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Abstract. – OBJECTIVE: The aim of this
study was to evaluate the usefulness of diffu-
sion-weighted magnetic resonance imaging
(DWMRI) for differentation between Graves’ dis-
ease and Hashimoto's thyroiditis.

PATIENTS AND METHODS: Fifty patients (27
Graves diseases and 23 Hashimoto thyroiditis)
and twenty healthy volunteers were examined
using T1, T2 and DWMRI. The patients were diag-
nosed on the basis of physical findings and the
results of thyroid function tests and serological
tests. Circular ROIs were positioned on the bilat-
eral thyroid lobes and isthmus. All measure-
ments were repeated three different b values in-
cluding 100, 600 and 1000 s/mm2 in all cases.
ADC (Apparent diffusion coefficient) maps were
calculated automatically with the MR system.

RESULTS: Mean ADC values were 2.93 × 10-3,
1.97 × 10-3 and 1.62 × 10-3 mm2/s in the healthy vol-
unteers; 3.47 × 10-3, 2.25 × 10-3 and 1.64 × 10-3
mm2/s in Graves’ disease; 2.53 × 10-3, 1.76 × 10-3,
1.28 × 10-3 mm2/s in Hashimoto thyroiditis for b100,
b600 and b1000, respectively. The ADC values of
the Graves diseases were higher than healty vol-
unteers and Hashimoto thyroiditis. ADC values
were statistically significant for differentation be-
tween Hashimoto thyroiditis and Graves’ disease
all b values (p < 0.05).

CONCLUSIONS: DWMRI is fast sequence and
does not require contrast agent. Quantitative as-
sessment of the lesion is possible using ADC
map. So, DWMRI may be useful differentiation of
the Hashimoto thyroiditis and Graves’ disease.

Key Words:
Diffusion weighted magnetic resonance imaging,

Grave disease, Hashimoto thyroiditis.

Introduction

Graves’ disease (GD) and Hashimoto’s thyroidi-
tis (HT) are most common autoimmune thyroid
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diseases1,2. Autoimmune thyroid diseases (ATD)
affect about 2-5 percent of population in western
countries3. GD is caused by stimulation of TSH re-
ceptor located on the thyroid gland by an antibody
and this may lead to hyperplasia and hyperfunction
of the thyroid gland. On the contrary, the cause of
HT is due to TSH stimulation-blocking antibodies
which blocks the action of TSH hormone and sub-
sequently atrophy to thyroid gland4,5.
To evaluate thyroid diseases, a radionuclide

scintigraphy (RS) and ultrasonography (US) is
usually performed after serological examina-
tion1,6. Usefulness of RS has been well known7.
But there is little information about diagnostic
role of magnetic resonance imaging (MRI) and
DW (Diffusion-weighted) MRI in GD and HT.
DWMRI is based on the tissue- dependent signal
attenuation caused by incoherent thermal motion
of water molecules. An apparent diffusion coeffi-
cient (ADC) is a quantitative parameter calculat-
ed from DW images8,9. Sometimes, these two
pathologies are existent together in thyroid gland
and they can not be differentiated by clinical and
laboratory findings alone. The aim of this study
was to evaluate usefulness of DWMRI for differ-
entiation between GH and HT.

Patients and Methods

Subjects and Serological Examination
Twenty nine patients with GD and 26 patients

with HT, and 20 healthy subjects were included
this study between March 2008 and March 2009.
Written informed consents were obtained from
all patients before the study. The study was ap-
proved by our local Ethics Committee.
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Thyroid Hormones fT3 (pg/ml) fT4 (pg/ml) TSH (µIU/ml)

Hashimoto’s thyroiditis 3.36 ± 0.18 1.72 ± 0.48 6.49 ± 1.51
Graves’ Disease 5.68 ± 0.76 2.30 ± 0.32 0.24 ± 0.09
Healthy Subjects 2.9 ± 0.19 1.61 ± 0.28 1.84 ± 0.20

Table I.Mean fT3, fT4 and TSH values of groups.

Four patients were excluded from the study
due to motion artifacts and poor image quality
especially on DWI. One patient with HT was ex-
cluded from the study due to biopsy proven ma-
lignancy. Eventually, firstly and previously diag-
nosed upon laboratory and clinically findings, 50
patients were included the study. 27 patients with
GD (7 male and 20 female patients; mean age =
37.11 years) and 23 patients with HT (2 male and
21 female patients; mean age = 39.78 years)
composed the patients group.
Serum levels of free triiodothyronine (fT3),

free thyroxine (fT4), thyroid-stimulating hor-
mone (TSH) and TSH receptor antibodies were
obtained from the clinical records. The results of
radioimmunoassay were performed using blood
samples. The values of fT3, fT4 and TSH were
compared statistically for patients with GD and
HT and healthy subjects.

MRI Techniques and Image Interpretation
MRI was performed using a 1.5 T whole-body

superconducting MR scanner (General Electric,
Signa excite high-speed scanner, Milwaukee, WI,
USA). All sequences were obtained in axial
plans. Following sequences were obtained from
thyroid tissue: Fast spin- echo (FSE) T1-weight-
ed sequence [TR (time to repetiation)/TE (time to
echo): 532/15 msec]. FSE T2-weighted sequence
(TR/TE: 4100/102 msec). The field of view
(FOV) was 24 × 24 cm, slice thickness: 4 mm,
number of excitations (NEX): 2, intersection gap:
none, matrix: 28 × 128.
DWI was performed using single-shot spin

echo echo planar imaging sequences with diffu-
sion gradient b values of 100, 600 and 1000
s/mm2. The following DWI parameters were
used; TR/TE: 8000/minimum, FOV: 24 × 24 cm,
slice thickness: 4 mm, NEX: 2, intersection gap:
none, matrix: 128 × 128.
T1 and T2 weighted images were used to eval-

uation of signal characteristics of thyroid tissue.
T1 and T2 weighted images and DWIs were ob-
tained at same levels of thyroid tissue. T1 and T2

weighted images also used to cope with low sig-
nal to noise ratio of DWI images with especially
high b values. The DWI was transferred to a
workstation (Advantage Windows, software ver-
sion 2.0, GE medical systems). Circle region of
interests (ROIs) were placed to thyroid tissue
with groups of patients and healthy subjects.
ROIs were placed superior and inferior portions
of right lobe, left lobe and isthmus of the thyroid
for each groups. All measurements were repeated
for following gradient values of b-100, b-600 and
b-1000. ADC maps were calculated automatical-
ly by the MRI systems and ADC values are ex-
pressed in square millimeters per second.

Statistical Analysis
Statistical calculations were performed on a

PC using Statistical Package for the Social Sci-
ences (SPSS) software (SPSS Inc., Chicago, IL,
USA). An analysis of variance (ANOVA) test and
Tukey test as used posthoc test were compared
the results of serological tests and ADC measure-
ments of normal and pathologic groups. A p val-
ue less than 0.05 was accepted as statistically sig-
nificant. Receiver operator characteristic (ROC)
curves were obtained for a cutoff value for differ-
entiating between HT and GD.

Results

fT3, fT4 and TSH values of each group are il-
lustrated in Table I. Mean fT3 value of GDs was
higher than groups of the normal subjects and
HTs. There were significantly differences for fT3
values among each group. However, there was
not any statistically significant difference be-
tween mean fT4 values of each group. Mean
TSH value of HTs was higher than other groups.
We did not find differences among mean ADC
values and fT3 and fT4 levels.
Mean ADC measurements of GD, HT and nor-

mal subjects for all b gradient values are illustrat-
ed in Table II. Mean ADC values of GD were
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Mean ADC values Normal subjects Hashimoto’s diseases Graves’ diseases

b-100 2.93 ± 0.37* 2.53 ± 0.47*,# 3,47 ± 0.26*,#

b-600 1.97 ± 0.44 1.76 ± 0.52# 2.00 ± 0.43#

b-1000 1.62 ± 0.35 1.28 ± 0.29# 1.64 ± 0.43#

Table II.Mean ADC values (× 10-3 mm2/s) at b values of 100, 600, and 1000 s/mm2 for groups.

Figure 1. A-B, 12-year-old woman with Graves’ disease. Color ADC maps using b-100, b-600 and b-1000 gradient values of
the thyroid, respectively. D-F, 48-year-old woman with Hashimotos’ thyroiditis. Color ADC maps (using the same b values) on
thyroid gland, respectively. The ADC values of GD were higher than HT for all b values.

A B C

D E F

lobe and isthmus for all b values at the patient
with GD, HT and normal subjects.
Cutoff ADC values differentiating Graves’ dis-

ease from Hashimoto thyroiditis for b-100, b-600
and b-1000 were 3.27 × 10-3, 1.69 × 10-3 and 1.43
× 10-3 mm2/s, respectively. Area under the curve
(AUC) and 95% confidence interval (CI) were
0.906 and 0.847-0.947; 0.729 and 0.650-0.798;
0.712 and 0.633-0.783, respectively. Sensitivity
and specificity values were 77.8% and 92.7%,
85.2% and 52.2%, 69.1% and 66.7%, respective-
ly. Positive and negative predictive values were
92.6% and 78%, 67.6% and 75%, 70.9% and
64.8%, respectively. The b-100 value seems to be
more useful than the others due to high sensitivi-
ty and specificity values.

higher than HT (Figure 1). There were signifi-
cantly differences between ADC values of GD
and HT for all b values (p < 0.05). Mean ADC
values of GD for b-100, b-600 and b-1000 were
3.47 × 10-3 mm2/s, 2.0 × 10-3 mm2/s and 1.64 ×
10-3 mm2/s, respectively. Mean ADC values of
HT for b-100, b-600 and b-1000 were 2.53 × 10-3

mm2/s, 1.76 × 10-3 mm2/s and 1.28 × 10-3 mm2/s,
respectively. There was statistically significance
among mean ADC values of all groups for b-100
(Figure 2). However these values were not signif-
icant for b-600 and b-1000. Also, mean ADC val-
ues of HT were lower than GD and normal sub-
jects for all b values.
No statistically significant differences were

obtained between ADC values of right lobe, left
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Discussion

Graves’ disease and HT are autoimmune dis-
eases of the thyroid, and they affect prominently
thyroid function. The symptoms of GD include
palpitation, muscle fatigue, finger tremor and hy-
perthyroidism10. HT is characterized by easy fati-
gability and hypothyroidism11. HT is the most
common cause of hypothyroidism. A subclinical
disease range rate of HT is from 0.9% to 5.2% in

adult females12. At present, in addition to a med-
ical examination of clinical symptoms, GD and
HT are diagnosed by the presence of blood
serum thyroid hormones, such as fT3, fT4 and
serum auto antibodies. The levels of fT4 and fT3
are increased in GD, but decreased in HT13,14.
DWMRI characterizes tissue on the basis of

differences in tissue water mobility. The motion
of tissue water molecules (so-called Brownian
motion) is not entirely free, because of the pres-

Figure 2. A-B, 47-year-old woman with Graves’ disease. A, Axial T2 weighted image shows no abnormal signal intensity on
thyroid gland. B, Color ADC map shows ADC values of GD using b-100. C-D, 57-year-old woman with Hashimotos’ thyroidi-
tis. C, Axial T2 weighted image. D, ADC values of HT using b-100. E, ADC values in parts of the thyroid using b-100. ADC
value of HT was lower than GD and healthy subject.

A B
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ence of cellular membranes and macromole-
cules15. The ADC is used as a measurement of
diffusion in biologic systems because the mea-
sured diffusion coefficient may depend on factors
other than Brownian water motion, such as perfu-
sion16. When only high b values are applied, the
ADC value approximates the true diffusion; low
b values are influenced by both perfusion and
diffusion17. Tissue changes such as edema18, in-
flammation and necrosis are expected to have
low cellularity and high ADC values. Contrary to
this, malignant tumors have high cellularity and
have lowADC values19.
To evaluate thyroid diseases, serologic exami-

nation, US and radionuclide scintigraphy are usu-
ally performed1,6. Scintigraphy is a useful tech-
nique for diagnosis of thyroid gland function.
However, the patients are at risk for radiation ex-
posure with using this technique. There are little
studies in medical literature related thyroid dis-
eases using MRI and DWMRI. Razek et al20,
evaluated ADC values of thyroid nodules using
different b values. They observed ADC values of
malignant nodules were lower than benign ones.
In another study21, we evaluated the diagnostic
role of DWMRI in differentiation between malig-
nant and benign thyroid nodules. We concluded
that DWMRI may be helpful in differentiating
malignant and benign thyroid nodules.
Tezuka et al22 evaluate the usefulness of DWI

for assessing the thyroid function and confirm the
clinical use of MRI for thyroid diseases. 24 pa-
tients with GD, 5 patients subacute thyroiditis and
5 patients with HT were included in this study.
They used following b values; 0.01, 128.01 and
288.02. They found ADC values of GD were sig-
nificantly higher than the other groups similar to
our study. They concluded DWI may be of value
for the diagnosis of thyroid diseases. Distinctively
to this study, we also used high b values. We
found there were significant differences between
ADC values of the GD and HT for all b values.
ADC values of GD were higher than ADC values
of normal subjects and HT. Histopathological ex-
aminations of HT reveals, high cellularitity, in-
creased of connective tissue and decreased
amount of interstitial fluid23. These alterations
may be contributed to decrease of ADC values.
But, the GD has hyperplasia of the thyroid tissue.
There are increased follicles cells and interstitial
fluids23. Also, increased blood flow and vasculari-
ty is seen at the GD. So, increased perfusion and
diffusion may be cause of high ADC values. Ab-
del Razek et al24 assessed the activity and clinical

course of GD with DWMRI. 51 patients with GD
and 25 volunteers underwent DWMRI using b-
factor of 0, 300 and 600. Patients with GD includ-
ed untreated patients, patients under antithyroid
drugs and patients in relaps. They found signifi-
cant difference in the ADC value of the patients
with active disease and remission. They conclud-
ed DWI can be used to assess the activity and pre-
dict the outcome of patients during and after med-
ical treatment.
In patients with GD, after 10-15 years discon-

tinuation of antithyroid treatment or following
the subtotal thyroidectomy; about 15-20% had
been reported to develop spontaneous hypothy-
roidism due to HT. The pathogenesis of HT in
patients with GD has not been confirmed. The
association between GD and HT has been con-
troversial. At the beginning, they were accepted
as two different diseases. Most authors assume
that HT as part of GD since both diseases occur
concurrently. Recent view considers that both
diseases illustrate of the same coin25,26.

Conclusions

DWI may be useful in differentiation between
Graves’ disease and Hashimoto’s thyroiditis. Af-
ter serologic examination, radionuclide scintigra-
phy may usually be preferred as diagnostic
modality of GD and HT. However, it is an inva-
sive modality for diagnosis of these diseases. The
most prominent advantages of DWMRI are ab-
sence of radiation, no necessity for of intravenous
contrast material, very quick technique and quan-
titative information of tissue provided by ADC
measurement. We suggest that DWMRI may be a
diagnostic modality in GD and HT especially in
cases with diagnostic difficulty due to laboratory
and clinical findings. Sensitivity and specificity
with using low b value is higher than using high b
values. We also suggest low b values for differen-
tiation between GD and HT since b-100 value
seems to be more useful than the others due to
high sensitivity and specificity values.

––––––––––––––––––––
This study was presented as an oral presentation with the
number of S403A in Congress of RSNA 2010, Chicago, IL,
USA.

––––––––––––––––––––––
Conflict of Interest
The Authors declare that there are no conflicts of interest.



2803

Diffusion weighted MR imaging for Autoimmune thyroid diseases

References

1) WEBER AL, RANDOLPH G, AKSOY FG. The thyroid and
parathyroid glands. CT and MR imaging and cor-
relation with pathology and clinical findings. Radi-
ol Clin North Am 2000; 38: 1105-1129.

2) INTENZO CM, CAPUZZI DM, JABBOUR S, KIM SM, DEPAPP
AE. Scintigraphic features of autoimmune thyroidi-
tis. Radiographics 2001; 21: 957-964.

3) WANG C, CRAPO LM. The epidemiology of thyroid
disease and implications for screening. En-
docrinol Metab Clin North Am 1997; 26: 189-218.

4) MARINO M, CHIOVATA L, PINCHERA A. Graves’ disease.
In: De Groot LJ, Jameson JL (eds) Endocrinology,
5th ed. Elsevier Saunders, Philadelphia, 2006; pp.
1979-1994.

5) AMINO N, HIDAKA Y. Choronic (Hashimoto’s) thy-
roiditis. In: De Groot LJ, Jameson JL (eds) En-
docrinology, 5th ed. Elsevier Saunders, Philadel-
phia, 2006; pp. 2055-2068.

6) GOTWAY MB, HIGGINS CB. MR imaging of the thyroid
and parathyroid glands. Magn Reson Imaging
Clin N Am 2000; 8: 163-182.

7) PRICE DC. Radioisotopic evaluation of the thyroid
and the parathyroids. Radiol Clin North Am 1993;
31: 991-1015.

8) RAYA JG, DIETRICH O, REISER MF, BAUR-MELNYK A.
Methods and applications of diffusion imaging of
vertebral bone marrow. J Magn Reson Imaging
2006; 24: 1207-1220.

9) LE BIHAN D, BRETON E, LALLEMAND D, AUBIN ML, VIG-
NAUD J, LAVAL-JEANTET M. Separation of diffusion
and perfusion in intravoxel incoherent motion MR
imaging. Radiology 1998; 168: 497-505.

10) BRENT GA. Clinical practice: Graves’ disease. N
Engl J Med 2008; 358: 2594-2605.

11) RODOLICO C, TOSCANO A, BENVENGA S, MAZZEO A,
BARTOLONE S, BARTOLONE L, GIRLANDA P, MONICI MP,
MIGLIORATO A, TRIMARCHI E, VITA G. Myopathy as the
persistently isolated symptomatology of primary
autoimmune hypothyroidism. Thyroid 1998; 8:
1033-1038.

12) FALKENBERG M, KÅGEDAL B, NORR A. Screening of an
elderly female population for hypo- and hyperthy-
roidism by use of a thyroid hormone panel. Acta
Med Scand 1983; 214: 361-365.

13) FUKUSHIMA H, MATSUO H, IMAMURA K, MORINO K,
OKUMURA K, TSUMOTO K, YOSHIMURA T. Diagnosis
and discrimination of autoimmune Graves’ dis-
ease and Hashimoto’s disease using thyroid-stim-
ulating hormone receptor-containing recombinant
proteoliposomes. J Biosci Bioeng 2009; 108: 551-
556.

14) MARKOU K, GEORGOPOULOS N, KYRIAZOPOULOU V,
VAGENAKIS AG. Iodine-induced hypothyroidism.
Thyroid 2001; 11: 501-510.

15) HERMANS R. Diffusion-weighted MRI in head and
neck cancer. Curr Opin Otolaryngol Head Neck
Surg 2010; 18: 72-78.

16) LE BIHAN D, DELANNOY J, LEVIN RL. Temperature
mapping with MR imaging of molecular diffusion:
application to hyperthermia. Radiology 1989; 171:
853-857.

17) BAUR A, STÄBLER A, BRÜNING R, BARTL R, KRÖDEL A,
REISER M, DEIMLING M. Diffusion-weighted MR
imaging of bone marrow: differentiation of benign
versus pathologic compression fractures. Radiolo-
gy 1998; 207: 349-356.

18) BOZGEYIK Z, OZGOCMEN S, KOCAKOC E. Role of diffu-
sion-weighted MRI in the detection of early active
sacroiliitis. AJR Am J Roentgenol 2008; 191: 980-
986

19) CHENEVERT TL, MEYER CR, MOFFAT BA, REHEMTULLA A,
MUKHER JI, GEBARSKI SS, QUINT DJ, ROBERSON PL,
LAWRENCE TS, JUNCK L, TAYLOR JM, JOHNSON TD,
DONG Q, MURASZKO KM, BRUNBERG JA, ROSS BD. Dif-
fusion MRI: a new strategy for assessment of
cancer therapeutic efficacy. Mol Imaging 2002; 1:
336-343.

20) RAZEK AA, SADEK AG, KOMBAR OR, ELMAHDY TE, NADA

N. Role of apparent diffusion coefficient values in
differentiat ion between malignant and benign
solitary thyroid nodules. AJNR Am J Neuroradiol
2008; 29: 563-568.

21) BOZGEYIK Z, COSKUN S, DAGLI AF, OZKAN Y, SAHPAZ F,
OGUR E. Diffusion- weighted MR imaging of thy-
roid nodules. Neuroradiology 2009; 51: 193-198.

22) TEZUKA M, MURATA Y, ISHIDA R, OHASHI I, HIRATA Y,
SHIBUYA H. MR imaging of the thyroid: correlation
between apparent diffusion coefficient and thyroid
gland scintigraphy. J Magn Reson Imaging 2003;
17: 163-169.

23) KUMAR V, COTRAN R, ROBBINS S. Basic pathology. 6th
ed. Saunders, 2000; pp. 645-646.

24) ABDEL RAZEK AA, SADEK AG, GABALLA G. Diffusion-
weighed MR of the thyroid gland in Graves’ dis-
ease: assessment of disease activity and pre-
diction of outcome. Acad Radiol 2010; 17: 779-
783.

25) UMAR H, MUALLIMA N, ADAM JM, SANUSI H. Hashimo-
to’s thyroiditis following Graves’ disease. Acta
Med Indones 2010; 42: 31-35.

26) WOOD LC, INGBAR SH. Hypothyroidism as a late se-
quela in patient with Graves’ disease treated with
antithyroid agents. J Clin Invest 1979; 64: 1429-
1436.


