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Objective  To evaluate the optic nerve impairment using MRI histogram texture analysis in the patients with 
optic neuritis.
Methods  The study included 60 patients with optic neuritis and 20 normal controls. The coronal T2 
weighted imaging (T2WI) with fat saturation and enhanced T1 weighted imaging (T1WI) were performed 
to evaluate the optic nerve. MRI histogram texture features of the involved optic nerve were measured on 
the corresponding coronal T2WI images. The normal optic nerve (NON) was measured in the posterior 
1/3 parts of the optic nerve. Kruskal-Wallis one-way ANOVA  was used to compare the difference of texture 
features and receiver operating characteristic (ROC) curve were performed to evaluate the diagnostic 
value of texture features for the optic nerve impairment among the affected optic nerve with enhancement 
(ONwEN), affected optic nerve without enhancement (ONwoEN), contralateral normal appearing optic 
nerve (NAON) and NON. 
Results  The histogram texture Energy and Entropy presented significant differences for ONwEN vs. ONwoEN 
(both P = 0.000), ONwEN vs. NON (both P = 0.000) and NAON vs. NON (both P < 0.05). ROC analysis 
demonstrated that the area under the curve (AUC) of histogram texture Energy were 0.758, 0.795 and 0.701 for 
ONwEN vs. ONwoEN, ONwEN vs. NON and NAON vs. NON, AUC of Entropy were 0.758, 0.795 and 0.707 
for ONwEN vs. ONwoEN, ONwEN vs. NON and NAON vs. NON.
Conclusion  The altered MRI histogram texture Energy and Entropy could be considered as a surrogate 
for MRI enhancement to evaluate the involved optic nerve and normal-appearing optic nerve in optic 
neuritis.
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Optic neuritis (ON) is an inflammatory de-
myelinating disorder of the optic nerve, 
presenting as the most common optic 
neuropathy affecting young adults. It is 

typically characterized by subacute monocular visual 
loss in company with pain during eye movement. The 
diagnosis of ON greatly relies on the clinical presenta-
tion and other examinations, including magnetic reso-
nance imaging (MRI).[1-2]

MRI plays an essential role in the diagnosis and 
management of patients with suspected demyelinating 
inflammation, damage and atrophy.[3] Contrast-en-
hanced T1-weighted imaging (T1WI) and T2 weighted 
imaging (T2WI) with fat saturation could simultane-
ously detect demyelinating inflammatory lesions, which 
classically present with high-signal-intensity in the 
images. Previous studies also indicated the predictive 
value of MRI for the prognosis of visual impairment, 
suggesting the crucial importance of orbital MRI for 
ON.[4-5] However, the sensitivity of MRI enhancement 
is greatly suffered by the dosage of contrast medium, 
duration from ON onset and visual perception of radiol-
ogists.[6-7]

MRI histogram texture, which is the automated 
pattern to make recognition and image analysis, could 
reduce this variability and provide objective informa-
tion to support clinical decision-making. It describes a 
wide range of techniques that enable quantification of 
the gray-level patterns, pixel interrelationships, and 
the spectral properties of an image.[8] Thus, our study 
was aimed to evaluate the optic nerve impairment by 
using MRI histogram texture features analysis in the 
patients with ON, trying to make improvements of sen-
sitivity and accuracy for ON diagnosis.

PATIENTS AND METHODS

Participants
The subjects admitted to the Ophthalmology Clinic of 
Chinese PLA General Hospital and Hainan Branch of 
Chinese PLA General Hospital during 2009 and 2018 
were retrospectively recruited into this study. This was 
a retrospective study and did not require informed 
consent from the subjects because the involved MRI 
sequences were routinely performed in clinical practice 
at our hospital. Sixty patients with ON and 20 normal 
controls were consecutively enrolled, who received MRI 
examinations, including coronal T2WI with fat satura-
tion and contrast-enhanced T1WI. The diagnosis criteria 

of ON were as follows: (1) eye pain at onset; (2) de-
creased monocular or binocular visual acuity; (3) visual 
field defect in the affected eye; (4) normal appearance 
or mild optic disc edema at onset. Those were exclud-
ed if they met one of the following conditions: (1) with 
amblyopia, glaucoma or other neuropathy; (2) with 
infection; (3) with non-demyelinating central nervous 
system (CNS) inflammatory syndromes or connective 
tissue disorder and neuromyelitis optica (NMO); (4) 
whose visual loss associated with ocular injury. 

Study design
ON was a clinical diagnosis, and the orbit MRI with 
gadolinium contrast was mainly used to look for optic 
nerve enhancement or not for ON patients. In acute 
ON, 94% of the affected optic nerves presented en-
hancement, and chronic ON commonly showed no 
enhancement.[9] To investigate the T2 texture differ-
ence, we firstly categorized the affected optic nerves 
based on MRI enhancement. Diffusion tensor imag-
ing technique had proved that the contralateral optic 
nerves could present fractional anisotropy (FA) value 
decreased in monocular ON.[10] Therefore, the contra-
lateral optic nerves in monocular ON were classified as 
normal appearing group.

In the current study, the optic nerves were classi-
fied into four groups: (1) the affected optic nerve with 
enhancement (ONwEN); (2) the affected optic nerve 
without enhancement (ONwoEN); (3) the contralateral 
normal appearing optic nerve (NAON) for monocular 
onset; (4) the normal optic nerve (NON). MR image 
classification was performed on Picture Archiving and 
Communication Systems (PACS) by one reader (ZY 
Chen) with >10 years of experience in MR imaging.

MR imaging
Image data of all patients and controls were acquired 
on a GE 3.0T MR system (SIGNA EXCITE, GE Health-
care, Milwaukee, WI, USA) with a conventional eight 
channel quadrature head coil. The Iterative Dixon wa-
ter-fat separation with Echo Asymmetry and Least-
squares estimation (IDEAL) sequence was applied, 
which including axial, sagittal and coronal T1WI and 
T2WI. The contrast agent (Gadodiamide, 0.1 mmol/kg, 
Omniscan, GE Healthcare Milwaukee, WI, USA) were 
injected intravenously. After contrast administration, 
axial, sagittal and coronal T1WI sequence images were 
acquired. The detailed imaging parameters of the cor-
onal T2WI were listed as follows: repetition time/echo 
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time (TR/TE)=3962 ms/87 ms, flip angle=111°, echo 
train length=16, pixel band width=325, acquisition 
matrix=320×224, field of view=16 cm×16 cm, and 
slice thickness=3 mm.

Imaging processing
All MR coronal T2WI data with fat saturation was pro-
cessed on Omni-Kinetics workstation (V2.1.0.R, GE 
Healthcare, LifeScience, China). The regions of interest 
(ROIs) were drawn on the affected orbital optic nerve 
on coronal T2WI, which simultaneously presented en-
hancement on T1WI or hyperintensity on T2WI with no 
enhancement on T1WI (Figure 1). The normal appear-
ing and normal optic nerve’s ROIs were drawn on the 
posterior 1/3 orbital optic nerve. The area of all ROIs 
ranged from 25 mm2 to 32 mm2 and drawn by one ex-
perienced technician (ZL Zong). The histogram texture 
Skewness, Kurtosis, Uniformity, Energy and Entropy 
were automatically measured within the Omni-Kinetics 
workstation.

Statistical analysis
The data with normal distribution were presented as 
means ± STD, and non-normal distribution data pre-
sented median (minimum, maximum). Age was com-
pared using independent samples t test, and sex was 
compared using Chi-Square test between groups. Krus-
kal-Wallis one-way ANOVA was applied to compare the 
difference for texture features among groups. Receiver 
operating characteristic (ROC) curve was used to com-
pare the diagnostic value of texture features between 
compared groups. Area under ROC curve (AUC) more 
than>0.7 was defined as having reasonable diagnostic 
value.[11] Statistically significant difference was set at 
a P value of less than 0.05. Statistical analyses were 
performed using the PASW Statistics Software Version 

18.0 (SPSS Inc., Chicago, IL, USA) and MedCalc for 
Windows, version 11.4.2.0 (MedCalc Software, Ostend, 
Belgium).

Results

Clinical characteristics of optic neuritis patients 
and normal controls
The ON patients included 17 monocular and 12 bin-
ocular onset with the enhancement of the affected 
optic nerve. The non-enhanced affected ON included 
16 monocular and 15 binocular onset patients. The 
numbers of the classified optic nerves were listed as 
follows: 41 optic nerves with enhancement in ON pa-
tients, 45 optic nerves without enhancement in ON pa-
tients, 34 normal appearing optic nerves for monocular 
ON patients, and 40 normal optic nerve.

There was no significant difference in the age be-
tween ON patients (33.70±15.27 years) and normal 
controls (38.65±18.40 years) (t=1.19, P=0.16). The 
sex also showed no significant difference between ON 
patients (female 38, male 22) and normal controls (fe-
male 8, male 12) (χ2=2.46, P=0.12).

Comparisons of histogram texture of the intraorbital 
optic nerve in the ON
Table 1 indicated that the texture Skewness, Kurto-
sis and Uniformity presented no significant difference 
among ONwEN, ONwoEN, NAON and NON (H=1.833, 
4.037 and 2.154, P =0.608, 0.257 and 0.541 re-
spectively). The texture Energy and Entropy showed 
significant difference among each group (H=28.031 
and 28.384, both P<0.001). Further between group 
comparisons demonstrated that ONwEN presented a 
lower texture Energy value (H=40.328, P=0.000) 
and a higher texture Entropy (H=40.512, P=0.000) 
than ONwoEN (Table 2). Table 2 indicated that 
there was a significantly lower texture Energy in ON-
wEN (H=47.064, P=0.000) and NAON (H=33.743, 
P=0.011) and a significantly higher texture Entropy in 
ONwEN (H=47.284, P=0.000) and NAON (H=34.128, 
P=0.010) compared with NON.

ROC analysis for the histogram texture of the 
intraorbital optic nerve between groups
ROC analysis indicated that texture Energy and En-
tropy both had a relative higher AUC for ONwEN vs. 
ONwoEN, ONwEN vs. NON and NAON vs. NON (> 
0.70) (Table 3, Figure 2). The texture Energy and 

Figure 1. A 51 year-old female patient with left optic neu-
ritis. Red circle (30 mm2), the affected left optic nerve; 
Green circle (31 mm2), the normal appearing optic nerve.
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Entropy had the highest diagnostic specificity (both 
92.5%) in ONwEN vs. NON (cut-off value=0.030 and 
5.101, respectively) (Z=0.143, P=0.887), and the 
texture Energy and Entropy had the highest diagnostic 
sensitivity (both 78.0%) in ONwEN vs. ONwoEN (cut-
off value=0.040 and 4.681, respectively; Z=0.097, 
P=0.923).

Discussion

Conventionally, MRI enhancement needs gado-
linium-based contrast agents to be administered to 
improve the visibility of tissue structure or lesions.[12]  
However, this method is invasive for the patient. In the 

current study, the texture Energy and Entropy had the 
highest diagnostic specificity and sensitivity in ONw-
EN–NON and ONwEN–ONwoEN, suggesting the poten-
tial value of being a surrogate for MRI enhancement to 
evaluate the impairment of optic nerve in ON. Previous 
studies indicated that contrast enhancement can be 
observed on (fat-suppressed) T1-weighted images in 
about 94% of patients with acute ON, which is affected 
by the severity of inflammation and visual perception 
of radiologists.[7] Compared with the traditional meth-
od, the texture Energy and Entropy were relatively 
objective and could also be performed for the quanti-
tative evaluation. Furthermore, this method could be 
used in a variety of applications and easy to perform 

Table 1. Multiple comparisons of histogram texture features of the optic nerve in optic neuritis patients

Groups n Skewness Kurtosis Uniformity Energy Entropy

ONwEN 41 0.205 (-0.45,1.50) -0.410 (-1.32,1.95) 0.908 (0.81,0.96) 0.026 (0.02,0.14) 5.220 (2.95,6.02)

ONwoEN 45 0.226 (-0.58,1.21) -0.677 (-1.63,1.92) 0.906 (0.73,0.98) 0.050 (0.02,0.22) 4.404 (2.25,5.75)

NAON 34 0.076 (-0.54,1.66) -0.597 (-1.27,3.59) 0.888 (0.71,0.96) 0.031 (0.02,0.16) 5.065 (2.75,5.94)

NON 40 0.079 (-0.80,1.00) -0.664 (-1.83,0.16) 0.909 (0.68,0.96) 0.058 (0.02,0.22) 4.175 (2.25,6.06)

H value 1.833 4.037 2.154 28.031 28.384

P value 0.608 0.257 0.541 <0.001 <0.001

ONwEN: optic nerve with enhancement; ONwoEN: optic nerve without enhancement; NAON: normal appearing optic 
nerve; NON: normal optic nerve.
Kruskal-Wallis one-way ANOVA was used to compare the difference among groups, and the data were shown as median 
(minimum, maximum).

Table 2. Comparisons of histogram texture Energy and Entropy between the ONwEN, ONwoEN, NAON and NON groups

Items
Energy Entropy

H value P value H value P value

ONwEN vs. NAON 13.321 1.000 13.159 1.000

ONwEN vs. ONwoEN 40.328 0.000 40.512 0.000

ONwEN vs. NON 47.064 0.000 47.287 0.000

NAON vs. ONwoEN 27.007 0.062 27.353 0.056

NAON vs. NON 33.743 0.011 34.128 0.010

ONwoEN vs. NON 6.736 1.000 6.775 1.000

Kruskal-Wallis one-way ANOVA was used to compare the difference between groups.

Table 3. ROC analysis of histogram texture features of the optic nerve in the patients with optic neuritis and normal con-
trols 

Items

Energy Entropy
Z  

value

P  

valueAUC 95%CI
Sensitiv-

ity (%)

Specific-

ity (%)

Cut-off 

value
AUC 95%CI

Sensitiv-

ity (%)

Specific-

ity (%)

Cut-off 

value

ONwEN vs. ONwoEN 0.758 0.654-0.844 78.0 66.7 0.040 0.758 0.653-0.844 78.0 66.7 4.681 0.097 0.923

ONwEN vs. NON 0.795 0.690-0.876 58.5 92.5 0.030 0.795 0.691-0.877 61.0 92.5 5.101 0.143 0.887

NAON vs. NON 0.701 0.584-0.802 52.9 85.0 0.031 0.707 0.590-0.807 64.7 75.0 4.79 1.271 0.204



March    2019  CHINESE MEDICAL SCIENCES JOURNAL                    22

with plain MRI scan, which was suitable for most of 
hospitals that in the absence of high-end equipment.

The texture feature was the intrinsic characteris-
tics of MR images, and could be used to detect the sub-
tle changes of lesions, which could not be observed by 
naked eye. For monocular ON, the affected optic nerve 
could be observed on T2WI or enhanced on T1WI, while 
the opposite optic nerve commonly appeared normal 
on conventional MR images. Therefore, texture feature 
analysis was performed to evaluate the normal appear-
ing optic nerve and try to find occult changes.

In our cohort study, the texture analysis could 
provide a noninvasive method to identify the lesions 
of optic nerve in ON patients. Notably, it was demon-
strated that the texture Energy and Entropy presented 
a significant difference between the NAON group and 
NON group, which indicated a potential impairment in 
the opposite eye in the patients with monocular ON. In 
the previous study,[10] FA value could also be used to 
identify the potential impairment in the NAON by diffu-
sion tensor imaging (DTI). Compared with DTI, texture 
analysis measured on the conventional T2WI did not 
increase the MRI scan time and had a wide application 
in the clinical practice. Therefore, the texture Energy 
and Entropy had the capacity to identify the insidious 
ON, which was crucial for ON patients on the choice of 
treatment and prognosis estimation.

Based on the conventional viewpoints, the acute 
ON commonly presented enhancement while chronic 
ON showed no enhancement on post-contrast T1WI. 
Therefore, the patient must receive the MRI contrast 
administration when the acute phase was distinguished 
from the chronic phase. However, the texture Energy 

and Entropy of T2WI could be used to diagnose the 
acute and chronic phases and improve the diagnosis 
efficacy in the current study, which might avoid the 
MRI contrast administration and be more adapt to the 
patients with renal insufficiency.

There are some limitations of this study. First, a 
selection bias is present due to the fact that this was a 
single-center study. Second, the cohort was relatively 
small, and ON was not classified further based on the 
etiopathogenisis. A larger sample with a variety of ON 
is required to further confirm the prognostic value of 
texture Energy and Entropy in the diagnosis of ON.

In conclusion, MRI histogram texture Energy and 
Entropy could be used to distinguish acute phase from 
chronic phase for the involved optic nerve, and to eval-
uate the lesions of optic nerve in ON.
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