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Abstract
Introduction  Diffusion-weighted imaging (DWI) produces 
contrast among different kinds of tissues according to their 
diffusibility characteristics. The purpose of our study was 
to evaluate the role of DWI including measurement of ap-
parent diffusion coefficient (ADC) values in recognizing 
benignancy or malignancy of orbital masses.
Methods A  total of 39 orbital masses were evaluated vi-
sually for signal characteristics on DWI and ADC maps. 
ADC values were calculated for each lesion. Visual sig-
nal characteristics were compared using the Fisher exact 
test. Receiver operating characteristic (ROC) analysis was 
carried out to determine sensitivity and specificity for dis-
tinguishing malignant from benign lesions using ADC val-
ues. The Mann–Whitney U test was applied to compare the 
ADC values between orbital lymphomas and idiopathic or-
bital inflammatory (IOI) lesions, and between optic nerve 
sheath meningiomas and gliomas.

Results  Visual assessment revealed no significant dif-
ference between benign and malignant lesions on DWI 
(p-value = 0.66). However, visual assessment of ADC maps 
revealed a statistically significant (p-value ≤ 0.0001) be-
tween benign and malignant lesions. ROC analysis showed 
a sensitivity of 83.33 % and a specificity of 85.71 % when 
using an optimal cut off ADC value of 0.84 × 10−3  mm2/s 
for differentiating malignant from benign lesions. Sig-
nificant differences in mean ADC values were observed 
between lymphomas and IOI lesions (p-value = 0.05), and 
between optic nerve sheath meningiomas and gliomas 
(p-value = 0.03).
Conclusion  DWI is useful for differentiating malignant 
and benign orbital tumors if accompanied by visual assess-
ment of ADC maps and ADC value calculations.

Keywords  Diffusion-weighted imaging · Orbital masses · 
ADC values

Introduction

Magnetic resonance imaging (MRI) is a vital imaging tech-
nique for assessing space-occupying lesions of the brain 
[1]. Although MRI has been used worldwide to detect intra-
orbital lesions for many years [2], few recently published 
studies have addressed its utility for the proper evaluation 
and characterization of orbital pathologies including masses 
[3–7]. Diffusion-weighted imaging (DWI) is a specific MR 
sequence that uses the diffusion of moving water protons to 
generate a contrast among different kinds of tissues and thus 
can be a source of valuable information in the assessment of 
pathological tissues [7, 8].

The orbit is affected by a variety of benign and malignant 
lesions. Some lesions are diagnosed easily on the basis of 
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imaging findings such as enhancement characteristics, but 
sometimes their characterization is difficult and any addi-
tional information that can assist the diagnosis greatly facil-
itates clinical management planning [4, 5].

Many earlier studies suggested that apparent diffusion coef-
ficient (ADC) measurements can help reveal benignancy or 
malignancy of tumors in the brain, head, and neck, including 
the orbits [5, 8, 9]; the viable parts within a tumor [10]; and the 
tumor grade in other organs, such as the liver [11].

The purpose of this study was to evaluate the role of 
DWI including measurement of ADC values in recognizing 
benignancy or malignancy of orbital masses.

Methods

Sampling and Selection Criteria

The Institutional Review Board for ethical issues approved 
this retrospective study. The institutional data base system 
was searched for patients who had undergone MRI exami-
nation for orbital masses from April 2002 to December 
2011. A total of 35 patients with 39 lesions (age range, 3–82 
years; mean age, 53 years; male to female ratio, 23:12) were 
selected, excluding those with compromised DWI quality or 
uncertain clinical diagnosis. All cases of lymphoma (n = 9 
with 10 lesions), metastasis (n = 4), carcinoma (n = 2), pleo-
morphic adenoma (n = 3), Schwannoma (n = 1), cavernous 
hemangioma (n = 2), and solitary fibrous tumor (n = 1) were 
histopathologically proven. Cases of leukemic (n = 1) (chlo-
roma) and sarcoidotic involvement of the orbit (n = 1), each 
with bilateral orbital involvement, were diagnosed clini-
cally on the basis of concomitant systemic illness. These 
lesions subsequently showed improvement with treatment 
in follow-up studies. Idiopathic orbital inflammatory (IOI) 
lesions, also known as pseudoinflammatory tumors (n = 4 
with five lesions), were also diagnosed on clinical grounds, 
with subsequent resolution by steroid therapy in three out of 
four cases. The remaining case is in the phase of treatment 
and follow-up. Clinically suspected cases of meningioma 
(n = 4) and glioma (n = 3) of the optic nerve sheath had other 
characteristic imaging findings on other MRI sequences, 
such as a tram-track sign in cases of meningioma [12] and 
typical fusiform appearance and a downward kink in the mid 
orbit in two patients of optic nerve sheath glioma associated 
with neurofibromatosis [13, 14]. A globular appearance was 
observed in one glioma patient who did not have any other 
associated condition. Table 1 shows patients’ demographics.

MRI Acquisition

All patients were imaged before undergoing biopsy (if 
performed) on a 1.5  T (GE Healthcare, Milwaukee, WI) 

scanner. The routine protocol for imaging the orbits in 
our department [pre- and postcontrast T1-weighted axial 
and coronal imaging, and axial and coronal T2-weighted 
imaging (T2WI) of orbits with fat saturation] and single-
shot echo-planar diffusion-weighted imaging sequence 
was followed. Imaging parameters of DWI were as fol-
lows: repetition time (TR)/echo time (TE) = 8,000/68  ms; 
time interval between leading edges of diffusion gradients 
(Δ)/pulse gradient duration (δ) = 39/32 ms; slice thickness/
gap, 5 mm/1.5 mm; matrix 128 × 128; field of view (FOV), 
24 × 24  cm; number of excitations (NEX) = 1; and motion 
probing gradient pulses along three orthogonal axes using b 
values of 0 and 1,000 s/mm2.

Post-Processing

DWI data were transferred to a Synapse 3D workstation 
(Fujifilm Medical Systems, USA, Inc.) and ADC maps were 
generated.

Image Analysis

The signal characteristics on DWI and ADC maps were 
described as hyperintense for bright or similar signal inten-
sity lesions and as hypointense for those with low signal 
intensity relative to the normal cortical gray matter.

To calculate the ADC values, the sizes of the regions of 
interest were adjusted according to the lesion size. Two or 
more regions of interest were placed in larger lesions and 
their mean value was used to increase the reliability of the 

Table 1 T able shows number of each type of lesion with patients’ 
demographics

No. of lesions 
(patients)

Mean age 
(years)

Gender 
(M:F)

Laterality 
(right:left)

Malignant
Lymphoma 10 (9) 68.2 7:2 5:5
Metastasis 4 (4) 61 2:2 2:2
Carcinoma 2 (2) 75 2:0 1:1
Leukemia 2 (1) 53 1:0 1:1
Benign
Idiopathic orbital 
inflammatory lesions

5 (4) 45 2:2 3:2

Pleomorphic 
adenoma

3 (3) 58.6 2:1 2:1

Optic nerve sheath 
meningioma

4 (4) 60.2 2:2 1:3

Optic nerve sheath 
glioma

3 (3) 7.3 3:0 0:3

Miscellaneous 
benign lesions

6 (5) 40.2 2:3 2:4

M male, F female
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calculation. Care was taken to avoid the edges of the lesions 
to exclude the effect of partial volume averaging.

Statistical Analysis

The Fisher exact test was performed to compare the sig-
nal characteristics of DWI images and ADC maps between 
benign and malignant lesions. Receiver operating charac-

teristic (ROC) analysis was carried out to determine the 
optimal cut-off ADC values, sensitivity, and specificity to 
differentiate between the malignant and benign lesions. The 
Mann–Whitney U test was applied to compare the ADC 
measurements between orbital lymphomas and IOI lesions 
and between optic nerve sheath meningiomas and gliomas. 
A two-sided p-value of 0.05 was considered significant.

            Fig. 1 T he diffusion-weighted imaging (DWI) and apparent diffusion 
coefficient (ADC) maps of benign lesions in a–d and of malignant 
lesions in e–h. An intraorbital Schwannoma shows hypointensity on 
DWI (a) and marked hyperintensity on the ADC map (b). Bilateral IOI 

lesions display moderate hyperintensity on both DWI (c) and ADC 
map (d). DW images and ADC maps of bilateral lymphomas (e, f) and 
leukemia (g, h); both demonstrate hyperintensity on DWI and marked 
hypointensity on ADC maps
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Results

Visual assessment of DWI images did not reveal a sig-
nificant difference (hyperintensity:hypointensity, 17:4 in 
benign lesions and 16:2 in malignant lesions; p-value = 0.66) 
between benign and malignant lesions. However, the signal 
characteristics for ADC maps (hyperintensity:hypointensity, 
17:4 in benign lesions and 3:15 in malignant lesions; 
p-value ≤ 0.0001) were significantly different in benign 
vs. malignant lesions (Fig.  1). The mean (SD) ADC val-
ues for malignant and benign orbital masses were 0.77 
(0.38) × 10−3 and 1.23 (0.42) × 10−3  mm2/s, respectively. 
ROC curve analysis showed an optimal cut-off ADC value 
of 0.84 × 10−3 mm2/s, which yielded a sensitivity of 83.33 % 
and a specificity of 85.71 % for differentiating malignant 
from benign lesions (Fig. 2 and Table 2).

The Mann–Whitney U test showed a significant dif-
ference in mean (SD) ADC values between lympho-
mas [0.61 (0.12) × 10−3  mm2/s, p = 0.05] and IOI lesions 
[0.93 (0.35) × 10−3 mm2/s] and between optic nerve sheath 
meningioma [0.90 (0.08) × 10−3  mm2/s] and glioma [1.31 
(0.09) × 10−3  mm2/s, p = 0.03] (Figs.  1c–f, 3, 4a, b, and 
Table 3).

Discussion

Our study confirmed previous results showing that malig-
nant lesions have significantly lower ADC values than 
benign lesions [5, 7, 15]. The reason for this behavior is 
thought to be because of the peculiar enlarged and deformed 
nuclei and hypercellularity characteristics of malignant 
lesions, thus reducing the available diffusion space for 
water protons in both the extracellular and intracellular 
spaces. Malignant lymphomas also show higher cellularity; 
thus, they are expected to show lower ADC values for the 
same reason [8].

However, one lesion each of carcinoma and metastasis 
included in our study showed noticeably high ADC values 
and hypointensity on DW images. These lesions showed no 
evidence of cystic changes or areas of necrosis on T2WI. 
A considerable overlap in ADC values among malignant 
and benign lesions has been found in many previous studies 
[1, 5, 8, 9]. The small necrotic foci in the malignant tumors, 
which are not identifiable at MRI, are presumably the major 
reason for the high ADCs of these lesions.

Sepahdari et al. [5] found a cut-off ADC value of 
1 × 10−3 mm2/s, which is slightly larger than that found in our 
study. Although the malignant lesions in their study included 
a large proportion of lymphoma lesions (6/16, 37.5 %), we 
had an even greater proportion of lymphoma lesions in our 
study (10/18, 55.5 %). Lymphomatous lesions decrease the 
mean ADC values of malignant lesions because they tend to 
have lower ADC values. In short, the relative proportion of 
different types of malignant as well as benign lesions might 
affect the mean and cut-off ADC values, therefore produc-
ing variable results in different studies.

The reason that visual assessment of benign and malig-
nant lesions did not reveal significant differences on DW 
images might be explained by the so-called T2 shine-
through effect. The signal intensity on DWI can be affected 
by both the diffusivity of the tissue and the T2 relaxation 

            

            

Fig. 2 R eceiver operating characteristics curve for differentiating 
benign and malignant lesions using ADC values. A sensitivity of 
83.33 %, a specificity of 85.71 %, and an optimal cut-off ADC value of 
0.84 × 10−3 mm2/s were obtained

Table 2  Radiological characteristics, including apparent diffusion co-
efficient (ADC) values, of patients with benign and malignant orbital 
masses

Benign Malignant p-value
No. of lesions 
(patients)

21 (19) 18 (16)

Signal intensity on DWI
 Hyperintense 17/21 (81 %) 16/18 (88.9 %) 0.66

 Hypointense 4/21 (19 %) 2/18 (11.1 %)
Signal intensity on ADC map
 Hyperintense 17/21 (81 %) 3/18 (16.6 %) < 0.0001
 Hyperintense 4/21 (19 %) 15/18 83.3 %)
ADC, Mean(SD) 
(10−3 mm2/s)

1.23 (0.42) 0.77(0.38) < 0.0001

DWI diffusion-weighted imaging, SD standard deviation
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time, whereas ADC maps are only affected by diffusibility 
changes [16]. Rana et al. [17] reported that ADC maps and 
values tended to be more meaningful than DWI for depict-
ing subtle changes in the content of pus in a case of brain 
abscess.

Optic nerve gliomas are low-grade tumors, resembling 
histologically to pilocytic astrocytomas [18], which are 
reported to have higher ADC values [19]. However, menin-
giomas are variable in cellularity [5] and hence in ADC val-
ues. So the differentiation on the basis of ADC might not 
be so simple in all cases, although we found a significant 
difference in ADC values between these two in this study.

The limitations of our study include the small sample 
size for various types of lesions with some possible effects 
on the outcome of our study. DWI was performed with rela-
tively thicker (5 mm) slices to improve signal to noise ratio 
but compromising the spatial resolution, resulting in partial 
volume effects. This might also be considered as a limiting 

factor. The absence of histopathological evidence for some 
of the benign lesions and the retrospective study design are 
other limitations of our study.

Conclusion

DWI can be useful for differentiating between malignant 
and benign orbital tumors if accompanied by visual assess-
ment of ADC maps and ADC value calculations.

Conflict of Interest  There are no conflicts of interest to declare.

Fig. 3 A  right-sided optic nerve sheath meningioma shows a tram-track 
sign on contrast-enhanced T1-weighted imaging (a), hyperintensity on 
diffusion-weighted imaging (DWI) (b), and hypointensity on the apparent 
diffusion coefficient (ADC) map (c). An optic nerve sheath glioma exhibits 

globular enlargement on a T2-weighted coronal image (d) and hyperinten-
sity on DWI (e) but a relatively brighter lesion on the ADC map and higher 
mean ADC values compared with meningioma (f)
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Table 3  Table shows apparent diffusion coefficient, mean (SD) 
(10−3  mm2/s) of lymphomas vs. idiopathic orbital inflammatory 
lesions and optic nerve sheath meningiomas vs. gliomas compared 
by Mann–Whitney U test
Lymphoma Idiopathic orbital 

inflammatory lesions
p-value

0.61 (0.12) 0.93 (0.35) 0.05
Optic nerve sheath 
meningioma

Optic nerve sheath 
glioma

p-value

0.9 (0.08) 1.31 (0.09) 0.03

Fig. 4  Box and whisker graphs showing comparison of apparent dif-
fusion coefficient-values between lymphomas and idiopathic orbital 
inflammatory lesions (pseudotumor) (a) and meningiomas and glio-
mas (b). Boxes have lines at lower, median, and upper quartile values. 
Whiskers show extent of remaining data
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