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Abstract 29 

Background 30 

This study examined the variation in the thyroid volume determined by the ellipsoid 31 

approximation method due to differences in the measured length or area of the cross-sectional 32 

plane of CT images.  33 

Methods  34 

Forty-five patients with Graves' disease were included in this retrospective study. We 35 

designated the three-dimensional thyroid volumes extracted manually (VCT) as the reference 36 

data and calculated five approximate volumes for comparison: (1) the mean volume of 8100 37 

different thyroid volumes depending on the diameter of the cross-sectional plane at the 38 

midpoint of the major axis, (Vellipsoid,mean); (2) the volume using the maximum diameter and its 39 

orthogonal diameter, (Vellipsoid,maxlength); (3) the maximum (Vellipsoid,maxvolume) and (4) minimum 40 

(Vellipsoid,minvolume) of the 8100 thyroid volumes; and (5) the volume determined with an 41 

equivalent circle diameter, (Vellipsoid,Heywood). 42 

Results 43 

Thyroid volumes obtained via the ellipsoid approximation method varied depending on the 44 

diameter of the cross-sectional plane and included a mean error of approximately 20%, while 45 

the concordance correlation coefficient (CCC) differed for each approximate volume. Among 46 

these volumes, Vellipsoid,mean and Vellipsoid,Heywood were in good agreement with VCT, according to 47 

single regression analyses and the resultant CCC values, with mean errors of 7.0% and 2.5%, 48 

respectively.  49 

Conclusion 50 

While Vellipsoid,Heywood approximated thyroid volumes with vastly reduced errors, we recommend 51 

utilizing three-dimensional thyroid volumetry if measurement accuracy is required.  52 

 53 

Keywords 54 

CT, Ellipsoid approximation, Graves' disease, Internal radioiodine therapy, Thyroid, Volumetry 55 

 56 
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Background 57 

Internal radioiodine therapy (iodine-131) is a treatment for Graves' disease [1]. In radioiodine 58 

therapy for Graves' disease, the administered radioactivity is often determined based on the 59 

patient's thyroid volume [2–4]. Specifically, patients with Graves' disease who have large 60 

thyroid volumes will require a higher dose to ensure a therapeutic effect [3–4]. Therefore, 61 

accurate thyroid volumetry before radioiodine therapy leads to the accurate determination of 62 

the administered radioactivity, thereby ensuring the therapeutic effect. Thyroid volumetry 63 

involves analyses of images obtained from: (1) scintigraphy [5–6], (2) ultrasonography [7], and 64 

(3) computed tomography (CT) [8–10]. Utilizing these images, the thyroid is approximated as 65 

a complex of ellipsoids, known as the ellipsoid approximation method, and it has been in 66 

popular use owing to its inherent simplicity. In the ellipsoid approximation method, it is 67 

customary to use the maximum diameter of the cross-sectional plane (transverse plane of the 68 

body), although there is no clear rule in either past papers or guidelines. Schlögl et al. compared 69 

the accuracy of the thyroid volume determined by the ellipsoid approximation method and the 70 

three-dimensional segmentation of ultrasound images [11]. In their study, the ellipsoid volumes 71 

were determined by measuring the maximum transversal, horizontal, and longitudinal 72 

diameters. They reported that the approximate volume was 11% larger than the actual volume 73 

with a standard deviation of 26%. However, they did not report on the reason for using the 74 

maximum diameter, the method used to measure each diameter, and its variation. We believe 75 

the differences in the measured length or area of the cross-sectional plane particularly affect 76 

the ellipsoid and thus the approximated thyroid volume. Furthermore, the accuracy of the 77 

measurements depends on the subjectivity and skill of the measurers (i.e., physicians, 78 

radiological technologists, etc.). The results of three-dimensional thyroid volumetry from CT 79 

images were reported to be in good agreement with the actual thyroid volume by Lee et al. 80 

[10]. They targeted patients who underwent contrast-enhanced CT examination, and the thyroid 81 

regions were extracted from the CT images using a three-dimensional visualization software. 82 

However, contrast-enhanced CT scans will delay radioiodine therapy for weeks or months 83 

because the contrast media contains iodine [3–4]. Therefore, direct application of their 84 
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approach is difficult for patients with Graves' disease before radioiodine therapy.  85 

Regardless of the modality employed, it is significant to validate an accurate and 86 

simple method for measuring the thyroid volume. We need to investigate how the thyroid 87 

volume changes with various diameter combinations, including the combination of the 88 

maximum and orthogonal diameter of the cross-sectional plane. This study aimed to calculate 89 

the variation in the thyroid volume determined by the ellipsoid approximation method due to 90 

differences in the measured length or area of the cross-sectional plane of CT images. To the 91 

best of our knowledge, similar studies have not been reported. 92 

 93 

 94 

 95 

 96 
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 100 
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Methods 113 

Patients 114 

Forty-five patients (7 males, 38 females, average patient age of 50.8 ± 16 years) with Graves' 115 

disease who underwent radioiodine therapy as outpatients from December 2014 to April 2018 116 

were included in this retrospective study, approved by the Ethical Review Committee of 117 

Nagoya University Hospital (authorization no. 2018-0179). Because five of this cohort 118 

underwent radioiodine therapy twice during this period, our analysis eventually included 50 119 

cases. In our hospital, we determined the administered radioactivity of radioiodine for Graves' 120 

disease according to Marinelli's formula [2]. Using Marinelli's formula (Eq. 1), the 121 

administered radioactivity, A, was calculated using the thyroid volume, amongst other 122 

parameters. For this reason, patients underwent non-enhanced neck CT examinations (Aquilion 123 

64 or Aquilion PRIME SP; Canon Medical Systems, Otawara, Japan) for the determination of 124 

thyroid volumes. In this study, we performed retrospective analyses using these neck CT 125 

images. 126 

The Nuclear Medicine physician determines the administered radioactivity by 127 

adjusting the absorbed dose in Equation 1 according to the clinical symptoms of each patient. 128 

 129 𝐴 [MBq] = 𝐶 × 𝐷 × 𝑉𝑈 × 𝑇eff (1) 130 

 131 

where A is the administered radioactivity (MBq), D is the thyroid absorbed dose (Gy), V is the 132 

thyroid volume (mL), U is the radioiodine uptake fraction at 24 hours after administration, Teff 133 

is the effective iodine-131 half-life (d), and C is the unit conversion coefficient (MBq d Gy-1 134 

g-1). In our hospital, we substitute 0.185 for C. Hereafter, the density of the thyroid is assumed 135 

to be 1 g/mL. 136 

 137 

Three-dimensional thyroid volumetry using CT images 138 

According to Shu et al. [9] and Lee et al. [10], the results of three-dimensional thyroid 139 

volumetry using CT images were in good agreement with the actual thyroid volume. Schlögl 140 
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et al. [11] also reported similar results using ultrasound images. Therefore, we designated the 141 

three-dimensional thyroid volumes extracted manually as the reference data (VCT) in this study. 142 

First, the thyroid region of interest (ROI) in the CT images were manually extracted from the 143 

CT images with a slice thickness of 5 mm. The thyroid region was extracted while excluding 144 

the surrounding blood vessels or muscles. Then, the sum of the voxels in each slice was 145 

calculated as the thyroid volume.  146 

 147 

Thyroid volumetry using ellipsoid approximation 148 

The ellipsoid approximation method for thyroid volumetry was described by Malago et al. [7], 149 

Lee et al. [10], and Schlögl et al. [11]. The thyroid volume of each lobe was approximated by 150 

an ellipsoid using Equation 2; then, the sum of each lobe was taken as the thyroid volume 151 

(Vellipsoid).  152 

 153 𝑉ellipsoid [cm3] = (𝜋6 × 𝑎𝐿 × 𝑏𝐿 × 𝑐𝐿)Leftlobe + (𝜋6 × 𝑎𝑅 × 𝑏𝑅 × 𝑐𝑅)Rightlobe (2) 154 

 155 

where a (cm) is an arbitrary diameter and b (cm) is its orthogonal diameter. Each line passes 156 

through the centroid of the thyroid ROI on the cross-sectional plane when the thyroid is 157 

approximated by an ellipsoid. c (cm) corresponds to the length of the major axis of the ellipsoid. 158 

The subscripts L and R indicate left and right, respectively. In this study, the isthmus was not 159 

considered in the volume calculation. 160 

The calculation flow is summarized in Figure 1a. First, the calculation for the major 161 

axis, c, will be described. We set the thyroid ROI at the top and bottom of each thyroid lobe on 162 

the CT image manually and calculated the centroid coordinates of each ROI: (xupper, yupper, zupper) 163 

and (xlower, ylower, zlower). c was calculated from these coordinates according to Equation 3. In 164 

addition, we obtained the angles, φ (formed by c and the coronal plane) and ρ (formed by c and 165 

the sagittal plane), as shown in Figure 1b, and Equations 4 and 5.  166 

 167 𝒄 [𝐜𝐦] = √(𝒙𝐮𝐩𝐩𝐞𝐫 − 𝒙𝐥𝐨𝐰𝐞𝐫)𝟐 + (𝒚𝐮𝐩𝐩𝐞𝐫 − 𝒚𝐥𝐨𝐰𝐞𝐫)𝟐 + (𝒛𝐮𝐩𝐩𝐞𝐫 − 𝒛𝐥𝐨𝐰𝐞𝐫)𝟐 (𝟑) 168 
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 169 𝝋 [𝐝𝐞𝐠. ] = 𝐚𝐫𝐜𝐭𝐚𝐧 (𝒚𝐮𝐩𝐩𝐞𝐫 − 𝒚𝐥𝐨𝐰𝐞𝐫𝒛𝐮𝐩𝐩𝐞𝐫 − 𝒛𝐥𝐨𝐰𝐞𝐫 ) (𝟒) 170 

 171 𝝆 [𝐝𝐞𝐠. ] = 𝐚𝐫𝐜𝐭𝐚𝐧 (𝒙𝐮𝐩𝐩𝐞𝐫 − 𝒙𝐥𝐨𝐰𝐞𝐫𝒛𝐮𝐩𝐩𝐞𝐫 − 𝒛𝐥𝐨𝐰𝐞𝐫 ) (𝟓) 172 

 173 

Subsequently, to calculate a and b, we created the cross-sectional plane at the midpoint 174 

of the major axis, c. Further, according to the definition of the ellipsoid, the cross-sectional 175 

plane is perpendicular to the two planes (containing c). In this study, we limited the plane for 176 

defining a and b to the cross-sectional plane at the midpoint of the major axis. Hereinafter, the 177 

cross-sectional plane refers to the cross-sectional plane at the midpoint of the major axis. The 178 

thyroid ROI of the thyroid region was set manually for this cross-sectional plane (Fig. 1–3). As 179 

shown in Figure 2, the centroid of the thyroid ROI in the cross-sectional plane was determined 180 

for each thyroid lobe. Furthermore, the combination of the diameter, aθ, and its orthogonal 181 

diameter, bθ, at angle θ were set to pass through the centroid of the thyroid ROI. The diameter 182 

of the thyroid in the cross-sectional plane can be obtained innumerable, regardless of whether 183 

it passes through the centroid of thyroid ROI. However, in this study, we restricted the diameter 184 

to those that pass through the centroid to define a strict ellipsoid. If θ is rotated from 0° to 90°, 185 

a combination of diameters (aθ, bθ) can be obtained. Thus, a combination of diameters was 186 

automatically obtained every 1° in each thyroid lobe (i.e. 90 combinations). Finally, a total of 187 

8100 thyroid volumes per patient were acquired using 90 combinations of each thyroid lobe as 188 

shown in Equation 6.  189 

 190 𝑽𝐞𝐥𝐥𝐢𝐩𝐬𝐨𝐢𝐝(𝜽𝑳, 𝜽𝑹) [𝐜𝐦𝟑] = (𝝅𝟔 × 𝒂𝜽𝑳 × 𝒃𝜽𝑳 × 𝒄𝑳)𝐋𝐞𝐟𝐭𝐥𝐨𝐛𝐞 + (𝝅𝟔 × 𝒂𝜽𝑹 × 𝒃𝜽𝑹 × 𝒄𝑹)𝐑𝐢𝐠𝐡𝐭𝐥𝐨𝐛𝐞(𝟔) 191 

 192 

As a different concept from the one above, Heywood [12] reported that the ellipsoid 193 

approximation method can be satisfactorily performed using an equivalent circle diameter 194 

(Heywood diameter) as the diameter of the cross-sectional plane. In this study, we also verified 195 
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the accuracy of the approximate volume derived from the equivalent circle diameter (Fig. 3). 196 

Assuming that the area of the thyroid ROI in the cross-sectional plane is S (cm2), the equivalent 197 

circle diameter, R (cm), can be expressed as follows using S:  198 

 199 

𝑹[𝐜𝐦] = 𝟐√𝑺𝝅 (𝟕) 200 

 201 

Equations 8 and 9 is obtained by substituting R into a and b in Equation 6. 202 

 203 𝑽𝐞𝐥𝐥𝐢𝐩𝐬𝐨𝐢𝐝,𝐇𝐞𝐲𝐰𝐨𝐨𝐝 [𝐜𝐦𝟑] = (𝝅𝟔 × 𝑹𝑳 × 𝑹𝑳 × 𝒄𝑳)𝐋𝐞𝐟𝐭𝐥𝐨𝐛𝐞 + (𝝅𝟔 × 𝑹𝑹 × 𝑹𝑹 × 𝒄𝑹)𝐑𝐢𝐠𝐡𝐭𝐥𝐨𝐛𝐞 (𝟖) 204 

 205 𝑽𝐞𝐥𝐥𝐢𝐩𝐬𝐨𝐢𝐝,𝐇𝐞𝐲𝐰𝐨𝐨𝐝[𝐜𝐦𝟑] = (𝟐𝟑 × 𝑺𝑳 × 𝒄𝑳)𝐋𝐞𝐟𝐭𝐥𝐨𝐛𝐞 + (𝟐𝟑 × 𝑺𝑹 × 𝒄𝑹)𝐑𝐢𝐠𝐡𝐭𝐥𝐨𝐛𝐞 (𝟗) 206 

 207 

Among the thyroid volumes, Vellipsoid(θL,θR), obtainable by the methods described in 208 

Figures 2–3 and Equations 6–9, five approximate volumes were compared with those 209 

determined three-dimensionally from CT images. These volumes are as follows: (1) the mean 210 

volume of the 8100 thyroid volumes, (Vellipsoid,mean), (2) the volume using the maximum 211 

diameter (either aθ or bθ) combined with its orthogonal diameter, (Vellipsoid,maxlength), (3) the 212 

maximum volume among the 8100 thyroid volumes, (Vellipsoid,maxvolume), (4) the minimum 213 

volume among the 8100 thyroid volumes, (Vellipsoid,minvolume), and (5) the thyroid volume 214 

determined with equivalent circle diameter (Heywood diameter), (Vellipsoid,Heywood). From these 215 

relationships, the accuracy and validity of the ellipsoid approximation method were examined, 216 

and the optimal method was identified. 217 

 218 

Statistical analysis 219 

We performed a simple regression analysis between the five approximate volumes and the 220 

three-dimensionally extracted thyroid volume, i.e., VCT, in the statistics software package, R 221 
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(version 3.5.1 for Windows). The error rate between the five approximate volumes (Vellipsoid) 222 

and VCT was obtained using Equation 10.  223 

 224 𝑬𝐞𝐥𝐥𝐢𝐩𝐬𝐨𝐢𝐝[%] = 𝟏𝟎𝟎 × 𝑽𝐞𝐥𝐥𝐢𝐩𝐬𝐨𝐢𝐝 − 𝑽𝐂𝐓𝑽𝐂𝐓 (𝟏𝟎) 225 

 226 

Furthermore, we calculated a Lin's concordance correlation coefficient (CCC) according to 227 

Equation 11 to examine the consistency between VCT and Vellipsoid in each patient [13].  228 

 229 𝐂𝐂𝐂 = 𝟐 ∙ 𝐂𝐎𝐕(𝑽𝐂𝐓, 𝑽𝐞𝐥𝐥𝐢𝐩𝐬𝐨𝐢𝐝)𝝈𝑽𝐂𝐓𝟐 + 𝝈𝑽𝐞𝐥𝐥𝐢𝐩𝐬𝐨𝐢𝐝𝟐 + (𝝁𝑽𝐂𝐓 − 𝝁𝑽𝐞𝐥𝐥𝐢𝐩𝐬𝐨𝐢𝐝)𝟐 (𝟏𝟏) 230 

 231 

where COV(VCT, Vellipsoid) is the covariance between VCT and Vellipsoid, 𝜎𝑉CT2  and 𝜎𝑉ellipsoid2  are 232 

the variances of VCT and Vellipsoid, respectively, and 𝜇𝑉CT  and 𝜇𝑉ellipsoid  are the mean of VCT and 233 

Vellipsoid, respectively.  234 

McBride [14] suggested the following scale to describe the correlation based on values 235 

of CCC; < 0.90: Poor, 0.90–0.95: Moderate, 0.95–0.99: Substantial, > 0.99: Almost perfect. 236 

Similar to the study of Lee et al. [10], we compared the CCC values for the five approximate 237 

volumes with McBride's scale. 238 

 239 

 240 

 241 

 242 

 243 

 244 

 245 

 246 

 247 

 248 
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Results 249 

Table 1 shows the length of the major axis, c, and the angles, φ and ρ, in each thyroid lobe. The 250 

value of c on both thyroid lobes is approximately 6 cm for all 50 cases. The angle, φ, is 8.30 ± 251 

3.28° in the left lobe and −7.65 ± 3.14° in the right lobe. Similarly, the angle, ρ, is 0.19 ± 4.95° 252 

in the left lobe and 1.02 ± 5.41° in the right lobe. Figure 4 shows the relationship between VCT 253 

and the 8100 thyroid volumes per patient obtained by systematically combining a and b of each 254 

thyroid lobe [Vellipsoid(θL,θR)]. The upper end of the error bar represents the maximum thyroid 255 

volume (Vellipsoid,maxvolume), and the lower end represents the minimum thyroid volume 256 

(Vellipsoid,minvolume). Thyroid volumes obtained by the ellipsoid approximation method varied by 257 

changing the combination of a and b. In particular, the variation in the approximated volume 258 

tended to increase as the thyroid volume increased (shaded area in Figure 4).  259 

Table 2 shows the thyroid volumes obtained by three-dimensional volumetry (VCT) 260 

and the ellipsoid approximation method (Vellipsoid,mean, Vellipsoid,maxlength, Vellipsoid,maxvolume, 261 

Vellipsoid,minvolume, and Vellipsoid,Heywood). Each relationship is shown in Figures 5a to 5e, and the 262 

error rates from VCT and the ellipsoid approximation method (Eellipsoid,mean, Eellipsoid,maxlength, 263 

Eellipsoid,maxvolume, Eellipsoid,minvolume, and Eellipsoid,Heywood) are shown in Figures 6a to 6e. VCT as the 264 

reference volume was widely distributed between 12.0 to 77.4 cm3. Table 3 lists the values of 265 

the correlation coefficient, CCC, and McBride's scale for the thyroid volumes calculated by the 266 

ellipsoid approximation method when compared to VCT. All correlations are strong with 267 

correlation coefficients of 0.900 or higher. The mean error rate was the highest between 268 

Vellipsoid,minvolume and VCT (–23.5%), and the lowest between Vellipsoid,Heywood and VCT (2.5%). CCC 269 

was used to assess the consistency of each relationship; the highest was for Vellipsoid,Heywood 270 

(0.947; moderate) and the lowest was for Vellipsoid,minvolume (0.672; poor).  271 

 272 

 273 

 274 

 275 

 276 
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Discussion 277 

Thyroid volumes obtained by the ellipsoid approximation method varied by changing the 278 

combination of a and b as shown in Figure 4. In particular, the variation in the approximated 279 

volumes tended to increase as the thyroid volume increased. Generally, when performing 280 

thyroid volumetry on an ultrasound image, the length of the cross-sectional plane is 281 

subjectively determined by the operator. Thyroid volumetry using the ellipsoid approximation 282 

method that requires the lengths, a and b, is prone to error. According to Figures 5 and 6, and 283 

Table 3, although there was a correlation between VCT and the ellipsoid approximation 284 

volumes, CCC differed depending on the approximate volume (0.672–0.947). Vellipsoid,maxlength 285 

and Vellipsoid,maxvolume were overestimated by 12.9% and 20.0%, respectively, and Vellipsoid,mean 286 

and Vellipsoid,minvolume were underestimated by 7.0% and 23.5%, respectively. Schlögl et al. 287 

reported that the approximate volume was 11% larger than the actual volume. Our study 288 

supported their findings because they used the maximum diameter to approximate the ellipsoid. 289 

In radioiodine therapy for Graves' disease, any error in the measurement of the thyroid volume 290 

directly affects the absorbed dose by the thyroid, and thereby the therapeutic effect, as shown 291 

in Equation 1. The success rate of internal radioiodine therapy in Graves' disease has been 292 

reported by Peters et al. [15] to depend on the thyroid absorbed dose and thyroid weight. By 293 

applying these errors to Marinelli's formula (Eq. 1) and calculating backwards with the 294 

administered radioactivity, A, as a constant, the thyroid absorbed doses, D, are reduced by 295 

11.4% and 16.6% when Vellipsoid,maxlength and Vellipsoid,maxvolume are used as thyroid volumes, 296 

respectively. Similarly, when Vellipsoid,mean and Vellipsoid,minvolume are used, the thyroid absorbed 297 

doses are 7.6% and 30.8% in excess of the reference. 298 

Vellipsoid,mean can be obtained by automatically measuring the volume of the thyroid 299 

using a combination of a and b and then averaging these multiple volumes (8100 volumes per 300 

patient in this study); thus, the mean error with VCT could be reduced to 7.0% because of error 301 

cancellation due to averaging. In contrast, Vellipsoid,Heywood was in good agreement with VCT 302 

according to the results of single regression analyses and the resultant CCC values; the mean 303 

error with VCT was 2.5%. There are no reports of past studies in which the thyroid volumes 304 
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were calculated by the ellipsoid approximation method using the equivalent circle diameter. 305 

Therefore, this result represents a new finding. For Vellipsoid,Heywood, it is not necessary to 306 

consider the variation due to a and b because this approximated thyroid volume is calculated 307 

from the equivalent circle diameter derived from the thyroid ROI on the cross-sectional plane. 308 

Therefore, if the ROI can be set accurately in the thyroid region, the accuracy and robustness 309 

of the ellipsoid approximation method should be higher than that for the conventional ellipsoid 310 

diameters.  311 

We also considered the length of the major axis, c. The angle between c and the coronal 312 

plane was approximately 8°, and the angle between c and the sagittal plane was approximately 313 

1°, for all cases. At these angles, the error between the projected length of c on the coronal or 314 

sagittal plane and the actual length of c was approximately 1%. Lee et. al. measured the length 315 

of the major axis on the coronal or sagittal planes and calculated the thyroid volume by the 316 

ellipsoid approximation method [10]. Our study supported the validity of measuring the axial 317 

length from the coronal or sagittal planes described in their method. The length of the major 318 

axis could be measured accurately and easily if we use CT images. An arbitrary cross-sectional 319 

image can be obtained using ultrasonography, although this route is prone to subjectivity in 320 

measurement. In recent years, it has become possible to acquire volume images with less 321 

distortion using three-dimensional ultrasound images. If the knowledge of this study is applied 322 

to ultrasound images, thyroid volumetry could be acquired more easily and accurately in the 323 

future.  324 

For each volume determined in this study, the error due to the ellipsoid approximation 325 

method was in the range, 0–50%, and in some cases the error exceeded 50%. Although it is 326 

possible to easily obtain an approximate thyroid volume by the ellipsoid approximation 327 

method, the limitation is the approximation itself. Even Vellipsoid,mean and Vellipsoid,Heywood contains 328 

non-negligible errors due to the approximation. Therefore, we conclude that thyroid volumetry 329 

using the ellipsoid approximation cannot be a viable alternative to three-dimensional thyroid 330 

volumetry in radioiodine therapy; it is necessary to perform three-dimensional thyroid 331 

volumetry using CT or ultrasound images for therapeutic efficacy. 332 
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In this study, we set the cross-sectional plane at the midpoint of the major axis 333 

according to the definition of the ellipsoid, and obtained the cross-sectional diameters, a and 334 

b, on this plane. In clinical practice, the cross-sectional diameter of the thyroid is often obtained 335 

from the trans-axial plane of the body (cranial to caudal axis) using CT or ultrasonography. 336 

That is, the cross-sectional plane at the midpoint of the major axis in the ellipsoid is inclined 337 

with the trans-axial plane of a body (Table 1). In the 50 cases of this study, even if the trans-338 

axial plane of a body at the midpoint of the major axis was used in place of the cross-sectional 339 

plane at the midpoint of the major axis, the difference between the cross-sectional areas of the 340 

two planes was 1% or less. Therefore, the inclination of the cross-sectional plane cannot be a 341 

large variation factor. However, it can be concluded that the cross-sectional diameters (a, b) or 342 

area (S) are the main parameters affecting the ellipsoid volume. 343 

Patients with Graves' disease tend to have low CT values in the thyroid. There were 344 

some cases where it was difficult to extract thyroid regions in this study. If the CT value of the 345 

thyroid is low, the accuracy of the extraction becomes a problem. Although Shu et al. and Lee 346 

et al. reported good agreement for the results of three-dimensional thyroid volumetry using 347 

contrast-enhanced CT images with the actual thyroid volume [9–10], one of the limitations of 348 

our study is that the measurement accuracy of three-dimensional volumetry was not examined. 349 

Contrast-enhanced CT scans will improve thyroid visibility and segmentation, but they will 350 

delay radioiodine therapy for weeks or months because the contrast media contains iodine [3–351 

4]. In addition, we need to consider the inter- and intra-operator error of the manually extracted-352 

thyroid ROI. In contrast, visibility of the thyroid is improved in ultrasound images. Therefore, 353 

it would be easier to extract the region, although determining the cross-sectional plane of the 354 

thyroid lobe could be difficult. In our hospital, we measure thyroid volumes using CT images. 355 

Therefore, ultrasound images were not available as part of a retrospective study. Further studies 356 

are needed to verify the accuracy of our five ellipsoid-approximation-method volumes using 357 

ultrasound images to extract reference volume data. 358 

 359 

 360 
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 Conclusion 361 

We determined the variation in the approximated thyroid volumes determined by the ellipsoid 362 

approximation method using CT images; thyroid volumes varied depending on the diameter or 363 

area of the cross-sectional plane. Furthermore, we found that the ellipsoid approximation 364 

method using the equivalent circle diameter can determine thyroid volumes in good agreement 365 

with those extracted manually by three-dimensional volumetry. However, thyroid volumetry 366 

by the ellipsoid approximation method included an error in the range 0–50% and in some cases 367 

the error exceeded 50%. Consequently, we recommend three-dimensional thyroid volumetry if 368 

measurement accuracy is required. 369 

 370 

 371 

 372 

 373 

 374 

 375 

 376 
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 379 
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Tables and Figures 501 

Table 1. Length of the major axis, c, and the angles, φ and ρ, in each patient's thyroid lobe. 502 

Table 2. Thyroid volumes calculated by three-dimensional volumetry (VCT) and the ellipsoid 503 

approximation method (Vellipsoid,mean, Vellipsoid,maxlength, Vellipsoid,maxvolume, Vellipsoid,minvolume, and 504 

Vellipsoid,Heywood). 505 

Table 3. Correlation coefficient, CCC, and McBride's scale between VCT and each approximate 506 

volume. CCC for assessing the consistency of each relationship was above 0.900 for 507 

Vellipsoid,mean and Vellipsoid,Heywood. 508 

Fig. 1. a) Calculation method for thyroid volumes by the ellipsoid approximation method. b) 509 

Calculation method for the length of the major axis, c, and the angles, φ, and ρ, in each patient's 510 

thyroid lobe. 511 

Fig. 2. Measurement of arbitrary diameters and their corresponding orthogonal diameters (a 512 

and b) on the cross-sectional plane at the midpoint of the major axis. Four approximate volumes 513 

(Vellipsoid,mean, Vellipsoid,maxlength, Vellipsoid,maxvolume, and Vellipsoid,minvolume) were obtained from a and 514 

b. 515 

Fig. 3. Ellipsoid approximation method for thyroid volumes using the equivalent circle 516 

diameter (Heywood diameter). 517 

Fig. 4. Relationship between VCT and the 8100 thyroid volumes obtained by combining a and 518 

b of each thyroid lobe [Vellipsoid(θL,θR)]. The upper and lower end of the error bar represents the 519 

maximum and the minimum thyroid volume, respectively. The shaded area indicates an area 520 

surrounded by the regression lines of Vellipsoid,maxvolume and Vellipsoid,minvolume (Corresponding to 521 

Fig. 5c and 5d, respectively). The variation in the approximate volumes tended to increase as 522 

the thyroid volume increased. 523 

Fig. 5. Relationship between VCT and the five approximate volumes (Vellipsoid,mean, 524 

Vellipsoid,maxlength, Vellipsoid,maxvolume, Vellipsoid,minvolume, and Vellipsoid,Heywood). Although there was a 525 

strong correlation between VCT and these approximate volumes, the slopes of the regression 526 

equation were different for each relationship (0.79–1.20). For this reason, CCC differed for 527 

each approximate volume (0.672–0.947). 528 
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Fig. 6. Error rate between VCT and the five approximate volumes (Eellipsoid,mean, Eellipsoid,maxlength, 529 

Eellipsoid,maxvolume, Eellipsoid,minvolume, and Eellipsoid,Heywood). The mean error rate was the highest 530 

between Vellipsoid,minvolume and VCT (–23.5%), and the lowest between Vellipsoid,Heywood and VCT 531 

(2.5%). 532 



Figures

Figure 1

a) Calculation method for thyroid volumes by the ellipsoid approximation method. b) Calculation
method for the length of the major axis, c, and the angles, φ, and ρ, in each patient's thyroid lobe.



Figure 2

Measurement of arbitrary diameters and their corresponding orthogonal diameters (a and b) on the cross-
sectional plane at the midpoint of the major axis. Four approximate volumes (Vellipsoid,mean,
Vellipsoid,maxlength, Vellipsoid,maxvolume, and Vellipsoid,minvolume) were obtained from a and b.



Figure 3

Ellipsoid approximation method for thyroid volumes using the equivalent circle diameter (Heywood
diameter).



Figure 4

Relationship between VCT and the 8100 thyroid volumes obtained by combining a and b of each thyroid
lobe [Vellipsoid(θL,θR)]. The upper and lower end of the error bar represents the maximum and the
minimum thyroid volume, respectively. The shaded area indicates an area surrounded by the regression
lines of Vellipsoid,maxvolume and Vellipsoid,minvolume (Corresponding to Fig. 5c and 5d, respectively).
The variation in the approximate volumes tended to increase as the thyroid volume increased.



Figure 5

Relationship between VCT and the �ve approximate volumes (Vellipsoid,mean, Vellipsoid,maxlength,
Vellipsoid,maxvolume, Vellipsoid,minvolume, and Vellipsoid,Heywood). Although there was a strong
correlation between VCT and these approximate volumes, the slopes of the regression equation were
different for each relationship (0.79–1.20). For this reason, CCC differed for each approximate volume
(0.672–0.947).



Figure 6

Error rate between VCT and the �ve approximate volumes (Eellipsoid,mean, Eellipsoid,maxlength,
Eellipsoid,maxvolume, Eellipsoid,minvolume, and Eellipsoid,Heywood). The mean error rate was the
highest between Vellipsoid,minvolume and VCT (–23.5%), and the lowest between Vellipsoid,Heywood
and VCT (2.5%).


