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Aim To determine the role of diffusion-weighted imaging (DWI) with apparent diffusion coefficient (ADC) values in differentiating benign and malignant orbital masses.
Materials and Methods After obtaining institutional ethical board approval and
informed consent from all patients, an observational study was done for a period
of 24 months in the radiology department of a tertiary care hospital in South India.
Conventional magnetic resonance imaging and DWI using a 3T scanner was done for
all patients with suspected orbital mass lesion. ADC value and clinicohistopathological
correlation were studied for every patient. Chi-square test was used to compare the
signal characteristics of DWI and ADC maps between benign and malignant lesions.
A comparison of mean ADC values for benign and malignant masses was performed
using Student’s t-test for independent samples. The cut-off value for ADC was obtained
using the receiver operating characteristic (ROC) curve.
Results Of 44 patients with orbital lesions, 70% were benign and 30% were malignant.
There was a significant difference in the mean ADC values of benign and malignant
orbital masses. Using ROC curve analysis, an optimal ADC threshold of 1.26 × 10−3 mm2/s
was calculated for the prediction of malignancy with 100% sensitivity, 80.65% specificity, and 86.36% accuracy (95% confidence interval: 0.872, 1.00, p < 0.0001). Two ADC
thresholds were used to characterize the orbital masses with more than 90% confidence.
Conclusion Quantitative assessment of ADC is a useful noninvasive diagnostic tool
for differentiating benign and malignant orbital masses. Malignant orbital lesions
demonstrate significantly lower ADC values as compared with benign lesions.

importance as the eyeball forms the most important sense

organ in humans. The conditions that affect vision have
a great impact on several aspects of an individual’s life.
Various pathologies affecting the orbit can be broadly categorized as congenital, vascular, infectious/inflammatory, and
neoplastic (includes both benign and malignant lesions).2
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Introduction
The orbit is a small anatomical space containing various
important structures.1 Orbital pathologies assume critical
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Quantitative DWI in Differentiating Benign and Malignant Orbital Masses
A good understanding of orbital anatomy is crucial for orbital
imaging.3,4 A compartment-based approach toward the evaluation of orbital masses simplifies the diagnostic approach
and helps to narrow down the differential diagnoses.5 As
there are numerous possible etiologies of orbital masses,
arriving at the correct clinical diagnosis can be challenging.
Orbital imaging is commonly performed for patients presenting with proptosis, visual impairment, diplopia, leukocoria,
eye pain, and trauma. Magnetic resonance imaging (MRI) has
superseded other modalities to become the most accurate
imaging modality due to superior soft-tissue contrast, better
multiplanar examinations, and lack of irradiation.6 It provides
crucial information regarding the ocular structures involved,
the extent of involvement, and intracranial extension.7
The role of advanced imaging techniques such as
diffusion-weighted imaging (DWI) in the initial staging and
posttreatment follow-up of head and neck cancers is being
increasingly recognized. DWI is being used to differentiate
benign and malignant thyroid nodules, cervical lymph nodes,
and parotid masses.8 The application of DWI in the orbit is
limited as compared with other head and neck cancers due
to geometric distortion caused by the adjacent air, bone,
and soft tissue interfaces. Newer imaging techniques such as
single- and multishot echo-planar DWI are being developed
for adequate evaluation of orbital masses and optic nerve
pathologies. Parallel imaging techniques are being developed
to overcome the limitations of magnetic susceptibility artifacts caused by echo-planar imaging (EPI).1
Qualitative assessment of signal intensity on
diffusion-weighted images may not reveal significant differences between benign and malignant lesions due to the
presence of the T2 shine-through effect in benign lesions.
Hence, a quantitative assessment using apparent diffusion
coefficient (ADC) maps is required for more accurate characterization of lesions since ADC is only affected by changes in
diffusivity.9-11
Most of the studies in the literature reported heterogeneity
of equipment and scanning techniques, study cohort of specific predominant lesions, comparison of particular orbital
masses like pseudotumor versus lymphoma, and interobserver variability.12-14 This study was undertaken to eliminate the biases related to the machine, scanning techniques,
and interobserver variations. A more heterogeneous group
of benign and malignant masses was included in this study
for better generalization of results. As earlier studies have
reported different ADC cut-off values to differentiate benign
and malignant orbital masses, we proposed a two-threshold
model for better characterization of orbital lesions.
The present study was aimed to determine the role of
DWI with ADC values in differentiating benign and malignant
orbital masses.

Materials and Methods
Patient Population

An observational study was performed in the radiology
department of a tertiary care hospital in South India from
April 2017 till April 2019. After institutional ethical board
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approval, written informed consent was obtained from all
the patients. All patients with clinically suspected orbital
mass lesions referred to the radiology department for orbital
MRI were included. Patients operated for orbital mass lesions
and referred for follow-up study, patients with general contraindications for MRI, and those not willing to undergo MRI
were excluded. Clinicohistopathological correlations were
studied for every patient.
Data acquisition: The patient demographic data were
recorded in the case record form. Patients were instructed
to remove all metallic belongings before the examination.
Pediatric patients and noncooperative patients were sedated
to minimize motion artifacts. All the patients were subjected to conventional MRI and DWI. MRI was performed
using a 3T (Philips Ingenia) scanner, using a 16-channel
head coil with the patient in the supine position.15,16 A scout
sagittal T1-weighted image was obtained to confirm the
position of the patient and to act as a localizer for subsequent image acquisitions.17 Initially, 3D FLAIR brain screening was performed in all cases. All the patients underwent
conventional orbital imaging, including T1-weighted and
T2-weighted imaging with fat suppression. Multiplanar
contrast-enhanced T1-weighted fat-suppressed image was
obtained in axial, coronal, and sagittal planes after the administration of 0.1 mmol/kg dose of gadolinium-based intravenous contrast (Magnevist/Multihance/Omniscan). DWI was
performed in the axial plane using a single-shot echo-planar
imaging sequence with b-values of 0 and 1,000 second mm2.
The following imaging parameters were used: average TR/TE
of 6,500/65 ms for DWI, field of view of 16 to 18 cm, slice
thickness of 4 mm, interslice gap of 1 to 2 mm, and a matrix
of 256 × 256. Additional sequences like gradient and balanced
steady-state sequences were used if clinically indicated.
Data analysis: Images were sent to the workstation and
the PACS server for analysis. The high-resolution T2-weighted
images were assessed first to localize the lesion in each case.
An ADC map was generated for every patient. The lesion
was identified on the ADC map image using multiplanar
cross-reference with the conventional images. The quantitative ADC value was calculated by drawing a freehand region
of interest within the lesion on the ADC map. The peripheral aspects of the lesion and areas of necrosis seen on the
ADC map were excluded to avoid the effect of partial volume
averaging. The areas of calcification were not excluded while
calculating the ADC value.

Statistical Analysis

The diagnostic parameters of DWI with ADC were
obtained in terms of sensitivity, specificity, positive predictive value, and negative predictive value. Chi-square test was
used to compare the signal characteristics of the DWI and
ADC maps of benign and malignant lesions. The comparison
of mean ADC values for benign and malignant masses was
performed using Student’s t-test for independent samples.
The cut-off value for ADC was obtained using the receiver
operating characteristic (ROC) curves. All the analyses were
performed using IBM SPSS Statistics 20 and a p-value of less
than 0.05 was considered statistically significant.
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Results
The baseline characteristics of patients with suspected
orbital mass lesions included in our study for a period of
24 months are shown in ►Table 1. It was observed that
patients belonged to all age groups ranging from 1 year to
73 years with a mean age of 32.93 years. We found a female
preponderance in our study with 29 (66%) female patients
and 15 (34%) male patients. There were 31 (70%) benign
orbital lesions and 13 (30%) malignant lesions.
The final diagnosis was established by histopathological examination in majority of the cases (n = 34) or
based on the patient’s therapeutic response to antibiotics,
anti-inflammatory drugs, and use of corticosteroids (n = 10).
►Table 2 illustrates the correlation between the imaging and
clinical/histopathology findings.
►Table 3 demonstrates the diffusion-weighted appearances of different orbital lesions. It shows that the distributions of DWI appearances of benign and malignant lesions
were significantly different from each other (p = 0.002).
►Table 4 shows the distribution of all the benign and
malignant orbital masses encountered in our study along
with their mean ADC values. The mean ADC for the benign
group was 1.47 ± 0.28 × 10−3 mm2/s and that for the malignant group was 0.94 ± 0.210−3 mm2/s. The difference between
the mean ADC values for the two groups was found to be statistically significant (p < 0.00001).
We also assessed the risk of malignancy with respect to
the age of the patient, gender, and size of the lesion using the
odds ratio as shown in ►Table 5. We found 23 lesions (52%)
greater than 15 mm in size.
►Figs. 1 to 4 show the imaging appearances of some of
the benign and malignant orbital masses in our study.
ROC curve analysis was performed to calculate the optimal ADC threshold for the diagnosis of malignancy. The area
under the curve was measured as 0.938 and the optimal ADC
threshold was identified at the point of maximum accuracy. ►Fig. 5 shows that 1.26 × 10−3 mm2/s was identified as
the optimal cut-off value of ADC for characterizing orbital
masses with a sensitivity of 100%, a specificity of 80.65%, and
an accuracy of 86.36%.
The sensitivity and specificity at different ADC threshold
values are shown in ►Table 6. It was seen that an ADC threshold of less than 1.04 × 10−3 mm2/s was more than 90% specific for malignancy, and an ADC threshold of less than 1.22
× 10−3 mm2/s was more than 90% sensitive for malignancy.
Table 1 Demographics and baseline characteristics
Characteristics

Categories

Age in
years [mean ± SD]
Gender [No. (%)]
Tumor type [No. (%)]

Descriptive
statistics
32.93 ± 22.94

Male

15 (34.09)

Female

29 (65.91)

Benign

31 (70.45)

Malignant

13 (29.54)

Abbreviation: SD, standard deviation.
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Table 2
Orbital
correlation (C/HPR)
C/HPR

MRI

and

clinical*/histopathological

MRI

Benign (n = 31)
[No. (%)]

Malignant (n= 13)
[No. (%)]

Benign (n = 27)

26 (83.87)

1 (7.69)

Malignant (n = 17)

5 (16.12)

12 (92.30)

Abbreviation: MRI, magnetic resonance imaging.
*
Final diagnosis based on therapeutic response (n = 10).

Discussion
DWI uses the diffusivity of moving water protons in different tissues to produce image contrast and thus provides
useful information for the assessment of pathological tissues.12,18 Malignant lesions demonstrate restricted diffusion
due to higher cellularity and higher nuclear–cytoplasmic ratio
within the cells. There are few studies reported in the literature evaluating the role of quantitative diffusion-weighted
images in differentiating benign and malignant orbital
masses. Some of the earlier studies have suggested that
DWI has a role in the prediction of malignancy in orbital
masses, differentiation of orbital lymphoma from pseudotumors, evaluation of orbital cellulitis, identification of orbital
abscess, and assessment of optic nerve lesions and infa
rct.8,17,19-22
To the best of our knowledge, this is the first study
evaluating the role of DWI and ADC values in orbital mass
lesions among the Indian population. In our study, a total
of 44 patients clinically suspected of having an orbital mass
lesion underwent conventional MRI along with DWI with an
aim of evaluating the role of DWI and ADC values in differentiating benign and malignant orbital lesions.
In our study, we found that majority of the patients had
benign orbital masses (70%) and only one-third had malignant
masses (30%). Our results were in agreement with the studies
reported in the literature by various researchers. Shields et al
reported 64% benign and 36% malignant lesions in a retrospective study.23 Hemat also found 68% benign orbital lesions
while 32% malignant lesions in his study.17 However, Ro et al
reported almost equal distribution of benign and malignant
orbital lesions in one of their studies.24
Histopathological examination was done to attain the
final diagnosis in 34 cases. The final diagnosis was established from the clinical course of the disease after medical
management in the remaining 10 patients. Imaging and
clinical/histopathology findings were in agreement in 84%
benign cases and 92% malignant cases.
In our study, the majority of the benign lesions were vascular in origin consisting of lymphangioma (5), hemangioma
(2), and orbital varix (1). Inflammatory masses included
pseudotumor (3), granulomatosis with polyangiitis (2), and a
solitary case of Erdheim–Chester disease and immunoglobulin G 4 (IgG4)-related disease each. Benign optic nerve sheath
complex lesions composed of six cases of optic nerve glioma
and a case of optic nerve sheath meningioma. Orbital infections included a case of endophthalmitis, panophthalmitis,
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Table 3 Distribution of orbital tumors according to appearance on DWI
Classification of tumor

DWI [No. (%)]

p

Isointense

Hypointense

Hyperintense

Benign (n = 31)

2 (6.45)

16 (51.61)

13 (41.93)

Malignant (n = 13)

6 (46.15)

1 (7.69)

6 (46.15)

0.002a

Abbreviation: DWI, diffusion-weighted imaging.
a
Obtained using Chi-square test.

Table 4 Descriptive statistics for ADC value according to the type of orbital tumor
Type of tumor (No.)

Minimum ADC ( 10−3 mm2/s)

Maximum ADC ( 10−3 mm2/s)

ADC (10−3 mm2/s) (mean ± SD)

Benign (31)

0.94

2.04

1.47 ± 0.28

Vascular (8)

1.37

1.71

1.55 ± 0.12

Inflammatory (7)

0.94

2.04

1.57 ± 0.36

Optic nerve sheath
complex Neoplasm (7)

0.98

1.73

1.35 ± 0.25

Infection (4)

0.94

1.43

1.20 ± 0.24

Peripheral nerve sheath
tumor (3)

1.33

1.42

1.38 ± 0.04

Lacrimal gland neoplasm
(1)

1.78

1.78

1.78

Congenital (1)

1.92

1.92

1.92

Malignant (13)

0.63

1.25

0.94 ± 0.21

Metastases (6)

0.97

1.25

1.14 ± 0.11

Primary ocular malignancy
(3)

0.71

0.83

0.77 ± 0.06

Lymphoproliferative (2)

0.63

0.78

0.71 ± 0.11

Others (2)

0.84

0.90

0.87 + 0.04

Abbreviation: ADC, apparent diffusion coefficient.

orbital abscess, and orbital cellulitis with subretinal abscess
each. Peripheral nerve sheath tumors included two cases
of schwannoma and a case of neurofibroma. Other benign
lesions were a solitary fibrous tumor of the lacrimal gland
and a dermoid. Choroid metastases (6) were the most common malignant lesion in our study followed by retinoblastoma (3). Other malignant lesions included a malignant optic
glioma, an aggressive optic nerve sheath meningioma, and
two lymphomas. In a similar study published by Soliman et
al (n = 50), the descriptive analysis of benign and malignant
lesions was not mentioned.25
From the diffusion-weighted images, we found that 52%
of benign lesions appeared hypointense, while 42% appeared
hyperintense and 6% appeared isointense. Among the malignant lesions, diffusion hyperintensity was seen in 46% cases,
46% were isointense, and 8% were hypointense. The distributions of DWI appearances of benign and malignant lesions
were found to be significantly different from each other
(p = 0.002).
In our study, mean ADC values for benign and malignant
orbital lesions were found to be 1.47 ± 0.28 × 10−3 and 0.94
± 0.2 × 10−3 mm2/s, respectively, suggesting a significant difference between them (p < 0.00001). This was in agreement
with the results of Razek et al, Sepahdari et al, Fatima et al,
Şerifoğlu et al, and Hemat who also reported that malignant

lesions had much lower ADC values as compared with benign
lesions.8,11,14,17,22 The malignant cases of optic nerve glioma
and optic nerve sheath meningioma both displayed areas
of diffusion restriction with lower ADC values as compared
with the benign ones.
Also due to the small size of the choroid metastasis, some
amount of partial volume averaging was present while measuring their ADC values. This is likely to result in falsely elevated ADC values for choroid metastasis and hence broader
distribution of ADC values for malignant lesions. Thus, the
mean ADC value for malignant lesions was also calculated
after excluding choroid metastasis and was found to be 0.78
± 0.09 × 10−3 mm2/s. Sepahdari and Kapur et al also observed
the effect of partial volume averaging on ADC values and
concluded that ADC values for retinoblastoma had a strong
inverse correlation with the size of the lesion.12
In our study, we observed a significant correlation of the
age of the patient (p = 0.031) and the lesion size (p = 0.004)
with respect to the risk of malignancy. However, this needs
validation in a larger group due to the small sample size of
our study.
In this study, ROC curve analysis identified 1.26 ×
10−3 mm2/s as the optimal ADC cut-off value for characterizing orbital masses with a sensitivity of 100%, specificity
of 80.65%, and accuracy of 86.36%. Hemat and Razek et al
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Table 5 Risk of orbital malignancy associated with different characteristics
Characteristics

Categories

Benign [No.
(%)]

Malignant
[No. (%)]

Odds
ratio

Age (y)

≤20 (n = 16)

13 (81.25)

3 (18.75)

1.000

21–40 (n = 12)

11 (91.66)

1 (8.33)

41–60 (n = 10)

4 (40.00)

6 (60.00)

61–80 (n = 6)

3 (50.00)

Male (n = 15)

10 (66.67)

Female (n = 29)
<10 mm (n = 16)

Gender

Lesion size

Lower
limit

Upper
limit

pa

0.436

0.014

4.381

0.435

5.841

1.020

42.476

0.031

3 (50.00)

3.959

0.476

36.541

0.413

5 (33.33)

1.000

21 (72.41)

8 (27.59)

0.763

0.193

3.178

0.692

7 (43.75)

9 (56.25)

1.000

11–15 mm (n = 5)

4 (80.00)

1 (20.00)

0.226

0.007

2.104

0.156

>15 mm (n =23)

20 (86.95)

3 (13.05)

0.128

0.022

0.574

0.004

Note: Bold p-values indicate statistical significance.
*Obtained using Chi-square test.

Fig. 2 (A-D) Optic nerve glioma is seen as a fusiform enlargement of
the intraorbital segment of left optic nerve. It appears isointense on
T2WI (A) with avid enhancement on contrast-enhanced T1W image
(B). DWI (C) and ADC maps (D) demonstrate signal intensity similar to normal gray matter suggestive of benign lesion. ADC, apparent diffusion coefficient; DWI, diffusion-weighted imaging; T1WI,
T1-weighted imaging.

Fig. 1 (A–E) Retinoblastoma is seen as a hypointense right intraocular mass lesion on T2WI (A) with blooming on SWI (B). There is an
extension to the right optic nerve reaching up to the orbital apex. The
lesion shows avid heterogeneous enhancement on contrast-enhanced
T1WI (C). DWI (D) and ADC maps (E) show diffusion restriction. ADC,
apparent diffusion coefficient; DWI, diffusion-weighted imaging;
SWI, susceptibility-weighted imaging; T1WI, T1-weighted imaging.

used ADC cut-off values of 0.93 × 10−3 and 1.15 × 10−3 mm2/s
to differentiate between malignant and benign lesions with
more than 80 and 90% accuracy, respectively.8,17 Sepahdari et
al reported an ADC cut-off value of 1.0 × 10−3 mm2/s with 84%
specificity; however, a more stringent cut-off value of 0.9
× 10−3 mm2/s increased the specificity to 97% at the cost of
reduced sensitivity.13 Fatima et al used a lower ADC threshold
value of 0.84 × 10−3 mm2/s to distinguish malignant lesions
from benign lesions with more than 80% sensitivity and
specificity.22 Roshdy et al did not calculate an optimal ADC
Indian Journal of Radiology and Imaging
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cut-off value but observed an overlap between the ADC values of benign and malignant lesions.26 Soliman et al reported
an ADC cut-off value of 0.9 × 10−3 mm2/s with 76% sensitivity
and 96% specificity.25
Of the 31 benign lesions in our study, four displayed ADC
values lower than the threshold. Orbital abscess and orbital
cellulitis with subretinal abscess demonstrated ADC values
lower than the cut-off due to the presence of inflammatory
cells. Other benign lesions to show falsely low ADC values
were IgG4-related disease and optic nerve sheath meningioma. The lymphoplasmacytic infiltrates seen in IgG4-related
disease and increased cellularity in meningioma could
account for this. The mean ADC value of benign lesions after
excluding the false-negative cases was 1.54 ± 0.210−3 mm2/s,
which was higher than the overall mean ADC of benign
lesions (1.47 ± 0.28 × 10−3 mm2/s). However, ADC values of all
the malignant lesions were lower than the threshold.
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Quantitative DWI in Differentiating Benign and Malignant Orbital Masses

Fig. 3 (A-D) Lymphangioma is seen involving both intraconal and
extraconal compartments of the right orbit with typical fluid–fluid
levels on T2W (A) image. There is a mild patchy enhancement in the
contrast-enhanced T1W image (B). DWI (C) and ADC maps (D) suggest the benign nature of the lesion. ADC, apparent diffusion coefficient; DWI, diffusion-weighted imaging; T1W, T1 weighted; T2W,
T2-weighted imaging.

Mundhada et al.

Fig. 4 (A-D) Lymphoma is seen as a mild T2 hypointense mass (A)
involving the extraconal compartment of the left orbit with extension to the left ethmoid sinus. There is heterogeneous enhancement
in the contrast-enhanced T1W image (B). DWI (C) and ADC maps (D)
show restricted diffusion. ADC, apparent diffusion coefficient; DWI,
diffusion-weighted imaging; T1W, T1 weighted.

Table 6 Descriptive statistics for different ADC threshold values (n = 44)
ADC threshold value ( 10−3 mm2/s)

Sensitivity (%)

Specificity (%)

PPV (%)

NPV (%)

Accuracy (%)

1.04

69.20

90.00

75.00

87.50

84.09

1.22

92.30

83.80

70.59

96.30

86.36

100.00

80.65

68.42

100.00

86.36

1.26

a

Abbreviation: ADC, apparent diffusion coefficient; NPV, negative predictive value; PPV, positive predictive value.
a
Optimal cut-off obtained using Youden’s index.

Fig. 5 Receiver operating characteristic curve analysis of ADC values
to calculate an optimal ADC threshold to distinguish between benign
and malignant orbital lesions. ADC, apparent diffusion coefficient.

Different ADC threshold values were used in previous
studies and each one provided a different sensitivity, specificity, and accuracy. Therefore, a single ADC cut-off value
cannot be considered sensitive and specific to distinguish
between malignant and benign masses. Hence, we used a
two-threshold model to characterize the orbital masses
based on ADC values. Orbital masses were divided into three
categories: likely malignant masses having >90% probability of being malignant and an ADC value of less than 1.04
× 10−3 mm2/s (18% in our study); likely benign masses having >90% probability of being benign and an ADC value of
more than 1.22 × 10−3 mm2/s (71% in our study); and indeterminate masses with an ADC value between 1.04 and 1.22
× 10−3 mm2/s (11% in our study). This two-threshold model
for characterization of orbital mass lesions was also used by
Sepahdari et al and Hemat.14,17
The limitation of this study includes partial volume averaging and susceptibility artifacts which were observed in
choroid metastasis with the potential to impact the measured ADC values. The role of improved EPI and non-EPI DWI
techniques should be explored to overcome this challenge.
Another limitation of our study was the small sample size.
Hence, we recommend prospective studies with a larger
sample size to validate our results.
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Conclusion
We conclude that malignant orbital lesions have a significantly lower ADC value as compared with benign lesions.
Two ADC thresholds were used to characterize most of the
orbital masses with more than 90% confidence. Therefore,
DWI with ADC is a quantitative, noninvasive tool adjunct
to conventional MRI for the characterization of benign and
malignant nature of the orbital masses.
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