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Background and Purpose  The optic nerve sheath diameter (ONSD) is an indirect marker 
of the intracranial pressure, but the normal range of ONSD as measured using magnetic res-
onance imaging (MRI) and its associations with clinical parameters and the eyeball trans-
verse diameter (ETD) remain unclear.
Methods  We included 314 healthy adults who underwent brain MRI examinations for health 
screening between June 2014 and September 2017. The ONSD and ETD of each eye were cal-
culated using time-of-flight magnetic resonance angiography. Linear regression analyses were 
performed to assess the relationships between ONSD and variables including age, sex, height, 
weight, body mass index (BMI), mean arterial blood pressure (MABP), intraocular pressure 
(IOP), and ETD. We further investigated a normative value for the ONSD/ETD ratio and its as-
sociated factors.
Results  The mean ONSD and ETD were 4.71 mm [95% confidence interval (CI), 4.66–4.75 
mm] and 21.24 mm (95% CI, 21.13–21.35 mm), respectively. Multiple linear regression analy-
sis showed that ONSD was only associated with ETD (p<0.001), with it being independent of 
age, sex, height, weight, BMI, MABP, and IOP. The ONSD/ETD ratio had a mean value of 0.22 
(95% CI, 0.22–0.22), and was not correlated with age, sex, height, weight, BMI, MABP, or IOP.
Conclusions  This study determined the normative value of MRI-based ONSD in healthy Ko-
rean adults. There was a strong correlation between the ETD and ONSD, which can be presented 
as the ONSD/ETD ratio. This parameter needs to be investigated further in disease populations.
Key Words  ‌�magnetic resonance imaging, optic nerve sheath diameter, 

eyeball transverse diameter, healthy, Korean.

Measurement of the Optic Nerve Sheath Diameter 
with Magnetic Resonance Imaging and Its Association 
with Eyeball Diameter in Healthy Adults

INTRODUCTION

Identifying increased intracranial pressure (ICP) is crucial in the management of various 
neurological disorders because this condition is associated with a poor prognosis, includ-
ing the risk of death due to brain herniation.1-3 Although invasive methods including in-
traventricular catheterization and intraparenchymal probes remain the gold standard for 
ICP estimation,4 these procedures cannot be conducted in many cases owing to 1) non-
availability of neurosurgeons or intensive-care units, 2) the risk of complications such as 
hemorrhage and infection, and 3) contraindications such as severe platelet disorders or 
coagulopathy.5,6 These factors have led to an emphasis on noninvasive measurements of ICP. 
There is increasing evidence that the optic nerve sheath diameter (ONSD) is an indirect 
marker of ICP,7 with a linear relationship having been found between these two parameters.8,9

Magnetic resonance imaging (MRI) is now routinely performed in patients with suspect-
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ed brain lesions. Considering that the anatomical structures 
and borders of the optic nerve and nerve sheaths are clearly 
defined in MRI,10 the measurement of ONSD using MRI can 
provide reliable information regarding ICP without requir-
ing additional procedures. However, the optimal cutoff val-
ue for an abnormal ONSD indicating increased ICP in MRI 
has been unclear because most of the investigating studies 
have included only a small number of healthy subjects.10-14 
In addition, the clinical and anatomical parameters associated 
with ONSD are still inconclusive. Although our recent pro-
spective study that included 585 healthy volunteers revealed 
that ONSD measured by ultrasound is associated with the 
eyeball transverse diameter (ETD) but not clinical variables 
including sex, height, weight, body mass index (BMI), and 
head circumference,15 these observations need to be further 
validated using an objective method. The present study there-
fore aimed to establish normative values for ONSD using MRI 
in a large number of healthy adults and assessed its associa-
tions with various clinical parameters and ETD.

METHODS

Patients
We reviewed 332 consecutive participants who underwent 
brain MRI examinations as part of comprehensive health 
screening at the Aerospace Medical Center of the Republic 
of Korea Air Force (ASMC-ROKAF) between June 13, 2014 
and September 11, 2017. We excluded individuals who had 
any of the following conditions: a history of ophthalmological 
or neurological disorders (n=3), poor imaging quality due to 
severe motion or metallic artifacts (n=4), and incidentally 
detected intracranial pathologies on the written reports from 
the screening MRI that have the potential to influence ICP 
[intracranial neoplasms (n=7) and intracranial vascular 
malformations (n=4)]. In total, 314 individuals were finally 
included in this study (Fig. 1). The study protocol was ap-
proved by the ASMC-ROKAF Institutional Review Board 
(IRB No. ASMC-17-IRB-011) and conformed to the princi-
ples of the Declaration of Helsinki. Informed consent was 
not required from patients due to the retrospective nature of 
the study.

Magnetic resonance imaging
Patients underwent MRI scanning at 1.5 Tesla (Achieva, Phil-
ips Medical Systems, Best, the Netherlands). In our institu-
tion, time-of-flight (TOF) magnetic resonance angiography 
(MRA) is routinely applied to individuals who undergo brain 
MRI for health screening. Thus, we measured the ONSD us-
ing this protocol with the following imaging parameters: 
TR=25 ms, TE=6.91 ms, flip angle=20°, one signal average, 

section thickness=1 mm, field of view=18.9×18.9 cm2, and 
acquisition matrix=468×223 pixels. All MRI scans were con-
ducted on the same day that the clinical data were obtained.

MRI data were independently evaluated with a picture 
archiving and communication system (Centricity RA1000, 
GE Healthcare, Barrington, IL, USA) by an experienced board-
certified radiologist (D.H.K.) who was not involved in par-
ticipant selection. The reviewer was blind to the clinical in-
formation of the participants. Axial TOF-MRA source images 
were used to measure the ONSD and ETD of each eye (Fig. 
2). The retrobulbar area was magnified 10 times (zoom fac-
tor, 10.0), and then ONSD was measured along an axis per-
pendicular to the optic nerve at 3 mm behind the eyeball 
using electronic calipers. ONSD and ETD (retina to retina) 
were defined as the distances between the external margins of 
the thick sheath layers covering the optic nerve and the trans-
verse diameter of the eyeball, respectively. Among the axial 
images, four images individually showing the maximum 
ONSD and ETD of each eye were selected to perform the 
measurement. To limit intraobserver variation, each measure-
ment was made three times and its mean value was obtained.

332 subjects who underwent brain MRI for health screening 
between June 2014 and September 2017

    3 with a history of ophthalmological 
    or neurological disorders

    4 with poor image quality due to 
    severe motion or metallic artifacts

    11 with incidentally detected 
    intracranial pathologies in MRI, 
    which have the potential to 
    influence intracranial pressure 
    [intracranial neoplasms (n=7) and 
    intracranial vascular malformations 
    (n=4)]

314 subjects included in this study

Fig. 1. Flow diagram of subject selection.
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Clinical data collection
Clinical data were obtained by one neurologist (R.K.) based 
on standardized self-administered questionnaires and elec-
tronic medical records. The following demographic and 
physiological data were recorded for each individual: age, sex, 
weight, height, systolic blood pressure, diastolic blood pres-
sure, and bilateral intraocular pressure (IOP). Hospital regu-
lations dictated that all measurements were made in the 
morning. Mean arterial blood pressure (MABP) was calcu-
lated as 1/3×systolic blood pressure+2/3×diastolic blood 
pressure. IOP was measured in each participant bilaterally 
by an experienced nurse using a noncontact tonometer and 
automatic air-puff controller (TX-20P, Canon, Tokyo, Japan), 
which does not require topical anesthesia of the cornea. The 
tonometer was calibrated according to the manufacturer’s 
guidelines before each measurement.

Statistical analysis
Categorical variables are reported as frequencies and per-
centages, and continuous variables are reported as mean± 
standard-deviation values or medians interquartile range 
(IQR) values. Continuous variables were compared between 
the left and right eyes using paired Student’s t-tests. Linear 
regression models were used to determine radiological, de-
mographic, or physiological factors related to ONSD. The 
potential influencing variables of sex, age, weight, height, 
BMI, MABP, IOP, and ETD were selected for inclusion in the 
models based on previously reported literature and clinical 
knowledge. We used the mean value for both eyes for vari-
ables including ONSD, ETD, and IOP. All variables for which 
p was less than 0.2 in the simple linear regression models 
were included in a multiple linear regression model. To clari-
fy the relationship between ONSD and IOP, we further inves-
tigated their correlation for each eye using the Pearson corre-
lation test. All statistical tests were two-tailed, and differences 
were considered significant for a probability of <0.05. Calcu-
lations were performed with SPSS version 18.0 (SPSS Inc., 
Chicago, IL, USA).

RESULTS

The total of 314 healthy adults included 267 (85%) men. 
The age, height, weight, BMI, MABP, and IOP of the subjects 
were 47.8±7.3 years, 172.6±4.2 cm, 74.6±6.7 kg, 25.0±1.9 kg/
m2, 93.3±7.3 mm Hg, and 13.7±2.0 mm Hg (right, 13.8±2.7 
mm Hg; left, 13.7±2.7 mm Hg), respectively.

The mean [95% confidence interval (CI)] values of ONSD 
and ETD were 4.71 mm (4.66–4.75 mm) and 21.24 mm 
(21.13–21.35 mm), respectively (Table 1). The ONSD ranged 
from 3.75 to 6.20 mm, with a median of 4.70 mm and an IQR 
of 4.45–4.95 mm. The ONSD did not differ significantly 

Table 1. ONSD, ETD, and ONSD/ETD ratio measured using magnetic resonance imaging

Mean±SD (95% CI) Median (IQR) Minimum Maximum
ONSD (mm)

Right 4.73±0.36 (4.67–4.78) 4.70 (4.40–5.00) 3.60 6.20

Left 4.69±0.33 (4.64–4.73) 4.70 (4.40–4.90) 3.50 6.30

Overall 4.71±0.31 (4.66–4.75) 4.70 (4.45–4.95) 3.75 6.20

ETD (mm)

Right 21.29±0.87 (21.16–21.41) 21.20 (20.60–22.00) 18.60 25.00

Left 21.19±0.83 (21.07–21.32) 21.10 (20.50–21.80) 17.60 25.10

Overall 21.24±0.79 (21.13–21.35) 21.18 (20.60–21.86) 18.10 25.05

ONSD/ETD ratio

Right 0.22±0.01 (0.22–0.22) 0.22 (0.21–0.23) 0.17 0.28

Left 0.22±0.01 (0.22–0.22) 0.22 (0.21–0.23) 0.18 0.28

Overall 0.22±0.01 (0.22–0.22) 0.22 (0.21–0.23) 0.18 0.27

The overall value is the value for the left and right eyes combined.
CI: confidence interval, ETD: eyeball transverse diameter, IQR: interquartile range, ONSD: optic nerve sheath diameter, SD: standard deviation.

Fig. 2. Sample image showing how the ONSD and ETD are estimated. 
ETD: eyeball transverse diameter, MRA: magnetic resonance angiog-
raphy, ONSD: optic nerve sheath diameter, TOF: time-of-flight.

TOF-MRA source image
Magnified by 10 times
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between the right and left eyes (p=0.106). The results of the 
regression analyses are presented in Table 2. Although sim-
ple linear regression models showed that sex, weight, and 
ETD had a p value of less than 0.2, the ONSD was the only 
variable that was independently associated with ETD (p< 
0.001) in the subsequent multiple linear regression model. 
IOP was also not correlated with ONSD in either the left eye 
(r=-0.085, p=0.434) or the right eye (r=-0.031, p=0.638).

We further assessed normative values for the MRI-based 
ONSD/ETD ratio. The ONSD/ETD ratio ranged from 0.18 
to 0.27, and 95% of individuals had a mean ONSD/ETD ra-
tio of 0.22 (Table 1). The ONSD/ETD ratio did not differ 
significantly between the right and left eyes (p=0.238). In 
simple linear regression analyses, the ONSD/ETD ratio was 
not significantly associated with age (p=0.548) sex (p=0.201), 
height (p=0.971), weight (p=0.399), BMI (p=0.398), MABP 
(p=0.104), or IOP (p=0.364).

DISCUSSION

We evaluated normal values for MRI-based ONSD and its 
associated factors in 314 healthy Korean individuals. Our re-

sults showed that the mean values of the ONSD and ONSD/
ETD ratio were 4.71±0.31 mm (95% CI, 4.66–4.75 mm) and 
0.22±0.01 (95% CI, 0.22–0.22), respectively, and that ONSD 
was correlated with ETD but not with sex, age, weight, height, 
BMI, MABP, or IOP. MRI yields images of the eyeball with 
a high spatial resolution that allows the clear delineation of 
orbital structures and thereby avoids the disadvantages of 
ultrasound such as poor penetration and artifacts resulting 
from the tissues under observation exhibiting different in-
dices of refraction for sound waves; these features facilitate 
objective and reproducible measurements of ONSD.12,16,17 
Thus, we believe that ONSD measured using MRI is a reli-
able marker for ICP, and this method may be optimal for de-
tecting increased ICP in specific settings. To our knowledge 
the current study included the largest number of healthy in-
dividuals for estimating MRI-based ONSD to date. In ad-
dition, this is the first study to use MRI to assess ONSD in 
healthy Asian individuals.

Several studies have determined the normal value of MRI-
based ONSD measured 3 to 5 mm behind the eyeball in 
healthy subjects (Table 3).10-14,18 Their mean values ranged 
from 5.08 to 5.72 mm,10-14 which are larger than for ours. 

Table 3. Previously published studies of ONSD measured using MRI in healthy individuals

First author 
(reference)

Number*
(mean age)

Nation MRI sequence
Slice thickness 

(mm)
ONSD, mean±SD 
(95% CI, mm)

Mashima11 15 (N/A) Japan T2 FSE 3 5.1±0.4

Weigel12 32 (25 years) Germany T2 TSE / T2 HASTE 3–5 5.7±0.6

Lagrèze13 33 (25 years) Germany T2 HASTE 3 5.72 (5.51–5.93)

Geeraerts10 36 (32 years) UK Proton density/ T2 TSE 4 5.08±0.52

Shofty†18 86 (8.1 years) Israel Basic T2 sequence 2.5–3.5 3.10–3.56

Bäuerle14 15 (24.5 years) Germany T2 TSE / T2 HASTE 2–3 5.69±0.77 (range, 4.7–7.9)

Current study 314 (47.8 years) South Korea TOF-MRA source image 1 4.71±0.40 (4.67–4.75)

*Number of healthy individuals, †The ONSD was measured at 10 mm anterior to the optic foramina.
CI: confidence interval, FSE: fast spin-echo, HASTE: half-Fourier acquisition single-shot turbo spin-echo, MRA: magnetic resonance angiography, MRI: 
magnetic resonance imaging, N/A: not applicable, ONSD: optic nerve sheath diameter, SD: standard-deviation, T2: T2-weighted, TOF: time-of-flight, TSE: 
turbo spin-echo.

Table 2. Results of linear regression analyses of the relationships between optic nerve sheath diameter and other variables

Variable
Simple linear regression analysis Multiple linear regression analysis

B SE p B SE p
Sex -0.131 0.063 0.039 0.152 0.160 0.341

Age -0.002 0.002 0.320 - - -

Height 0.004 0.005 0.367 - - -

Weight 0.004 0.003 0.193 0.003 0.002 0.169

BMI 0.009 0.010 0.363 - - -

MABP 0.000 0.002 0.872 - - -

IOP -0.013 0.011 0.238 - - -

ETD 0.267 0.016 <0.001 0.259 0.018 <0.001

B: unstandardized regression coefficient, BMI: body mass index, ETD: eyeball trans verse diameter, IOP: intraocular pressure, MABP: mean arterial blood 
pressure, SE: standard error.
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However, previous studies used conventional T2-weighted 
images with slice thicknesses from 2 to 5 mm to evaluate 
the ONSD, which may be unsuitable considering that the 
vertical size of the optic nerve is 3–4 mm. In the present 
study, the ONSD was measured using TOF-MRA source 
images with a 1-mm slice thickness and sufficient anatomi-
cal contrast. Ko19 measured the ONSD using the same MRI 
protocol in 301 Korean adults, and found a mean value of 
4.37 mm, although they were patients with neurological dis-
orders. Alternatively, variations in ONSD may be influenced 
by race, but this needs to be investigated further due to in-
consistencies in the previous results.15,20-23

We found a significant association between the ETD and 
ONSD, which is in line with our previous results obtained 
using ultrasound.15 Vaiman et al.24 reported a strong corre-
lation between ETD and ONSD for computed tomography 
measurements. This relationship led to the ONSD/ETD ra-
tio being proposed as a more-useful parameter for increased 
ICP than ONSD alone, especially for individuals who nor-
mally have large ONSD.15,25-27 Although the ONSD/ETD ra-
tio in the current study was slightly higher than the ultra-
sound-based mean value of 0.18 in our previous study,15 
this may be attributed to differences between the imaging 
modalities. Two previous studies found that the ONSD mea-
sured using MRI was larger than when using ultrasound in 
the same healthy subjects, with mean differences between 
the two modalities of 0.25 and 0.19 mm.14,16 Ultrasound-
based measurements of ONSD can be adversely affected by 
examiner inexperience, an incorrect cutting plane, or poor 
spatial resolution, which makes it difficult to measure the 
maximum ONSD using ultrasound and may explain the dif-
ference in ONSD values measured using ultrasound and 
MRI.

While previous studies have proposed that ONSD is as-
sociated with sex and BMI,28,29 the current study found that 
these factors were not related to ONSD, which is further sup-
ported by our previous results.15 The relationship between 
IOP and ICP seems controversial in individuals with a nor-
mal ICP. A previous study found a significant correlation 
between ICP and IOP in 50 nonophthalmological patients, 
about half of whom had normal ICP.30 However, no such 
significant correlation was observed in another study31 or 
in the current study. These findings might not be surprising 
given the anatomical and physiological relationship be-
tween the eye and the cerebrospinal fluid.31

Some limitations of the current study need to be addressed. 
First, the MRI measurements were made by a single experi-
enced board-certified radiologist, and so interobserver re-
producibility could not be assessed. However, each measure-
ment was repeated in order to reduce the likelihood of errors 

and biases. Second, TOF-MRA source images were used to 
obtain thin slices and a small interslice spacing. However, 
since the TOF sequence was originally developed for assessing 
intracranial vessels, the clinical relevance of our results may be 
reduced. Third, eyeball positioning during an MRI examina-
tion may affect the measured ONSD, and the retrospective 
nature of this study meant that we could not control this.

In conclusion, this study found that the mean ONSD val-
ues and ONSD/ETD ratios determined using MRI in healthy 
Korean adults were 4.71 mm (95% CI, 4.66–4.75 mm; IQR, 
4.45–4.95 mm) and 0.22 (95% CI, 0.22–0.22; IQR, 0.21–
0.23), respectively. The ONSD was strongly associated with 
ETD while being independent of age, sex, height, weight, BMI, 
MABP, and IOP. Our findings suggest that the ONSD/ETD 
ratio is a more-reliable indicator of ICP than ONSD itself; this 
possibility needs to be investigated further in disease popula-
tions.
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