
 
Cukurova Medical Journal Cukurova Med J 2022;47(1):34-43 
ÇUKUROVA ÜNİVERSİTESİ TIP FAKÜLTESİ DOI: 10.17826/cumj.994078 

 

 

Yazışma Adresi/Address for Correspondence: Dr. Mesut Öztürk, Samsun Gazi State Hospital, Radiology Clinic, 
Ilkadım, Samsun, Turkey. E-mail: dr.mesutozturk@gmail.com 
Geliş tarihi/Received: 11.09.2021 Kabul tarihi/Accepted: 24.11.2021   

 

ARAŞTIRMA / RESEARCH 

Diagnostic value of diffusion-weighted MRI and conventional MRI in 
the differentiation of benign and malignant orbital lesions 

Benign ve malign orbital lezyonların ayrımında difüzyon ağırlıklı MRG ve 
konvansiyonel MRG’nin tanısal değeri 

Mesut Öztürk1 , Aslı Tanrıvermiş Sayıt2 , Çetin Çelenk2 , Volkan Yeter3  

1Samsun Gazi State Hospital, Radiology Clinic, Samsun, Turkey 
2Ondokuz Mayis University Faculty of Medicine, Dept. Radiology, 3Dept. Ophthalmology, Samsun, Turkey 

Cukurova Medical Journal 2022;47(1):34-43 

Abstract Öz 

Purpose: The aim of this study was to assess the role of 
diffusion-weighted imaging (DWI) and conventional 
magnetic resonance imaging (MRI) in the differentiation 
of benign and malignant orbital lesions.  
Materials and Methods: 43 patients (27 women and 16 
men; mean age: 26.3±28.5) with orbital lesions were 
assessed with conventional MRI and DWI. The apparent 
diffusion coefficient (ADC) of the lesions was measured, 
and maximum ADC (ADCmax), mean ADC (ADCmean), 
minimum ADC (ADCmin), the ratio of ADCmean to 
cerebral white matter ADC (ADCmeanratio), and the ratio of 
ADCmin to cerebral white matter ADC (ADCminratio) were 
calculated. T1-weighted and T2-weighted imaging features 
and contrast enhancement patterns were determined. The 
diagnostic performances of ADC variables and 
conventional MRI features for the differentiation of 
benign and malignant orbital lesions were assessed. 
Results: ADCmean, ADCmin, ADCmeanratio, and ADCminratio 
of the malignant lesions were significantly lower than those 
of the benign ones . ADCmeanratio had the highest diagnostic 
performance with a sensitivity and specificity of 87.5% and 
70.4% at a threshold of 1.27.  Selecting a cut-off ADCmean 
of 0.97 × 10-3 mm2/s for differentiating benign and 
malignant lesions revealed 75% sensitivity and 74% 
specificity. Conventional MRI features were not associated 
with the malignant diagnosis). 
Conclusion: ADC values obtained from DWI contribute 
to the differentiation of benign and malignant orbital 
lesions.  

Amaç: Bu çalışmanın amacı benign ve malign orbital 
lezyonların ayrımında difüzyon ağırlıklı görüntüleme 
(DAG) ve konvansiyonel manyetik rezonans görüntüleme 
(MRG)’nin rolünü değerlendirmektir. 
Gereç ve Yöntem: Orbital lezyonu 43 hasta (27 kadın ve 
16 erkek; ortalama yaş: 26,3 ± 28,5), DAG ve 
konvansiyonel MRG ile değerlendirildi. Lezyonların 
görünür difüzyon katsayısı (ADC) ölçüldü ve lezyonların 
maksimum ADC (ADCmaks), ortalama ADC (ADCort), 
minimum ADC (ADCmin), ADCort değerinin serebral 
beyaz cevherin ortalama ADC'sine oranı (ADCortoran) ve 
ADCmin'in serebral beyaz cevherin ortalama ADC’sine 
oranı (ADCminoran) hesaplandı. Lezyonların T1 ve T2 
ağırlıklı görüntüleme özellikleri ve kontrastlanma paternleri 
de belirlendi. Malign ve benign orbital lezyonların ayrımı 
için ADC değişkenlerinin ve konvansiyonel MRG 
özelliklerinin tanısal performansları değerlendirildi. 
Bulgular: Malign lezyonların ADCort, ADCmin, ADCortoran 
ve ADCminoran değerleri, benignlerinkinden anlamlı 
derecede düşüktü. ADCortoran en yüksek tanısal 
performansa sahipti; 1,27 sınır değer seçildiğinde duyarlılığı 
ve özgüllüğü %87,5 ve %70,4 bulundu. Benign ve malign 
lezyonları ayırt etmek için sınır ADCort değeri 0,97 × 10-3 
mm2/s seçilmesi, %75 duyarlılık ve %74 özgüllük ortaya 
çıkardı. Konvansiyonel MRG özellikleri malign tanı ile 
ilişkili değildi. 
Sonuç: DAG'den elde edilen ADC değerleri, benign ve 
malign orbital lezyonların ayrımına katkı sağlamaktadır. 

Keywords: Diffusion-weighted imaging; apparent 
diffusion coefficient; orbital neoplasm; magnetic 
resonance imaging 
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INTRODUCTION 

Orbital lesions are a group of heterogeneous 
neoplasms that include benign and malignant tumors. 
The accurate diagnosis of orbital lesions with imaging 
is crucial for the planning of appropriate surgical 
treatments and to prevent unnecessary surgical 
interventions1,2. Most orbital lesions do not exhibit 
typical imaging features in conventional magnetic 
resonance imaging (MRI), and making the correct 
diagnosis is often a big challenge1,3-5. Anatomic 
locations and signal characteristics in conventional 
MRI sequences do not provide enough information 
to predict malignancy in lesions; therefore, many 
benign lesions undergo unnecessary biopsies. As the 
biopsy of periorbital lesions is technically difficult 
and is associated with a high risk of complications, 
new non-invasive methods are needed to predict the 
histological nature of clinically and radiologically 
indeterminate tumors.  

Conventional MRI sequences have been used to 
evaluate orbital lesions composed of T1-weighted 
(T1W), T2-weighted (T2W), and contrast-enhanced 
fat-suppressed T1W images. Although those 
sequences provide valuable information about the 
anatomical localization and extension of a lesion, 
their role in differentiating benign and malignant 
orbital lesions is limited6. Therefore, as in other 
organ/system tumors, functional imaging sequences, 
such as diffusion-weighted imaging (DWI), are also 
used to characterize orbital tumors. 

DWI is an MRI-based imaging method that is 
sensitive to the random Brownian motions of water 
protons in tissue. DWI has proven to be useful in 
various organ system diseases and organ tumors7-10. 
Extracellular space is reduced due to hypercellularity, 
and therefore, lower apparent diffusion coefficient 
(ADC) values are seen in malignant tumors. DWI has 
also been reported to play a role in the diagnosis of 
orbital tumors, and a cut-off ADC value of 1x10-3 
mm2/s was reported to have high sensitivity and 
specificity in predicting malignancy11-19. 

Previous studies investigating the role of DWI in the 
differentiation of benign and malignant orbital 
tumors used single-slice regions of interest (ROIs) 
and whole-tumor ROIs to perform ADC 
measurements12,15,16. Both of these ROI selection 
methods have proven to be effective in lesion 
differentiation; however, the single-slice ROI method 
is potentially useful in clinical practice because of its 
better measurement time, reproducibility, and 

diagnostic ability15. Conversely, several factors, such 
as magnetic field strength and DWI acquisition 
parameters, can affect ADC values13. Therefore, 
using internal references, such as cerebral white 
matter, thalamus, or muscle tissue, may result in 
better conclusions. However, the number of such 
studies is very limited in the literature12,18. 

Therefore, the purpose of this study is to investigate 
the diagnostic value of DWI in the differentiation of 
malignant and benign orbital lesions. This study uses 
ADC ratio obtained by the ratio of the lesion ADC 
to cerebral white matter ADC for an internal 
standardization purpose. As a secondary aim, the 
contributions of conventional MRI features in the 
differentiation of lesions are also investigated. 

MATERIALS AND METHODS 

The current study was approved by the Institutional 
Ethics Committee of the relevant institution (OMU 
KAEK, 2020/344, 23.02.2021), and the informed 
consent requirement was waived, as this is a 
retrospective study. The standards for reporting 
diagnostic accuracy studies were used20. 

Study design and patient selection 

A retrospective review of the hospital database 
(Ondokuz Mayis University Hospital) to identify 
patients who underwent MRI including DWI 
between January 2017 and December 2019 for the 
evaluation of an orbital lesion revealed 64 patients. 
We excluded 11 patients because of low DWI image 
quality and 10 patients because of unavailable 
pathological diagnosis or lack of follow-up imaging. 
As a result, 43 patients with a mean age of 26.3 ± 28.5 
(range: 0 – 90) were enrolled. There were 16 men 
(37.2%) and 27 women (62.8%).  

The final diagnoses of the lesions were based on 
histopathological evaluations or typical imaging 
findings and follow-up imaging. If the lesion 
underwent surgical resection or biopsy, the results of 
the histopathological examination were accepted as 
the final diagnosis. Of the lesions without 
histopathological examination, those with a stable 
appearance at 1-year-follow-up or regression with 
medical treatment and those without metastases in 
another organ were considered benign. The lesions of 
patients who had a malignant tumor anywhere in 
their body and who had a new lesion in the orbit in 



Öztürk et al. Cukurova Medical Journal 
 

 36 

the follow-up examination were considered to have 
metastasized. 

MRI examinations 

The MRI examinations of the patients were 
performed using either a 3T system (Ingenia, Philips 
Healthcare, Netherlands; n = 13) or two 1.5T systems 
(Achieva Philips Healthcare, Netherlands; Siemens 
Magnetom Symphony Quantum, Germany; n = 27 
and n = 13, respectively). All patients underwent MRI 
using a dedicated head coil. In our clinic, the routine 
MRI protocol applied to patients presenting with a 
pre-diagnosis of orbital mass is as follows: axial and 
coronal T2W fat-suppressed spin-echo sequence, 
sagittal T2W spin-echo sequence, axial T1W spin-
echo sequence, axial T1W fat-suppressed spin-echo 
sequence, and axial and coronal contrast-enhanced 
fat-suppressed T1W spin-echo sequences. For the 
contrast-enhanced T1-weighted imaging, 
gadolinium-based contrast material with a 
concentration of 0.1 mmol/kg was given 
intravenously, followed by a 20 cc saline flush.  

DWI was obtained in the axial plane using a single-
shot spin-echo echo-planar sequence with two b 
values (b0 = 0, b1 = 1000 s/mm2). Imaging 
parameters of the DWI sequence in the 3T system 
were as follows: TR/TE: 1951/88; matrix: 152×106; 
slice thickness: 3 mm; and field of view: 230×230. 
The imaging parameters of the DWI sequence in the 
1.5T Philips Healthcare system were as follows: 
TR/TE: 8564/147; matrix: 152×106; slice thickness 
3 mm; field of view: 230×230.  Imaging parameters 
of DWI sequence at 1.5T Siemens system were as 
follows: TR/TE: 3800/99; matrix: 152×106; slice 
thickness 3 mm; and field of view: 230×230. 

Image evaluation 

MRI interpretations were performed by a radiologist 
(ATS) with six years of experience in head and neck 
radiology. Image evaluations were performed using 
the Osirix software for Macintosh (Osirix version 
3.8.1, Pixmeo, Switzerland). First, conventional 
sequences were evaluated, and the anatomic 
localization of the lesions was noted. Lesions 
involving intraconal and extraconal spaces, the optic 
nerve, and the globe were classified as “orbital” 
lesions. Lesions involving eyelid and preseptal lesions 
were categorized as “preorbital” lesions. In axial 

slices, two maximum dimensions of the lesions were 
measured by drawing two perpendicular lines to each 
other, and the average of these two values was used 
in statistical analysis as the mean lesion size. T1W 
T2W images were evaluated and classified as 
hypointense or hyperintense according to the 
cerebral white matter. The contrast enhancement of 
tumors was also assessed, and the pattern of 
enhancement was determined if contrast 
enhancement was present.  

For DWI analysis, a single ROI was drawn for tumors 
less than 1 cm in diameter, and 3 ROIs were drawn 
for tumors larger than 1 cm (Figure 1 and 2). While 
drawing the ROIs, distortion artifacts, calcifications, 
most peripheral regions, and cystic and necrotic areas 
of the lesions were carefully avoided. The maximum 
ADC (ADCmax), mean ADC (ADCmean), and 
minimum ADC (ADCmin) values of the lesions were 
calculated. In addition, an ROI was drawn for the 
cerebral white matter, and the mean ADC (ADCbrain) 
value was noted. The ratio of ADCmean to ADCbrain 
(ADCmeanratio) and the ratio of ADCmin to ADCbrain 
(ADCminratio) were calculated. 

Statistical analysis 

Statistical analysis was performed with SPSS 15.0 for 
windows. Categorical variables were expressed as 
frequencies, and continuous variables were expressed 
as mean and standard deviation (SD) or median and 
range, as appropriate. The normal distribution of the 
continuous ADC variables was assessed with the 
Kolmogorov-Smirnov test. Pearson’s chi-squared or 
Fisher’s exact tests were used to compare the gender 
and conventional MRI features between benign and 
malignant orbital lesions. The Mann-Whitney U test 
was used to compare ADC variables between benign 
and malignant lesions. Student’s t test was used to 
compare patients’ ages between benign and 
malignant lesions. Receiver operating characteristics 
(ROC) curve analysis was used to assess the 
diagnostic performance of ADC variables. The 
optimal cut-off values for each ADC variable were 
determined by maximizing the Youden index 
(Youden index = Sensitivity + specificity – 1). 
Diagnostic performances of the ADC variables were 
compared with the ADCmean using the McNemar test. 
For all assessments, a p-value less than 0.05 was 
indicative of statistical significance. 
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Figure 1 A 33-year-old male patient with cavernous hemangioma (arrowheads). Axial T1W image (a) 
demonstrates a hypointense lesion in the extraconal space of the left orbital. The lesion is hyperintense in the 
fat-suppressed T2W image (b). Contrast-enhanced T1W sequence (c) demonstrates the heterogeneous 
enhancement of the lesion. ADC map (d) shows the ADC measurement of the tumor. 

 

Figure 2. A 72-year-old male patient with non-Hodgkin’s lymphoma (arrowheads). Axial T1W image (a) 
demonstrates a hypointense lesion in the extraconal space of the left orbital. The lesion is hyperintense in the 
fat-suppressed T2W image (b). Contrast-enhanced T1W sequence (c) demonstrates homogenous 
enhancement of the lesion. ADC map (d) shows ADC measurement of the tumor. 
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RESULTS 

The demographic data of the study population are 
shown in Table 1. There were 27 benign (62.7%) and 
16 malignant (37.3%) tumors. Their final diagnoses 
are shown in Table 2. Fourteen tumors were located 
in the preorbital region, whereas 29 tumors were 

located in the orbital region. Of the orbital tumors, 
13 were located in the extraconal region, 4 were 
located in the intraconal region, 6 were located in the 
optic nerve, and 3 were located in the globe. Three 
tumors were located both in the extraconal and 
intraconal regions. Lesion localization was not 
associated with the malignant diagnosis (p = 0.416). 

Table 1. Demographic data of the study population 

Data Whole population  
(n = 43) 

Benign lesions  
(n = 27) 

Malignant lesions  
(n = 16) 

p value 

Mean age (years) 26.3 ± 28.5 14.9 ± 18.8 45.6 ± 32.2 <0.001 

Mean diameter (mm) 19.3 ± 8.7 17.0 ± 6.1 23.2 ± 11.0 0.022 

Gender (n)    0.534 

   Male 16 (37.2%) 11 (68.8%) 5 (31.3%)  

   Female 27 (62.8%) 16 (59.3%) 11 (40.7%)  

Localization (n)    0.416 

   Preorbital 14 (32.6%) 10 (71.4%) 4 (28.6%)  

   Intraorbital 29 (67.4%) 17 (58.6%) 12 (41.4%)  

Table 2. Diagnosis of the lesions 

Benign lesions (n = 27) Malignant lesions (n = 16) 

Miscellaneous benign (n = 19) Lymphoma (n = 2) 

Hemangioma (n = 4) High-grade undifferentiated carcinoma (n = 2) 

Menengioma (n = 1) Rhabdomyosarcoma (n = 2) 

Dermoid cyst (n = 1) Malignant melanoma (n = 2) 

Chronic inflammation (n = 1) Metastasis (n = 3) 

Pilocytic astrocytoma (n = 1) Squamous cell carcinoma (n = 2) 

 Neuroendocrine tumor (n = 1) 

 Low-grade mesenchymal tumor (n = 1) 

 Immature teratoma (n = 1) 

Table 3. Conventional MRI features of the benign and malignant orbital tumors.  

Variable Benign Malignant p value 

T1W image appearance   1.000 

   Hyperintense 4 (57.1%) 3 (42.9%)  

   Hypointense 23 (63.9%) 13 (36.1%)  

T2W image appearance   0.133 

   Hyperintense 27 (65.9%) 14 (34.1%)  

   Hypointense 0 (0%) 2 (100%)  

Contrast enhancement   0.283 

   Present 21 (60%) 14 (40%)  

   Absent 3 (100%) 0 (0%)  

Contrast enhancement pattern   1.000 

   Homogenous 14 (60.9%) 9 (39.1%)  

   Heterogeneous 7 (58.3%) 5 (41.7%)  

T1W: T1 weighted, T2W: T2 weighted 

 

Patients with benign tumors were significantly 
younger than patients with malignant tumors (14.9 ± 
18.8 vs. 45.6 ± 32.2, p < 0.001). In terms of gender 

distribution, there was no statistically significant 
difference between benign and malignant tumors (p 
= 0.534). The mean diameter of the benign tumors 
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was significantly smaller than that of the malignant 
tumors (p = 0.022). T1W imaging appearance, T2W 
imaging appearance, presence of contrast 
enhancement, and contrast enhancement pattern 
were not associated with the pathological diagnosis 
(Table 3).Differences in ADC values between benign 
and malignant tumors are shown in Table 4 and 
Figure 3 as box-plot graphs. The median ADCmean of 
the malignant tumors (0.99 × 10-3 mm2/s) was 
significantly lower than that of the benign tumors 
(1.23 × 10-3 mm2/s, p = 0.012). There was no 

statistically significant difference between the median 
ADCmax of the malignant and benign lesions (1.25 vs. 
1.67 × 10-3 mm2/s, p = 0.059). The median ADCmin 
of the malignant tumors (0.67 × 10-3 mm2/s) was 
significantly lower than that of the benign tumors 
(0.85 × 10-3 mm2/s, p = 0.021). Median ADCmeanratio 

of the malignant tumors (1.12) was significantly lower 
than that of the benign tumors (1.44, p = 0.008). The 
median ADCminratio of the malignant tumors (0.84) 
was significantly lower than that of the benign tumors 
(1.08, p = 0.022). 

 

Figure 3. Box-and-whisker plots show the comparison of ADCmean (a), ADCmin (b), ADCmeanratio (c), and 
ADCminratio (d) between benign and malignant tumors. 

Table 4. Differences in ADC values between malignant and benign lesions 

Variable Benign lesions (n = 27) Malignant lesions (n = 16) p value 

ADCmean 1.23 (0.63 – 2.67) 0.99 (0.53 – 2.03) 0.012 

ADCmax 1.67 (0.76 – 3.13) 1.25 (0.81 – 3.24) 0.059 

ADCmin 0.85 (0.44- 2.02) 0.67 (0.12 – 1.25) 0.021 

ADCmeanratio 1.44 (0.63 – 3.18) 1.12 (0.77 – 2.09) 0.008 

ADCminratio 1.08 (0.44 – 2.40) 0.84 (0.17 – 1.29) 0.022 
Numbers are expressed as medians, and ranges are in the parentheses; ADCmean: mean apparent diffusion coefficient; ADCmax: 
maximum apparent diffusion coefficient; ADCmin: minimum apparent diffusion coefficient; ADCmeanratio: the ratio of the mean apparent 
diffusion coefficient of the orbital lesion to the apparent diffusion coefficient of cerebral white matter; ADCminratio: The ratio of the 
minimum apparent diffusion coefficient of the orbital lesion to the apparent diffusion coefficient of cerebral white matter. 
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Diagnostic performances of ADC measurements in 
the differentiation of benign and malignant tumors 
are shown in Table 5 and Figure 4. ADCmeanratio had 
the highest diagnostic performance (area under curve 
[AUC]: 0.743, 95% confidence interval [CI]: 0.585 – 
0.902, p = 0.008), followed by ADCmean (AUC: 0.731, 
95% CI: 0.569 – 0.894, p = 0.012). An optimal cut-
off ADCmeanratio was 1.27, and it revealed 87.5% 
sensitivity and 70.4% specificity. A cut-off ADCmean 
value lesser than 0.97 × 10-3 mm2/s for diagnosing a 
malignant tumor led to sensitivity and specificity 

values of 75% and 74%, respectively. ROC analysis 
of ADCmin for the differentiation of malignant and 
benign tumors revealed an AUC of 0.713 (CI: 0.558 
– 0.868, p = 0.021). The sensitivity and specificity 
values were found to be 62.5% and 77.8% for an 
optimal cut-off of 0.72 × 10-3 mm2/s. The diagnostic 
performance of ADCmean was not significantly 
different from the diagnostic performances of the 
ADCmin, ADCmeanratio and ADCminratio (p = 0.375, p = 
0.453, and p = 0.070, respectively). 

 

Figure 4. ROC curves for ADCmean, ADCmin, ADCmeanratio, and ADCminratio. Highest AUCbelonged to 
ADCmeanratio (AUC: 0.743) followed by ADCmean (AUC: 0.731). 

Table 5. Diagnostic performances of ADC measurements in the differentiation of benign and malignant orbital 
lesions.  

Variable Cut-off Sensitivity Specificity AUC pa pb 

ADCmean 0.97 75.0% 74.0% 0.731 (0.569 – 0.894) 0.012  

ADCmin 0.72 62.5% 77.8% 0.713 (0.558 – 0.868) 0.021 0.375 

ADCmeanratio 1.27 87.5% 70.4% 0.743 (0.585 – 0.902) 0.008 0.453 

ADCminratio 1.00 87.5% 55.6% 0.711 (0.554 – 0.867) 0.022 0.070 
a: derived from diagnostic performance analysis; b: derived from the comparison of the diagnostic performance of ADCmean with 
other ADC variables; ADCmean: mean apparent diffusion coefficient; ADCmin: minimum apparent diffusion coefficient; ADCmeanratio: 
the ratio of the mean apparent diffusion coefficient of the orbital lesion to the apparent diffusion coefficient of cerebral white matter; 
ADCminratio: the ratio of the minimum apparent diffusion coefficient of the orbital lesion to the apparent diffusion coefficient of 
cerebral white matter; AUC: area under curve. 
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DISCUSSION 

Our study results confirmed that DWI is useful in 
differentiating benign and malignant orbital tumors. 
Benign tumors were significantly more common in 
younger patients, and they were significantly smaller 
in diameter compared to malignant ones. 
Conventional imaging features were not significantly 
different between benign and malignant orbital 
tumors.  

In this study, ADCmean and ADCmin of malignant 
tumors were significantly lower than those of benign 
ones. This condition can be attributed to the 
hypercellularity of malignant tumors. The distance 
between cells becomes smaller with the increasing 
number of cells, and the free diffusion of water 
molecules is restricted. Restricted diffusion causes 
low numerical values in ADC maps.  

Sepahdari et al.12 evaluated 47 patients with orbital 
tumors using DWI and concluded that malignant 
lesions had significantly lower ADC values than 
benign tumors. In their study, a cut-off value of 1.0 
× 10-3 mm2/s led to 63% sensitivity and 84% 
specificity. Our optimal cut-off value (0.97 × 10-3 
mm2/s) was also similar to that in their study. They 
also calculated the ratio of the ADC of the lesion to 
the ADC of white matter and found an optimal cut-
off value of 1.2, which is quite similar to ours. In 
another study evaluating the diagnostic performance 
of DWI in the pediatric population by Jaju et al., 
mean ADC and lesion ADC-to-thalamus ADC ratios 
were found to be useful for the differentiation of 
benign orbital tumors18. In their study, the mean 
ADC cut-off value of 1.14 × 10–3 mm2/s provided a 
sensitivity of 84% and a specificity of 100%, while an 
ADC ratio of 1.4 provided a sensitivity of 81% and 
specificity of 89%. In other studies by different 
authors, ADC values of malignant lesions were also 
found to be lower than the ADC values of benign 
lesions12,16,21–23. In these studies, the optimal ADC 
cut-off values were found to be in the ranges of 0.84 
and 1.15 × 10-3 mm2/s. Our mean ADC cut-off value 
was 0.97 × 10-3 mm2/s, which is consistent with the 
previous literature.  

Xu et al.24 evaluated the diagnostic performances of 
three different ROI selection methods, including 
whole-tumor, single-slice, and reader-defined small 
samples, for the measurement of ADC values of 
orbital tumors. The authors did not find a statistically 
significant difference between the diagnostic 
performances of these three methods; however, the 

single-slice technique was reported to be useful in 
clinical practice, as its measurement time and 
repeatability were better. In our study, we also used 
the single-slice method.  

DWI and ADC values can be affected by the 
magnetic field strength, coil system, imaging 
parameters, and different manufacturers. In our 
study, MRI examinations of the patients were 
performed using three different MRI systems. For 
this reason, besides measuring the ADC values of the 
lesions, we also calculated the ratio of the lesion ADC 
to the normal white matter ADC. In this way, we tried 
to generate an internal reference point and thereby 
eliminate the MRI machines’ variability. Our study 
results revealed that the ratio of lesion ADC to white 
matter ADC is effective in differentiating malignant 
and benign tumors, and it has been shown to have 
similar diagnostic performance to conventional 
single-slice ADC measurements.   

This study has several limitations. First, we included 
a relatively small number of patients. More studies 
with larger populations are needed to validate our 
results. Second, the patients included in our study 
covered a wide range of age groups, including infants, 
children, and adults. Third, most of the benign 
diagnoses were based on radiological and clinical 
findings, and we lacked true histopathological 
diagnoses. Fourth, a very heterogeneous tumor group 
involving different compartments of the orbit was 
included in the study. Fifth, the diagnoses of the 
lesions were composed of a very wide range of 
tumors and tumor-like lesions. Sixth, the evaluation 
of contrast enhancement characteristics was based on 
the visual analysis of static T1W images, and 
therefore, small and slowly enhancing lesions may be 
misinterpreted as non-enhanced. Seventh, we used 
different MRI systems to acquire the images, and we 
used the ADC ratios to overcome this limitation. 
Finally, image interpretation was performed by only 
one radiologist experienced in head-neck imaging, 
and interobserver and intraobserver variability were 
not assessed. 

In conclusion, our study showed that DWI can 
differentiate benign and malignant orbital tumors. 
Conventional imaging features, including T1W and 
T2W image signals and contrast enhancement 
features, were not useful in the differentiation. 
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