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Abstract
Objective: To determine the interobserver and intraobserver variations in sonographic measurement of
thyroid volume in children.
Design: Thyroid volumes of 30 healthy children were measured by three separate observers.
Additionally each observer measured thyroid volumes of ten separate children three times.
Methods: The data were used to assess intraobserver and interobserver variations in measurement of
thyroid volume. Interobserver and intraobserver variations in measuring each diameter of the thyroid
gland were also determined. The effect of thyroid size on interobserver and intraobserver variations
was analyzed.
Results: Intraobserver variation in measurement of thyroid volume was 8.4 6 6.7% (mean 6 S.D.).
Interobserver variation was 13.3 6 8.2%. The widest interobserver variation was encountered in
determining the craniocaudal diameter of the thyroid gland. No correlation was found between thyroid
volume and interobserver variation (r = ¹0.12, P = 0.27), whereas a slight but statistically significant
correlation was found between thyroid volume and intraobserver variation (r = ¹0.26, P = 0.012).
Conclusion: Significant interobserver and intraobserver variation occurs in sonographic measurement
of thyroid volume in children.
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Introduction
High resolution real-time ultrasound (US) is widely used
to image the thyroid as a non-invasive and easy-to-
perform method. This method is also used to determine
thyroid size in both diagnosis and follow-up of patients
with diseases that could affect the thyroid gland (1–10).
Normal ranges of thyroid volumes in pediatric age
groups and adults have been published in many
references, and may be a guide to decide whether
thyroid size is normal or not (11–15). The aim of this
study was to determine the interobserver and intraob-
server variation in US measurement of thyroid volume
in children.

Materials and methods

Patients

Sixty children between the ages of 7 and 16 years
(mean, 12 years) were examined. The study was
performed in a 1 week period. All patients were free of
any complaint that could be related to the thyroid. The
patients were examined by US whether the clinical
examination was normal or not. Informed consent was
obtained from the families of the patients.

Methods
High resolution real-time scanners (Toshiba SSA 270-A,
Tokyo, Japan) with 7.5 MHz linear probes were used
to measure thyroid size. Patients were in the supine
position with mild extension of the neck. For each
lobe, mediolateral, anteroposterior and craniocaudal
diameters of the thyroid gland were measured. The
volume of each lobe was calculated using the formula
for an ovoid (width × depth × length ×p/6). The isthmus
was not included in volume calculation. The volume of
the gland was calculated by adding the volume of each
lobe.

Thirty separate children were examined three times
by three of us (Observers A, B and C). The mean of the
three measurements was accepted as the true volume
of the thyroid gland for each patient. A total of 90
examinations was performed. Error was calculated by
subtracting each volume measured by one observer
from the volume measured by the other for each patient.
Therefore, measurements of Observer A were subtracted
from those of Observers B and C, and measurements of
Observer B were subtracted from those of Observer C
(A¹B, B¹C and A¹C). The error in percentages was
calculated by dividing each value by the true thyroid
volume for each patient. The absolute values of the
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errors in percentages were used in statistics to assess the
interobserver variation since we were concerned only
with the magnitude of the difference.

Each observer measured thyroid volumes of 10
separate children three times and a total of 90
examinations were performed on 30 children. The
error was determined in the same way. Therefore, the
first measurement was subtracted from the second and
the third measurements, and the second measurement
was subtracted from the third measurement for each
observer (1¹2, 2¹3 and 1¹3). The error in percen-
tages was calculated by dividing each value by the true
thyroid volume for each patient. The absolute values of
the errors in percentages were used in statistics to assess
the intraobserver variation. To assess the interobserver
and intraobserver variation in measuring any diameter
of the thyroid gland the same procedure was performed
for each diameter of each thyroid lobe.

This investigation was performed within a study
approved by the Ministry of Health and which included
450 children to determine the normal ranges of thyroid
volume in pediatric age groups in an area with near-
normal iodine uptake to compare them with those in
areas with low iodine uptake. The observers did not know
which patients were included in the study. They also had
no knowledge of one another’s results. An interval of at
least five patients was left before re-measuring a patient
to determine intraobserver variation. All measurements
of each patient used in this study were performed within
the same day.

Statistics
Means and standard deviations (S.D.s) of the errors were
calculated. Ninety-five percent confidence intervals for
each variation were computed by adding 2 × S.D. to the
mean. Repeated measures ANOVA was used to compare
both the mean thyroid volume measurement of the
three observers and the mean thyroid volume measure-
ments of the same observers. We calculated correlations
using Pearson’s correlation. All statistics in this study
were done using SPSS for Windows (SPSS Inc., Chicago,
IL, USA).

Results
The distribution of ages of the patients were similar for
each observer. No patient was recorded as ‘uncoopera-
tive’. Volumes of the lobes were not separately evaluated
since the volume of the whole gland is commonly used
in diagnosis and follow-up of the patients.

Repeated measures ANOVA showed no significant
differences in thyroid volume measurements by the
three separate observers (P = 0.631) or by the same
observers (P = 0.689).

The interobserver variation is given in Table 1. The
widest interobserver variation was encountered in
determining the craniocaudal diameter of the thyroid
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gland. No correlation was found between the thyroid
volume and the interobserver variation (r = ¹0.12,
P = 0.27).

The intraobserver variation is given in Table 2. A
slight but statistically significant correlation was found
between the thyroid volume and the intraobserver
variation in determining the thyroid volume (r = ¹0.26,
P = 0.012). That is, intraobserver variation in determi-
nation of the thyroid volume tends to decrease slightly
as the volume of the gland increases.

Discussion
US is a safe, easy-to-perform method and is used as a
non-invasive tool to image the thyroid. US measure-
ment of thyroid volume is used in diagnosis and follow-
up of patients, and normal US thyroid volumes in adult
and pediatric age groups are published in many
references and may be used as a guide to decide
whether the thyroid size is normal or not (11–15).
However, to our knowledge, no study has been
performed to determine the interobserver and intraob-
server variation in US measurement of thyroid volume
in children.

The thyroid volume of a child varies with age. The
gland enlarges as the patient grows. Our patient
population included children from different age groups
that have statistically different thyroid volumes. We
then calculated and presented our data in percentages
to assess the results more reliably. To calculate the
ranges for interobserver and intraobserver variations,
we added 2 × S.D. to the mean values, since this range
would result in a 95% confidence interval.

Our data show that up to 30% interobserver error
may occur in determination of thyroid volume by US.
That means that there is a 95% probability that a
measurement of thyroid volume performed by one
observer will be within 6 30% of the measurement
performed by another observer. This value may seem to
be high at first sight, but the volume of the thyroid gland
is calculated using the formula for the volume of an
ovoid (width × depth × length ×p/6). That means that
any difference between each diameter of the thyroid
may increase the error separately between the two
calculated volumes of the gland by two separate
observers. When each measurement by an observer is
10% more than that of another, the total volume of the
gland calculated from the measurements of the first
observer would be 33% more than the total volume of
the gland calculated from the measurements of the
other. Compared with a study of interobserver variation
in US measurement of renal volume in children (16),
our result for interobserver variation is smaller. We
think that this difference may be due to the fact that
imaging of the thyroid is easier because the gland is
more superficially located than the kidney and is not
susceptible to the motion caused by respiration of the
patient.
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Intraobserver variation in our study was calculated to
be 8.4 6 6.8%. That is, a measurement of the thyroid
volume by a single observer will be within approxi-
mately 6 22% of a second measurement performed by
the same observer with a probability of 95%. As one
might expect, intraobserver variation is smaller than
interobserver variation.

In conclusion, differences equal to or smaller than
30% in US determination of thyroid volume in children
by two separate observers will be within the 95%
confidence interval and may be regarded as statistically
not significant. The variation was independent of the
thyroid volume. Thus, this value for interobserver
variability can be applied to all age groups and thyroid
volumes. Caution is suggested in measuring the
craniocaudal diameter of the gland since the widest
variation was encountered in estimation of this
diameter. In the same way, differences smaller than
22% between two separate measurements performed by
the same observer in US estimation of the thyroid
volume may be regarded as statistically not significant.
We believe that these data are of value in evaluating
patients with diseases that could affect the thyroid
gland.
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