
© 2017 Wada et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php  
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Ophthalmology 2017:11 1719–1726

Clinical Ophthalmology Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
1719

O r i g i n a l  R e s e a r c h

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/OPTH.S144981

Quantifying metamorphopsia with M-CHARTS 
in patients with idiopathic macular hole

Iori Wada
Shigeo Yoshida
Yoshiyuki Kobayashi
Yedi Zhou
Keijiro Ishikawa
Shintaro Nakao
Toshio Hisatomi
Yasuhiro Ikeda
Tatsuro Ishibashi
Koh-hei Sonoda
Department of Ophthalmology, 
Kyushu University Graduate School 
of Medical Sciences, Fukuoka, Japan

Purpose: The purpose of this study was to determine the degree of metamorphopsia using 

M-CHARTS™ in patients with idiopathic macular hole before and after pars plana vitrectomy 

and internal limiting membrane (ILM) peeling.

Patients and methods: The records of 22 eyes of 22 patients with a full-thickness macular 

hole who underwent pars plana vitrectomy and ILM peeling were reviewed. All patients 

underwent a complete ophthalmic examination including spectral-domain optical coherence 

tomography (OCT). Horizontal metamorphopsia (MH) and vertical metamorphopsia (MV) 

scores were determined using M-CHARTS at the same time. The time course of changes in 

metamorphopsia and the relationship between best-corrected visual acuity (BCVA) and OCT 

parameters were assessed.

Results: Sealing of the macular hole was noted in all eyes after surgery. BCVA improved 

significantly from 1 month after surgery (P,0.001). The MV score was significantly higher 

than the MH score before surgery (P,0.05) and improved significantly from 1 month after 

surgery (P,0.03). The MH score improved significantly at 6 months after surgery (P,0.001). 

The postoperative MV and MH scores became closer to one another from 1 month after sur-

gery. Moreover, the MV score was higher than the MH score at all postoperative assessments. 

There was a significant correlation between the MV and MH scores at all follow-up assess-

ments. There was no significant correlation between BCVA and the MV or MH score at any 

follow-up assessment.

Conclusion: The satisfaction of the patients with macular hole after surgery cannot be necessar-

ily measured by BCVA alone, because M-scores were not correlated to BCVA in postoperative 

evaluation. Therefore, evaluation of the MV and MH scores can be an independent treatment 

outcome in addition to BCVA.
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Introduction
Macular hole is a disease that results in a hole in the fovea and is caused by tangential 

traction on the fovea by the prefoveal vitreous cortex.1 During formation of a macular 

hole, localized circular displacement toward a more peripheral location occurs at a 

point around or near the center of the fovea. The condition predominantly affects 

women older than 60 years.

First described in 1991 by Kelly et al,2 surgery is the most effective therapeutic 

intervention for macular hole and has been widely used to treat the disease. The anatomic 

success rates of surgery and its visual outcomes continue to improve with the develop-

ment of surgical procedure.3–6 Furthermore, the inverted internal limiting membrane 

(ILM) flap technique is now a popular procedure for large macular holes with brilliant 

blue G (BBG).7 Almost all patients with a macular hole who undergo surgery have 
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improved visual acuity. However, vision loss is not the only 

manifestation of macular hole. These patients are also likely to 

develop visual field defect, scotoma and metamorphopsia.5–8 

Metamorphopsia in particular should also be evaluated post-

operatively in patients with a macular hole.

Several studies have reported finding metamorphopsia in 

patients with macular disease. Amsler charts are often used 

to evaluate metamorphopsia in patients with several macular 

diseases, including macular hole.9–16 However, it is difficult to 

quantify the severity of metamorphopsia using these charts. 

Therefore, another more specific chart (M-CHARTS™; 

Inami & Co., Ltd., Tokyo, Japan) has been developed to 

quantify metamorphopsia.17 Using M-CHARTS, the degrees 

of vertical metamorphopsia (MV) and horizontal metamor-

phopsia (MH) can be quantified in patients with several 

macular diseases more than in Amsler charts.17–25

The aim of this study was to quantify metamorphopsia in 

the vertical and horizontal directions separately in patients 

with a macular hole using the type 2 M-CHARTS. The sig-

nificance of quantifying metamorphopsia in the two direc-

tions is discussed.

Patients and methods
The study included 22 eyes of 22 patients (six males and 

16 females, mean age 64±1.5 years) with a unilateral full-

thickness macular hole treated surgically and followed up 

for 6  months at the Kyushu University Hospital between 

June 2012 and May 2014. Each eye underwent pars plana 

vitrectomy and ILM peeling with BBG and SF6 gas tam-

ponade. The area of removal of the ILM was intended to 

be three disks diameter surrounding the macular hole. The 

study was approved by the institutional review board of the 

Kyushu University Hospital, and the protocol was performed 

in accordance with the Declaration of Helsinki for research 

involving human subjects. Written informed consent was 

obtained from all patients.

Each subject underwent a complete ophthalmic exami-

nation preoperatively, which included best-corrected visual 

acuity (BCVA), slit-lamp biomicroscopy, applanation tono

metry, dilated funduscopy, fundus photography, and high-

definition optical coherence tomography (OCT; Cirrus™ 

HD-OCT 4000; Carl Zeiss Meditec AG, Jena, Germany). 

The inclusion criteria were as follows: presence of a macu-

lar hole, corrected visual acuity of .1.0 logarithm of the 

minimum angle of resolution (logMAR), a pupil diameter 

of .3.0 mm, intraocular pressure of ,21 mmHg, no systemic 

disease likely to affect visual function, and no ocular media 

opacity attributable to severe cataract or vitreous hemorrhage. 

All ophthalmic examinations were performed before  and 

1, 3, and 6 months after surgery. BCVA was measured using 

the Landolt chart and expressed as logMAR.

M-CHARTS includes two types of metamorphopsia 

charts, a one-line type (type 1) and a two-line type (type 2). 

The type 1 M-CHARTS uses a single dotted line and is 

designed for patients with a fixation point such as epiretinal 

membrane or age-related macular degeneration, whereas 

the type 2 M-CHARTS uses a double dotted line and is 

designed for patients with a typical macular hole and avoids 

the influence of a central scotoma. Therefore, we used the 

type 2 M-CHARTS for patients with a macular hole in this 

study (Figure 1).

The type 2 M-CHARTS consists of 19 dotted lines with 

dot intervals ranging from 0.2° to 2.0° of visual angle. 

Patients with metamorphopsia caused by a macular hole will 

recognize a straight line projected onto the retina as an 

irregular or curved line. We used this version of M-CHARTS 

to quantify the severity of metamorphopsia in accordance 

with the method proposed by Arimura et al.9 First, two vertical 

parallel straight lines (0°) were shown to the patient. If the 

patient recognized the straight lines as straight, the metamor-

phopsia score was 0. If the patient perceived the straight lines 

as irregular or curved, subsequent pages of M-CHARTS, in 

which the intervals between dots on the dotted lines changed 

from fine to coarse, were shown sequentially. When the 

patient recognized a dotted line as being straight, the visual 

angle that separated the dots was considered to represent his/

her MV score. Next, the M-CHARTS were rotated 90° and 

the same test was carried out using horizontal parallel lines 

to obtain the MH score. The examinations were repeated 

three times for each subject to evaluate the reproducibility 

of the test. The examination was performed at 30 cm, and 

the refraction of the eye was corrected exactly for this 

distance.

OCT images were used for the diagnosis of the macular 

hole. Based on the images obtained with OCT, we measured 

the minimum and base diameters of the macular hole, the 

average angle of the base of the macular hole, and the fluid 

cuff (the margin of the diameters between the minimum and 

base; Figure 2) before and after surgery.

Statistical analysis
All statistical analyses were performed using JMP Pro 

version 12.0 software (SAS Institute Inc., Cary, NC, USA). 

The statistical significance of differences in BCVA, MH score, 
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and MV score at two existence were determined using the  

Wilcoxon signed-rank test. The MH and MV scores at the same 

time were also compared using the Wilcoxon signed-rank test. 

The Spearman rank correlation coefficient was used to identify 

correlations between the preoperative BCVA; BCVA at 1, 

3, and 6 months; changes in BCVA; preoperative metamor-

phopsia score; metamorphopsia score at 1, 3, and 6 months after 

surgery; changes in the metamorphopsia score; and preopera-

tive OCT parameters. The data are shown as the mean standard 

deviation unless otherwise indicated. A P-value ,0.05 was 

considered to be statistically significant.

Results
Visual acuity
Mean BCVA improved significantly from 0.65±0.27 

logMAR before surgery to 0.31±0.20 logMAR at 1 month 

after surgery and continued to improve significantly to 

0.20±0.21 logMAR at 6  months after surgery (P,0.001, 

Wilcoxon signed-rank test; Figure 3).

Figure 1 M-CHARTS™ (Inami & Co., Ltd., Tokyo, Japan) has 19 charts and two types: one dotted line for patients with general macular disease (type 1) and two dotted 
lines for patients with a macular hole (type 2).
Notes: The visual angle denoting the dot interval of the line seen as straight is used as the patient’s M-CHARTS score. Scores were obtained for vertical and horizontal 
tests separately.

° ° °

Figure 2 Minimum (a) and base (b) diameters of the macular hole, the average angle 
of the macular hole (c), and the fluid cuff (b–a) were measured preoperatively on 
OCT images.
Abbreviation: OCT, optical coherence tomography.

Figure 3 Time course of logMAR BCVA (mean and standard deviation) in patients 
after macular hole surgery.
Notes: BCVA improved significantly from 0.65±0.27 logMAR before surgery to 
0.31±0.20 logMAR at 1 month after surgery and continued to improve significantly 
to 0.23±0.20 logMAR at 3 months and 0.20±0.21 logMAR at 6 months after surgery. 
**P,0.001, Wilcoxon rank-sum test. The bars indicate the mean ± standard error 
of the mean.
Abbreviations: logMAR, logarithm of the minimum angle of resolution; BCVA, 
best-corrected visual acuity.
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Preoperative MV and MH scores
The preoperative MV score was significantly higher than the 

MH score (P,0.05, Wilcoxon rank sum test; Figure 4).

Postoperative MV and MH scores
The MV score improved significantly from 0.95±0.55 before 

surgery to 0.62±0.48 at 1 month after surgery and continued 

to improve significantly to 0.46±0.39 at 6 months (P,0.001, 

Wilcoxon rank sum test; Figure 5A). The MH score improved 

significantly from 0.58±0.40 before surgery to 0.36±0.44 at 

6 months after surgery (P,0.001, Wilcoxon rank sum test; 

Figure 5B).

Changes in postoperative MV and 
MH scores over time
Figure 6 shows the relationship between the MV and MH 

scores during follow-up. There was a significant correlation 

between the MV and MH scores at all assessment times 

(r=0.54, P,0.05 before surgery; r=0.54, P,0.05 at 1 month; 

r=0.79, P,0.001 at 3 months; r=0.69, P,0.001 at 6 months; 

Spearman rank correlation coefficient). Although the mean 

MV score was higher than the mean MH score at all assess-

ments after surgery, the difference between the two scores 

was not statistically significant postoperatively.

Relationship between visual acuity and 
MV and MH scores
There was no significant correlation between BCVA and the 

MV and MH scores at any assessment time (Table 1).

Relationship between MV and MH scores 
and preoperative OCT parameters
Next, we quantified preoperative OCT parameters (the 

vertical and horizontal minimum and base diameters of the 

macular hole, the average angle of the base of the macular 

hole and the fluid cuff) and the MV and MH scores using 

M-CHARTS at each assessment to determine the relationship 

between these scores and the preoperative OCT parameters. 

There were no significant correlations between the MV and 

MH scores and any of the preoperative OCT parameters at 

any assessment time (Table S1).

Discussion
Metamorphopsia has been quantified by M-CHARTS in 

patients with a macular hole in several previous studies.9,24,25 

However, in these studies, the average of the MV and MH 

scores were used rather than the individual scores for each 

component.9,24

A previous study reported that the M-score (the average 

of the MV and MH scores) improved from 1 month after 

surgery.24 However, on dividing the M-score into the two 

directions (vertical and horizontal), we detected improve-

ment in the MV and MH scores at different postoperative 

time points, ie, significant improvement in the MV score at 

1 month and in the MH score at 6 months after surgery.

Furthermore, the MV scores were consistently higher 

than the corresponding MH scores at all assessment times, 

although the difference was not statistically significant except 

for the preoperative assessment. Moreover, the postopera-

tive MV and MH scores became closer to one another over 

time. This is probably because the preoperative MV score 

was higher than the MH score, resulting in different degrees 

Figure 4 Comparison of preoperative scores for MV and MH.
Notes: The preoperative MV score is significantly larger than the MH score. 
*P,0.05, Wilcoxon rank-sum test.
Abbreviations: MV, vertical metamorphopsia; MH, horizontal metamorphopsia.

Figure 5 Time course of MV and MH scores in patients after macular hole 
surgery.
Notes: (A) The MV score (mean and standard deviation) improved significantly 
from 0.95±0.55 before surgery to 0.62±0.48 at 1 month after surgery (P,0.001) 
and continued to improve significantly to 0.51±0.43 at 3 months and 0.46±0.39 at 
6 months after surgery (P,0.001). (B) The MH score improved significantly from 
0.58±0.40 before surgery to 0.36±0.44 at 6 months after surgery (P,0.001). *P,0.05 
and **P,0.001, Wilcoxon rank-sum test. Bars indicate the mean ± standard error 
of the mean.
Abbreviations: MV, vertical metamorphopsia; MH, horizontal metamorphopsia.
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Another possible explanation would be the Fick illusion,26 

whereby the MV score appears to be bigger than the MH 

score, even though they are the same in length. Because 

patients with a macular hole probably feel longer than the 

vertical length actually is, the MV score would become larger 

than the MH score.

In this study, there was no significant correlation between 

BCVA and the MV and MH scores at any assessment point. 

As previously reported,9,24 BCVA had neither significant 

correlation with the average metamorphopsia score nor with 

the MV or MH scores. Taken together, evaluating MV and 

MH scores in addition to BCVA can be an independent 

treatment outcome.

A previous study reported a significant correlation 

between the mean preoperative combined MH and MV scores 

and the fluid cuff only if the minimum diameter of the macular 

hole was less than 0.5 mm.9 In another report, Sugiura et al24 

recently quantified metamorphopsia in the vertical and 

horizontal directions in patients with macular hole and sug-

gested that mean postoperative metamorphopsia scores were 

significantly correlated with the preoperative base diameters 

Figure 6 The relationship between the MV and MH scores after macular hole surgery at each postoperative assessment.
Notes: At all observation times, there is a significant correlation between the MV score and the MH score (r=0.54, P,0.05 before surgery; r=0.54, P,0.05 at 1 month; r=0.79, 
P,0.001 at 3 months; r=0.69, P,0.001 at 6 months; Spearman rank correlation coefficient).
Abbreviations: MV, vertical metamorphopsia; MH, horizontal metamorphopsia.

Table 1 Relationship between BCVA and the MV and MH scores

Visual acuity 
(logMAR)

MV 
score

MH 
score

Pre r=0.03 r=0.11
P=0.92 P=0.73

Post 1 month r=0.38 r=0.36
P=0.22 P=0.25

Post 3 months r=0.53 r=0.45
P=0.08 P=0.14

Post 6 months r=0.20 r=0.20
P=0.54 P=0.53

Notes: There were no significant correlations between BCVA and MV and MH 
scores before surgery (r=0.05, P.0.05 for MV; r=0.006, P.0.05 for MH; Spearman 
rank correlation coefficient) and at 6 months after surgery (r=0.21, P.0.1 for MV; 
r=0.35, P.0.1 for MH). However, there were significant correlations between 
BCVA and MV and MH scores at 1 month after surgery (r=0.5, P,0.05 for MV; 
r=0.5, P,0.05 for MH) and at 3 months after surgery (r=0.6, P,0.01 for MV; r=0.49, 
P,0.05 for MH).
Abbreviations: BCVA, best-corrected visual acuity; MV, vertical metamorphopsia; 
MH, horizontal metamorphopsia; logMAR, logarithm of the minimum angle of 
resolution.

of improvement between the two scores. This might also 

be the reason why the MV score recovered more quickly 

(from 1 month after surgery) than the MH score (at 6 months 

after surgery).
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of the macular hole, the length of the defect in the external 

limiting membrane, and the area of the intraretinal cyst within 

the fluid cuff, by using type 1 M-CHARTS.24 However, there 

were no significant correlations between MV or MH scores 

and the preoperative OCT parameters in this study.

The discrepancy between our results and those in the 

previous studies may reflect a difference in the average 

minimum diameter of the macular hole in different study 

populations. The proportion of patients with a minimum 

macular hole diameter $0.5 mm was ~70% in our study 

population. Another possible explanation could be that we 

evaluated metamorphopsia scores using type 2 M-CHARTS 

and not the type 1 version, which was used in one of the 

previous studies.24 If type 1 M-CHARTS is used to detect 

metamorphopsia in patients with a macular hole, MV and 

MH scores cannot be accurately measured if the scotoma 

overlaps the center line of the M-CHARTS. In addition, the 

distance between the two lines of M-CHARTS is 10.48 mm, 

and large scotoma did not influence the result of MV and 

MH scores in this study.

This study has some limitations, in particular its relatively 

small sample size and short follow-up duration. The area 

of ILM peeling might show positive correlation with the 

M-score. Future studies should include larger samples, longer 

durations of follow-up, and more detailed OCT analysis.

Conclusion
There was no significant correlation between BCVA and the 

MV and MH scores. The satisfaction of the patients with a 

macular hole after surgery cannot be necessarily measured 

by BCVA alone. Therefore, evaluating both the MH and 

MV scores in addition to BCVA can be an independent 

treatment outcome.
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Table S1 Relationship between preoperative OCT parameters and MV and MH scores at all assessment times

Preoperative 
OCT 
parameters

Minimum 
diameters 
(vertical)

Minimum 
diameters 
(horizontal)

Average 
angle 
(vertical)

Average 
angle 
(horizontal)

Base 
diameters 
(vertical)

Base 
diameters 
(horizontal)

Fluid cuff 
(vertical)

Fluid cuff 
(horizontal)

MV score/MH score
Pre 0.39/0.42 0.44/0.81 0.37/0.77 0.97/0.63 0.41/0.46 0.36/0.76 0.58/0.58 0.70/0.19
Post 1 month 0.51/0.99 0.59/0.83 0.55/0.59 1.00/0.61 0.70/0.70 0.96/0.88 0.30/0.65 0.97/0.79
Post 3 months 0.83/0.56 0.81/0.56 0.73/0.48 0.47/0.97 0.88/0.73 0.61/0.95 0.50/0.77 0.93/0.59
Post 6 months 0.67/0.90 0.65/0.92 0.91/0.24 0.99/0.43 0.49/0.60 0.49/0.65 0.73/0.48 0.37/0.61

Notes: The preoperative OCT parameters include minimum diameters, average angle, base diameters, and fluid cuff in both the vertical and horizontal directions. There 
were no significant correlations between the preoperative OCT parameters and the MV and MH scores at any assessment time (Spearman rank correlation coefficient).
Abbreviations: OCT, optical coherence tomography; MV, vertical metamorphopsia; MH, horizontal metamorphopsia.
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