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Abstract

The thyroid gland is an endocrine gland situated at the anterior of the neck on either side of the
trachea. It consists of two lateral lobes connected in the middle by an isthmus. Anthropological indices
and socioeconomic factors such as dietary iodine intake and consumption of excess goitrogens,
different geographical locations affect the thyroid volume in normal individuals. The study was aimed
at reviewing the available literatures on the sonographic determination of thyroid gland volume in
apparently healthy adults. The review showed that the overall thyroid volume (TGV) ranged from
6.26 £ 2.89 cm3 to 18.6 £ 4.50 cm3. The mean thyroid volume for males ranged from (6.03 + 2.22 cm?
- 19.6%4.7 cm?3) and that of females was (5.62 + 2.14 cm?3 - 17.5%4.2 cm3). The mean right lobe volume
range was (3.09+ 1.47 cm?® - 10.16£3.01 cm3) and mean left lobe volume was (2.69+1.37 cm3 -
8.51+3.25 cm3). TGV was higher in males than females and higher in right lobes than left lobes.
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INTRODUCTION

The thyroid gland originated from the primitive pharynx and the neural crest (Moore and
Persaud, 2008). It is located in the midline of the neck formed by two lateral lobes connected
by an isthmus (Chaurasia, 2014). The gland is responsible for the synthesis of T4 and Ts
hormone that play an essential role in human development, promotion of linear growth and
bone formation (Guyton and Hall, 2011).

Pathological conditions such as simple goiter, hyperthyroidism, hypothyroidism, thyroiditis
and neoplasms resulted in the enlargement of the gland to two or three times’ its normal
size (Guyton and Hall, 2011). Abnormal enlargement of the thyroid gland causes several
medical conditions such as increase response to stimuli, heat intolerance, muscle weakness
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e.t.c (Guyton and Hall, 2011). Reduction in thyroid size due to pathology or surgical removal
could lead to fatigue, extreme muscular sluggishness e.t.c (Guyton and Hall, 2011).
Anthropological factors such as aging, gender, weight, height, body mass index (BMI),
waist-to-hip ratio (WHR), lean body mass (LBM), blood group, body surface area (BSA),
reproductive state and hormonal changes all affect the thyroid volume in normal
individuals. Some socioeconomic factors such as dietary iodine intake and consumption of
excess goitrogens, smoking, alcohol consumption, different geographical locations also affect
the thyroid volume in normal individuals (Knudsen, 2000; Kayastha, 2010).

Ultrasound scan (US) is one of the various imaging modalities that have been used to
determine the TGV and now is one of the most popular radiological methods for
diagnosing thyroid diseases (Vladimir, 2010). This is because it is a non-invasive, non-
ionizing, rapid, inexpensive, easily available and highly informative technique (Vladimir,
2010).

The missing gap identified from the reviewed articles is that not all studies evaluated the
participants for normal serum thyroid stimulating hormone (sTSH), serum thyronin (sT3)
and serum thyroxine (T4) to select euthyroid individuals. We noticed also that majority of
the studies were conducted with only 2D USS machines. If subsequent studies will consider
laboratory investigations and using 3D or 4D USS machines, the accuracy of the results will
increase. The study aimed at reviewing the available literatures on the sonographic
determination of thyroid gland volume in apparently healthy adults.

METHODOLOGY

Literature Search
The databases used to obtain the articles were GOOGLE-SCHOLAR, BASE and PUBMED.
Articles from the year 1983 to 2020 were used. A search was performed using search terms:

“thyroid gland volume”, “thyroid gland size on ultrasound”, and “normal thyroid volume
in healthy adult”.

Eligibility Criteria

Articles published in English language on sonographic thyroid volumetric in normal
subjects were included in the review. Articles excluded from the review include; articles
irrelevant to thyroid volumetric on ultrasound, and articles on sonographic thyroid
volumetric that included pediatrics, pregnant women, subjects with goiter and other thyroid
diseases.

Study Selection

To assess eligibility first, the title and the abstract of each article were carefully screened.
Then the full texts of the articles that were deemed potentially relevant for inclusion and
additional searches of their reference list were made for the retrieval of other relevant
articles.

Data Extraction

After review of the articles, the following data were extracted: Author, year of publication,
location, study design, statistical tool of analysis, sample size, instrument of data collection,
examiners and thyroid volumes.
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Results

Fifty studies were identified through electronic database searching, twenty were duplicate
and removed from the studies. Fifteen irrelevant studies were removed from the remaining
30 studies after careful screening of the titles and abstracts. Seven additional studies were
added after checking references of the identified studies making a total of 22 studies.
Furthermore, 4 articles were removed due to lack of information. Thus 18 articles were
reviewed as follows;

A prospective study conducted by Hegedus et al. (1983) in Denmark on determination of
thyroid volume by ultrasound and its relationship to body weight, age, and sex in normal
Subjects. Two hundred and seventy one healthy individuals were randomly selected (139
males and 132 female) with a mean age of 44.1 years (13-91 years). Serum T4, serum T3,
serum TSH, and T3 uptake ratio (T3UR) were measured in all subject to select euthyroid
individuals. Subjects with major physical disease and/or signs of previous or present
thyroid disease were excluded. The scanning was performed using a manual compound
scanner (type 3401, Briiel and Kjser, Norum, Denmark) equipped with a 4 MHz transducer.
The mean TGV was 18.6 + 4.5 ml. A significant difference was found between the mean
thyroid volume of males 19.6 + 4.7 ml and females (17.5 + 4.2 ml; n =132; P < 0.001).

Berghout et al. (1987) conducted a prospective studies on determination of thyroid volume
as measured by ultrasonography in healthy adults in a non-iodine deficient area. The study
was conducted in Amsterdam with a sample size of 50 adults (25 female and 25 males) and
their age ranged between 20 to 70 years. All subject with any kind of liver disease, thyroid
disease or on thyroid medication were all excluded from the study. All included subjects
had normal laboratory findings (T4, T3U, T3, TSH, thyroglobulin (Tg), iodine and creatinine
levels). Thyroid volume was measured using a commercially available contact B-scanner
(Searle Pho/Sonic-SM) with a 5.0 MHz, 14 mm transducer, focal length 4.5 cm. Transverse
scans of the thyroid were obtained in supine position at 5-mm intervals from caudal to
cranial with hyperextension of the neck. Thyroid volume as determined by ultrasonography
was 10.7+4.6 ml. Thyroid volume in females (8.7£3.9 ml) was smaller than in males (12.7+ 4.4
ml, p=0.0014).

Gomez et al. (2000) conducted a prospective study in Spain, on determination of thyroid
volume by ultrasonography in healthy adults. The study was performed from April 1998 to
May 1999. Two hundred and sixty eight adults were randomly selected with 134 males and
134 females. Male and female mean age was 41.4 years and 40.7 years respectively (15-70
years). All Pregnant women, those with goiters or abnormal thyroid echo pattern and
abnormal laboratory findings were excluded from the study. Plasma TSH, Serum
antithyroid peroxidase and antithyroglobulin antibodies were determined to select
euthyroid subjects. Toshiba Sonolayer SA 250 equipped with a 7-MHz linear phased-array
probe was used to scan all patients by an experienced radiologist. Intra-observer variability
was 10%. The subjects were examined in the supine position with hyperextended neck and
skin covered by acoustic gel. All statistical analysis were performed using the Statistical
Package for Social Sciences (SPSS for Windows, SPSS Inc., Chicago, IL, USA). The overall
mean volume of the thyroid gland for both lobes in all the patients studied was 8.22+3.92 ml.
The mean volume for both lobes in females and males were 6.57+2.05 ml and 9.87+4.61 ml
respectively.
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Another prospective study was conducted by Ivanac et al. (2004) in Croatia. Fifty one female
students from University of Zagreb Medical School were randomly selected. The mean age
of the subjects was 22 years (20-38 years). All the students had normal TSH (2.4+1.03 mU/L),
FT3 (5.65+0.54 pmol/L), and FT4 (14.23+3.13 pmol/L). All thyroid scans were done with
real-time ultrasound scanner (LOGIQ 400 MD G.E. Medical Systems Milwaukee, WI, U.S.A)
with a 7.5 MHz, 50 mm linear transducer. Examinations were made in a supine position of
the patient with maximum neck extension by a single examiner. Analysis was done with
Statistica Version 5.0; Excel Microsoft. The mean thyroid volume for right and left lobes was
5.46+1.68 ml and 4.22+1.29 ml respectively and the overall mean thyroid lobe was 10.68+2.83
mL (range 5.71-17.09 mL).

Another prospective study was conducted by Ahidjo et al. (2005) in Maiduguri, Nigeria. The
study extended from September 2002 to September 2004. Seventy one males and seventy
two females were randomly selected with a mean age of 38.6+13.10 years (23-69 years). All
subject with anterior neck swelling, women during menstruation, pregnant women or who
have delivered within the last 12 months were excluded from the study. Ultramark 9 ATL, a
grey scale real-time ultrasound machine, fitted with a 7.5MHz transducer was used for the
study. The patients were examined in supine position, with pillow placed under their
shoulders to hyperextend the neck. The data were analyzed using SPSS version 11 and a
p<0.05 was taken as significant. The mean right and left thyroid lobe volume for females
was 4.04+1.50 cm3 and 3.54+1.46 cm3 respectively. The mean right and left thyroid lobe
volume for males was 5.12+1.95 cm3 and 4.6+1.7cm3 respectively. The overall mean volume
of the thyroid gland for both lobes in all the patients studied was 8.55+1.82 cm3. The mean
volume for both lobes in females and males were 7.58 cm3 and 9.72 cm?3 respectively. The
males thyroid volume was higher than the females (p = 0.000).

Another prospective study was conducted by Yildrim et al. (2006) in Turkey on
morphological asymmetry in thyroid lobes, and sex and handedness differences in healthy
young subjects. Seventy two healthy volunteers (36 females and 36 males) were included
with a mean age of 20.76 + 4.8 years (18-20 years). Pre-participation medical examination
were conducted and the subjects with endocrinological problems were excluded. Instrument
for data collection was a RT 2800 ultrasound scanner fitted with a 7.5-MHz linear transducer
(General Electric, USA). SPSS 10.0 for Windows program were used for data analysis. The
right lobe (10.16 £3.01 ml) is larger in volume than the left thyroid lobe (8.15 £ 3.25 ml). The
right and left lobe volume in male subjects was 11.28+2.83 ml and 9.87+3.3 ml respectively.
The right and left lobe volume in female subjects was 9.03+2.74 ml and 7.16+2.63 ml
respectively.

A prospective studies was conducted by Adibi et al. (2008) on normal values of thyroid
gland in Isfahan, an iodine replete area. Two hundred adult were randomly selected with
123 males and 77 females. The mean age of the participants was 37.27+11.80 years (age >20
years). Subjects with any kind of thyroid abnormality were excluded from the study.
Demographic data collection was performed, serum TSH and urinary iodine concentration
were measured. Thyroid ultrasonography was performed with HS-2000 Honda ultrasound
equipment with 7.5 MHZ linear probe by two radiologist using the same protocol. Thyroid
volume was measured using ellipsoidal formula. Data was analyzed using SPSS version 11
and p<0.05 was taken as significant. The overall TV was 9.53+3.68 ml. Mean TV was 10.73+
3.44 ml in males and 7.71£2.63 in females (p<0.001).
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A prospective study was conducted by Seker and Tas (2009) in Turkey. The study included
one hundred and five males and one hundred and forty six females making a total of 251
volunteers with mean age of 33.64+ 11.89 years (15 to 78 years). Patients with prior thyroid
disease history or the patients in whom nodule, heterogeneity or agenesis were discovered
in the USG examination were excluded from the study. All scanning was done with EUB-
6000 Hitachi USG device with 10 MHz linear probe by a single examiner. All lobes were
scanned once, however multiple measurement were done in case of imaging problem due to
body composition differences. Both descriptive and inferential statistic were employed and a
p<0.05 was taken as significant. The mean right and left thyroid lobe volume for females
was 6.04+£2.62 cm3 and 4.89+2.15 cmd respectively. The mean right and left thyroid lobe
volume for males was 8.86+4.21 cm? and 7.01+3.35 cm? respectively. The mean total thyroid
volume was 13+6.27 cm? (men; 15.87+7.18 cm3; women; 10.94+4.53 cm?).

Nafisi et al. (2011) conducted a prospective study on the influence of physiological factors on
thyroid size determined by ultrasound in Iran. The study was conducted from June 2003 to
April 2005. Three hundred and fourteen volunteers (208 females and 106 males) were
included in the study with age greater than 18 years. All Participants with singe and
symptoms of hypothyroidism and hyperthyroidism, nodularity in thyroid gland,
consumption of lithium, phenytoin, oral contraceptives, pregnancy and any systemic
disorder were excluded from the study. Instrument for data collection was a Piemedical
ultrasound device (260 crus) with a 7.5MHz linear transducer. Measurements were
performed on subjects in the supine position with the neck slightly hyperextended. Data
processing and statistics were carried out by SPSS software (Version 12). Mean of thyroid
volume was 8.34+2.37 ml. Mean of thyroid volume in male and female was 9.08+2.49 and
7.93+3.2 ml which the differences between them was significant (P<0.003).

Yousef et al. (2011) conducted another prospective study on local reference ranges of thyroid
volume in Sudanese normal subjects using ultrasound. The study was conducted between
2007 and 2010. One hundred and three volunteers were included in the study consisting of
28 (27.18 %) females and 75 (72.82%) males. The mean age of the subjects was 21.79 years
with a range of 19-29 years. Subjects with anterior neck swelling or clinical evidence of
thyroid disease, women during menstruation, pregnant, women who have delivered within
the last 12 months, were all excluded from the study. Scanning was done with a grey scale
real-time ultrasound machine, fitted with a 10MHz transducer. The subjects were examined
in supine position, with pillow placed under their shoulders to hyperextend the neck. The
data was collected and analyzed using SPSS for windows version 17. The overall mean
volume of the thyroid gland for both lobes in all the patients studied was 6.44+2.44 ml. The
mean volume for both lobes in females and males was 5.78 £ 2 (1.96) ml and 6.69 (2.56) ml,
respectively. Mean volume of the right and left lobes of the thyroid gland in all the patients
studied were 3.38 £ 2 (1.37) ml and 3.09 £ 2 (1.24) ml, respectively. The right thyroid lobe
volume was greater than the left. The mean thyroid volume of the right lobe among the
females studied was 3.03 ml, and the left was 2.75 ml. The values were greater for the right
than the left lobe. In males, the right and the left lobes of the thyroid gland volumes were
3.51 ml and 3.21 ml, respectively. The values were greater for the right than the left lobe and
more than that of the females.

Kamran et al. (2014) conducted a prospective study on correlation of thyroid gland volume

with age and gender in a subset of Karachi population. The study was carried out from
October 2012 to September 2013. Four hundred and twenty one volunteers were included
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with 52.5% males and 47.5% females. Their mean age was 42.08 + 15.29 year (21- 82 years).
All those individuals with history of thyroid disease, thyroid surgery, thyroid nodule or
with any other thyroid abnormality either on examination or on US were excluded from the
study. Individuals on drugs that cause goiter, females with pregnancy, mothers who have
delivered during the last 12 months and lactating mothers were also excluded from the
study. All participants had normal TSH. Instrument for data collection was a Toshiba SSA-
590A with 7.5 MHz linear probe. Participants were examined in supine position with neck
hyperextended and pillow under his/her shoulders. Data was entered on Microsoft Excel
and SPSS version 17 was used for statistical analysis. Mean TGV was 6.26 + 2.89 ml. The total
mean in males was 6.78+2.88 ml and that of females was 5.7+2.79 ml. Total mean volume of
right lobe was 3.27 £ 1.75 ml. It was significantly greater than that of left lobe 2.99 + 1.4 ml
(p-value 0.00). The mean volume of right lobe in males was greater (3.54 £1.77 ml) than the
left (3.24+1.4 ml). The mean volume of right lobe in females was greater (2.98 £1.68 ml) than
the left (2.7 £1.36 ml).

Sahin et al. (2015) conducted a retrospective study titled ‘regional reference values of
thyroid gland volume in Turkish adults’. The study period was from June 2011 to June 2012.
A total of 461 adults, consisting of 292 females and 169 males were included in the study.
The age of the subjects ranged from 18-61 years; mean age was 30.84+9.97 years. All subjects
had normal laboratory results (serum TSH, Anti-TG, Anti-TPO antibodies and urine iodine
level) and normal ultrasonography of thyroid parenchymal texture and absent nodule
confirmed by sonography. Subjects with anterior neck swelling or clinical evidence of
thyroid disease were excluded from the study. The ultrasound machine used was a grey
scale real-time (Logiq 5 Pro, General Electric (GE) Healthcare, Milwaukee, USA), fitted with
a 7.5 MHz transducer. The patients were examined in a supine position with hyperextended
cervical spine. The data was collected and analyzed using SPSS for Windows version 11. The
overall mean thyroid volume in all the patients who were studied was 12.98+2.53 ml. The
mean thyroid volume in females and males was 12.0942.05 ml and 14.53+2.55 ml,
respectively (p<0.05). The mean volume of the right and left lobes of the thyroid gland in all
of the patients were 7.01+1.94 ml and 5.97+1.76 ml, respectively. In females, the right and the
left lobes of the thyroid gland volumes were 6.48+1.84 ml and 5.61+1.58 ml. In males, the
right and the left lobes of the thyroid gland volumes were 8.17+1.53 ml and 6.36+1.44 ml.
The right thyroid lobe volume was greater than the left in all subjects of both sexes (p<0.05).
The right lobe volume was significantly greater than the left lobe (p=0.000).

Turcios et al. (2015) conducted a prospective study on thyroid volume and its relation to
anthropometric measures in a healthy Cuban population. The study was conducted between
January 2009 and December 2021. One hundred controls adults subject were included with
21 men and 79 females and mean age of 38.2 +0.9 years (17-60 years). All subjects with a
goiter (defined as a visible and/or palpable thyroid gland) and subjects with a personal or
family history of thyroid disease or with signs of thyroid disease, women during
menstruation, pregnant women and women who had delivered within the last 12 months
were excluded from the study. Instrument for data collection was a 3D ultrasonography
machine using a linear 7.5-MHz probe. All Subjects laid in a supine position with the neck
hyperextended and the shoulders supported by a pillow. Data were analyzed using SPSS
and SAS for Windows. The mean total thyroid volume was 6.6 +0.3 ml, it was not
significantly higher in males (7.3 £0.3 ml) than in females (6.4 0.3 ml).
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Alazigha et al. (2016) conducted a prospective studies in Port Harcourt Nigeria on
sonographic measurement of the volume of the normal thyroid gland in adults in
Braithwaite memorial specialist hospital Port Harcourt. Four hundred volunteers were
included in the study with 51% males and 49% females. Their age range was 18-62 years.
Instrument for data collection was a US machine equipped with 7.5MHz transducer. The
length, width and depth of the thyroid gland were obtained and the thyroid volume was
calculated using the ellipsoidal formula. The mean TGV was 6.81 + 2.18 cm?. The mean TGV
for males and females was 7.44 + 2.05 cm?3 and 6.14 + 2.11 cm? respectively.

Kamran et al. (2016) conducted a prospective study on positive correlation of thyroid gland
volume with isthmus dimensions and with anthropometric parameters through a cross
sectional study on Karachi population. A convenient sampling technique was use to select
230 healthy subjects with mean age of 39.39 +14.63 years. All participants with signs and
symptoms of hypo and hyper thyroidism were removed. 17 out of 230 subjects were
excluded due to palpable thyroid gland or thyroid nodule on physical examination. Serum
thyroid stimulating hormone (TSH) level of 213 subjects was measured to select euthyroid
subjects for the study. Five subjects were excluded due to deranged serum TSH level.
Instrument for data collection was a Toshiba model SSA-590A with a 7.5-11 MHz transducer
and 6 cm linear probe. Ultrasound of TG was performed by a single radiologist. Subjects
were examined in supine position, with pillow under their shoulders to hyperextend the
neck. Statistical analyses were performed using SPSS version 21. The mean volume for males
was 6.7 £3.11 ml and for females was 5.8 2.5 ml. The right and left lobes mean volume for
males was 3.5 £1.8 ml and 3.2 +1.47 ml respectively. The right and left lobes mean volume
for females was 3.0 +46 ml and 2.7 £1.18 ml respectively.

Alsager et al. (2018) conducted a prospective study on effects of body weight, height, and
body mass index on thyroid volume among healthy undergraduate Saudi males using
ultrasound. A total of 100 healthy males were recruited between September 2016 and
January 2018 in the cohort stud. Their mean age was 21.8+1.3 years (18 to 22 years). All
participants with frontal neck swelling or clinical proof of gland disorder were excluded.
Instrument for data collection was a HI vision Avius ultrasound (Hitachi), equipped with a
high frequency direct contact 10 MHz linear array ultrasound probe. All of the ultrasound
measurements of the gland were performed by the same sonographer. US examinations
were conducted in a dorsal position with maximum neck extension. Analysis was done with
Statistical Package for the Social Sciences (SPSS) transformation 20 for Windows (Microsoft).
The calculated mean of the gland volume was 7.5 + 2.8 ml (2.4 -13.5 ml). Right lobe volume
was 3.9 £ 1.6 ml while that for left lobe was 3.6 + 1.2 ml.

Salaam et al. (2020) conducted a prospective study on sonographic measurement of thyroid
gland volume in Jos, Plateau, Nigeria. Four hundred normal healthy adults were included
in the study. Blood samples were taken for thyroid function tests to select euthyroid
individuals. Instrument for data collection was a LOGIC 5, a real-time ultrasound machine
using a 10MHZ linear transducer. The data obtained were statistically analyzed using SPSS
software version 17. The mean thyroid volume for male 6.03 + 2.22 cm? was higher than that
of females 5.62 + 2.14 cm3. The mean right lobe volume RLV was 3.09 + 1.47 cm? and that of
males and females were 3.16 + 1.34 cm?3 and 3.04 + 1.55 cm? respectively. The mean left lobe
volume (LLV) was 2.69 + 1.37 cm?® and that of males and females were 2.89 + 1.32 cm? and
2.57 £1.39 cm? respectively.
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Zemunik et al. (2020) conducted a prospective study on determinants of thyroid volume in
healthy young adults of Dalmatia. One hundred and forty five volunteers were used (26
men and 119 women). Their age ranged from 19 to 29 years. Plasma thyroid-stimulating
hormone (TSH), free thyroxine (fT4), and thyroglobulin (Tg) together with thyroid
antibodies (thyroglobulin antibodies, TgAb and thyroid peroxidase antibodies, TPOAb)
were normal in all the subjects. Thyroid ultrasonography was performed using Medison
Accuvix V10 (Samsung Medison Co., Ltd, Seoul, Korea) high-frequency linear probe (8-12
MHZz). The statistical analysis was carried out using R software. Results showed that TGV in
men (14.20 + 3.11 ml was larger than in women (9.81 + 2.99 ml) (p = 3.53 x 10-8). The overall
TGV was 10.59+3.44 ml.

Table 1: Characteristic s of the included studies

S/N AUTHOR STUDY STUDY METHOD OF SAMPLE INSTRUMENTS LABORATORY EXAMINER(S)
LOCATION DESIGN SAMPLING SIZE FOR DATA INVESTIGATION
SIZE COLLECTION
1 Hegedus et al. Denmark Prospective Simple random 271 | 2D USS T4, T3, TSH, Tg, T3UR Two operators
(1983) 4-MHz transducer
2 Berghout et al. Netherlands Prospective Non probability 50 | 2D USS T4, T3U, T3, TSH, Tg,
(1987) 5-MHz transducer | iodine and creatinine
levels
3 Gomez et al. Spain Prospective Simple random 268 | 2D USS Plasma TSH Single Radiologist
(2000) 7.0-MHz Serum
Linear transducer | antithyroidperoxidase
antithyroglobulin
antibodies
4 Ivanac et al. Croatia Prospective Simple random 51 | 2D USS TSH, FT3 and FT4 Single operator
(2004) 7.5-MHz
Linear transducer
5 Ahidjo et al. Nigeria Prospective Simple random 143 | 2D USS
(2005) 7.5-MHz
Linear transducer
6 Yildrim et al. Turkey Prospective Non probability 72 | 2D USS Done
(2006) 7.5-MHz
Linear transducer
7 Adibi et al. Iran Prospective Simple random 200 | 2D USS serum TSH and urinary two radiologists
(2008) 7.5-MHz iodine concentration
Linear transducer
8 Seker and Tas Turkey Prospective Volunteers 251 | 2D USS - Single operator
(2009) 10-MHz
Linear transducer
9 Nafisi et al. Iran Prospective Volunteers 314 | 2D USS
(2011) 7.5-MHz
Linear transducer
10 Yousef et al. Sudan Prospective Volunteers 103 | 2D USS
(2011) 10-MHz
Linear transducer
1 Kamran et al. Pakistan Prospective Volunteers 421 | 2D USs TSH
(2014) 7.5-MHz
Linear transducer
12 Sahin et al. Turkey Retrospective 2 461 | 2D USS serum TSH, Anti-TG, Anti-
(2015) 7.5-MHz TPO antibodies and urine
Linear transducer | iodine level
13 Turcios et al. Cuba Prospective Volunteers 100 | 3D USS - Single radiologist
(2015) 7.5-MHz
Linear transducer
14 Alazigha et al. Nigeria Prospective Volunteers 400 | 2D USS
(2016) 7.5-Mhz
Linear transducer
15 Kamran et al. Pakistan Prospective Convenient 213 | 2D USS TSH Single radiologist
(2016) 7.5-MHz
Linear transducer
16 Alsaqer et al. Saudi Arabia Prospective Volunteers 100 | 2D USS - Single Sonographer
(2018) 10-MHz
Linear transducer
17 Salaam et al. Nigeria Prospective Simple Random 400 | 2DUSS TSH, T3 and T4

Keys: 2D: 2 Dimensional, MHz: Megahertz, T4: thyrozine, T3: Thyroxine, Tg: thyroglobulin, T3U: resin uptake,
TSH: thyroid Stimulating Hormone, Anti-TPO: antithyroidperoxidase

Table 2: Summary of Result
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S/N  Author/Year Mean Age Thyroid Volume (CM3)
(Years)
(Range) Male Female TRL TLL TGV
RLV LLV MTGV RLV LLV FTGV

1 Hegedus et al. 441 - - - - 17.5+4.2 18.6 + 4.50
(1983) (13-91)

2 Berghout ¢t al. (20-70) - - 12.7+ 44 - - 87439 10.7 +4.60
(1987)

3 Gomez et al. 41.06+15.7 - - 9.87+4.6 - - 6.57+2.05 8.2+3.92
(2000) (15-70)

4 Ivanac et al. 22 - - - 5.46+1.68 4.2241.29 5.46%1.68 4.224+1.29 10.7 +2.83
(2004) (20-38)

5 Ahidjo et al 38.6+13.10 5.1241.95 4.6+1.7 9.72 4.04+1.50 3.54+1.46 7.58 4.48 4.07 8.6 +1.82
(2005) (23-69)

6 Yildrim et al. 20.76 +4.8 11.342.87 9.8743.3 9.03+2.74 7.16+2.63 10.1643.01 8.5143.25 924313
(2006) (18-20)

7 Idibi et al. 37.27+11.80 - - 10.7 £3.44 - - 7.7 +£2.63 9.5+3.68
(2008) (>20)

8 Seker and Tas 33.64+11.9 8.86+4.21 7.01£3.35 15.87+7.18 6.04+2.62 4.89+2.15 10.94+4.53 7.2243.65 5.78+2.91 13.0£6.27
(2009) (15-78)

9 Nafisi et al. (>18) - - 9.08+2.49 - - 7.943.20 8.3+2.37
(2011)

10 Yousef et al. 21.79 3.5141.46 3.2141.28 6.69+2.56 3.0341.02 2.7541.05 5.78 +1.96 3.3841.37 3.0941.24 6.4412.44
(2011) (19-29)

11 Kamran et al. 421 +15.36 3.5411.77 3.2441.4 6.7842.88 2.9841.68 2.7 £1.36 5.742.79 3.27+1.75 2.99+1.4 6.26 + 2.89
(2014) (21- 82)

12 Sahin et al. 30.84+9.97 8.1741.53 6.3611.44 14.53+2.55 6.48+1.84 5.61+1.58 12.09+2.05 7.01£1.94 5.97+1.76 12.98+2.53
(2015) (16-61)

13 Turcios et al. 38.2+0.9 - - 73403 - - 6.4+0.3 6.6 0.3
(2015) (17-60)

14 Alazigha et al. (18-62) - - 7.44+2.05 - - 6.14 +2.11 6.81+2.18
(2016)

15 Kamran et al. 39.39+14.63 35418 324147 6.7 £3.11 3.0 +46 2.7 £1.18 581425
(2016)

16 Alsager et al. 21.8+1.3 - - - - - - 39+1.6 3.6 1.2 75+28
(2018) (18-22)

17 Salaam et al. (<20 - >50) 3.1641.34 2.89+1.32 6.03+2.22 3.04+1.55 2.5741.39 5.62+2.14 3.09+1.47 2.69+1.37 5.7842.84
(2020)

18 Zemunik et al. ( 23.03+1.83 14.2043.11 9.81 +2.99 10.59+43.44
2020) (19-29)

Keys: RLV: Right Lobe Volume, LLV: Left Lobe Volume, MTGV: Male Total Gland Volume, FTGV: Female Total
Gland Volume, TGV: Total Gland Volume, TRL: Total Right Lobe, TLL: Total Left Lobe.

DISCUSSION

As seen from table of summary, eighteen articles were reviewed which were conducted in
Nigeria (3), Turkey (3), Iran (2), Pakistan (2), Croatia (2), Denmark (1), Amsterdam (1), Spain
(1), Sudan (1), Cuba (1) and Saudia (1). All the reviewed articles were conducted
prospectively except the study of Sahin et al. (2015), which was conducted retrospectively.
The results provided by prospective studies are relatively more authentic than retrospective
because of well-controlled study design and accurate generation of data, also the risk of
recall bias is eliminated. Thus, in terms of study design all the reviewed studies have more
strengths than the study of Sahin et al. (2015). As seen in the table of summary, the studies of
Salaam et al. (2020); Adibi et al. (2008); Ahidjo et al. (2005); Ivanac et al. (2004); Hegedus et al.
(1983); Gomez et al. (2000) used probabilistic sampling method to select sample size,
however the rest used non-probabilistic sampling methods. Studies that used probabilistic
sampling method have more strengths than studies that used non-probabilistic sampling
methods. In probabilistic sampling methods everyone in the population has an equal chance
of getting selected thus, curtailing sampling bias and creating accurate samples. The studies
conducted with higher sample size have more strengths over studies conducted with lower
sample size. This is because higher sample size gives a more accurate and reliable results.
Sahin et al. (2015) used the highest sample size of 461 subjects of all the articles reviewed and
Ivanac et al. (2004) used the lowest sample size of 51 which served as the weakness of the
study. Vladimir et al. (2010) outlined that for proper thyroid examination, a high frequency
(10-12-MHz, at minimum more than 7.5- MHz) linear transducer is recommended for
thyroid scanning. Fifteen out of the eighteen articles reviewed are consistent with the
recommendation. Gomez et al. (2000); Berghout et al. (1987); Hegedus et al. (1983) used
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transducers of 7-MHz, 5-MHz and 4-MHz frequencies respectively, thus indicating their
weaknesses. The clinical manifestations of thyroid disease may be so non-specific that a
diagnosis on clinical features alone lacks both sensitivity and specificity. Hence, reliance is
placed on a sensitive assay of circulating thyroid stimulating hormone (sTSH) and the
measurement of free thyroid hormone levels (free T3 (fT3) and free T4 (fT4) to confirm or
rule out thyroid dysfunction. Thus, studies that conducted laboratory investigations for
selection of euthyroid subjects have more strengths than those that did not. From the table of
the summary 11 out of the 18 reviewed articles performed the laboratory investigations,
however, Alsaqer et al. (2018); Alazigha et al. (2016); Turcios et al. (2015); Kamran et al. (2014);
Nafisi et al. (2011); Yousef et al. (2011); Seker and Tas (2009); Ahidjo et al. (2005); did not
perform the laboratory investigations. Kamran et al. (2016); Turcios et al. (2015); Adibi et al.
(2008); Gomez et al. (2000); mentioned that all scanning were done by radiologist and
Alsager et al. (2018) stated that scanning were done by a sonographer and that inter and
intra observer variability were within acceptable limits, thus serving as the strength of the
studies. All other articles did not mention the statuses of the operators, which served as a
weakness of the study. Studies that included subjects from all adult age groups have
strengths over studies that do not. In the studies conducted by Zemunik et al. ( 2020);
Alsager et al. (2018); Yousef et al. (2011); Ivanac et al. (2004); Yildrim et al. (2006) the mean age
groups of the subjects were 23.03+1.83 years (19-29 years), 21.8+1.3 years (18-22 years), 21.79
years (19-29 years), 20.76+4.8 years (18-20 years) and 22 years (20-28 years) respectively,
which do not represent the entire age group of the population, thus serving as the
weaknesses of the study. All the 18 articles reviewed stated the overall TGV except Kamran
et al. (2016) which served as the weakness of the study. From the table of summary the
highest TGV was 18.6 + 4.50 cm? in the study of Hegedus et al. (1983) conducted in Denmark
and the least TGV was 6.26 + 2.89 cm? in the study of Kamran et al. (2014) conduced in
Pakistan. The possible reason of the great variation could be that, Denmark and other
European countries were affected by iodine deficiency disorders in the 90s (Delange et al.,
1993). However, Pakistan was an iodine sufficient at the time of the study. Thyroid volume
differs with geographical locations due to difference in iodine availability, smoking habits,
alcohol consumption and presence of goitrogens in diet (Delange et al., 1993). This might
explain the differences in thyroid volume between the Caucasian populations and other
parts of the world. Furthermore, a 4-MHz transducer was used for scanning the thyroid in
Hegedus’s et al. (1983) study which was below the recommended minimum value of 7.5-
MHz. However, in 1983, a 4-MHz transducer was the best quality transducer. Kamran et al.
(2014) used a 7.5-MHz transducer for all the scanning. From the reviewed articles the right
thyroid lobe was higher than the left lobe in both genders. Studies conducted by Salaam et
al. (2020); Alazigha et al. (2016); Sahin et al. (2015); Kamran ef al. (2014); Yousef et al. (2011);
Seker and Tas (2009); Yildrim et al. (2006); Ahidjo et al. (2005); Ivanac et al. (2004) mentioned
that the right lobe volume (3.09+ 1.47 - 10.16+3.01 cm?) was higher than the left lobe volume
(2.69£1.37 - 8.51+3.25 cm?), this serve as the strength of these studies. However, the
weakness of the studies conducted by Zemunik et al. ( 2020); Alazigha et al. (2016); Turcios et
al. (2015); Nafisi et al. (2011); Adibi et al. (2008); Gomez et al. (2000); Hegedus et al. (1983);
Berghout et al. (1987) is that they did not state the right and left volumes of the thyroid
gland. It was hypothesized that the right lobe is larger than the left lobe because of the
esophageal orientation, as the esophagus is inclined to the left thereby giving the right more
space to outgrow the left (Ying and Yung, 2009). Studies that specified gender differences in
thyroid volume have strength over studies that did not. The mean thyroid volume in males
(6.03 +2.22 - 19.6+4.7 cm?®) was higher than in females (5.62 + 2.14 - 17.5+4.2 cm®) in 15 out of
the 18 articles reviewed which serve as strength. The subjects in studies of Alsaqer et al.
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(2018) and Ivanac et al. (2004) were all males and females respectively, thus serving as a
weaknesses of the two studies due to the gender homogeneity. However, study conducted
by Yildrim et al. (2006) failed to state the thyroid volume in males and females separately.
This also served as a weakness in the study. The reason for higher thyroid volumes in males
is related to anthropometric indices, with the indices in males higher than that of females
(Sekar and Tas, 2009).

CONCLUSION

The review showed that the overall thyroid volume ranged from 6.26+2.89 cm? to 18.6+4.50
cm3. The mean thyroid volume for males ranged from (6.03+2.22 cm?® - 19.64+4.7 cm?®) which
was higher than that of females (5.62+2.14 cm?® - 17.5+4.2 cm?), and the mean right lobe
volume (3.09+1.47 cm? - 10.16+3.01cm?) was higher than the mean left lobe volume (2.69+1.37
cm?® - 8.51+3.25 cm?®). Similar studies should be replicated in each geological zones especially
in infants and adolescents, and laboratory evaluation should be performed prior to thyroid
volume determination. Furthermore, research should target the use of sophisticated USS
equipment with 3D or 4D application as it may give better details.
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