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Abstract

Objectives: The aim of this study was to determine the possible role of brain magnetic resonance imaging (MRI) in cataract detection.
Patients and Methods: This study was performed on patients who were referred to Shahid Faghihi hospital with a known disease for brain MRI.
Patients were classified in two groups of case and controls. Cases were 44 eyes with abnormal signal of the lens and controls were 88 eyes with
normal signal intensity of the lens. All patients underwent an ophthalmological examination and the presence of cataract and intraocular lens
(IOL) was assessed in these patients. Average lens signal, average muscle signal, average fat signal, lens to muscle signal ratio, and average lens signal
to average fat signal ratio were recorded.
Results: The mean of the average lens signal in the case group was significantly higher than controls (370 versus 161, respectively) (P value < 0.0001).
Sixteen (36.4%) out of 44 eyes in the case group had cataract, but 48 (54.5%) of 88 eyes in the control group had cataract (P value = 0.049). In the case
group, 18.2% had IOL, and this was 6.8% in the controls (P value = 0.046). The mean of the average lens signal in eyes with cataract was 218.5 and in
normal eyes, it was 249.1 (P value = 0.36). In eyes with IOL, the mean of the average lens signal was 347.5 and in normal eyes, this was 223.1 (P value =
0.036).
Conclusion: Cataract in eyes with abnormal lens signal was significantly lower than eyes with normal lens average signal. The lens signal in eyes
with cataract was similar to eyes without cataract. So, average lens signal in brain MRI does not lead to early detection of cataract.
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1. Background

Magnetic Resonance Imaging (MRI) is based on the
magnetic resonance properties of nuclear particles (specif-
ically hydrogen) and its interaction with both a large exter-
nal magnetic field and radiofrequency waves to produce
highly detailed images of the human body. The pathology
is often distinguished by the intensity of normal moods (1,
2). MRI is a unique diagnostic modality because of its the
noninvasive characteristics plus inherent high resolution
and various chemical contrasts (2). MRI is used at a variety
of developmental stages in ophthalmology. The common
uses in ophthalmology are clinical structural assessment
for neuro-ophthalmology and evaluation of space occupy-
ing lesions (2, 3).

Cataract is a disease that causes visual disorders re-
sulting from lens opacity. This disease commonly occurs
among the elderly when the lens slowly hardens and be-
comes opaque (4). It is reported that the incidence rate of
cataracts in people over 50, 60, and 70 years is 60%, 80%,

and 90%, respectively (4-7). Worldwide, millions of people
undergo cataract and refractive surgery with intraocular
lens (IOL) implantation. The incidence of cataract surgery
with IOL implantation as the most commonly performed
surgery is still increasing (8, 9).

A number of studies have reported using conventional
MRI in the eye. Lizak et al. reported that regular and en-
hanced MRI detected statistically significant differences
between normal and cataracts lenses (10). The results of a
study conducted by Dobretsov et al. on rat lenses demon-
strated that MRI as an effective method can be positively
applied to the study of fine structure and physical prop-
erties of such small biological objects (11). The results of
a study performed by Van Rijn et al. demonstrated that
IOLs are compatible with MRI at a magnetic field strength
of 7 Tesla (12). Sheppard et al. after evaluation of three-
dimensional MRI of the phakic crystalline lens during ac-
commodation, reported that mean crystalline lens thick-
ness increased during accommodation (13).

MRI is a way to systematically analyze many details on
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MR images and integrate these into patterns per disease
(14, 15). The assessment of signal intensity in lens is easy
and it may be used as diagnostic tool to find clinical rel-
evance in ophthalmology. There are limited data about
the diagnostic role of brain MRI in ophthalmology. To our
knowledge, there is no information about the early diag-
nostic use of brain MRI in invisible cataract and this is the
first study that was designed and preformed to evaluate
the possible use of abnormal signal intensity in the lens in
brain MRI in the early detection of invisible cataract.

2. Objectives

The objective of the present study was to evaluate the
relationship between signal intensity in the lens in brain
MRI and cataract and IOL.

3. Patient and Methods

This study was performed between April 2015, and
March 2016, and it received approval of the institutional
review board from Shiraz University of Medical Sciences.
In the present study, patients who were referred to Shahid
Faghihi hospital with a known disease for brain MRI were
enrolled and their MRI scans were included in the study if
they were older than 40 years and did not have a history of
non-lens eye diseases, trauma, or ophthalmic surgery. All
enrolled patients underwent brain MRI scans if they were
eligible for MRI and did not have a permanent heart pace-
maker, aneurysm clips or cochlear implants. In addition,
patients were informed about the objectives of the study
and their MRI scans were assessed after obtained verbal in-
dividual consent.

The MRI scans were evaluated by consensus of two in-
vestigators and patients were stated in two groups of case
and controls. 44 eyes with abnormal signal intensity of the
lens were selected as cases and with the case-to-control ra-
tio of 1:2. Eighty eight eyes with normal signal intensity
of the lens were selected as controls. All patients in the
case and control groups underwent an ophthalmological
examination after written informed consent was given and
the presence of cataract and IOL was assessed in these pa-
tients. The presence of cataract was defined as the exis-
tence of any cataract, pseudophakia or aphakia. The oph-
thalmologist was blinded to the state of the patients in the
studied groups.

Collected data included age, gender, average lens sig-
nal, average muscle signal, average fat signal, average lens
signal to average muscle signal ratio, average lens signal
to average fat signal ratio, presence and degree of cataract,
and presence and degree of IOL. Average lens signal to av-
erage muscle signal ratio is calculated by dividing average

lens signal to average muscle signal and average lens signal
to average fat signal ratio is calculated by dividing average
lens signal to average fat signal.

Data were managed and analyzed by SPSS software for
Windows, Version 23.0. (IBM Corp., IBM SPSS Statistics for
Windows, Armonk, NY). Descriptive data were reported as
mean ± standard deviation (SD) or number (percent) as
appropriate. Continuous measured variables including
age, average lens signal, average muscle signal, average fat
signal, average lens signal to average muscle signal ratio,
average lens signal to average fat signal ratio were com-
pared between groups using independent sample t-test.
Gender, the presence of cataract, and IOL were compared
between cases and controls using Pearson’s chi-squared
test. The relationship between average lens signal and age
was assessed by Pearson coefficient and between signal in-
tensity and the degree of cataract was assessed by Spear-
man coefficient. The agreement between the two investi-
gators was assessed by calculating kappa coefficient. Alpha
was set at 5% and all probability tests used were two-tailed.

4. Results

In this study, 56 eyes with abnormal signals in brain
MRI were reviewed, 12 eyes were not eligible or refused
informed consent and 44 eyes were selected as the case
group. Then, 102 eyes with normal signals in brain MRI
were reviewed, 14 eyes were not eligible and 88 eyes were
selected as the control group.

Table 1 shows findings of studied variables between
case and control groups. The mean age of the cases was
44.3 ± 16 years and in the controls it was 49.4 ± 15.4 years
(P value = 0.21). Of subjects in the case group, 31.8% were
male and 68.2% were female. Among controls, 45.5% were
male, and 54.5% were female (P value = 0.23). The mean
of lens average signal in the case group was significantly
higher than controls (370 versus 161, respectively; P value
< 0.0001). The means of average muscle signal and aver-
age fat signal between case and control groups were sim-
ilar and no statistical significance was noted between the
two groups (P value > 0.05). There is a significant different
between groups regarding the ratio between average lens
signal to average muscle signal. Cases show higher ratio
compared to controls (1.4 versus 0.57, respectively; P value
< 0.0001). The ratio of muscle in the case group was sig-
nificantly higher than controls (0.49 versus 0.24, respec-
tively; P value < 0.0001). The status of cataract between
case and control groups was significantly different, of 44
studied eyes in the case group, 16 eyes (36.4%) had cataract,
but among 88 studied eyes in the control group, 48 eyes
(54.5%) had cataract (P value = 0.049). Also, IOL was sig-
nificantly different between groups. In the case group, IOL
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Table 1. Characteristics and Findings Between Studied Groupsa

Variables Case Group (N = 44 eyes) Control Group (N = 88 eyes) P Value

Age 44.3 ± 16 49.4 ± 15.4 0.22b

Gender 0.23c

Male 7 (31.8) 20 (45.5)

Female 15 (68.2) 24 (54.5)

Lens average signal 370.9 ± 223.4 162 ± 115.9 < 0.0001b

Muscle average signal 280.3 ± 107 271.3 ± 100.8 0.64

Fat average signal 794 ± 216.5 785 ± 284.7 0.85b

Lens-muscle ratio 1.4 ± 0.74 0.57 ± 0.41 < 0.0001b

Lens-fat ratio 0.49 ± 0.32 0.24 ± 0.27 < 0.0001b

Cataract 16 (36.4) 48 (54.5) 0.049c

IOL 8 (18.2) 6 (6.8) 0.046c

aData are mean ± SD, or number (%). Case group included eyes with abnormal signal in brain MRI and controls included eyes with normal signal in brain MRI.
bP values calculated by Independent sample t-test.
cP values calculated by Chi square test.
Abbreviation: IOL, intraocular lens.

Table 2. Comparison of Lens Average Signal and Signal Intensity in Regard to the Presence of Cataract or IOLa

Lens Average Signal P Valueb

Cataract 0.36

Yes (n = 64) 218.5 ± 217.6

No (n = 68) 249.1 ± 154.6

IOL 0.036

Yes (n = 14) 347.5 ± 270.5

No (n = 118) 223.1 ± 176.9

Signal Intensity

Low Intermediate High P Valuec

Cataract (n = 64) 48 (54.5) 10 (31.3) 6 (50) 0.08

IOL (n = 14) 6 (6.8) 1 (3.1) 7 (58.3) < 0.0001

aData are mean ± SD.
bP values calculated by Independent sample t-test.
cP values calculated by Chi square test.
Abbreviation: IOL, intraocular lens.

Table 3. Relationship Between Lens Average Signal and Age, and Signal Intensity and
Degree Of Cataract

Lens average signal Age

Pearson coefficient -0.162

P value 0.2

Degree of cataract Signal intensity

Spearman coefficient -0.154

P value 0.08

was significantly more observed than in the control groups
(18.2% of cases versus 6.8% of controls, P value = 0.046).
Among cases with abnormal signal in MRI, the frequency
of cataract was lower and the frequency of IOL was higher
than the control group with normal signal (Figure 1).

Comparison of average lens signal and signal intensity
in regard to the presence of cataract or IOL is shown in Ta-
ble 2. The mean of average lens signal in eyes with cataract
was 218.5 and in normal eyes the figure was 249.1, which
was not statistically significant (P value = 0.36). In regard
to the presence of IOL, the mean of average lens signal was
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Figure 1. Comparison of frequency of cataract and intraocular lens (IOL) in regard to signal status

statistically significant. Among 14 eyes with IOL, mean of
average lens signal was 347.5 and in normal eyes, this was
223.1 (P value = 0.036). There is no significant relationship
between the presence of cataract and signal intensity, and
most of the eyes with or without cataract had low signal in-
tensity (P value = 0.08). There is a significant relationship
between the presence of IOL and signal intensity, whereas,
the majority of eyes without IOL had low signal intensity
but half of the eyes with IOL had high signal intensity (P
value < 0.0001).

Table 3 shows the relationship between average lens
signal and age, and signal intensity and the degree of
cataract. As shown, there is a negative non-significant re-
lationship between average lens signal and age (Pearson
coefficient, -0.162; P value = 0.2). Also, a negative relation-
ship was observed between signal intensity and the degree
of cataract, which was not statistically significant (Spear-
man coefficient, -0.154; P value = 0.08). Kappa coefficient
between observers was calculated. Both of the observers
reported cataract in 86 eyes, and they also reported 30 eyes
without cataract. Kappa coefficient in this study was 0.706.

5. Discussion

In recent years, ophthalmology has provided an oppor-
tunity for many varied approaches to imaging of the eye
in a clinical setting. MRI as a developed technique has the
potential to provide clinically relevant information, partic-
ularly in cases where it is not possible to optically obtain
the information needed (2). The objective of the present
study was to evaluate the relationship between signal in-
tensity in the lens in brain MRI and cataract and IOL. The
prevalence of cataract in the studied population was 48.5%.
Our findings demonstrated that cataract in the group with
abnormal average lens signal was significantly lower than
the group with normal average lens signal. In addition,
IOL in cases was significantly more than controls. Average
lens signal in eyes with cataract was similar to eyes without
cataract, but in eyes with IOL, it was significantly higher
than eyes without IOL.

The numerous methods were reported in previous re-
searches to study the internal lens structure, metabolite
distribution, and transport of water and solutes inside the
lens. MRI technique as a non-invasive method has the main
role. Some studies reported the successful use of MRI for
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visualization of the human eye structure in vivo (10, 16-19).
Regular and enhanced MRI detected differences between
normal and cataract lenses in Lizak and colleagues study
(10). Other studies show the successful use of MRI for mea-
surement of protein distribution inside the lens and the
spatial gradient of refractive index (17, 18, 20-23). Also, some
other studies demonstrated that MRI could be used as an
effective method to diffusivity mapping of the lens (24-26).
On the other hand, the positive use of MRI in real-time mea-
surements of water transport in the lens has been reported
by previous studies (27-29). Sheppard et al. showed the suc-
cessful use of MRI for the measurement of mean crystalline
lens thickness during accommodation (13). Van Rijn et al.
reported that IOLs are compatible with MRI (12). In an an-
imal study, MRI showed to be an effective method that ap-
plied to the study of fine structure and physical properties
of such small biological objects such as rat lenses (11). In
the present study, the use of lens signal has been assessed
in detecting cataract in brain MRI scans, our findings show
that average lens signal was similar in eyes with or with-
out cataract, but in eyes with normal lens signal, the preva-
lence of cataract was more than eyes with abnormal lens
signal. These findings did not support the findings in re-
ported studies that show the successful use of MRI. How-
ever, there are some differences between our study and pre-
vious studies. We assessed the signal intensity of the lenses
whereas other studies assessed different methods. In addi-
tion, differences in the studied population can be noted as
the other cause of verity of findings.

In conclusion, the results of the present study demon-
strated that cataract in eyes with abnormal average lens
signal was significantly lower than eyes with normal av-
erage lens signal. The average lens signal in eyes with
cataract was similar to eyes without cataract. Our findings
did not show positive use of average lens signal in brain
MRI for the early detection of cataract. The finding of this
study should be interpreted with caution because there
was a negative non-significant relationship between lens
signal and age. This means that lens signal decreased in
older age; whereas, cataract is known as an age dependent
disease. These can affect our results, although we selected
controls in the same age group as cases. Since cataract
has emerged as a public concern and the cost burden for
cataract surgery has increased with an aging population,
finding new methods to detect early cataract can be help-
ful for public health. Therefore, further research is war-
ranted in order to establish the possible successful use of
lens signal in brain MRI to detect cataract.
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