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ABSTRACT

Thyroid size was estimated by ultrasound and physical examination in 480 schoolchildren (238
boys and 242 girls), 7-14 years old, living in Tuzla Canton. By physical examination goiter was
found in 13.5% (n=65) of subjects. When compared with the upper limits of the reference thy-
roid volumes reported by WHO and ICCIDD, goiter by ultrasonography was found in 12.9%
(n=62) of all subjects. All goitrous children had a diffuse goiter. The differences in mean thyroid
volumes between groups with and without goiter detected by physical examination were signif-
icant in all age groups (p<0.05). The results of ultrasound examinations correlate well with pal-
patory findings and show higher values for the thyroid volume in children with goiter. It gener-

ally confirms the values of the findings by palpation, even in areas with mild iodine deficiency.
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INTRODUCTION

Determination of goiter prevalence and urinary iodine
excretion in schoolchildren is recommended for as-
sessing the extent and severity of iodine deficiency
disorders in a region (1). For years, palpation was the
single method available for defining thyroid volume.
Although in moderately or severely iodine-deficient
areas, thyroid palpation provides careful estimation
of thyroid size, serious problems are encountered in
areas with mild iodine deficiency, where most goiters
are small. Thyroid ultrasound came to be considered
the most reliable method for the estimation of thy-
roid volume (2,3). In epidemiological surveys, the use
of this technique is strongly recommended to define
the goiter endemia in areas of mild iodine deficiency.
In the past, severe iodine deficiency, endemic goiter and
cretinism were documented in restricted areas of Bos-
nia and Herzegovina. Salt production is present in Tuzla
area since the medieval times and salt iodination was
initiate in salt plant in Tuzla in 1934. Epidemiological
surveys on goiter in Bosnia and Herzegovina were start-
ed systematically in the early 1950s. An investigation in
1953 has documented high goiter prevalence in endemic
areas, varying from 34% to 60%. A law proscribing obliga-
tory iodination of all salt for human and animal con-
sumption, with 10 mg Kl/kg of salt was proclaimed in
1953. On the basis of clinical observation of rather high
prevalence of goiter among schoolchildren, the study,
with the aim to evaluate the efficacy of compulsory io-
dine prophylaxis more than 4o years after its introduc-
tion, was carried out in all cantons in Bosnia and Her-
zegovina Federation in 1999(4). The results of the study
show the persistence of mild iodine deficiency in Tuzla
Canton on the basis of median urinary iodine excretion
of 79.0 pug/L and goiter prevalence of 20.1% in school-
children. Thyroid size was estimated by physical ex-
amination. The aim of the present study was to measure
thyroid volume and evaluate the prevalence of endemic
goiter by ultrasound criteria in the schoolchildren popu-
lation in mildly iodine-deficient area of Tuzla Canton.

SUBJECTS AND METHODS

Thyroid size was assessed by ultrasound and by physi-
cal examination in 480 schoolchildren (238 boys and
242 girls) 7-14 years old, randomly selected, in Tuzla
Canton. Tuzla Canton is one of the ten administrative
territorial units of the Federation of Bosnia and Herze-
govina, situated in North-Eastern Bosnia. Thyroid size
was estimated by neck palpation, by the same examiner,
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and graded according to the World Health Organiza-
tion (WHO)/International Council for the Control of
lodine Deficiency Disorders (ICCIDD) criteria (1) as
follows: grade o - no palpable or visible goiter; grade 1 -
a mass in the neck that is consistent with an enlarged
thyroid that is palpable but not visible when the neck
is in the normal position, it moves upward in the neck
as the subject swallows; grade 2: a swelling in the neck
that is visible when the neck is in a normal position and
is consistent with an enlarged thyroid when the neck
is palpated. Thyroid ultrasound was performed by the
same examiner. Subjects were examined in supine po-
sition with the neck hyperextended. Thyroid volume
was estimated using real-time sonography according
to Brunn et al. (5) with Toshiba SSA-220A, using a 7.5
MHz linear transducer. Longitudinal and transverse
scans were performed allowing the measurement of
the depth (d), the width (w) and the length (1) of each
lobe. The volume of the lobe was calculated using for-
mula: V(ml)=0.479 x d x w x I (cm). The thyroid volume
was the sum of the volumes of both lobes. The volume
of the isthmus was not included. The criteria used
for defining the upper limit of normal for thyroid vol-
ume (percentile 97) in children with a normal iodine
intake were those proposed by WHO/ICCIDD (6).

RESULTS

The mean thyroid volume as determined by ultrasonog-
raphy was 5.5+2.8 ml. Although the mean thyroid vol-
ume was greater in girls (5.6+3.0) than in boys (5.3+2.5)
the difference was not statistically significant (p>0.05).
The results of the ultrasound examinations confirmed
the fact that the right lobe (3.2+1.7) of the thyroid
gland is larger, compared to the left lobe (2.2+1.2), and
the difference is significant (p<0.0001). Mean and me-
dian thyroid volumes of all subjects according to age
are shown in Table 1. The median thyroid volume
increases from 2.7 ml at 7 years to 8.4 ml at 14 years.
Significant positive correlation was observed between
the thyroid volume and age (r=0.97, p<0.0001). Also, sig-
nificant correlation was found between thyroid volume
and body weight of children (r=0.98, p<o.0001), height
(r=0.98, p=0.0003) and body surface (r=0.99, p<0.0001).
When compared with the upper limits of the reference
thyroid volumes, goiter by ultrasonography was found
in 12.9% (n=62) of all subjects (n=480). All goitrous chil-
dren had a diffuse goiter. By physical examination goiter
was found in 13.5% (n=65) of subjects. Mean and median
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AGE (YEARS) NO. EXAMINED THYROID VOLUMES (ML)

MEAN=£SD MEDIAN RANGE
7 54 28+09 2.7 14-5.1
8 65 38+1.1 36 1.3-6.5
9 58 45+29 4.1 22-17.5
10 55 45+14 43 27-96
11 66 55+20 5.0 3-13.4
12 60 62+22 6.3 3-12.5
13 65 75%26 6.8 4.6-153
14 57 86+£3.1 84 3.3-154

TABLE 1. Mean and median thyroid volumes of all age groups

thyroid volumes according to age in subjects with and
without goiter by physical examination are shown in Ta-
ble 2. The differences of mean thyroid volumes between
groups with and without goiter detected by physical
examination were significant in all age groups (p<0.05).

DISCUSSION

Thyroid ultrasound is reliable, practical and objec-
tive method of determining thyroid size. The re-
sults of the ultrasound examinations confirmed
the fact that the right lobe of the thyroid gland is
larger, compared to the left lobe (7). Thyroid vol-
ume is well correlated with age and growth param-
eters, what was reported also in this survey (8,9).
When the upper limits of reference thyroid volumes
were taken into account (6), we found goiter prevalence
of 12.9% in the studied population. This finding was in
accordance with the prevalence of goiter (13.5%) ob-

tained by physical examination. The volumes of thyroid
gland in children where goiter was found by palpation
and the volumes in children without goiter are com-
pared and presented separately. The results of the ultra-
sound examinations correlate well with the palpatory
findings and show higher values for the thyroid volume
in children with goiter, which generally confirms the val-
ues of the findings by palpation. The recent studies (2,3)
indicate that thyroid ultrasonography is more accurate
than palpation in the assessment of goiter prevalence
in the schoolchildren population living in mildly iodine-
deficient areas. They have shown that palpation overes-
timates the actual size of thyroid, particularly in children.
On the contrary, the data reported in this study indicate
that physical examination is as precise as ultrasonogra-
phy in the assessment of goiter prevalence in mildly io-
dine-deficient areas. This may be explained by the fact
that this study was performed by the same investigator.
Our findings for the volume of thyroid gland were

AGE (YEARS) THYROID VOLUMES (ML)
GOITER (+) GOITER (-)
MEAN=SD* MEDIAN MEAN=SD* MEDIAN
7 42+ 06 4.5 28+09 2.7
8 53+ 1.0 53 36+1.1 35
9 94+59 7.6 39+15 39
10 63+18 5.8 42+ 11 39
11 71+28 6.1 51+16 4.7
12 84+18 8.1 57+18 57
13 115+ 4.6 14.6 69+ 15 6.7
14 124+ 3.1 12,5 78+27 7.2
“P<0.05

TABLE 2. Thyroid volumes according to age in subjects with and without goiter by physical examination
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compared to the values of other authors. Our val-
ues are higher than the values of Gutekunst et Mar-
tin-Teichert (2) for Sweden, where there is no defi-
ciency, are lower than the values of Semiz et al. (10)
for goitrous area of mild to moderate degree from
Turkey and are similar to the values of Aghini-Lom-
bardi et al. (11) that refer to goitrous region in Italy
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CONCLUSION

In conclusion, the ultrasound data indicate mild de-
gree of iodine deficiency in Tuzla Canton. Although
ultrasonography provides more precise measurement
of thyroid volume compared with palpation, clinical
examination in the assessment of goiter prevalence in
mildly iodine-deficient areas should not be abandoned.
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