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Abstract

Objective: The main purpose of this study was to investi-
gate the histogram analysis (HA) in terms of the differential
diagnosis of thyroiditis.

Material and Methods: A total of 137 cases with a defini-
tive diagnosis of thyroiditis confirmed with clinical and la-
boratory findings were evaluated in the study. Out of these,
23 cases were diagnosed as Graves’ disease (GD), 94 as
Hashimoto’s thyroiditis (HT), and 20 as subacute thyroiditis
(SAT), and 34 healthy volunteers were included in this study
as a control group. The thyroid and sternocleidomastoid
muscle’s (SCM) HA and thyroid-to-SCM echogenicity ratio
(TRSCMR) were evaluated.

Results: The HA values of thyroid parenchyma and SCM
(mean+SD) of patients with GD, HT, SAT, and CG were
83.49+27.91, 71.25+20.93, 70.83+13.94, and 80.
95+20.88, and 52.74+24.11, 58.17+18.67, 67.20+14.71,
and 69.32%+18.94, respectively. The HAs of thyroid pa-
renchyma of GD, HT, and SAT were not statistically signifi-
cant. The TRSCMR (mean+SD) of patients with GD, HT, SAT,
and CG were 1.85+0.86, 1.29+0.41, 1.09+0.26, and
1.25%0.5, respectively. Compared with the control group,
the GD TRSCMRs were higher than the CG TRSCMRs
(p<0.0001). Compared with SAT, GD TRSCMRs were higher
than SAT TRSCMRs, and these results were statistically sig-
nificant (p<0.001).

Conclusion: This study demonstrated that HA may help in
differentiating SAT from GD that show similar appearance
on routine ultrasonography.
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Diffuse thyroid diseases include hyperthyroidism,
chronic autoimmune hyperthyroidism (Hashimoto’s

Ozet

Amag: Bu galismanin temel amac tiroiditlerin ayirici tani-
sinda histogram analizinin (HA) yerini arastirmaktir.

Gereg ve Yontemler: Klinik ve laboratuar bulgulariyla ti-
roidit tanisi kesinlesmis 137 olgu galismaya dahil edildi. OI-
gularin 23’0 Graves Hastaligi (GH), 94 hasta Hashimoto
tiroiditi (HT), 20’si ise Subakut Tiroidit (SAT) tanisi almisti.
Saglikli 34 gonullt ise kontrol grubu (KG) olarak calismaya
dahil edildi. Tiroid ve sternocleidomastoid kasi (SCM) his-
togram analizleri ile tiroid parankim ekosunun SCM ekosuna
orani (TRSCM) degerlendirildi.

Bulgular: GH, HT, SAT, KG olgularinin tiroid parankimi ve
SCM HA (ortalama= SD) dederleri sirasiyla 83.49 £27.91,
71.25+20.93, 70.83+13,94, 80.95+20.88 ve 52.74+24.11,
58.17+18.67, 67.20+14.71, 69.32+18.94 seklindedir. GH,
HT ve SAT tiroid parankim HA dederleri arasinda istatistik-
sel olarak anlamli fark yoktu. GH, HT, SAT ve KG'nun
TRSCMR (ortalama = SD) dederleri sirasiyla 1.85+0.86,
1.29£0.41, 1.09£0.26 and 1.25+0.5'dir. Kontrol grubu ile
karsilastirildiginda GH TRSCMR degerleri KG TRSCMR de-
gerlerinden yliksek, SAT grubunun TRSCMR dederleri ise KG
grubunun TRSCMR degerlerinden distik olup, istatistiksel
olarak anlamhiydi (p<0.05). SAT ve GH tiroiditlerinin
TRSCMR degerleri karsilastirildiginda, GH TRSCMR degerleri
SAT TRSCM degerlerinden ylksek olup, istatistiksel olarak
anlamliydi (p=0.001).

Sonug: Calismamiz, ultrasonografide benzer gérintileme
ozelliklerine sahip SAT ve GH’ nin ayirici tanisinin yapilma-
sinda histogram analizinin faydali olabilecegini géstermistir.

Anahtar kelimeler: Histogram analizi; subakut tiroidit;
Hashimoto tiroiditi; Graves hastaligi;
tiroid ultrasonografisi

thyroidism [HT]), subacute thyroiditis (SAT), and
Graves' disease (GD). The imaging features of thy-
roid parenchyma echogenicity are used in B-mode
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imaging in the differential diagnosis of thyroiditis.
However, this differentiation is subjective and de-
pends on the examiner. The differentiation of GD
and SAT in gray-scale sonograms is difficult be-
cause of their similar appearances. Although they
share similar clinical, biochemical, and sonographic
properties, they have different etiopathogenesis
and require different treatments. Therefore, a cor-
rect diagnosis of these types of thyroiditis by ultra-
sonography is critical. Ultrasound assessment has
limited value in terms of the differential diagnosis of
thyroiditis. Therefore, radiological imaging tech-
niques may have to be developed to provide crucial
information to clinicians for planning treatment al-
gorithms.

With the developing technology, computer pro-
grams may be able to diagnose diseases similar
to a radiologist in the near future. Therefore, the
quantitative B-mode evaluation methods should
be developed. In this study, we aimed to investi-
gate the use of histograms in diagnosing thy-
roiditis.

Palpation has long been used for the examination
of the thyroid. Sonoelastography (USE), first
used by Ophir et al., has replaced palpation in the
examination of thyroid (1). The current literature
reported the use of USE in thyroiditis by a shear
wave and strain elastography (1-6). However,
elastography is a new developing technology that
is not currently available in several ultrasonic de-
vices, and the contribution of the differential di-
agnosis of thyroiditis remains unclear.

In addition, gray-scale ultrasound imaging is a
universal and easily accessible technology world-
wide. Thus, new evaluation techniques should be
developed for accurate diagnosis and treatment.
Histogram analysis (HA) is based on the record-
ings of images obtained in the ultrasonographic
gray-scale mode, and these images are analyzed
with a special medical software program after
they are transferred to a workstation.

The HA of gray-scale ultrasound images has been
investigated in various organs for the differenti-
ation of transudate from exudative ascites,
breast tumor differentiation, perfusion defects of
kidney disease, characterization of parathyroid
gland injury after head-and-neck radiotherapy,
differentiation of asymptomatic diffuse thyroid
disease from normal thyroid, and investigation of
the chronic thyroiditis appearance (7-15).
Despite the benefits of HA in chronic thyroiditis,
data regarding the use of HA in SAT, HT, and GD
are limited (12-15). The capability of differential di-
agnosis by HA and thyroid-to-sternocleidomastoid

muscle echogenicity ratio (TRSCMR) in thyroiditis is
yet to be investigated. In this study, we aimed to
investigate the applicability of HA and TRSCMR in
different types of thyroiditis.

GD is an autoimmune condition that presents
with thyrotoxicosis induced by circulating thyroid-
stimulating hormone receptor autoantibodies
(TRAbs) with thyroid-stimulating activity. In ad-
dition, thyrotoxicosis is the result of different
types of painless thyroiditis. To identify the exact
cause of thyrotoxicosis, radioactive iodine uptake
measurement is still the gold standard of clinical
application. By contrast, nuclear medicine tech-
niques are unavailable in several health facilities,
though radioactive substances are contraindi-
cated for lactating and pregnant women.

The prevalence of GD is 5 to 10 times more com-
mon in females than in males. The maximum in-
cidences of the disease were observed during the
third to sixth decades. Tremor, heat intolerance,
nervousness, weight loss, goiter, fatigue, tachy-
cardia, and exophthalmos are the most usual
clinical symptoms of GD. The evaluation of TRAb
levels in the blood is advantageous for differenti-
ating GD from HT and SAT. However, TRAb analy-
ses are not accessible in general hospitals and
clinics.

Ultrasonography is a non-invasive and cost-ef-
fective imaging technique for the examination of
the thyroid parenchyma. GD is identified using B-
mode ultrasonography through the development
of diffuse thyroid enlargement with the loss of
echogenicity. In addition, it is associated with the
increased intraparenchymal thyroidal flow on
color flow Doppler sonography (16).

The increased thyroid vascularity is crucial evi-
dence for GD, which is beneficial for differentiat-
ing GD from SAT and HT (17).

In theory, the differential diagnosis of GD from
SAT and HT by HA is possible because of the dif-
ferent histopathologic characteristics and types
of thyroid gland vascularities for each condition.
To date, no study has compared the TRSCMRs
among patients with GD and other types of thy-
roiditis.

SAT is an unusual, self-limiting condition that
generally occurs after an upper tract viral infec-
tion, which is the result of an autoimmune re-
sponse (18). Clinically, this situation is associated
with severe anterior neck pain and may radiate
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up to the mandible, ear, and occipital fossa. At
the beginning of this condition, SAT usually
causes low-grade fever with thyrotoxicosis (19).
The laboratory findings of SAT have decreased
thyrotropin levels, increased thyroid hormones
(FT4 and FT3), and increased C-reactive protein
(20).

In general, the gray-scale and Doppler sono-
graphic findings of SAT are thyroid enlargement
and ill-defined focal hypoechoic areas with hypo-
vascularity (19). After treatment, these findings
usually disappear (19).

HT is the most usual inflammatory process of
the thyroid gland, and it is the main cause of au-
toimmune hypothyroidism. This condition devel-
ops 15 times more in women than in men. The
maximum incidences of HT were observed dur-
ing the third to fifth decades (21). The preva-
lence of HT is approximately 5% to 15% in
women. HT is commonly associated with the de-
velopment of circulating anti-thyroid autoanti-
bodies, which are the cause of cytological injury
and thyroid malfunction. The detection of thy-
roglobulin antibody and/or thyroid peroxidase
antibody in blood tests is used for the diagnosis
of HT. Ultrasonography shows the loss of
echogenicity, increased heterogeneity, and de-
creased normal vascularity with the develop-
ment of septa and hypoechoic micronodules in
the patients with HT (22).

The degree of thyroid fibrosis is associated with
decreased echogenicity in HT. The applicability of
HT for the evaluation of thyroid HA was first de-
scribed by Schiemann et al. in 2003 (14).

Most of the patients were sampled from the pa-
tient population treated in the Department of En-
docrinology at Trabzon Kanuni Research and
Education Hospital, between November 2015 and
January 2017. The patients with a suspected di-
agnosis of thyroiditis were identified. The patients
under 18 years and above 90 years of age or
without available images (B-mode ultrasonogra-
phy) and laboratory tests were excluded. In ad-
dition, the patients who were diagnosed with
thyroiditis were excluded.

The study was approved by the local institutional
review board and all participants provided written
informed consent. This prospective, single-insti-

tution study was conducted in compliance with
the Helsinki Declaration and good clinical practice
guidelines of the Ministry of Health of Turkey. The
study was approved by the local ethics commit-
tee of Kanuni Research and Education Hospital,
Turkey.

An Aplio 500 ultrasound machine (Toshiba Medical
Systems, Co. Ltd., Otawara, Japan) with linear 4.8
to 11 MHz transducers and elastography software
was used. All the examinations were performed by
one radiologist with an experience of more than
15 years in thyroid imaging. The radiologist was
blinded to the clinical findings, laboratory results,
early clinical suspected differential diagnosis of
thyroiditis, and the final diagnosis of the patients.
A total of 250 individuals examined in our radiol-
ogy department from October 2015 to March
2016 were screened. Out of these individuals, 52
patients were having thyroid nodules in addition
to thyroiditis, which were detected incidentally.
High-quality images were not obtained from 17
patients because of retrosternal thyroid enlarge-
ment or short neck anatomical structure. A total
of 69 patients were excluded from the study. Fi-
nally, 171 cases were included in the study. Out
of these cases, 23 were diagnosed as GD (8 men,
15 women; 33£12 years), 94 were diagnosed as
HT (8 men, 86 women; 40+13 years), and 20
were diagnosed as SAT (8 men, 12 women; 42+9
years). All cases were confirmed by clinical ex-
amination and laboratory findings. The control
group (CG) consisted of 34 healthy volunteers (5
men, 29 women; 40+10 years) whose ultrasound
imaging and thyroid laboratory results were nor-
mal (Table 1).

The ultrasound examination started with gray-
scale imaging. The patient was supine with a
slightly hyperextended position over a special
wheeled bed, which was built for thyroid imag-
ing. The B-mode ultrasonographic evaluation of
thyroid glands was performed with standard
transverse and longitudinal planes. In addition,
thyroid dimensions and parenchymal echogenic-
ity were evaluated. The echogenicity of the thy-
roid parenchyma was defined as marked
hypoechogenicity, isoechogenicity, and hypere-
chogenicity.

Thyroid echogenicity was evaluated by compar-
ing neighboring neck muscles (23). During the
gray-scale ultrasound, all thyroid regions sus-
pected for thyroiditis were identified in a longitu-
dinal scanning position.
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Table 1. The analysis of the study population.

Number of cases
CG n (%) HT n (%) SAT n (%) GD n (%)
Variable 34 (19,9) 94 (55,0) 20 (11,7) 23 (13,5) P value
Female 29 (20,4) 86 (60,6) 12 (8,5) 15 (10,5) 0.001
Male 5(17,2) 8 (27,6) 8 (27,6) 8 (27,6) 0.001
Age 40.3+10.2 40.1+13.0 42.2+9.2 33.3£12.1 0.457

CG: Control group; HT: Hashimoto's thyroiditis; SAT: Subacute thyroiditis; GD: Graves' disease; ns: Nonsignificant.

Before saving the image in the JPEG format in ul-
trasound database, we checked that the selected
B-mode image does not contain any thyroid nod-
ules and lymph nodes. If necessary, patients
were requested to hold their breath to prevent
gray-scale artifacts.

To improve and standardize the imaging quality,
we selected gray-scale time-gain compensation
values between -30 and 30 dB and gain levels
between 0 and 60. Finally, the focus-level inter-
val was from 0 to 4, and we used focus level 2.
We obtained three sonographic images for each
of the thyroid gland and sternocleidomastoid
muscle (SCM). After the examination, we se-
lected the technically perfect image from the col-
lected data for HA. This selected JPEG was
considered valid.

Histogram Image Analysis

Electronically recorded sonographic data in the
JPEG format were transferred to a high-resolu-

tion computer system, and Image] software (ver-
sion 1.4.3.67, National Institutes of Health) was
used for gray-scale HA. The echogenicity of the
images was measured as gray-scale pixels rang-
ing from 0 to 255 (0=black, 255=white) through
HA.

A region of interest (ROI) for HA was identified.
The ROI included maximum possible thyroid
lobes that were affected from thyroiditis to in-
vestigate a maximal amount of the thyroid
parenchyma (Figure 1). The first ROI was ac-
cepted as the target region. We then selected an-
other ROI as a reference. The ipsilateral SCM was
selected for comparing the affected thyroiditis
area to depict color pixels (Figure 2). Both ROIs
included maximum possible thyroid tissue and
SCM. In addition, we ensured that both ROIs
were placed at the same vertical axis to the
transducer and in the central region of the image.
The TRSCMR was obtained from the collected
data.

Figure 1, 2: Grayscale evolution method for the Histogram Analysis of thyroidal parenchyma. Two ROIs for compari-
son were delineated to calculate the SR. The big rectangle (target) A is the local ROI on the thyroid tissue, the small
rectangle (reference) B is the local ROI on the sternocleidomastoid in front of the ipsilateral thyroid.
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Continuous variables were expressed as
meanzxstandard deviation (SD), and categorical
variables were expressed in percentages. The nor-
mality of the continuous variables was analyzed
using the Kolmogorov-Smirnov test. The categor-
ical variables between the groups were compared
using the chi-square test. The numerical variables
between independent groups were compared. If
the normal distribution requirement was provided,
then analysis of variance was performed. If the
normal distribution requirement was not provided,
then Kruskal-Wallis variance analysis was used.
The Mann-Whitney U test was performed to de-
termine whether the distribution of thyroid and
SCM HA and TRSCMR is different among CG, SAT,
GD, and HT. In addition, the Mann-Whitney U test
was used to compare the HAs and TRSCMRs of
the groups.

The receiver operating characteristic curve was
used to determine the cut-off point of the HA and
TRSCMR of normal and experimental subjects. The
p-values lower than 0.05 were considered statisti-
cally significant. In the presence of a significant
threshold, sensitivity, and specificity values were
calculated. To evaluate the area under the curve
(AUC), the diagnostic value of the test was ac-
cepted as statistically significant when type 1 error
was less than 5%. The statistical analysis was per-
formed using SPSS 22.0 statistical software (24).

Group Number of cases n (%)
CG 34 (19,88)
HT 94 (54,98)
SAT 20 (11,69)
GD 23 (13,45)
TOTAL 171 (100.0)

Mean+SD (TP)

70,83 ( 13,94)

The clinical and demographic characteristics of
patients are shown in Table 1.

The HA values of thyroid parenchyma (mean
+SD) of patients with GD, HT, SAT, and CG were
83.49+27.91, 71.254+20.93, 70.83+13.94,
80.95+20.88, and 52.74+24.11, respectively. By
contrast, the HA values of SCM (mean*SD) of
patients with GD, HT, SAT, and CG were
52.74+24.11, 58.17+18.67, 67.20+14.71, and
69.32+18.94, respectively (Table 2).

The thyroid parenchyma HAs of GD, HT, and SAT
were not statistically significant, whereas SCM HA
values of HT and GD were statistically significant
(p=0.009).

The TRSCMR (mean+SD) of patients with GD, HT,
SAT, and CG were 1.85+0.86, 1.29+0.41,
1.09£0.26, and 1.25%0.5, respectively (Table 3
and Figures 3-5).

Compared with the CG, patients with GD had sta-
tistically significant TRSCMRs (p=0.001).
TRSCMRs presented the following ascending order:
SAT<CG<HT<GD. The boxplot of the TRSCMR val-
ues to each group is shown in Figure 6. Patients
with GD had statistically different TRSCMRs
(p=0.001) compared with patients with SAT. This
result is noteworthy because SAT and GD share
similar imaging properties in gray-scale sonography.
The cut-off points of the TRSCMR of patients with
GD, HT, and SAT to the CG were 1.32 (sensitivity

Mean£SD (SCM)
69,32 (18,94)
58,17 (18,67)
67,20 ( 14,71)
52,74 (24,11)

80,95 (20,88)
71,25 (20,93)

83,49 (27,91)

CG: Control group; HT: Hashimoto's thyroiditis; SAT: Subacute thyroiditis; GD: Graves' disease.

Group Number of cases n (%)
CG 34 (19,88)
HT 94 (54,98)
SAT 20 (11,69)
GD 23 (13,45)
Total 171 (100.0)

TRSCMRs
Range Median Mean =SD
0,64-2,22 1,17 1,25 +0.5
0,61-2,65 1,22 1,29 +0,41
0,69-1,25 1,02 1,09 +0,26
1,48-2,23 1,61 1,85 +0,86

CG: Control group; HT: Hashimoto's thyroiditis; SAT: Subacute thyroiditis; GD: Graves' disease.
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Group 95% CI

GD-CG 0,589-0,833
SAT-CG 0,250-0,459
HT-CG 0,411-0,590
GD-SAT 0,651-0,932

Std. Error AUC p values
0,062 0.711 0,0001
0,053 0,354 0,667
0,045 0,500 0,975
0,072 0,791 0,001

CG: Control group; HT: Hashimoto's thyroiditis; SAT: Subacute thyroiditis; GD: Graves' disease; TRSCMR: Thyroid and sternoclei-
domastoideus muscle ratio; AUC; Area under the curve; CI: Confidence limits.

74%, specificity 66%, AUC 0.711), 1.74 (sensi-
tivity 96%, specificity 77%, AUC 0.500), and
1.74 (sensitivity 100%, specificity 84%, AUC
0.354), respectively. To determine a cut-off point
for differentiation, the two most interfering
groups in B-mode imaging were SAT and GD. HT
and CG were excluded. The cut-off point of the
TRSCMR of patients with GD to the SAT was 3.34
(sensitivity 87%, specificity 100%, AUC 0.791;
Table 4 and Figure 7).

In this study, we performed the B-mode HA of
thyroid parenchyma using sonography and eval-
uated its applicability to differentiate thyroiditis
from healthy thyroid and the subtypes of thy-
roiditis from one another.

We found statistically significant values in
TRSCMRs in GD compared with other types of
thyroiditis, indicating that TRSCMRs can be used
as a supplementary sonographic parameter.
Compared with the CG, the GD TRSCMR values
were higher than the CG TRSCMR values and the
TRSCMR values of the SAT group were lower than
the TRSCMR values of the CG group, which was
statistically significant (p<0.0001).

GD is an autoimmune condition that presents
with thyrotoxicosis, which can also be the result
of different types of thyroiditis. To identify the
exact cause of thyrotoxicosis, the radioactive io-
dine uptake measurement is still the gold stan-
dard of clinical application. GD shows radioactive
iodine uptake even when SAT does not. By con-
trast, nuclear medicine techniques are not easily
accessible at several health centers, and radioac-
tive materials are harmful to lactating and preg-
nant women. GD’s gray-scale sonographic
features are thyroid enlargement with the loss of
parenchymal echogenicity.

SAT is an unusual, self-limiting condition that
generally develops after an upper tract infection
caused by a viral infection, which is the result of
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Figure 3: The receiver operating characteristic curve of
TRSCMRs for differential diagnosis of the group of GD
and the control group.

The diagonal segment is produced by ties.

an autoimmune response (18). Initially, SAT usu-
ally causes low-grade fever with thyrotoxicosis
(19).

In general, the gray-scale sonographic findings of
SAT are thyroid enlargement and ill-defined focal
hypoechoic areas (19).

The gray-scale ultrasound findings of SAT and GD
are highly similar. Our study results revealed that
the gray-scale sonographic imaging findings of
SAT and GD showed no statistically significant
differences (p=0.215).

The treatment of SAT and GD depends on their
etiopathogenesis and is completely different.
Non-steroidal anti-inflammatory drugs and corti-
costeroids are used in SAT treatment, whereas
anti-thyroid-acting propylthiouracil and thiama-
zole are used in GD treatment. Discriminant di-
agnosis must be performed correctly, as they
have different treatments.
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Figure 4: Receiver operating characteristic curve of
TRSCMRs for differential diagnosis of the group of Has-
himoto’s thyroiditis and the control group.

The diagonal segment is produced by ties.
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Figure 5: Receiver operating characteristic curve of
TRSCMRs for differential diagnosis of the group of SAT
and the control group.

The diagonal segment is produced by ties.

In theory, the differential diagnosis of GD from
SAT and HT by HA is possible because of the dif-
ferent histopathologic characteristics and types
of thyroid gland vascularities for each condition.
To date, no study has compared the TRSCMRs
among patients with GD and other types of thy-
roiditis.

In this study, GD TRSCMR values were higher
than SAT TRSCM values. TRSCMRs could statisti-
cally significantly differentiate GD from SAT; how-
ever, it could not differentiate SAT from HT and
CG. This result was particularly remarkable be-
cause SAT and GD have similar imaging proper-
ties to gray-scale sonography.

The applicability of HA for the evaluation of
chronic thyroiditis was first described by Schie-
mann et al. in 2003 (14). The current studies fo-
cused on ultrasound gray-scale HA in chronic
thyroiditis (12-15,25). These studies are based
on thyroid parenchymal HA rather than TRSCMR.
Conversely, conventional ultrasound is a world-
wide, easily accessible, inexpensive, and innocu-
ous diagnostic method. However, ultrasound is a
user-dependent imaging modality, which is the
most crucial disadvantage for technique stan-
dardization. Kim et al. showed that even if expe-
rienced radiologists identify the presence of
chronic thyroiditis based on the specific similar
sonographic features of HT, their evaluations are
inconsistent (25).

SAT is a painful and inflammatory condition (26).
Pain may be bilateral or unilateral and spread to
the mandible, occipital fossa, and ear. Re-
searchers must realize that patients may choose
to avoid neck movements to prevent pain, and
this option may lead to an increase in muscle
echogenicity. In this study, statistically significant
TRSCMR differentiating SAT from GD was a result
of increased muscle echogenicity in SAT, which
was secondary to immobilization and decreased
muscle echogenicity in GD because of the in-
creased vascularity.

This study had some limitations. First, the gender
of enrolled patients was not equal because of the
nature of thyroiditis. Second, cytological findings
for each of the thyroiditis groups and long-term
follow-up HA values after treatment were not in-
cluded.

Further studies in the recovery phase of thyroidi-
tis are required to enrich the findings of this
study.

The HA of sonographic imaging is applicable for
differentiating patients with thyroiditis from
healthy individuals; however, its differentiating
value for different types of thyroiditis, such as
SAT and HT, is limited. TRSCMR is valuable for
differentiating patients with thyroiditis from
healthy individuals; however, it has limited value
in differentiating SAT-HT from GD-HT. Our study
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Figure 6: Boxplot of strain ratios in different groups.
GH TRSCMR values were higher than SAT TRSCM values and these results were statistically significant (p<0.001).

results revealed that TRSCMR was the only use-
ful method for differentiating GD from SAT.
TRSCMR is a useful method for the differential di-
agnosis of GD from a healthy population or from
SAT.

HA would be useful in differentiating GD from
other causes of hyperthyroidism to avoid
overtreating SAT and provide a prognosis. Nu-
clear medicine studies may confirm this role;
however, they involve radiation and are not al-
ways available. In addition, laboratory tests are
useful but not always available.

HA combined with conventional ultrasonography
is an excellent tool for the discrimination of GD
from SAT.
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Figure 7: Receiver operating characteristic curve of
TRSCMRs for differential diagnosis of the group of GD
and SAT.

The diagonal segment is produced by ties.
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