10.2147/DMSO.S219019.

https://ethics.research.ac.ir/ProposalCertificateEn.php?id=107221
http://www.ncbi.nlm.nih.gov/pubmed/24692351
https://www.ncbi.nlm.nih.gov/pmc/PMC4044302
https://doi.org/10.1152/physrev.00030.2013
http://www.ncbi.nlm.nih.gov/pubmed/38689302
https://www.ncbi.nlm.nih.gov/pmc/PMC11061916
https://doi.org/10.1186/s13643-024-02527-y
http://www.ncbi.nlm.nih.gov/pubmed/28721126
https://www.ncbi.nlm.nih.gov/pmc/PMC5509968
https://doi.org/10.5114/pm.2017.68588
http://www.ncbi.nlm.nih.gov/pubmed/26219448
https://www.ncbi.nlm.nih.gov/pmc/PMC4549594
https://doi.org/10.15537/smj.2015.8.11809
http://www.ncbi.nlm.nih.gov/pubmed/25960963
https://www.ncbi.nlm.nih.gov/pmc/PMC4404892
https://doi.org/10.1159/000371346
http://www.ncbi.nlm.nih.gov/pubmed/31564932
https://www.ncbi.nlm.nih.gov/pmc/PMC6724178
https://doi.org/10.2147/DMSO.S219019


Naleini F et al.

J Clin Res Paramed Sci. 2024; 13(1): e148287. 7

11. Hmood A, Bdair B, Al-Graittee S. Evaluation of Thyroid Volume and

Thyroid Function in Newly Diagnosed Type 2 Diabetes Mellitus

Patients. Syst Rev Pharm. 2020;11(5):451-7.

12. Chaudhary V, Bano S. Thyroid ultrasound. Indian J Endocrinol Metab.

2013;17(2):219-27. [PubMed ID: 23776892]. [PubMed Central ID:

PMC3683194]. https://doi.org/10.4103/2230-8210.109667.

13. Barbu MG, Thompson DC, Condrat CE, Tudorache IS, Voichitoiu AD,

Cretoiu D, et al. Maternal Iodine Deficiency and Late Outcomes in

Child’s Development. Revista De Chimie. 2019;70(8):3024-6.

14. Calcaterra V, Nappi RE, Regalbuto C, De Silvestri A, Incardona A,

Amariti R, et al. Gender Differences at the Onset of Autoimmune

Thyroid Diseases in Children and Adolescents. Front Endocrinol

(Lausanne). 2020;11:229. [PubMed ID: 32362875]. [PubMed Central ID:

PMC7181383]. https://doi.org/10.3389/fendo.2020.00229.

15. Pishdad P, Pishdad GR, Tavanaa S, Pishdad R, Jalli R. Thyroid

ultrasonography in differentiation between graves’ disease and

hashimoto’s thyroiditis. J Biomed Physics Engin. 2017;7(1):21.

16. Segni M. Disorders of the thyroid gland in infancy, childhood and

adolescence. In: Feingold KR, Anawalt B, Blackman MR, Boyce A,

Chrousos G, Corpas E, et al., editors. Endotext [Internet]. South

Dartmouth, MA: MDText.com, Inc; 2017.

17. Shimura H, Yokoya S, Kamiya K. An Accurate Picture of Fukushima's

Thyroid Ultrasound Examination Program. Arch Pathol Lab Med.

2020;144(7):797. [PubMed ID: 33761528].

https://doi.org/10.5858/arpa.2019-0465-LE.

18. Omidan N, Zahir ST, Fateh A. Cytological and pathological evaluation

of Hashimoto’s thyroiditis. Maedica. 2019;14(2):98.

19. Medeiros-Neto G. Multinodular Goiter. In: Feingold KR, Anawalt B,

Blackman MR, Boyce A, Chrousos G, Corpas E, et al., editors. Endotext.

South Dartmouth, MA: MDText.com, Inc; 2016.

20. Blum M. Ultrasonography of the Thyroid. In: Feingold KR, Anawalt B,

Blackman MR, Boyce A, Chrousos G, Corpas E, et al., editors. Endotext.

South Dartmouth (MA): MDText.com, Inc. Copyright © 2000-2024,

MDText.com, Inc; 2000.

21. Bardet S. 131I Radioiodine therapy in Graves’ disease: Us et coutumes,

controversies and guidelines. Med Nucleaire. 2020;44(4):267-71.

22. Haitao Z, Jie X, Lixin J. Minimally invasive video-assisted

thyroidectomy: experience of 200 cases in a single center. Wideochir

Inne Tech Maloinwazyjne. 2014;9(3):337-43. [PubMed ID: 25337155].

[PubMed Central ID: PMC4198635].

https://doi.org/10.5114/wiitm.2014.43077.

23. Warren Frunzac R, Richards M. Computed Tomography and

Magnetic Resonance Imaging of the Thyroid and Parathyroid Glands.

Front Horm Res. 2016;45:16-23. [PubMed ID: 27002989].

https://doi.org/10.1159/000442274.

24. Van Nostrand D, Schneider M, Acio ER. Radionuclide Imaging of

Thyroid Nodules. In: Wartofsky B, van Nostrand D, editors. Thyroid

Cancer: A Comprehensive Guide to Clinical Management. New York, NY:

Springer; 2016. p. 315-22.

25. Haymart MR, Banerjee M, Reyes-Gastelum D, Caoili E, Norton EC.

Thyroid Ultrasound and the Increase in Diagnosis of Low-Risk

Thyroid Cancer. J Clin Endocrinol Metab. 2019;104(3):785-92. [PubMed

ID: 30329071]. [PubMed Central ID: PMC6456891].

https://doi.org/10.1210/jc.2018-01933.

26. Curi LL, Quesada M, Despaigne DAN, Savariego EJ, Gonzalez LC,

Konare DB, et al. References values and predictive factors for thyroid

volume in pregnant women. Arch Endocrinol Metab. 2023;67(6).

e000656. [PubMed ID: 37364154]. [PubMed Central ID:

PMC10660995]. https://doi.org/10.20945/2359-3997000000656.

27. Andrioli M, Carzaniga C, Persani L. Standardized Ultrasound Report

for Thyroid Nodules: The Endocrinologist's Viewpoint. Eur Thyroid J.

2013;2(1):37-48. [PubMed ID: 24783037]. [PubMed Central ID:

PMC3821499]. https://doi.org/10.1159/000347144.

28. Adibi A, Mehri S, Aminorroaya A, Ehsan R, Mohsen M, Fallah Z, et al.

Normal values of thyroid gland in Isfahan, an iodine replete area. J

Res Med Sci. 2008;13.

29. Memon JA. Ultrasonographic estimation of Thyroid gland volume in

healthy subjects of interior Sindh (Province of Pakistan). Pro Med J.

2020;27(1):185-90.

30. Salaam AJ, Danjem SM, Salaam AA, Angba HA, Ibinaiye PO.

Determination of Normal Thyroid Gland Volume On Ultrasound In

Normal Adults In Jos, North Central Nigeria. Int J Sci Res Public.

2020;10(1):44-54.

31. Salaam AJ, Danjem SM, Salaam AA, Angba HA, Ibinaiye PO.

Determination of Relationship between Thyroid Gland Volume and

Anthropometric Indices. J Adv Med Med Res. 2019;31(3):1-12.

32. Yousef M, Sulieman A, Ahmed B, Abdella A, Eltom K. Local reference

ranges of thyroid volume in sudanese normal subjects using

ultrasound. J Thyroid Res. 2011;2011:935141. [PubMed ID: 21961076].

[PubMed Central ID: PMC3180179]. https://doi.org/10.4061/2011/935141.

33. Unal I. Defining an Optimal Cut-Point Value in ROC Analysis: An

Alternative Approach. Comput Math Methods Med. 2017;2017:3762651.

[PubMed ID: 28642804]. [PubMed Central ID: PMC5470053].

https://doi.org/10.1155/2017/3762651.

34. Tangaro S. Computational and Mathematical Methods in Medicine.

Hoboken, New Jersey: Wiley; 2016.

35. Viduetsky A, Herrejon CL. Sonographic evaluation of thyroid size: a

review of important measurement parameters. J Diagn Med

Sonography. 2019;35(3):206-10.

36. Kayastha P, Paudel S, Shrestha D, Ghimire RK, Pradhan S. Study of

thyroid volume by ultrasonography in clinically euthyroid patients. J

Institute Med Nepal. 2010;32(2):36-43.

37. Nafisi Moghadam R, Shajari A, Afkhami-Ardekani M. Influence of

physiological factors on thyroid size determined by ultrasound. Acta

Med Iran. 2011;49(5):302-4. [PubMed ID: 21713748].

38. Lamichhane T, Pant S, Lamichhane B, Gautam C, Paudel S, Yadav DB,

et al. Age- and Gender-Specific Changes in Thyroid Size and Thyroid

Function Test Values of Euthyroid Subjects. J Biosciences Med.

2018;6:59-73. https://doi.org/10.4236/jbm.2018.611007.

39. Murakami T, Higaki N, Nishijima Y, Tani J, Noguchi H, Morisaki M, et

al. An easy approach to ultrasonographic volumetry of the thyroid.

Endocr J. 2024;71(6):617-21. [PubMed ID: 38599853].

https://doi.org/10.1507/endocrj.EJ23-0606.

http://www.ncbi.nlm.nih.gov/pubmed/23776892
https://www.ncbi.nlm.nih.gov/pmc/PMC3683194
https://doi.org/10.4103/2230-8210.109667
http://www.ncbi.nlm.nih.gov/pubmed/32362875
https://www.ncbi.nlm.nih.gov/pmc/PMC7181383
https://doi.org/10.3389/fendo.2020.00229
http://www.ncbi.nlm.nih.gov/pubmed/33761528
https://doi.org/10.5858/arpa.2019-0465-LE
http://www.ncbi.nlm.nih.gov/pubmed/25337155
https://www.ncbi.nlm.nih.gov/pmc/PMC4198635
https://doi.org/10.5114/wiitm.2014.43077
http://www.ncbi.nlm.nih.gov/pubmed/27002989
https://doi.org/10.1159/000442274
http://www.ncbi.nlm.nih.gov/pubmed/30329071
https://www.ncbi.nlm.nih.gov/pmc/PMC6456891
https://doi.org/10.1210/jc.2018-01933
http://www.ncbi.nlm.nih.gov/pubmed/30329071
https://www.ncbi.nlm.nih.gov/pmc/PMC6456891
https://doi.org/10.1210/jc.2018-01933
http://www.ncbi.nlm.nih.gov/pubmed/37364154
https://www.ncbi.nlm.nih.gov/pmc/PMC10660995
https://doi.org/10.20945/2359-3997000000656
http://www.ncbi.nlm.nih.gov/pubmed/24783037
https://www.ncbi.nlm.nih.gov/pmc/PMC3821499
https://doi.org/10.1159/000347144
http://www.ncbi.nlm.nih.gov/pubmed/21961076
https://www.ncbi.nlm.nih.gov/pmc/PMC3180179
https://doi.org/10.4061/2011/935141
http://www.ncbi.nlm.nih.gov/pubmed/28642804
https://www.ncbi.nlm.nih.gov/pmc/PMC5470053
https://doi.org/10.1155/2017/3762651
http://www.ncbi.nlm.nih.gov/pubmed/21713748
https://doi.org/10.4236/jbm.2018.611007
http://www.ncbi.nlm.nih.gov/pubmed/38599853
https://doi.org/10.1507/endocrj.EJ23-0606

