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Magnetic resonance imaging (MRI) is the imaging choice 
for evaluating orbital masses. Conventional MRI is com-
monly used in determining the location, extension of these 
mass and invasion to adjacent structures, and diffusion 
weighted imaging (DWI) has an additional role in delineat-
ing the lesion and its tissue characteristics.1–6

DWI is an imaging technique based on the motion of 
water molecules, showing restriction in highly cellular 
tumors due to the decrease in extracellular water mole-
cules.7 Single-shot echo-planar imaging (ssEPI) DWI is 
the widely used technique in radiology practice owing 

to its high speed. Unfortunately, it is highly susceptible 
to magnetic field inhomogeneities, therefore results 
in geometric distortions especially at tissue-air inter-
faces.8,9 Single-shot turbo spin echo (ssTSE) DWI, on the 
other hand, is another technique which is less sensitive 
to magnetic inhomogeneities, therefore susceptibility 
artifacts.9 Several studies concerning head and neck 
showed ssTSE-DWI had better image quality compared 
to ssEPI-DWI.10–12

Orbits neighboring the paranasal sinuses are more prone 
to susceptibility artifacts and geometric distortion in DWI. 
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Objectives: Diffusion weighted imaging (DWI) has 
become important for orbital imaging. However, the 
echoplanar imaging (EPI) DWI has inherent obstacles 
due to susceptibility to magnetic field inhomogeneities. 
We conducted a comparative study assessing the image 
quality of orbits in a patient cohort with uveal melanoma 
(UM). We hypothesized that single shot turbo spin echo 
(ssTSE) DWI would have better image quality in terms of 
less distortion and artifacts and yield better tissue evalu-
ation compared to ssEPI-DWI.
Methods: ssEPI-DWI and ssTSE-DWI of orbits were 
obtained from 50 patients with uveal melanoma who 
were prospectively enrolled in the study. Distortion ratio 
(DR), signal-to-noise ratio (SNR), contrast-to-noise ratio 
(CNR), diffusion signal properties, and apparent diffusion 
coefficient (ADC) values were collected and compared 
between ssEPI-DWI and ssTSE-DWI. Two reviewers eval-
uated and compared the geometric distortion, suscepti-
bility and ghosting artifacts, resolution, demarcation of 
ocular mass, and overall quality.

Results: A higher DR was found in ssEPI-DWI compared 
to ssTSE-DWI (p < 0.001). SNR and CNR were lower for 
the temporal lobe cortex (p ≤ 0.004), but higher for 
melanoma in ssEPI-DWI than ssTSE-DWI (p ≤ 0.037). 
Geometric distortion and artifacts were more common 
in ssEPI-DWI (p < 0.001). Resolution (p ≤ 0.013) and 
overall quality (p < 0.001) were better in ssTSE-DWI. 
Ocular masses were demarcated better on ssEPI-DWI 
(p ≤ 0.002). Significant negative correlations between 
T1 and T2 signal intensities (r = −0.369, p ≤ 0.008) and 
positive correlations between T2 and both DWI signal 
intensities (r = 0.686 and p < 0.001 for ssEPI-DWI, r = 
0.747 and p < 0.001 for ssTSE-DWI) were revealed.
Conclusion: With less geometric distortion and suscep-
tibility artifacts, better resolution, and overall quality, 
ssTSE-DWI can serve as an alternative to ssEPI-DWI for 
orbital DWI.
Advances in knowledge: ssTSE-DWI can be a better 
alternative of diffusion imaging of orbits with less suscep-
tibility artifact and geometric distortion compared to 
ssEPI-DWI.
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In addition to geometric distortion and susceptibility artifacts, 
globe movement contributes to the difficulty of DWI when an 
intraocular lesion is encountered.

So far, the studies concerning ssTSE-DWI of orbits showed 
that the apparent diffusion coefficients (ADC) derived from 
ssTSE-DWI had better performance in discrimination between 
orbital inflammation and lymphoma compared to ADCs from 
multi  shot EPI-DWI..13 Another study demonstrated that 
ssTSE-DWI could discriminate viable and nonviable parts of 
retinoblastoma.14

We aimed to conduct a comparative study assessing the image 
quality of orbits in a patient cohort with uveal melanoma to 
ensure homogeneity among participants. Uveal melanoma (UM) 
is the most common primary intraocular tumor in adults. It 
arises from melanocytes residing in the stroma. About 90% of 
uveal melanomas arise in the choroid, 7% in the ciliary body, and 
3% in the iris.15 A previous study suggested that ssEPI-DWI is 
useful to differentiate the UM and benign retinal detachment.16 
We hypothesized that ssTSE-DWI would have better image 
quality in terms of less distortion and artifacts and yield better 
tissue evaluation compared to ssEPI-DWI. Our secondary aim 
was to reveal the DWI properties of UM and its relationship with 
its conventional MRI signal properties.

METHODS AND MATERIALS
This prospective study was approved by the local institutional 
review board and all participants gave informed written consent 
according to the World Medical Association Declaration of 
Helsinki.

Participants
Patients with a recently confirmed diagnosis of UM on fundo-
scopic examination by an ophthalmologist between November 
2017 and May 2019 were enrolled in the study. Axial T2WI was 
the initial sequence and each study was checked after its acqui-
sition. Tumors with a thickness (measurement of the shortest 
diameter) ≥2 mm were enrolled in the study. Patients with tumor 
thickness less than 2 mm, history of treatment for UM were 
excluded. All images were obtained prior to the initiation of 
treatment.

Magnetic resonance imaging data acquisition
Imaging was performed on a 1,5 T scanner (Achieva, Philips, 
Netherlands) equipped with an 8-channel phased-array receive 
head coil. The imaging protocol included axial turbo spin echo 
T2 (TR 3000 ms, TE 100 ms, slice thickness 3 mm, matrix 220 
× 197, FOV 120 × 150 mm; with SPIR fat saturation), pre- and 
post-contrast axial spin echo T1 (TR 550 ms, TE 15 ms; slice 
thickness 3 mm, matrix 220 × 213, FOV 120 × 150 mm) weighted 
imaging (WI). 0,2 ml kg−1 gadoterate meglumine (Dotarem, 
Guerbet) was intravenously injected as Gd-based contrast mate-
rial. DWI consisted of axial ssEPI-DWI (TR 2101 ms; TE 89 ms; 
slice thickness 3 mm; matrix 120 × 102; FOV 180 × 228 mm, EPI 
factor 51, NEX 2, parallel imaging (SENSE) factor of 2, acqui-
sition time 43 sec, phase encoding direction: anteroposterior) 
and axial ssTSE-DWI (TR 7343 ms, TE 77 ms; slice thickness 

3 mm, matrix 100 × 109, FOV 180 × 229 mm, TSE factor 55, NEX 
3, parallel imaging (SENSE) factor of 2, acquisition time 3 min 
40 sec, phase encoding direction: anteroposterior) with b-values 
of 0 and 1000 s mm−2 and was obtained before IV contrast media 
injection. Apparent diffusion coefficient maps were generated 
on the workstation provided by the vendor (Intellispace Portal, 
Philips, v7.01.20482).

Image analysis
An experienced radiologist measured maximum globe diameters 
on phase encoding direction (anteroposterior) on both b-1000 
DWI and T2WI. From these measurements, we calculated distor-
tion ratio (DR), which is the ratio of the maximum displacement 
in the phase encoding direction of the anatomical structure to its 
diameter on T2WI.17 Maximum displacement is the difference 
between the maximum diameter of DWI with b,1000, and T2WI.

In order to calculate signal-to-noise ratio (SNR) and contrast-to-
noise ratio (CNR) from both DWI, UM and left temporal cere-
bral cortex was used. Initially, a neuroradiologist manually drew 
region of interest (ROI) on T2WI using Siemens ​syngo.​via vb30 
software. The boundary of a tumor was defined with a reference 
to precontrast and postcontrast T1WIs, excluding hemorrhage. 
The location of the ROIs for the cerebral cortex was confirmed 
using T1WI. These ROIs were copied to the same location on 
both DWI b = 1000 and ADC maps. If any misalignment was 
present on DWI and ADC maps, it was corrected by the observer 
manually. The SI measurements and ADC values were all 
measured from a single slice in which the largest diameter of the 
lesion was observed. At the same set, SI of UM on T2WI and 
T1WI were also collected to reveal the relationship between the 
tumor signal characteristics and its diffusion properties. Visual 
features of the mass were also noted as hyper-iso or hypointense 
compared to the cerebral cortex on T1WI, T2WI, and DWI.

SNR was calculated by,

SNR = SIa/SD,

Where SIa was the mean signal intensity within the region of 
interest (ROI) and SD was the standard deviation of the baseline 
noise.

CNR was calculated by;

CNR= |SIa-SIc|/SD,

Where SIc was the mean SI of the baseline noise, and SD was the 
standard deviation of baseline noise.

However, as parallel imaging techniques cause inhomogeneous 
noise levels throughout the image17,18 and diffusion weighted 
applications may have artifacts throughout the field of view,17 
we used the left temporalis muscle for baseline noise due to its 
homogeneity and proximity to the globe and the temporal cere-
bral cortex.17 The location of ROIs for the left temporalis muscle 
was confirmed by its correlation with T2WI. The SI and standard 
deviations (SD) were noted.

http://birpublications.org/bjr
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Two radiologists independently reviewed both b-1000 DWI 
images which were anonymized and the reviewers were blind 
to the sequences. Each reviewer evaluated geometric distortion; 
presence of susceptibility and ghosting artifacts on a five-point 
scale, as 1 = none, 2 = low, 3 = intermediate, 4 = high and 5 = 
very high, i.e. nondiagnostic. Resolution (defined by discrimina-
tion of orbital structures - lacrimal glands, extraocular muscles, 
optic nerve and lens - and intraocular mass from adjacent struc-
tures), demarcation of intraocular mass (delineation of the mass 
and definition of its borders), overall quality (the diagnostic 

competence of the image regarding all aforementioned features) 
were also evaluated by each reviewer, on a five-point scale: 1 
= poor, 2 = below average, 3 = average, 4 = above average, 5 = 
excellent.

Statistical analysis
Statistical analysis was performed using the IBM SPSS Statistics 
software version 23. We used paired t-test to compare DR, SNR, 
CNR and ADC values, Wilcoxon signed ranks test to compare 
the nonparametric evaluation of two-DWI and Pearson correla-
tion test to find the relationship between SI of T1, T2, and each 
DWI and ADC. Interobserver agreement was estimated using 
quadratic weighted κ (Fleiss-Cohen) for ordinal categorical vari-
ables. An overall p-value of less than 0.05 was considered to show 
a statistically significant result.

RESULTS
Fifty patients (female/male = 22/28, age-range 24–85, mean 
age 55.4 ± 14.5) were included in the study. ROI size changed 
between 5–62 mm−2, with a mean 18.08 ± 10.83 mm2 for UM 
and 12–24 mm−2, with a mean 17.84 ± 1.73mm2 for the cerebral 
cortex. Summary of DR, SNR, CNR, and ADC values and their 
comparison are given in Table 1. DR was significantly higher on 
ssEPI-DWI than ssTSE-DWI (p < 0.001) (Figure  1). SNR and 
CNR were significantly higher for the temporal lobe cortex in 
ssTSE-DWI (p < 0.001 for SNR; p ≤ 0.004 for CNR) compared 
to ssEPI-DWI (Table 1). However, SNR and CNR were lower on 
ssTSE-DWI compared to ssEPI-DWI for malignant melanoma 
(p ≤ 0.037 for SNR; p < 0.001 for CNR) (Table 1). Mean ADC 
(mADC) values of both cortex and melanoma were higher on 
ssTSE-DWI than on ssEPI-DWI (p < 0.001) (Table 1). mADC 
of UM was significantly higher than mADC of cortex on both 
sequences (p < 0.001).

Visual imaging features of UM relative to the temporal cerebral 
cortex on T1 and T2WI are summarized in Table 2. The most 
common MRI signal was T1 hyperintensity (n = 42, 84% within 
all). Twenty four UMs demonstrated T2 hypointensity and 26 
showed T2 hyperintensity. All T2 hypointense UMs were hyper-
intense on T1WI, constituting most of the T1 hyperintense UMs 
(n = 24, within 42 T1 hyperintense UMs). Therefore, the most 

Table 1. Summary of mean DR, SNR, CNR and ADC measurements ± SDs of ssEPI-DWI and ssTSE-DWI and results of statistical 
comparison by paired t-test

ssEPI-DWI (mean ± SD) ssTSE-DWI (mean ± SD) p value
Right DR 0.133 ± 0.085 0.047 ± 0.037 <0.001

Left DR 0.135 ± 0.102 0.037 ± 0.035 <0.001

SNR of ocular melanoma 43.87 ± 27.02 37.33 ± 18.3 0.037

SNR of temporal cortex 50.6 ± 17.17 67.08 ± 23.17 <0.001

CNR of ocular melanoma 35.56 ± 26.08 23.65 ± 16.94 <0.001

CNR of temporal cortex 42.39 ± 15.5 53.22 ± 19.36 0.004

Mean ADC of melanoma (mm2 s−1) 1.108 ± 0.25 × 10−3 1.298 ± 0.34 × 10−3 <0.001

Mean ADC of cerebral cortex (mm2 s−1) 0.86 ± 0.13 × 10−3 0.915 ± 0.08 × 10−3 <0.001

CNR, Contrast-to-noise ratio; DR, Distortion ratio; SNR, Signal-to-noise ratio.
Difference is significant at p < 0.05 level.

Figure 1. Presentation of geometric distortion on both DWI 
techniques. Anterior border of the globe is indistinct (arrows) 
on ssEPI-DWI (a) whereas it is well-delineated on ssTSE-DWI 
(b). For presentation purposes, the fusion of T2WI and DWI 
(c, d) and ADC (e, f) of each technique is seen. The fusion 
image of T2WI/ssEPI-DWI (c) demonstrates posterior distor-
tion (arrows). T2WI/ssTSE-DWI fusion image presents with no 
distortion (d). The fusion of T2WI/ADC map of ssEPI-DWI (e) 
shows anterior and posterior distortion (arrows). The fusion of 
T2WI/ADC map of ssTSE-DWI has no distortion.

http://birpublications.org/bjr
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common imaging feature of UM was T1 hyperintensity with 
T2 hypointensity (n = 24, 48% within all). These UMs most 
commonly showed hypointensity relative to the cerebral cortex 
on ssEPI-DWI (n = 17, 70.8%) and ssTSE-DWI (n = 22, 91.6%). 
On the other hand, all T1 hypo- and T2 hyperintense lesions (n 
= 8) were hyperintense on both DWI.

Pearson correlation test (Table  3) showed a significant inverse 
correlation between T1 and T2 (r = −0.369, p ≤ 0.008) signal 
intensities of the mass. T1 SI of the mass also had a negative 
correlation with the SI on ssTSE-DWI (r = −0.391, p ≤ 0.005). 
A weak negative correlation was present with SI of ssEPI-DWI 
which was not significant (r = −0.267, p = 0.061) (Table 3). On the 
other hand, T2 SI of the UM demonstrated a positive correlation 
with both SI of ssEPI-DWI (r = 0.686, p < 0.001) and ssTSE-DWI 
(r = 0.747, p < 0.001), slightly higher for ssTSE-DWI. mADC 
values, on the other hand, showed no correlation with T1 and T2 
characteristics of the tumors.

Both reviewers independently scored high geometric distortion, 
susceptibility, and ghosting artifacts on ssEPI-DWI (p < 0.001). 
However, demarcation and delineation of the mass were better 
in ssEPI-DWI than ssTSE-DWI (p < 0.001 for the first reviewer, 
p ≤ 0.002 for the second reviewer). Resolution (p ≤ 0.013 for the 
first reviewer, p < 0.001 for the second reviewer) and overall 
quality (p < 0.001 for both reviewers) were better in ssTSE-DWI 
than ssEPI-DWI (Table 4). κ ranged between moderate to good 
(0.542–0.755) for each feature of both DWI techniques, shown 
in Table 5.

DISCUSSION
Our study aimed to find out which DWI technique had better 
utility for intraocular mass imaging. We demonstrated that 
geometric distortion was significantly lower in ssTSE-DWI. SNR 
and CNR were higher in ssTSE-DWI when the cerebral cortex 
was taken into account, however, it was the opposite when it 
was calculated based on UM. Independent reviewers also found 
higher artifacts in ssEPI-DWI. Despite demarcation of the UM 
was better in ssEPI-DWI, resolution and overall quality were 
higher in ssTSE-DWI.

As expected, we found higher DR and geometric distortion 
in ssEPI-DWI than in ssTSE-DWI, agreeing with the litera-
ture10,11,19–22 (Figure 1). In the echoplanar imaging technique, 
multiple lines of k-space are filled after a single 900 focusing 
and 1800 refocusing pulse, by oscillating frequency encoding 
gradients and blipped phase encoding gradients. Each oscilla-
tion of frequency encoding gradient represents a line in k-space 
and each blip of phase encoding gradient represents a transi-
tion of the lines.8 Lack of refocusing pulses makes ssEPI-DWI 
sensitive to phase coherence loss, most prominent at inhomo-
geneous magnetic fields, such as air-tissue boundaries; and 
determination of the signal by T2* decay also contributes to 
distortion.8 However, ssTSE uses multiple 1800-refocusing 
pulses with different phase encoding gradients and fills the 
whole of k-space in a single excitation.9 These refocusing pulses 
make it less sensitive to magnetic field inhomogeneities than 
ssEPI-DWI.9Ta
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Despite higher geometric distortion, ssEPI-DWI yielded better 
demarcation and delineation of the ocular masses. The edges of 
the masses were blurry on ssTSE-DWI as seen in Figure 2. As the 
signal in ssTSE-DWI is determined by the T2 transverse relax-
ation time, instead of T2* decay like in ssEPI-DW,22–24 the lengthy 
T2 readout may have resulted in blurring.23,24 Also, ocular move-
ment during this long acquisition time might contribute to the 
blurring of the margins. Despite blurring, the overall quality 
was still better for ssTSE-DWI. However, the lengthy T2 readout 
time also causes ssTSE-DWI to have a longer acquisition time 
compared to ssEPI-DWI, which in turn may reduce its use on 
daily clinical practice.

ssTSE-DWI achieved higher SNR and CNR for the temporal 
cortex but lower SNR and CNR for melanoma. Similar to the 
temporal cerebral cortex in our study, SNR of brain paren-
chyma, tongue, parotid, submandibular glands, and superior 
deep cervical lymph nodes on 3 T scanners demonstrate higher 
SNR in ssTSE-DWI compared to ssEPI-DWI.10–12,23 However, in 
higher magnetic fields (7T), the SNR of brain parenchyma was 
lower in ssTSE-DWI.20,23 As our study used a lower magnetic 
field (1.5T scanner), which may contribute to higher SNR of the 
temporal cortex on ssTSE-DWI. Also, studies showed that SNR 
of ssTSE-DWI tended to be homogeneous throughout the brain, 

whereas ssEPI-DWI demonstrates signal loss in the anterior and 
inferior parts of the brain due to magnetic field inhomogene-
ities.20 The SI of the cortex was collected from the temporal lobe 
in our study because of its proximity to the orbits, which might 
contribute to the lower SNR of ssEPI-DWI. Also, various param-
eters, such as field of view, slice thickness, bandwidth, number of 
excitations (NEX) affect SNR, but apart from other parameters, 
NEX was slightly higher in ssTSE-DWI (3 vs 2 in ssEPI-DWI) 
in our study. The smaller NEX value of ssEPI-DWI in our study 
may have a small contribution to lower SNR and CNR values of 
ssEPI-DWI in the temporal cerebral cortex. So, in addition to 
NEX values, lower magnetic strength (1.5T) of the scanner and 
adjacent inhomogeneous magnetic field may have contributed to 
the differences in SNR of the temporal cerebral cortex yielded by 
two different DWI sequences used in this study.

In contrast to the temporal cerebral cortex, UM demonstrated 
lower SNR values in ssTSE-DWI compared to ssEPI-DWI. Most 
of the UMs were T2 hypointense and T1 hyperintense (48%) and 
these tumors were, mostly hypointense on ssTSE-DWI (n = 22), 
too. We also found that T2 signal intensity directly correlates with 
the signal intensity of DWI (Table 3), more so with ssTSE-DWI. 
This T2 blackout effect is more significant on ssTSE-DWI, as 
the signal intensity is determined by T2 decay. This might be a 

Table 3. The relationship between signal intensities of ocular melanoma

T2 WI T1 WI ssEPI - DWI ssTSE - DWI mADC (ssEPI) mADC (ssTSE)
T2 Pearson’s r 1 −0.369a 0.686a 0.747a −0.23 0.209

p 0.008 0.000 0.000 0.873 0.145

T1 Pearson’s r −0.369a 1 −0.267 −0.391a −0.191 −0.09

p 0.008 0.061 0.005 0.184 0.534
ameans correlation is significant at p < 0.05.

Table 4. Comparison of qualitative scores of each reviewer for DWI techniques

Median 
for 

reviewer 1

Interquartile 
range for 

reviewer 1
(25%–75%)

p-value for
reviewer 1

Median 
for

reviewer 2

Interquartile 
range for 

reviewer 2
(25%–75%)

p value for
reviewer 2

Geometric distortiona  � ssEPI-DWI 3 3–3 <0.001c 3 2–3 <0.001c

 � ssTSE-DWI 1 1–1 1 1–1

 � Artifactsa  � ssEPI_DWI 2 2–3 <0.001c 2 2–3 <0.001c

 � ssTSE-DWI 2 1–2 2 1–2

Resolutionb  � ssEPI_DWI 4 3–4 0.013d 4 3–4 <0.001d

 � ssTSE-DWI 4 4–5 4 4–5

Demarcationb  � ssEPI_DWI 4 4–5 <0.001c 4 3–5 0.002c

 � ssTSE-DWI 3 3–4 3 2–4

Overall qualityb  � ssEPI_DWI 4 4-5 <0.001d 3 3–4 <0.001d

 � ssTSE-DWI 5 4–5 4 4–5
aHaving more negative ranks means higher quality for geometric distortion and artifacts.
bHaving more positive ranks means higher quality for resolution, demarcation and overall quality.
cssTSE-DWI had more negative ranks.
dssTSE-DWI had more positive ranks.
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reason for the lower SNR of ssTSE-DWI for UM. On the other 
hand, ocular movement during the longer acquisition time of 
ssTSE-DWI might contribute to the loss of signal intensity. So 
the conflict in SNR values of the cerebral cortex and UM may be 
due to inherent tissue characteristics of UM and ocular move-
ment effect. Further studies on different tumor types are needed 
to investigate this effect. On the other hand, our study involved 
only UMs and no benign lesions. Therefore a comparison of the 
diagnostic quality of these techniques in terms of discrimination 
between malignant and benign lesions and how SNR and CNR 
contribute to this discrimination could not be established. It is 
an important limitation of our study. Further studies including both malignant and benign intraocular and intraorbital lesions 

are needed to investigate diagnostic decisions.

In this study calculated mean ADC values of the cerebral cortex 
and ocular melanoma on ssEPI-DWI were similar to previous 
reports on 1.5T scanners.25–28 However, the mADC of the cere-
bral cortex on ssTSE-DWI was lower (0.798 × 10–3 mm2 s−1) on 
previous studies performed at 7T magnetic field strength.20

There are controversial reports on the effect of the amount of 
melanin on MR imaging characteristics.29–34 In-vivo imaging of 
melanoma at 11.7T MRI demonstrated that only the amount of 
melanin had no correlation with T1 and T2 SI but suggested that 
both melanin pigment, metal ions, and their interaction affected 
T1 and T2 SI of the tumor.34 In this study, we showed that both 
DWI signal intensity had an inverse correlation with T1 and 
direct correlation with T2 signal intensities of the tumor, while 
ADC values had no correlation (Figure 3). Because the amount 
of melanin or metal ions were not detected histopathologically, 
their effects on T2, T1, and DWI signal intensities cannot be 
known. Whatever the contribution of the melanin and accom-
panying metal ions are, T1 and T2 signal intensity changes are 
related to ssTSE-DWI more.

Lack of histopathologic diagnosis can be considered as a limita-
tion of this study. However, current medical practice applies 
the diagnosis of malignant melanoma based on fundoscopic 
examination with high accuracy.35 This study was carried out 
in a single tertiary care institution, which limited the number of 
patients participated. Although the interobserver agreement was 

Table 5. Interreviewer agreement for qualitative evaluation

Weighted κ
 � Geometric distortion  �  ssTSE-DWI 0.638

 �  ssEPI-DWI 0.626

 � Artifacts  �  ssTSE-DWI 0.644

 �  ssEPI-DWI 0.542

 � Resolution  �  ssTSE-DWI 0.609

 �  ssEPI-DWI 0.668

 � Demarcation  �  ssTSE-DWI 0.692

 �  ssEPI-DWI 0.697

 � Overall quality  �  ssTSE-DWI 0.717

 �  ssEPI-DWI 0.755

Figure 2. Same intraocular lesion on both DWI. ssEPI-DWI 
(A) shows a well-demarcated lesion. Notice the susceptibility 
artifacts around ethmoid air cells (arrows, a). The lesion has 
blurry margins on ssTSE-DWI (arrows, b).

Figure 3. Bilobulated heterogeneous intraocular mass has an 
anterior part (arrows) which is more hypointense on T2WI (a) 
and more hyperintense on T1WI (b). Anterior tumor compo-
nent with more profound T2 hypointensity shows relatively 
low signal intensity on both ssEPI-DWI (c) and ssTSE-DWI (d), 
more prominent on ssTSE-DWI. The lesions are visually homo-
geneous on ADC maps (e, f).
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good, we believe that further investigations in different institu-
tions are needed to confirm reproducibility.

CONCLUSION
Prominent T2 effects, signal loss in the intraocular mass, and less 
definite demarcation of the lesion are the main shortcomings of 
ssTSE-DWI. Nonetheless, less geometric distortion and suscep-
tibility artifacts, better resolution, and overall quality suggest 
ssTSE-DWI as a better alternative to ssEPI-DWI for orbital DWI.

PATIENT CONSENT
Informed consent was obtained from all individual participants 
included in the study.

ETHICS APPROVAL
All procedures performed in the studies involving human partic-
ipants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 
Helsinki Declaration and its later amendments or comparable 
ethical standards.
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