
Original article 495
Certainty of pretreatment apparent diffusion coefficient in the
characterization of thyroid gland pathologies
Tarek Abd-Alhamida, Ahmed G. Khafagya, Hesham Al Sersya, Anas Askoraa,
Tahany M. Rabiea, Mohamed S. Tahaa, Amal Ebrahimb, Hoda M. El Sayedc
aOtorhinolaryngology Department, bRadiology

Department, cInternal Medicine Department,

Faculty of Medicine, Ain Shams University,

Cairo, Egypt

Correspondence to Ahmed Gamal Khafagy,

MD, 44 Batrawy street, Nasr city, Cairo, Egypt;

Tel: +20 109 392 4416;

e-mail: ahmedgamal_2489@yahoo.com

Received 27 January 2016

Accepted 4 May 2016

The Egyptian Journal of Otolaryngology
2017, 33:495–501
© 2017 The Egyptian Journal of Otolaryngology | Publish
Introduction
One of the most recent techniques in imaging tumors is the diffusion-weighted MRI.
It provides information regarding the metabolic, molecular, and pathophysiological
aspects of tumors, especially thyroid gland cancer. Diffusion-weighted imaging
(DWI) has also been proposed as a sensitive marker for monitoring treatment
response in head and neck cancers. The biophysical mechanism of DWI is based
on the translational motion of water molecules in tissues. The magnitude of this
motion is characterized by its apparent diffusion coefficient (ADC) values.
Objective
The aim of the present study was to evaluate the certainty of ADC value in
differentiating between benign and malignant thyroid lesions.
Materials and methods
Neck MRI with several sequences including DWI in the axial plane were carried out
for 49 patients who presented with thyroid masses either benign or malignant. ADC
maps were calculated by using the MRI machine software.
Results
A total of 49 patients (77.6%) were included in the present study. There were 11
men (22.4%) and 38 women patients (77.6%), with a mean age of 44.4 years. The
lesions were benign in 31 cases (63.3%) and malignant in 18 cases (36.7%). The
ADC values were significantly different (P<0.001) between benign and malignant
lesions.
Conclusion
ADCvalue isapromisingnoninvasive imaging tool that canbeused for characterization
and differentiation of thyroid nodules.
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Introduction
A differential diagnosis of benign and malignant lesions
of the thyroid gland is critical as it enables clinicians to
implement appropriate management strategies for
malignant lesions. Nodular thyroid could be detected
on palpation in 4–7% of the population [1,2]. However,
on sonographic examination, this percentage rises to
10–40%, whereas on autopsy, it has been found to be
50%[3,4].Theprimaryassessmentof thyroid lesionswas
for a long time carried out by using ultrasonography
[2,5,6]. However, it was found that, there was no single
sonographic criterion that could accurately differentiate
between benign and malignant thyroid masses [4,7]. In
addition, using color Doppler sonography in predicting
thyroid cancer has been known to give contradictory
results. The scintigraphic assessment of thyroid nodules
carries the hazards of radiation exposure [2]. Different
studies have concluded that not all hot nodules are
benign [8,7]. They found that the risk for cancer in
coldnodules is four timesmore common than inhotones
[3,8]. Despite that, fine needle aspiration cytology
ed by Wolters Kluwer - Med
(FNAC) is known to be effective in distinguishing
between benign and malignant nodules [4,5,9,10], it
is inconclusive in 15–20%of patients, and carries the risk
for hemorrhage [2,4]. To date, conventional MR and
computed tomography (CT) continue to be the main
imagingmodalities for evaluating thyroid cancer.When
making the diagnosis, both modalities suffer from low
sensitivity and accuracy because they rely on volumetric
and morphological criteria [10,11]. Moreover, because
both entities may present with similar imaging features,
changes after the treatment can be difficult to separate
from tumor recurrence. Many studies showed the
potential of 18F-fluoro-deoxy-glucose (18F-FDG)
PET alone [12,13] or in combination with CT PET/
CT in evaluating thyroid gland cancer. However, lower
spatial resolution and problems with discriminating
know DOI: 10.4103/1012-5574.206019
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neoplastic processes from inflammation and tissue
reaction make the interpretation of PET images
confounding [14]. Due to the fact that 18F-FDG
uptake is not specific to cancer, false positive findings,
owing to inflammatory processes and metabolically
active regions, are also common in the thyroid region
[15]. Recently, the high technology in MR techniques
provided information regarding the metabolic,
molecular, and pathophysiological aspects of a tumor.
One of the techniques is the diffusion-weighted MRI
(DW-MRI) [16,17]. It can be used in the initial
diagnostic characterization of thyroid gland cancer.
Diffusion-weighted imaging (DWI) has also been
proposed as a sensitive marker for monitoring
treatment response in head and neck cancers [18].
The biophysical mechanism of DWI is based on the
microscopic random translational motion of water
molecules in biological tissues. The magnitude of this
motion is characterized by its apparent diffusion
coefficient (ADC) values. Variation in ADC values
reflects the alteration and redistribution of water
molecules between intracellular and extracellular
compartments of a tissue [19]. Wang et al. [20]
reported that the mean ADC value of benign solid
lesions was significantly higher than that of malignant
tumors. Tezuka et al. [21] showed in their study that
DW-MRIcouldbeclinically important inevaluating the
thyroid function.Many researchers have concluded that
ADC maps help in selecting the best biopsy site and in
detecting tumor viability in post-treatment follow-up
after radiation therapy [22–25]. The aim of the present
study was to evaluate the certainty of ADC values in
differentiating between benign and malignant thyroid
lesions.
Materials and methods
The present study was carried out with the approval
of the Institutional Review Board and the Ethical
Committee of Ain University Hospitals. All parti-
cipants provided an informed written consent. This
prospective study was carried out between March 2013
and July 2015.
Inclusion criteria and exclusion criteria
Patients presented to the otorhinolaryngology outpatient
clinic with goitre were evaluated. Complete history and
physical examination focusing on the thyroid gland and
adjacent cervical lymph nodes were carried out. The
clinical assessment of thyroid nodules included the
assessment of local symptoms (e.g. hoarseness),
symptoms of thyroid dysfunction, medical history of
thyroid problems/intervention, and family history of
thyroid problems. A history of head and neck
irradiation was especially important, as this increases
the risk for thyroid cancer. Patients with (a) diffuse
goitre, (b) previous history of thyroid surgery, (c) who
had undergone neck irradiation, or (d) patients with
contraindications to MRI, such as patients with a heart
pacemaker, a metallic foreign body (metal sliver) in their
eye, who have an aneurysm clip in their brain, or metallic
devices placed in their cervical spines were excluded from
the study. Neck ultrasonography was performed as a part
of the evaluation of the goitre.Only patients with nodular
goitre were enrolled and were subjected to FNAC and/or
thyroid surgery if indicated according to the revised
American Thyroid Association Management guidelines
for patients with thyroid nodules and differentiated
thyroid cancer [26]. The radiologist was blinded to
the preoperative staging for malignant lesions and
histopathology reports until the end of the study.
MRI
MRIwas performed for all patients by using a 1.5-TMR
[Achieva; PhilipsMedical Systems, theNetherlands (B.
V.)]. A neck circular surface coil was used. The magnet
was equipped with a self-shielded gradient set for echo-
planar imaging. Patients were positioned in the supine
position and were informed to avoid movement and
swallowing during the examination. Scout scans were
taken in the axial, coronal, and sagittal planes. After
localizing the lesion, several sequences were taken,
including the following:
(1)
 Axial T1-weighted fast spin echo images with the
following parameters: repetition time (TR) in ms/
echo time (TE) in ms of 550/20, slice thickness of
4mm, intersection gap of 1mm, FOV of 210–230,
matrix of 300×264 pixel, and a flip angle of 90°.
(2)
 Axial T2-weighted fast spin echo images with TR/
TEof 3973/80, slice thickness of 4mm, intersection
gap of 1mm, FOV of 210–230, matrix of 232×198
pixel, and a flip angle of 90°.
(3)
 Sagittal T2-weighted fast spin echo images with
TR/TE of 3500/100, slice thickness of 4mm,
intersection gap of 1mm, FOV of 250–250,
matrix of 300×264 pixel, and a flip angle of 90°.
(4)
 Coronal short tau inversion recovery with TR/TE/
TI of 2200/60/180 ms, slice thickness of 4mm,
intersection gap of 1mm, FOV of 200–215, matrix
of 200×154 pixel, and a flip angle of 90°.
(5)
 DWI were obtained in the axial plane. Imaging
parameters were as follows: TR/TE of 2500ms/
100ms, slice thickness of 4mm, intersection gap of
1mm, FOV of 250–250mm, matrix of 124×124,
NEX 4, and a bandwidth of 1617.5kHz. The
diffusion gradients were applied in three
orthogonal directions (X, Y, and Z). The images
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were acquired using b-values (0, 250, and 500s/
mm2) with an average scan time of 34 s.
(6)
 ADC maps were automatically calculated by the
MRI machine software and included in the
sequence.
Fat suppression was added to the DWI by placing the
frequency-selective radiofrequency pulse before the
pulse sequence to avoid severe chemical-shift artifacts.
Calculation of apparent diffusion coefficient value
For quantitative analysis of tissue-specific diffusion
capacities, the ADC was calculated according to the
following equation: 22: ADC=log (SI1/SI2)/(b2−b1),
where SI1 and SI2 are the signal intensities (SI) of
DWIs, which can be obtained with two different
b-values (b1=0s/mm2 and b2max, respectively) in the
user-defined regions of interest.
Statistical methods
Statistical analysis was carried out using theMedCalc©
version 14 (MedCalc© Software bvba; Ostend,
Belgium). The Shapiro–Wilk test was used to
examine the normality of the numerical data
distribution. Normally distributed numerical data
were presented as mean±SD and skewed data as
median (interquartile). Categorical data were
presented as ratio or number (%). The independent-
samples t-test was used to compare the intergroup
differences as regards normally distributed numerical
data. For comparison of skewed numerical data, the
Mann–Whitney test was used. Fisher’s exact test was
used to compare independent categorical data.
Receiver-operating characteristic (ROC) curve
analysis was used to examine the value of the ADC
for discrimination between benign or malignant
lesions. All P-values were two-tailed. A P-value of
less than 0.05 was considered statistically significant.
Table 1 Characteristics of the whole study population

Variable Value

Age (years) 44.4±10.6

Male/female 11/38

Histopathological type
Results
Three patients were excluded from the study due to
motion artifacts in two patients and bad image quality
in another.
Follicular adenoma 8 (16.3%)

MNG 23 (46.9%)

Papillary carcinoma 11 (22.4%)

Follicular carcinoma 4 (8.2%)

Medullary carcinoma 2 (4.1%)

Anaplstic carcinoma 1 (2.0%)

Nature of lesion

Benign 31 (63.3%)

Malignant 18 (36.7%)

ADC value (×10−3 mm2/s) 1.4 (0.88 to 1.73)

Data are presented as mean±SD, ratio, number (%), or median
(interquartile range).
Demographic data and clinical characteristics of the
patients
Atotal of49patientswere included in this study.Of them,
11 (22.4%)weremen and 38 (77.6%)werewomen. Their
mean age was 44.4±10.6 years (ranging from 20 to 65
years). The final histopathology of the thyroid gland
lesions was benign in 31 cases (63.3%) and malignant
in 18 cases (36.7%). The histological diagnoses of the
benign lesions were follicular adenoma (n=8) and
multinodular goitre (n=23). The histological diagnoses
of malignant tumors were papillary carcinoma (n=11),
follicular carcinoma (n=4), medullary carcinoma (n=2),
and anaplastic carcinoma (n=1) (Table 1). There was no
significant difference regarding age and sex between
patients with benign nodules and those with malignant
ones. Themedian ADC value of all cases was 1.4 and the
interquartile range was 0.88–1.73 (Table 1). The median
ADC value for benign lesions was 1.6 and the
interquartile range was 1.5–1.9 (Fig. 1). The median
ADC value for malignant lesion was 0.7 and the range
was 0.6–0.9 (Fig. 2).

We found insignificant differences in the median ADC
values of the various benign nodules. In addition, there
were insignificant differences in themedianADCvalues
of the various malignant nodules (Fig. 3). The ADC
values were significantly different (P<0.001) between
benign andmalignant lesions (Table 2). Using theROC
curve analysis, an ADC value of less than or equal to
1×10–3mm2/s was found to be a plausible cutoff point
to differentiate benign from malignant lesions (Fig. 4).

The diagnostic performance of DW-MRI for the
identification of malignant lesions showed that the
sensitivity, specificity, positive predictive value, and
negative predictive value were 100, 100, 100, and
100%, respectively.
Discussion
Recently, thyroid imaging has markedly progressed,
facilitating the evaluation and follow-up of thyroid
masses [27]. DWI plays an important role in
differentiating benign from malignant nodules of the
thyroid gland. Reduced ADC values have been
reported for most malignant tumors [28]. The
diffusion technique produces different contrasts in
different kinds of tissue. Therefore, the findings of



Figure 1

Follicular adenoma. (a) Axial T2-WI. The left thyroid lobe shows a large nodule hyperintense on T2-WIwith internal areas of low signal (b) coronal
T2-WI shows calcified nodule. (c) Diffusion-weighted images (DWI) (d) apparent diffusion coefficient (ADC) value between 1.6×10–3mm2/s
suggesting benign nature.

Figure 2

Papillary carcinoma. (a) The left thyroid lobe shows a large nodule 3×2.7cm of intermediate signal on T2-WI. (b) Diffusion images. (c) Apparent
diffusion coefficient (ADC) value 0.8×10–3mm2/s in keeping with the malignant nature.

498 The Egyptian Journal of Otolaryngology, Vol. 33 No. 2, April-June 2017



Figure 3

Box plot showing the apparent diffusion coefficient (ADC) value
associated with benign or malignant lesions.

Table 2 Characteristics of patients with benign or malignant
lesions

Variable Benign (n=31) Malignant (n=18) p-value

Age (years) 43.2±11.2 46.5±9.5 0.302¶

Male/female 7/24 4/14 1.000§

ADC value
(×10−3 mm2/s)

1.6 (1.5 to 1.9) 0.7 (0.6 to 0.9) <0.0001¥

Data are presented as mean±SD, ratio, or median (interquartile
range). ¶Independent-samples t test. §Fisher’s exact test. ¥Mann-
Whitney test.

Figure 4

Receiver-operating characteristic (ROC) curve for the differentiating
between benign or malignant lesions using the apparent diffusion
coefficient (ADC) value.
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this procedure can provide different information about
diseased tissue [29]. By comparing differences in the
ADC values between tissues, tissue characterization
becomes possible [20] and can be used as a marker to
distinguish malignant from benign head and neck
lesions. Many recent studies reported that DWI has
been used to differentiate benign and malignant head
and neck masses, and to characterize cervical lymph
nodes, salivary tumors, thyroid nodules, and sinonasal
masses [30–35]. DWI has also been widely used
for predicting and monitoring response to therapy
[36–38].

In the present study, the median ADC value for
malignant thyroid gland tumors was significantly
lower (P<0.0001) than that for benign lesions. We
calculated an optimal ADC cutoff value of less than or
equal to 1×10−3mm2/s, which was best used for
differentiating benign from malignant lesions of the
thyroid glands. In addition, as a result of ROC curve
analysis, benign thyroid glands tumors could be
differentiated from other malignant ones using this
cutoff value with sensitivity, specificity, positive
predictive value, and negative predictive value of
100, 100, 100, and 100%, respectively. This can be
explained by the fact that a malignant lesion in thyroid
glands is characterized by compact cellularity that leads
to an increase in the nucleocytoplasmic ratio. These
changes result in the reduction of extracellular space,
which restricts diffusional motion of water protons,
which in turn leads to ADC reduction [39].
Furthermore, reduced ADC values thought to be
due to cellular membranes impede the mobility of
water protons [28].

Comparable threshold ADC values have been reported
in the literature for other head and neck lesions
[30,40–42]. In accordance with our study, Razek
and colleagues reported a significant difference in
the ADC values for benign and malignant thyroid
nodules. All benign nodules had higher mean ADC
values (1.8×10−3mm2/s) compared with the malignant
ones (0.73×10−3mm2/s). As a result of their ROC, the
cutoff value to differentiate benign from malignant
solitary thyroid nodules was 0.98×10−3mm2/s, with
a sensitivity of 97.5%, a specificity of 91.7%, and an
accuracy of 98.9%. Their explanation for high ADC
values for benign nodules was the relative abundance of
colloid follicles, microcystic necrosis, hemorrhage, and
fibrous tissue. Calcified psammoma bodies in PTC and
hyperplastic nuclei are responsible for low ADC values
for malignant nodules [32]. Erdem et al. [28] also
suggested that tiny calcification was closely
correlated with the reduction of ADC values in
thyroid malignancy. Delormere [43] demonstrated
that malignant tumors usually do not have a
complete basal membrane of blood vessel, which
enhances the molecular exchange in the capillary
bed. ADC values could be influenced by both
extracellular space and blood perfusion. In thyroid
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malignancy, increased blood perfusion increases the
apparent speed of the diffusing water protons while
the narrow extracellular space restricts its movement.

Recently, promising results have been reported regarding
the use of DW-MRI and ADC in differentiating benign
from malignant laryngeal lesions. Taha et al. [44,45]
found that the ADC cutoff value was 1.1×10−3mm2/s,
with a sensitivity, specificity, positive predictive value, and
negative predictive value of 94, 100, 100, and 89%,
respectively. They concluded that an ADC threshold
of 1.1×10−3mm2/s is optimal for distinguishing
laryngeal carcinomas from benign lesions [43]. They
also calculated an optimal ADC cutoff value of
1.3×10−3mm2/s, which was best used for differ-
entiating benign from malignant lesions of the
sinonasal tract. They stated that adding DW-MRI to
conventional MRI increases the certainty in the tissue
characterization of the sinonasal lesions. ADC mapping
is an easy, promising tool for the characterization of
sinonasal lesions [45].

On the other hand, therewere other contradicting studies
[46–48]. ADC values were predominantly higher for
malignant thyroid nodules than those for benign ones,
with values equal or more than 2.25×10−3mm2/s. They
claimed that the higher ADC values may be due to the
overproduction of thyroprotein follicles in malignant
thyroid nodules, which do not restrict the diffusion of
water protons. In their opinion, hemorrhage, microcystic
necrosis, and calcification occur in both adenoma and
carcinoma, causing restricteddiffusion inadenomaaswell
as in carcinoma [49].

We could not differentiate between the different types
of carcinoma on the basis of their specific ADC values.
This was in agreement with Razek et al. [32]. They
reported that it is not possible to differentiate the
various thyroid gland carcinomas by their specific
cell attenuation. In addition, Weidekamm et al.
[46,47] showed in their study that the differentiation
of the different types of carcinoma, such as papillary,
medullary, and follicular thyroid carcinoma, is not
possible with DWI, and suggested that blood tests
enable accurate diagnosis of medullary carcinoma on
the basis of elevated basal and pentagastrin-stimulated
calcitonin levels, and follow-up of calcitonin levels in
postoperative patients.

There were insignificant differences in the ADC values
among various benign thyroid lesions in our study.
However, in their study, Razek et al. [32] showed a
significant difference in the ADC values between
thyroid cysts and the solid nodules (adenomatous
nodules and follicular adenomas), with a P-value of
less than 0.0001. A thyroid cyst has the highest ADC
value because it may contain serous fluid or may be a
colloid cyst with high thyroglobulin concentration,
whereas the solid nodule is formed of compact of
crowded cells that may be attributed to low ADC
values [32].

There still were some limitations of this study. The
relatively small number (18 cases) of malignant nodules
may limit the statistical power of the study. Multicenter
studies with larger number of patients are needed to get
better results. DW-MRImodality needs to be compared
with other imaging modalities like PET/CT scan.
Moreover, introduction of several innovative readout
strategies will provide better-quality DWI images.
Better image quality will improve the sensitivity and
specificity of DWI in the characterization and
differential diagnosis of head and neck cancers and
ADC maps from the head and neck region [50].
Conclusion
The ADC value is a promising noninvasive imaging
tool that can be used for characterization of thyroid
nodules and differentiation between benign and
malignant ones. We recommend that DW-MRI
might be added to the routine imaging technique to
differentiate malignant from benign thyroid nodules.
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