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a b s t r a c t

Patient-specific dosimetry calculations are often performed for radioiodine therapy in patients with
Graves′ hyperthyroidism. The radioiodine doses are typically calculated to deliver the desired amount of
radiation based on gland size and radioactive iodine uptake. Thus the estimation of thyroid gland volume
is of great importance for radioiodine therapy. In clinical practice, thyroid volume determinations
are usually performed with ultrasonography (US) or with planar scintigraphy (PS). In traditional planar
scintigraphic studies, the thyroid boundary is estimated using a fixed threshold value if the shape of the
thyroid is well-defined or a manually drawn region of interest (ROI) if the thyroid shape is irregular. The
thyroid volume is then calculated based on the area thus determined. Delineating the thyroid area on a
planar scintigram is not easy when applying a fixed threshold value. Moreover, hand-drawn ROIs are
time consuming, tedious, and highly operator-dependent. In this study, for a PS image, a fully automated
thyroid volume estimation system mainly consisting of four steps, i.e. preprocessing, image contrast
enhancement, image segmentation, and automated ROI finding, was proposed to obtain the maximum
height and area of each thyroid lobe, and thus calculate the thyroid volume using either Himanka–
Larsson′s formula or Allen–Goodwin′s formula. A set of 40 Graves′s disease patients regarded as training
set were used to determine empirically some parameters operated in the system. A set of 30 Graves′s
disease patients being independent of the training set, regarded as test set for thyroid volume measure-
ments were used for comparisons and performance analyses. In this study, the US was adopted as a
standard reference. The statistical analyses were performed with bias, precision, and relative differences.
The results of thyroid volume estimation from the proposed approach correlated well with those from
US, and the statistical performance analyses showed good agreement between them. In comparison, our
automated approach with Allen–Goodwin′s formula had not only good correlation with US (R2¼0.99)
but also the best bias (0.8), precision (72.32 ml), and low relative differences (2.276.1%). It is expected
that this automated computer-assisted approach can help physicians in the determination of patient-
specific administered activities for treatment of thyroid disease.

& 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Medical therapy, radioiodine therapy, and surgery are the three
main methods to treat patients with Graves′ disease. Radioiodine
therapy is recognized as the safest, simplest, least expensive and
most convenient form of treatment for adults with uncomplicated
hyperthyroidism [1–4]. Due to the radiation safety regulations, indivi-
dual dosage protocols are vital in several countries [5]. The protocol
usually based on estimations of thyroid volume and radioiodine
uptake can be expressed in a standardized dosage formula.

D¼ V � ½100%=U� � C ð1Þ

Here D represents the radioiodine therapy dosage (MBq), U is
the radioiodine uptake (RAIU, %) at 24 h after radioiodine admin-
istration, C is a constant (usually, 3.7 MBq/g) [6,7], and V is
the thyroid volume (ml). RAIU is measured at nuclear medicine
departments, whereas the thyroid volume is normally estimated
by ultrasonography (US). From (1), it is obvious that the accuracy
of radioiodine therapy dosage is proportional to that of thyroid
volume estimation. Developing a useful method for accurately
estimating thyroid volume is thus of great importance.

Magnetic resonance imaging (MRI) has excellent spatial resolu-
tion and soft-tissue contrast and can thus provide accurate esti-
mates of thyroidal volumes. However, MRI is not readily available in
all clinical settings. Ultrasonography (US), although more likely to be
used in daily practice, does not provide nearly as accurate estimates
of thyroidal volumes (with uncertainties of 15–20% [8–12]) and is
not widely available in nuclear medicine departments [1]. Therefore,
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there is a need to develop a comparably accurate thyroid volume
measurement method based on planar scintigraphy (PS) to avoid
the dependence on other imaging techniques.

van Isselt et al. [13] compared the accuracy of three image
modalities, i.e. PS with 99mTc injection, single-photon emission
computed tomography (SPECT), and US, for the estimation of the
thyroid volume in patients with Graves′ disease. These three image
modalities were compared with MRI as the reference standard. For
the PS study, a median filter was adopted to suppress image noise.
A rectangular ROI was manually drawn. This ROI included the entire
thyroid gland while excluding all non-thyroid foci of activity. Within
the hand-drawn ROI, an area of 5�8 pixels with maximum count
intensity was automatically calculated. Adopting a threshold of 30%
of this maximum value, an isocontour was created around the
thyroid gland. The thyroid area (A) was the number of pixels within
the isocontour multiplied by the pixel size. The thyroid volume (V)
was then calculated using the formula

V ¼ 0:33� A3=2 ð2Þ

which was described by Himanka and Larsson [14]. van Isselt et al.
[13] reported that PS correlated poorly with MRI (R2¼0.61) and
suffered from a considerable bias.

Pant et al. [1] estimated thyroid volumes in Graves′ disease
by PS (99mTc injection) and SPECT. The results of the scintigraphic
method were compared with those obtained by US. Through
phantom studies, the optimum threshold level was found to be
20% of the maximum count intensity in the planar scintigram. The
volume of each lobe was measured using the formula

V ¼ A� L� K ð3Þ

which was described by Allen and Goodwin [15] where V, A, and L
denote thyroid volume, area of the frontal projection of the thyroid
lobe, and height of the thyroid lobe, respectively. Pant et al. [1] used
approximately the parameter K¼0.32 in their study and obtained
the correlation coefficient (r) between PS and US was 0.99. However,
both planar technologies, PS and US, have their limitations for
accurate estimates of goitrous or irregularly shaped glands.

In traditional PS studies, the thyroid boundary was usually
estimated using a fixed threshold value if the shape of the thyroid
is well-defined or a manually drawn region of interest (ROI) if
the thyroid shape is irregular, like van Isselt et al.′s work [13].
Delineating the thyroid area on a PS is not easy when applying a
fixed threshold value. Moreover, hand-drawn ROIs are time con-
suming, tedious, and highly operator-dependent. To overcome
this disadvantage, the aim of this study is thus to develop a fully

automated (i.e. operator-independent) PS image segmentation for
the estimation of thyroid volume.

The proposed approach for segmenting the region of thyroid lobes
from a PS image is based on a set of image processing techniques.
Due to the pepper noise embedded and the inherent low contrast
characteristic of a PS image, it will be first smoothed and then image
contrast enhanced for the facility of later image segmentation. The
image segmentation mainly composed of adaptive thresholding,
components labeling, and a set of morphological operations is used
to distinguish the PS image into background and foreground, where
the foreground represents the wanted thyroid gland region. Finally,
some reference points from the thyroid gland region will be located
automatically in order to delineate the two thyroid lobes (left and
right) for obtaining the maximum height L and area A of each lobe.
Thus the whole thyroid volume can be calculated.

According to the result of van Isselt et al.′s work [13], even
though the bias was not negligible US had the best correlation
with MRI (R2¼0.97) and the best precision. For the purpose of
evaluations, in this study the thyroid volume estimated by US
was taken as the reference standard for comparison with results
obtained by the related PS techniques (van Isselt et al.′s approach
[13] and Pant et al.′s approach [1]) as well as the proposed fully
automated approach. A high-resolution ultrasound scanner (GE,
3200) was used by one experienced radiologist to estimate the
thyroid dimensions. The volume of each thyroid lobe was com-
puted by the standard formula for ellipsoid volume [16],

V ¼ ðπ=6Þ � a� b� c ð4Þ
where a, b, c denote the measured maximum height, width, and
depth, respectively, for each lobe. The whole thyroid volume was
the sum of the volumes of the two lobes.

The rest of this paper is organized as follows. In Section 2, a
brief description of patients and images for the study is first intro-
duced. Then the detailed algorithms of the proposed approach are
described. The results and discussion are presented in Section 3
and Section 4, respectively. Finally, the conclusion of this study is
given in Section 5.

2. Materials and methods

2.1. Patients and images

Planar scintigraphic studies were performed on 30 patients with
Graves′ disease (21 females and 9 males, mean age 42 years, range
24–73 years) at 24 h after ingestion of 3.7 MBq of 131I-iodide. The
acquisition was done on a dual-head gamma camera (Siemens,

Fig. 1. Illustrations of (a) a planar thyroid scintigram (Iorg), and (b) a smoothed and maximized planar thyroid scintigram (Imax).
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