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Abstract
Discovering a relationship between axial length and vitreous volume would be helpful since the axial length is easier to measure than
magnetic resonance imaging (MRI) parameters. This study aimed to analyze the topography of human eyes with pathological myopia
through volume rendering images by high-resolution 3D-MRI and to establish a model to estimate the vitreous volume.
This was a retrospective, non-randomized, controlled study of patients evaluated at Tongren Hospital from July 7, 2007 to

December 12, 2018. The controls were emmetropic volunteers. All participants underwent ophthalmic examinations. Axial length
wasmeasured with an IOLMaster. High-resolution 3DMRI and volume rendering was utilized for all the eyes. Logistic regression was
used to establish a model to predict the vitreous volume.
A total of 280 emmetropic eyes and 290 eyes with pathological myopia were included. Males represented 60.7% and 65.5% of the

individuals. The mean axial lengths of those two groups were 23.1±0.8mm (95%CI: 22.7–23.4mm) and 28.3±2.2mm (95%CI:
27.5–29.2mm), respectively (P< .001). The regression model in the pathological myopic group for calculating the vitreous volume
according to the axial length was: Vitreous volume=546.27�axial length�6977.12. The regression model in the emmetropic group
for calculating the vitreous volume according to the axial length was: Vitreous volume=458.35�axial length�6331.14 (R2=0.360,
P= .001).
Elongation of the axial length is involved in eyeball enlargement in pathological myopic eyes. Measurement of the axial length could

be recommended for the estimation of the vitreous volume during vitrectomy if vitreous cavity filling is needed.

Abbreviations: BCVA = best-corrected visual acuity, D = diopters, ETL = echo train length, MRI =magnetic resonance imaging,
OCT = optical coherence tomography, SD = standard deviation, SE = spherical equivalent, TE = echo time, TR = repetition time.
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1. Introduction

The prevalence of myopia varies widely around the globe, with
33% in the United States and 23% in Beijing, but can be as high
as 90% in specific subpopulations such as students and young
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adults in East Asia.[1] As a major cause of legal blindness
worldwide, especially in East Asia,[2–4] pathological myopia is
characterized by high myopic refractive error and axial length
elongation of the eye.[5,6] Excessive elongation and deformity of
the eyeball and posterior staphyloma are believed to be important
factors in the development of the degenerative changes associated
with pathological myopia, including chorioretinal atrophy,
foveoschisis, choroidal neovascularization, retinal detachment,
cataract, and glaucoma.[7,8]

Over the past two decades, advancement in imaging
technologies have greatly enhanced our understanding of the
ocular deformity associated with pathological myopia.[9,10] It has
proved that eyeball deformity in pathological myopia ranges
from changes to the anterior chamber to the rear of the eyeball.
Nevertheless, which part plays the most important role in the
development of pathological myopia is still unknown. In
addition, in clinical practice, knowledge of the vitreous volume
is needed to determine the quantity of inert gas or silicone oil to be
injected during vitrectomy, and the exact measurement of the
circumference of the equator is needed during scleral buckling for
rhegmatogenous retinal detachment. In addition, new therapeu-
tic agents targeted the retina are increasingly being developed,
injected or implanted into the vitreous cavity. Information
regarding the vitreous volume would be important for us to
understand the behavior of these agents once deposited into the
vitreous. Recently, with the development of high-field magnetic
resonance imaging (MRI) systems and newer designs of radio-
frequency coils, the acquisition of volumetric ocular MRI data
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that have a high intrinsic resolution in all three-dimensions
became feasible.[11–13]

Discovering a relationship between axial length and vitreous
volume would be helpful in daily clinical practice since the axial
length is easier to measure than MRI parameters. A study
revealed that there are mathematical relationships between the
axial length and vitreous volume, but that the relationship was
different between macular hole and retinal detachment.[14] Axial
length can predict eye volume with an optimal R2 value of
79.4%.[13] Nevertheless, data in myopic eyes are missing.
Therefore, the purpose of this study was to analyze the

different sites of enlargement of pathological myopic eyes using
3D-MRI and to establish a correlation model to estimate the
vitreous volume in pathological myopia.
2. Methods

2.1. Participants

This was a retrospective study that was conducted at the
outpatient department of Ophthalmology of Tongren Hospital
from July 2007 to December 2018. This study adhered to the
tenets of the Declaration of Helsinki and was approved by the
Ethics Committee of Beijing Tongren Hospital.
Patients with pathological myopia came from the outpatient

department of Ophthalmology. The controls were emmetropic
volunteers whowere the current or former hospital staff members
of Tongren Hospital and students of the Capital Medical
University. The definition of pathological myopia was a spherical
equivalent (SE) <�8.00 diopters (D) or axial length >26.5mm,
and emmetropia was defined as �1.0 D<SE<+1.0 D.
The inclusion criteria were:
1.
 met the diagnostic criteria of pathological myopia or
emmetropia;
2.
 18 to 60 years of age;

3.
 no history of corneal disease or other ocular diseases affecting

diopter; and

4.
 no history of intraocular surgery or refractive surgery for

myopia.

The exclusion criteria were:
1.
 uncontrolled severe heart, brain, lung, or kidney diseases;

2.
 pregnant or lactating women;

3.
 any contraindication to MRI; or

4.
 incomplete data.

This work has been carried out in accordance with the
Declaration of Helsinki (2000) of the World Medical Associa-
tion. This study was approved by the Medical Ethics Committee
of Beijing Tongren Hospital. This article is a retrospective study.
Therefore the Institutional waived the requirement to obtain
distinct written informed consent from the patients.
2.2. Ophthalmic examinations

All participants underwent comprehensive ophthalmic exami-
nations, including slit-lamp examination, measurement of the
best-corrected visual acuity (BCVA), refractive error, axial length
by the IOL Master system (Carl Zeiss Meditec, Jena, Germany),
dilated fundus examination (three drops of tropicamide
phenlyephine eye drops, given 5min apart), and fundus
photography (TRC-50DX; Topcon, Tokyo, Japan).
2

2.3. MRI scanning

The volumes of the lens, anterior chamber, vitreous, eyeball, and the
axial length were measured by MRI. An MRI scanner (SignaHDxt
1.5T, version 15, GEHealthcare, Waukesha,WI) was used. TheMRI
scanswere performedwith an8-channel phased-array head coil,which
is able to rapidly scan both eyes simultaneously with a high signal-to-
noise ratio. T2-weightedMRI, three-dimensional fast imaging employ-
ing steady-state acquisition (3D-FIESTA) was performed: 288�256
matrix, 1-mm slice thickness, repetition time (TR) of 63ms, echo time
(TE) of 221.606ms, the spacing between slices: 0.4, reconstruction
diameter: 140, and echo train length (ETL) of 54. The scan time for
each subjectwas 2min and57s. Volume renderings of the imageswere
generated from high-resolution 3D data on a computer workstation
(v. AW 4.4, GE Healthcare) to obtain high-resolution 3D data.
The margins of the eyeballs were detected semi-automatically by

the signal intensity, and the tissues around the eyeballswere carefully
removed. The boundary between the retina and vitreous fluid was
determined by adjusting the signal intensity in the volume rendering
of the MRI. When the signal intensity was gradually increased
via manual mode, only the signal from vitreous fluid remained.
De-noising, such as smoothing or curve/surface fitting, was done
automatically by the computer workstation after volume rendering
was done.
The area of each slice was measured semi-automatically on the

computer workstation using the Image J software (National
Institutes of Health, Bethesda,MD). The volume of each slice was
calculated by area� slice thickness, and the total volume of each
site was the sum of the volume of each slice. The largest slice of
the lens, anterior chamber, and the vitreous were also obtained.
The repeatability was confirmed by measuring the parameters of
the 3D-MRI taken at different times by two experienced senior
investigators (Ying Tu and Jinqiong Zhou, with more than 5
years of working experience). The investigators were not aware
of grouping and diagnoses when measuring the MRI parameters.
To determine the inter- and intraobserver variability in the

measurement of the volume of each slice, 100 random 3D MRI
images were reviewed by the two investigators (Ying Tu and
Jinqiong Zhou) independently in amaskedmanner. One observer
(J.Q.Z.) re-examined the same 100 images again after 1 month.

2.4. Statistical analysis

Statistical analysis was performed using SPSS 20.0 for Windows
(IBM, Armonk, NY). The continuous variables were tested for
normal distribution using the Kolmogorov–Smirnov test and
were found to follow the normal distribution. The continuous
variables were expressed as means± standard deviation (SD) and
analyzed using the unpaired-samples t test with two tails.
Categorical data were expressed as numbers and percentages and
analyzed using the chi-square test. The correlation between axial
length and vitreous volume, axial length and anterior chamber
volume, axial length, and eyeball volume was analyzed by the
Pearson correlation coefficient test. A logistic regression model
was used to establish a model to predict the vitreous volume. P
values <05 were considered statistically significant.
3. Results

3.1. Characteristics of the patients

A total of 323 consecutive participants (570 eyes) were enrolled
in this study, including 153 participants with 280 emmetropic



Table 1

Demographic data and eye parameters of the participants.

Emmetropic
group

(n=153)

Pathological
myopic group

(n=170) P

Age (years) 34.0±11.9 37.4±14.3 .152
Male sex (%) 93 (60.8) 110 (65.3) .551
BCVA 0.88±0.31 0.31±0.25 .032
SE (D) 0.05±0.41 �9.57±4.62 <.001
Axial length (mm) 23.1±0.8 28.3±2.2 <.001
Lens volume (mm3) 190.9±29.0 193.7±31.8 .782
Anterior chamber volume (mm3) 183.7±37.5 243.5±39.4 <.001
Vitreous volume (mm3) 6138.1±627.5 8484.1±1383.4 <.001
Eyeball volume (mm3) 6512.7±646.5 8921.2±1393.1 <.001
Largest area of lens (mm2) 25.9±3.6 26.9±4.9 .127
Largest area of anterior chamber (mm2) 22.7±3.6 29.4±3.7 <.001
Largest area of vitreous (mm2) 345.5±25.9 480.0±72.3 <.001

BCVA=best-corrected visual acuity; SE= spherical equivalent.
Figure 1. Pearson’s correlation between axial length and vitreous volume in
pathological myopia group.
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eyes, and 170 participants with 290 eyes with pathological
myopia. The mean age of the participants with myopia and
controls was 34.0±11.9 years and 37.4±14.3 years, respectively
(P= .152). SE was smaller in the pathological myopia group
compared with the emmetropic group (�9.57±4.62 vs 0.05±
0.41, P< .001). There was no significant difference between
groups regarding sex (male, 60.7%vs 65.5%, P= .551) (Table 1).
3.2. MRI characteristics

The reproducibility of the assessments of the volume of each
slice revealed kappa values of 0.89 for intraobserver variability
and 0.97 for interobserver variability. In the emmetropic and
myopic groups, the mean volume of the lens was 190.9±29.0 vs
193.7±31.8mm3, respectively (P= .782). Compared with the
emmetropic group, the mean volume of the anterior chamber
(183.7±37.5 vs 243.5±39.4mm3, P< .001) and the mean
volume of the vitreous (6138.1±627.5, 8484.1±1383.4mm3,
P< .001) of the myopic group were larger. The eyeball volume
showed the same trend (6512.7±646.5 vs 8921.2±1393.1mm3

P< .001) (Table 1).
As for the mean largest area of the lens, there was no significant

difference between the two groups (25.9±3.6 vs 26.9±4.9mm2,
P= .127). Compared with the emmetropic group, the largest area
of the anterior chamber (22.7±3.6 vs 29.4±3.7mm2, P< .001)
and themean largest areas of the vitreous (345.5±25.9 vs 480.0±
72.3mm2, P< .001) of the myopic group were larger (Table 1).
Figure 2. Pearson’s correlation between axial length and vitreous volume in
emmetropia group.
3.3. Correlation between axial length and vitreous volume

The mean axial lengths of those two groups were 23.1±0.8mm
(95%CI: 22.7–23.4mm) and 28.3±2.2mm (95%CI: 27.5–29.2
mm), respectively (P< .001). There was week correlation
between axial length and anterior chamber volume (r=0.48,
P< .001), and strong correlation between axial length and
eyeball volume (r=0.91, P< .001). The mean vitreous volume
was 4248.66±358.12mm3 for emmetropic group and 8482.32
±677.44mm3 for pathological myopic group. The axial length
and the vitreous volume were correlated in pathological myopic
eyes (r=0.84, P< .001) (Fig. 1) and emmetropic eyes (r=0.71,
P= .04) (Fig. 2). The regression model in the pathological myopic
group for calculating the vitreous volume according to the axial
3

length was: Vitreous volume=546.27�axial length�6977.12
(R2=0.77, P< .001). The regression model in the emmetropic
group for calculating the vitreous volume according to the axial
length was: Vitreous volume=458.35�axial length�6331.14
(R2=0.36, P= .001) (Table 2).

4. Discussion

This study aimed to analyze the topography of human eyes with
pathological myopia through volume rendering images by high-
resolution 3D-MRI and to establish a correlation model to
estimate the vitreous volume in pathological myopia. The results
suggest that elongation of the axial length plays an important role
in the enlargement of the eyeball in pathological myopic eyes.
Measurement of the axial length could be recommended for the
estimation of the vitreous volume during vitrectomy if vitreous
cavity filling, therapeutic agents injection or implantation is
needed.

http://www.md-journal.com


Table 2

Correlation between axial length and the volume of vitreous.

Group linear regression model r p R2 F P

Emmetropic group Vitreous volume=458.35� axial length-6331.14 0.71 0.04 0.360 14.83 .001
Pathological myopic group Vitreous volume=546.27� axial length-6977.12 0.84 <0.001 0.770 89.45 <.001
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This study showed that high-resolution 3D-MRI was an ideal
choice for precise measurement of the ocular volume, with great
reproducibility. High-resolution MRI with reconstructed 3D-
MRI scans by volume rendering could help determine the ocular
shape of myopia from any angle by rotating the image, with
obvious advantages.[7,15] Regarding the ultrasound, the
frequency will determine the image resolution and resolution
at higher depths, and the scattering of the sound beam by eye
structures with different acoustic properties might lead to
artifacts and decreased resolution. In addition, ultrasound is
user-dependent.[16] As for the Optical Coherence Tomography
(OCT), even though it is superior in detecting details of iris-
humor interface and corneal sublayer, the main disadvantage is
that the light will be scattered by the structures of the eyes and
that anterior chamber volume might be difficult to measure.[16]

Some researchers used the Swept-Source Optical Coherence
Tomography (SS-OCT) to measure the anterior chamber
volume of cataract patients, with a lower (139.80±38.21
mm3) anterior chamber volume than our emmetropic group
(183.7±37.5mm3).[17] The reasons for the above-mentioned
differences, except for the participants in their study(66.48±
10.57 years old) were much older than ours, the 3D resolution
and accuracy of theOCTmight need to be considered. Compare
to the computed tomography (CT), MRI avoids health risks
associated with ionising radiation found in routine X-rays and
CT scans. Furthermore, the resolution is greater than that of
traditional CT scanning. Azhdam et al[18] reported a study
about the measurement of the vitreous volume using Computed
Tomography Imaging. The mean vitreous volume in their study
was 4649.97mm3, larger than emmetropic group (4248.66±
358.12mm3) but small than pathological myopic group
(8482.32±677.44mm3) in our study. Considering such
difference, they did not differentiate the emmetropic eyes and
myopic eyes. The mean axial length in their study was 24.7±
1.13mm.[18]

This study showed that there was no significant difference in
the volume of the lens between the emmetropic moderate myopic
and pathological myopic groups. The volume of the anterior
chamber of the pathological myopic group was larger than in the
emmetropic group. The vitreous volume of the pathological
myopic group was larger. The results were similar between the
two groups when regarding the largest area of the lens, anterior
chamber, and vitreous. And there was week correlation between
axial length and anterior chamber volume, strong correlation
between axial length and eyeball volume. These findings suggest
that the enlargement of the anterior chamber and vitreous are
features of pathological myopia, not only the longitudinal but
also the horizontal extension. Wong et al[19] reported that
persons with a more negative spherical equivalents value had a
deeper anterior chamber depth and longer axial length than
subjects with a positive spherical equivalents value. Since the
volume was calculated by area and thickness in the present study,
we hypothesized that the depth of anterior chamber, especially
the axial length, might play the most important role of the
4

enlargement of the eyeball in pathological myopic eyes. In the
present study, age and refractive diopter were not included in the
regression model; only the axial length was included. This was
because the axial length was a covariate with age and refractive
diopter.[20,21]

For measuring axial lengths, we found out that IOLMaster has
several advantages overMRI and ultrasound, such as providing a
true cornea-to-macula distance with patient fixation, avoiding
interference from epiretinal membranes or foveoschisis because
the measurement is done to the level of the retinal pigment
epithelium.[22] In this study, the mean axial lengths measured by
an IOL Master of pathological myopic eyes were significantly
larger than in emmetropic eyes. The relationship between
vitreous volume and axial length can be presented as a regression
model (vitreous volume=546.27�axial length�6977.12) in the
pathological myopic group. This model can be recommended for
the estimation of the vitreous volume according to the axial
length, which might be especially important when vitrectomy is
performed, and vitreous cavity filling is needed. These results
were supported by Nagra et al[13] who also used the IOL Master
and MRI to determine that the axial length can be used to
estimate the eyeball volume. Tanaka et al[14] reported wide
variations in vitreous volumes between patients with macular
hole and those with retinal detachment, but regression equations
could be determined in each group between axial length and
vitreous volume, based on direct gas volume injection during
vitrectomy. This approach has the merit of providing the exact
volume of gas being injected, but can only be performed in
patients scheduled for surgery.
The potential limitations of our study should be considered.

First, this was a hospital-based study, and the participants
examined were volunteers in our hospital and the patients who
visited our high myopia clinic. Thus, a referral bias cannot be
ruled out principally, and the results may not represent the
general myopic population. Second, the number of participants
was still not large enough to determine how the enlargement of
different sites contributed to the eyeball deformity in pathological
myopic eyes. In addition, the axial length measured by IOL
Master was the distance between cornea and macula. We are
aware that the axial length was not the longest length in some
eyes with eyeball deformity, which may lead to underestimation
of the vitreous volume when calculating it according to the axial
length.t
5. Conclusion

This study showed that using high-resolution 3D-MRI and
volume rendering, various deformities of the eyeball can be
presented inmost pathological myopic eyes, with the enlargement
of the anterior chamber and vitreous. In pathological myopic
eyes, the elongation of axial length played the most important
role in the enlargement of eyeball. Axial length measurement
could be recommended for the estimation of the vitreous volume
during vitrectomy if vitreous cavity filling is needed.
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