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Aim: The aims of this study were to estimate the preoperative thyroid volume in patients with a multinodular goiter by
the use of ultrasonography (USG) and magnetic resonance imaging (MRI), and then to compare these approaches with
the postsurgical total volume measured by Archimedes’ principle.

Materials and methods: In this study, we compared 3 methods for the determination of thyroid volume: thyroid volume
measured with ellipsoid formula via 2-dimensional ultrasonography (2D USG); the stereological (point-counting)
method using MRI; and the postsurgical total volume determined by the fluid displacement technique as a gold standard.

Results: Thyroid volumes were calculated in a total of 20 patients (15 women and 5 men) who underwent total
thyroidectomy. The mean + SD thyroid volumes of the fluid displacement, point-counting, and ellipsoid methods
were 82.75 + 48.87, 80.45 + 48.96, and 75.50 + 46.59 cm?, respectively. No significant difference was found among the
methods of calculating thyroid volume (P > 0.05). The mean coefficient of error for the thyroid gland estimates derived
from the technique of point-counting with MRI was under 4%. The 2D USG volume is a 10.62% underestimation of the
thyroid gland volume compared with the actual volume.

Conclusion: It can be concluded that there was no statistically significant difference between the 2 methods, but the
2D USG volume was underestimated; therefore, we think that the stereological method is a more efficient and reliable
method than USG for thyroid gland volume estimation.
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Introduction

The thyroid gland, which is located in the anterior
cervical region, belongs to the endocrine system.
It consists of right and left lobes connected by an
isthmus that extends across the trachea (1,2). Several
factors influence the size of the thyroid gland.

There is no information available about some of
these factors or the complex ways in which they affect
the thyroid gland (3). The thyroid volume is higher in
males than in females (4,5), and there is a correlation
betweenlean bodymass, body massindex, and thyroid
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volume (6-8). Presumably, in females, thyroid size
may be affected by sex hormones during pregnancy
and menstruation (4,9). The thyroid gland controls
the secretion of thyroid hormone. Too much or too
little thyroid hormone causes pathological changes.
Therefore, clinicians usually diagnose disorders of
the thyroid gland by assessing its volume.

The precise estimation of the size of the thyroid
gland is a very useful tool for the evaluation and
management of thyroid pathologies (2). Changes
in goiter size are important for the prognosis of
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Graves disease. The accuracy of radioiodine dosage
calculations is proportional to the accuracy of thyroid
volume measurements. The validation of these
measurements is therefore important (10,11). There
are many studies that estimate the accuracy of thyroid
volume using 2-dimensional ultrasonography (2D
USG), planar scintigraphy, 3-dimensional (3D) USG,
computed tomography (CT), single-photon emission
computer tomography (SPECT), and magnetic
resonance imaging (MRI) (1,11-14).

There are different methods for the assessment
of the thyroid gland volume (15). The Archimedean
principle as the criterion method is the most accurate
in vitro technique for the measurement of thyroid
gland volume. The Archimedean principle is that an
object displaces its own volume. This method has
been used to measure volumes of large organs such
as the liver and lungs. The Archimedean principle is
highly accurate for determination of volume, but it is
not applied in routine practice (16).

The point-counting method is based on the
Cavalieri principle using CT images and MRI
The point-counting method consists of overlaying
each selected section with a regular grid of test
points, which is randomly positioned. After each
superimposition, the number of test points hitting
the structure of interest on the sections is counted,
and the volume of the structure is estimated by
multiplying section thickness, total number of points,
and the representing area per point in the grid (17).

The aims of this study were to estimate the
preoperative thyroid volume in patients undergoing
total thyroidectomy by the use of an ellipsoid formula
and a stereological (point-counting) method, and to
compare these approaches with the postsurgical total
volume measured by Archimedes’ principle.

Materials and methods
Patients

The series comprised 20 patients (15 women and 5
men) treated from January 2011 to April 2011 with
a mean age of 45.65 + 9.80 years. All patients, after a
preoperative assessment (hormonal evaluation, USG,
and fine-needle aspiration cytology), underwent a
total thyroidectomy due to a multinodular goiter
(all cases). All were given informed consent forms,
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and the Kayseri Training and Research Hospital and
the Institutional Review Board of Erciyes University
approved our study.

We used 3 different techniques for the calculation
of the thyroid volume:

1. Actual volume as a reference volume,

2. Ellipsoid formula with USG,

3. Cavalieri principle applied to MRI sections.
Actual volume as a reference volume

The exact thyroid gland volumes were measured
using Archimedes’ principle, also known as the “fluid
displacement technique, in a measuring cylinder
(18). For this purpose, we performed a transverse
skin incision of 30-50 mm between the cricoid and
jugular notch. This incision was performed in one of
the skin creases of the neck. After thyroidectomy, each
gland was immersed in a 500-mL graduated cylinder
filled with distilled water at room temperature.
The displaced water was measured volumetrically
using a sensitive ruler attached to the outer surface
of the cylinder. Each measurement was performed
twice, and the average was calculated as the fluid
displacement technique. The mean of all volumes
for an individual patient was accepted to be the best
estimate of the true thyroid gland volume and was
defined as the thyroid gland reference volume.

Ellipsoid formula with USG

A real-time ultrasound scanner (Toshiba Xario,
SSA-660A) was used with an 8-MHz linear array
transducer and a 3.5-MHz convex transducer. The
2D USG estimation of total volume, calculated by the
ellipsoid volume formula of width x depth x length
x 0.524, has become the accepted method for the
assessment of the thyroid gland (11,15). In the USG
examination of the thyroid, both lobes are scanned
individually in the transverse and longitudinal
planes. Transverse planes are perpendicular to the
tracheae, whereas longitudinal planes are slightly
oblique, following the bisector of the angle made by
the tracheae and the sternocleidomastoid muscle.
The depth (A, C) and width (B, D) are measured
on a transverse section of the lobe: the depth is the
maximum anteroposterior distance in the middle
third of the lobe, and the width is the distance
between the most lateral point of the lobe and the
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acoustic shadowing of the trachea (Figure 1la). The
length (A, B) is measured on a longitudinal section;
it represents the maximum distance from the most
cranial to the most caudal part of the lobe (Figure 1b)
(2). The isthmus depth (A), width (B), and length (C)
were measured on transverse and sagittal sections,
respectively (Figure 2). The isthmus and thyroid lobe
volumes were added to calculate the total thyroid
volume.

Cavalieri principle applied to MRI sections
MRI procedure

In all patients, the thyroid gland was scanned (GE
Medical Systems Signa HDi). Standard T2 weighted
axial slices with a 5-mm thickness without a gap
were obtained in a 1.5T scanner. The acquisition

parameters for T2 were as follows: TR/TE, 4850/201
ms; FOV, 26 cm; 20 transverse slices; and a matrix of
320 x 256 pixels.

Point-counting method

An estimation of the thyroid volume was obtained
according to the principle of Cavalieri (19).

Using the Cavalieri method, an estimate of the
volume of a structure of arbitrary shape and size may
be obtained efficiently and with known precision.
The Cavalieri estimator of volume is as follows in Eq.
(1) (20,21):

V= sznj V. (1)

i=1

Figure 1. USG images of the cross-section of the thyroid gland. a) Measurement of the
width and depth of the thyroid lobes: A, C = maximal depth; B, D = maximal
width. b) Measurement of the sagittal length of the thyroid lobes: A, B =

maximal sagittal length.

Figure 2. Measurement of the isthmus.
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where V, is the total volume of the tissue slice (which
may comprise several slice profiles) in the ith slab.
The MRIs of a series of sections that were 5 mm thick
were used to estimate thyroid gland volume. The
films were saved on a computer and the transparent
square grid test system with d = 0.4 cm between test
points was superimposed, randomly covering the
entire image frame. The points touching the thyroid
gland’s sectioned surface area were counted for each
section, and the volume of the thyroid gland was
estimated using the modified formula shown below
in Eq. (2) for the volume estimations of radiological
images (17,21).

el ,.

Figure 3. An axial MRI with point-counting for the estimation of the thyroid gland volume from the first to the last

section.
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V(PC) = Tx[%fd]zpr 2)

where T is the section thickness, SU is the scale unit
of the printed film, d is the distance between the test
points of the grid, SL is the measured length of the
scale printed on the film, and XP is the total number
of points hitting the sectioned cut surface areas of

the thyroid gland. According to this volumetric
technique, a square grid of test points was positioned
on each MRI, and all points touching the thyroid
gland were counted (Figure 3).
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Error prediction for point-counting

The variance prediction or the coefficient of error
(CE) given in Eq. (3) was calculated according to
methods given in recent papers (22,23). The error of
the volume is computed as follows:

It can be shown that
CE*(V) = CE(V) + CE2, (V)
where CE%(V) = CE of the volume estimate,

CEZPC(\N/) = true mean variability due to point-
counting within sections,

CE%. AV(\A/) = true contribution of the variability

among sections.
In Eq. (3), CEZ(\N/) is the square CE of the estimator
of V when the areas are measured exactly.

Statistical analysis

Data are presented as means and standard deviations
(SDs). The differences between the estimated
volumes obtained by 3 different approaches -
namely, the ellipsoid formula with USG, point-
counting with MRI, and Archimedes’ principle or
actual volume - were compared using Tukey’s post
hoc test to check the methodological differences. A
Pearson correlation test was also applied to assess
the associations between the results of the 3 different
approaches. The accepted significance level was P <
0.05.

Results

The mean age of the subjects was 45.65 + 9.80 years
(range: 29-62). The mean thyroid gland depth, width,
and length determined by USG measurements were
28.65 + 0.65, 31.75 + 0.79, and 66.47 + 1.12 mm,
respectively. The mean depth, width, and length of
the isthmus were 10.3 + 0.25, 18.2 £+ 0.39, and 25.95
+ 0.51 mm, respectively. The mean volume by fluid
displacement was 82.75 * 8.87 cm’. By the Cavalieri
principle (point-counting) using MRI, the volume
was 80.45 + 48.96 cm’. The mean thyroid volume by
USG was 75.50 + 46.59 cm?® (Table 1). The 3 methods
were correlated with each other (Table 2) and there
were no differences between the 3 methods according
to ANOVA (P = 0.888). We compared USG volume
with fluid displacement, which is the gold standard.
The upper and lower differences in the thyroid
volume between the USG and the fluid displacement
measurements are in the range of 5.2%-22.2%. The
mean difference is a 10.62% underestimation of the
thyroid gland volume by USG. For point-counting
by MRI compared with fluid displacement, the
volume differences are between —4.65% and 18.52%,
and the mean difference is a 3.64% underestimation
(Table 3). The agreements between methods were
subjected to Bland-Altman plots using volume
differences of 95. This showed that the volumes
estimated by point-counting and actual volume

Table 1. Mean * SD values for 3 methods (cm?).

Minimum-maximum Mean + SD
Actual volume 27.0-173.0 82.75 + 48.87
Ellipsoid with USG 21.0-164.0 75.50 £ 46.59
Point-counting with MRI 22.0-176.0 80.45 + 48.86

Table 2. Correlation values among the 3 methods.

Pearson correlation test

Methods

Correlation Significance
Actual volume - ellipsoid with USG 0.999 P <0.001
Actual volume - point-counting with MRI 0.998 P <0.001
Ellipsoid with USG - point-counting with MRI 0.999 P <0.001
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Table 3. Differences between actual thyroid volume and that obtained by other methods.

Methods Minimum-maximum Mean + SD
Actual volume - ellipsoid with USG 5.20-22.22 10.62 + 4.69
Actual volume - point-counting with MRI (-4.65)-18.52 3.64 +5.70

(fluid displacement) differed by between -3.8 and
8.4 cm?® (P > 0.001) (Figure 4), and the actual volume
and ellipsoid methods varied by between 1.9 and 12.6
cm’® (P > 0.001) (Figure 5); there were no significant
differences between the 2 methods. Bland-Altman
analysis showed that the volumes estimated by the
point-counting and ellipsoid methods differed by
-1.6 and 11.50 cm? (P > 0. 001) (Figure 6). The mean
CEs for the thyroid gland estimates derived from the
technique of point-counting with MRI were 2% and
4%.

Discussion

Enlargement of the thyroid gland occurs for several
reasons, such as hormonal or immunological
stimulation and inflammatory, proliferative,
infiltrative, or metabolic disorders (24). Estimation
of the size of a thyroid gland using palpation has
low sensitivity and specificity for the management
and diagnosis of thyroid gland disorders. Recently,
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Figure 4. A Bland-Altman plot analysis of the thyroid gland
volume as measured by actual volume versus point-
counting with MRIL.
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interest in accurate estimation of thyroid volume
has increased because the accurate determination of
thyroid volume is needed in the selection of patients
for surgery and for radioiodine therapy dosage
calculations (11,25). There are several different
methods for estimating thyroid volume, including
USG (1,2,15), scintigraphy, (11) SPECT (26), and
MRI (27). USG has become the accepted method for
the estimation of thyroid volume. It is inexpensive
and easy to use, and it is noninvasive and does not
require ionizing radiation. However, 2D USG thyroid
volume may result in inaccurate measurements of in
vivo volume for many reasons, including an irregular
profile of the gland (28,29). Nygaard et al. (12)
compared thyroid volumes estimated by USG and
CT, and they did not find differences between the 2
techniques, except in cases with a substernal goiter.
Rago et al. (13) compared thyroid volumes measured
by 3D USG and 2D USG. They determined that there
was very good agreement between 2D USG and
3D USG, but in 94/208 lobes with nodular lesions,
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Figure 5. A Bland-Altman plot analysis of the thyroid gland
volume as measured by actual volume versus ellipsoid
formula with USG.
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Figure 6. A Bland-Altman plot analysis of the thyroid gland
volume as measured by point-counting with MRI
versus ellipsoid formula with USG.

2D USG showed a 10% systematic overestimation
compared with 3D USG, with the percentage error
being higher in lobes with lower volumes. Van Isselt
et al. (11) compared planar scintigraphy, SPECT,
and USG with MRI. They accepted MRI as the gold
standard.

Comparisons with MRI indicate that thyroid
volume estimations with planar scintigraphy are
inaccurate and that SPECT can offer an acceptable
alternative. However, USG is superior for this
purpose if a correction is made for bias. In a paper
in which USG volume was compared with that
measured after surgery in 101 patients undergoing
total thyroidectomy, it was shown that USG volume
was underestimated in 89 cases, perfectly matched
the postsurgery volume in 5, and was overestimated
in 7. The mean USG volume was 28.3 mL (range:
7-50) and the mean postsurgery volume was 36.2
mL (range: 7-76); this difference was estimated to
be statistically significant (30). We compared USG
volume with the actual volume as the gold standard.

References

1.  Kollorz EK, Hahn DA, Linke R, Goecke TW, Hornegger
J, Kuwert T. Quantification of thyroid volume using 3-D
ultrasound imaging. IEEE Trans Med Imaging 2008; 27: 457
66.

2. Ghervan C. Thyroid and parathyroid ultrasound. Med Ultrason
2011; 13: 80-4.

USG resulted in a 10.62% underestimation of thyroid
gland volume. For point-counting by MRI compared
with the actual volume, the underestimation rate
is only 3.64%. Ruggieri et al. (15) estimated the
preoperative thyroid volume in 53 patients using an
elliptic formula by 2D USG and compared it with
the postsurgical total thyroid volume measured by
Archimedes’ principle. They found that the mean
USG volume (14.4 + 5.9 mL) was significantly lower
than the mean postsurgical total thyroid volume (21.7
+10.3 mL), and the USG volume was underestimated
in 41 cases (77%), with a disagreement of up to 200%.
They developed mathematical formulas in order to
reduce USG volume underestimation and to predict
the real thyroid volume using a linear model.

Additionally, they demonstrated that a predicted
thyroid volume under 25 mL was confirmed
postsurgery in 94% of cases. There are many studies
using the Archimedean principle and stereological
methods for volume estimation in different organs.
These studies use both the Archimedean principle
and MRI or CT images. They found agreement
between the 2 methods (17).

There have been some studies about thyroid
volume estimation using different methods, but
no study in the literature has used stereological
methods. In conclusion, we found no differences
among the 3 methods. We also found the method
of point-counting with MRI to be more precise than
the USG volume method. We concluded that MRI
sections with a 5-mm section thickness can be used
to estimate thyroid volumes with a CE of less than
4%. In addition, the determination of thyroid volume
is required for the selection of patients for surgery
and the selection of surgical technique, whether
performing a minimally invasive thyroidectomy or
not. Therefore, surgeons should be aware of a possible
USG preoperative underestimation.

3. Hegediis L. Thyroid size determined by ultrasound: influence
of physiological factors and non-thyroidal disease. Dan Med
Bull 1990; 37: 249-63.

4. Knudsen N, Laurberg P, Perrild H, Billow I, Ovesen L,
Jorgensen T. Risk factors for goiter and thyroid nodules.
Thyroid 2002; 12: 879-88.

1305



Volume estimation of thyroid gland

10.

11.

12.

13.

14.

15.

16.

Yildirim M, Dane S, Seven B. Morphological asymmetry in
thyroid lobes, and sex and handedness differences in healthy
young subjects. Int ] Neurosci 2006; 116: 1173-9.

Gomez JM, Maravall FJ, Gomez N, Guma A, Soler
J. Determinants of thyroid volume as measured by
ultrasonography in healthy adults randomly selected. Clin
Endocrinol (Oxf) 2000; 53: 629-34.

Wesche ME, Wiersinga WM, Smits NJ. Lean body mass as a
determinant of thyroid size. Clin Endocrinol (Oxf) 1998; 48:
701-6.

Barrere X, Valeix P, Preziosi P, Bensimon M, Pelletier B, Galan P
et al. Determinants of thyroid volume in healthy French adults
participating in the SU.VL.MAX cohort. Clin Endocrinol (Oxf)
2000; 52: 273-8.

Rasmussen NG, Hornnes PJ, Hegediis L. Ultrasonographically
determined thyroid size in pregnancy and post partum: the
goitrogenic effect of pregnancy. Am ] Obstet Gynecol 1989;
160: 1216-20.

Himanka E, Larsson L. Estimation of thyroid volume; an
anatomic study of the correlation between the frontal silhouette
and the volume of the gland. Acta Radiol 1955; 43: 125-31.

Van Isselt JW, de Klerk JM, van Rijk PP, van Gils APG, Polman
L], Kamphuis C et al. Comparison of methods for thyroid
volume estimation in patients with Graves' disease. Eur Nucl
Med Mol Imaging 2003; 30: 525-31.

Nygaard B, Nygaard T, Court-Payen M, Jensen LI, Soe-Jensen
P, Gerhard Nielsen K et al. Thyroid volume measured by
ultrasonography and CT. Acta Radiol 2002; 43: 269-74.

Rago T, Bencivelli W, Scutari M, Di Cosmo C, Rizzo C, Berti
P et al. The newly developed three-dimensional (3D) and two-
dimensional (2D) thyroid ultrasound are strongly correlated,
but 2D overestimates thyroid volume in the presence of
nodules. ] Endocrinol Invest 2006; 29: 423-6.

Aksoy FG, Kesim O. Influence of cigarette smoking on thyroid
gland volume: an ultrasonographic approach. Turk ] Med Sci
2002; 32: 335-8.

Ruggieri M, Fumarola A, Straniero A, Maiuolo A, Coletta I,
Veltri A et al. The estimation of the thyroid volume before
surgery: an important prerequisite for minimally invasive
thyroidectomy. Langenbecks Arch Surg 2008; 393: 721-4.

Acer N, Sahin B, Ergiir H, Basaloglu H, Ceri NG. Stereological
estimation of the orbital volume: a criterion standard study. J
Craniofac Surg 2009; 20: 921-5.

1306

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Acer N, Sahin B, Usanmaz M, Tatoglu H, Irmak Z. Comparison
of point counting and planimetry methods for the assessment
of cerebellar volume in human using magnetic resonance
imaging: a stereological study. Surg Radiol Anat 2008; 30:
335-9.

Howard CV, Reed MG. Unbiased stereology: three-dimensional
measurement in microscopy. Oxford: BIOS; 1998. p.39-54.

Gundersen HJ, Jensen EB, Kieu K, Nielsen J. The efficiency
of systematic sampling in stereology reconsidered. ] Microsc
1999; 193: 199-211.

Roberts N, Puddephat MJ, McNulty V. The benefit of stereology
for quantitative radiology. Br ] Radiol 2000; 73: 679-97.

Gual Arnau X, Cruz-Orive LM. Variance prediction under
systematic sampling with geometric probes. Adv Appl Prob
1998; 30: 889-903.

Ertekin T, Acer N, Turgut AT, Aycan K, Ozgelik O, Turgut
M. Comparison of three methods for the estimation of the
pituitary gland volume using magnetic resonance imaging: a
stereological study. Pituitary 2011; 14: 31-8.

Cruz-Orive LM. A general variance predictor for Cavalieri
slices. ] Microsc 2006; 222: 158-65.

Langer P. Minireview: discussion about the limit between
normal thyroid and goiter. Endocr Regul 1999; 33: 39-45.

Ruggieri M, Straniero A, Genderini M, DArmiento M,
Fumarola A, Trimboli P et al. The eligibility of MIVA approach
in thyroid surgery. Langenbecks Arch Surg 2007; 392: 413-6.

Chen JJS, LaFrance ND, Allo MD, Cooper DS, Ladenson PW.
Single photon emission computed tomography of the thyroid. |
Clin Endocrinol Metab 1988; 66: 1240-6.

Noma S, Nishimura K, Togashi K, Itoh K, Fujisawa I, Nakano Y
et al. Thyroid gland: MR imaging. Radiology 1987; 164: 495-9.

Shabana W, Peeters E, Verbeek P, Osteaux MM. Reducing inter-
observer variation in thyroid volume calculation using a new
formula and technique. Eur J Ultrasound 2003; 16: 207-10.

Schlogl S, Andermann P, Luster M, Reiners C, Lassmann
M. A novel thyroid phantom for ultrasound volumetry:
determination of intraobserver and interobserver variability.
Thyroid 2006; 16: 41-6.

Miccoli P, Minuto MN, Orlandini C, Galleri D, Massi M, Berti
P. Ultrasonography estimated thyroid volume: a prospective
study about its reliability. Thyroid 2006; 16: 37-9.



