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Abstract. Relaxing the contracted muscles involved in focus-adjustment around 
the eyeball, such as the ciliary body and extraocular muscles, is expected to im-
prove pseudomyopia. This hypothesis has led to the development of Dr.REX—
an apparatus for recovering eyesight by using a stereoscopic video. In this 
study, we verified the effects of this apparatus on visual acuity and asthenopia 
in the short and medium terms. Thirty-two myopic Japanese students partici-
pated in this study. We compared the severity of asthenopia in subjects who 
used Dr.REX and in those who performed close work on video display termi-
nals (VDTs). We determined that the use of the apparatus improved visual  
acuity in both the short and medium terms. In addition, asthenopia seemed to be 
less severe in subjects who used Dr.Rex than in those who performed close 
work on VDTs. 

Keywords: Pseudomyopia, visual acuity, asthenopia, stereoscopic video, visu-
ally induced motion sickness (VIMS). 

1   Introduction 

With the development of computers and the widespread use of the Internet, an increas-
ing number of people need to perform close work (CW) such as operations on video 
display terminals (VDTs). Working under such conditions for many hours induces the 
contraction of the muscles involved in focus-adjustment around the eyeball, such as the 
ciliary body and extraocular muscles. Thus, it is possible that CW impairs focus ad-
justment—a symptom known as pseudomyopia [1]. In addition, CW has also been 
reported to induce cervicobrachial syndrome and psychoneurotic syndromes [2], [3].  

Pseudomyopia is a symptom of refractive myopia. Relaxation of the contracted 
muscles involved in focus-adjustment is expected to alleviate pseudomyopia. An 
eyesight-recovering apparatus called MD-SS [4], developed by Kobayashi [5], is used 
to relax the contracted muscles. This apparatus works by using a Landolt ring drawn 
on a flat plate that moves back and forth over a distance of 2 m. Although the use of 
this apparatus is an effective way to improve eyesight, it is not an efficient solution 
because trainees are required to visit the clinic to use the apparatus, and hence, many 
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trainees discontinue the training. The apparatus is also very expensive and large for 
trainees to buy privately. However, a new apparatus that delivers similar results was 
recently developed by Olympus Visual Communications [6]. This apparatus, called 
Dr.REX, uses stereoscopic video to overcome the problems associated with the old 
apparatus. In this paper, we verify the effect of this apparatus on visual acuity and 
asthenopia in the short and medium terms by conducting tests on myopic youths. 

2   Materials and Methods 

2.1   Outline of the Eyesight Recovering Stereoscopic Movie System 

Dr.REX consists of a general-purpose personal computer, glasses with liquid crystal 
shutters, a liquid crystal display (LCD), a pair of speakers, and movie contents. We 
prepared images of a ball for the right and left eyes (Fig. 1). Each image was created 
using the POWER-3D method developed by Olympus Visual Communications. By 
simultaneously adjusting convergence, binocular parallax, and focus, the human eye 
can perceive images in three dimensions. A general stereoscopic image of an artificial 
object was constructed using fixed line of sight and without adjusting for conver-
gence. Due to these measures, visually induced motion sickness (VIMS) occurred 
only infrequently [7]. However, images based on the POWER-3D method were  
constructed such that the contradiction between the experimental observations and 
actual conditions could be reconciled. Viewing the stereoscopic images effectively 
prevented VIMS in the observers. The right and left liquid crystal shutters in the 
glasses (Fig. 2) opened and shut in a synchronized fashion when the subjects viewed 
the images on the LCD. Furthermore, the right and left eyes alternately focused on 
each image. Hence, observers could perceive the images as a smooth stereoscopic 
movie at 60 Hz. The stereoscopic ball was first presented near the glasses and then 
moved far away from the glasses. As the movie was gradually moved closer or further 
away from the glasses, greater effort was required to adjust to the movie image on the 
LCD. Consequently, the muscles around the eyes were stimulated in such a way that 
observers could detect an improvement in their eyesight. 

Apart from playing stereoscopic movies, Dr.REX also plays music, which had a re-
laxing effect on the observers. In this way, Dr.REX has not only a training effect on 
the observers but also a relaxing effect and thus attempts to improve eyesight using 
both physical and psychological methods. 

2.2    Methods 

A total of 32 myopic Japanese students (age, 20 ± 1 years; 16 men and 16 women) 
voluntarily participated in this study after signing informed consent forms. 

The study participants were divided into 2 groups. Before the commencement of 
the study, we measured the far vision of the subjects by testing both eyes, right eye 
and left eye individually and simultaneously using the automatic optometer NV-300 
(Nidek) (Pre). If the visual acuity, as measured by the automatic optometer, was <0.1, 
the visual acuity was measured using a Landolt chart posted on a wall. The protocol 
of this study is shown in Table 1. Under a controlled environment (mean illuminance: 
240 lux, room temperature: 24 °C), the subjects in 1 group used the Dr.REX apparatus 
for 6 min; the subjects in the other group carried out CW on VDTs, which required 
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them to maintain a steady gaze for the same amount of time. Each group carried out 
their assigned tasks every day for 11 days. Far-vision tests were carried out, and eye-
strain was quantified using the visual analog scale (VAS1) immediately after loading. 
On days 5 and 11 (the final day), we made an addition to the far-vision tests before 
loading and filling out a simulator sickness questionnaire [8] (SSQ2) before and after 
loading. The degree of asthenopia calculated the SSQ was defined as SSQ-OD. 

 

 

Fig. 1. An image produced using the POWER-3D method. The next image for the other eye is 
laterally shifted by a few centimeters due to the angle of convergence. An observer using 
glasses with liquid crystal shutters perceives the images in three dimensions. 

 

Fig. 2. An observer uses the specially designed glasses. The right and left liquid crystal shutters 
in the glasses alternately open and shut at a frequency of 30 Hz. If the observer is myopic and 
cannot see the LCD without glasses, he/she wears both the glasses for myopia correction and 
the glasses with liquid crystal shutters. 

 

                                                           
1 VAS, a visual assessment scale, is a 95-mm-long linear scale prepared such that moving the 

scale to the right increases the degree of asthenopia. 
2 Subscores were derived from the SSQ to measure the degree of VIMS. SSQ-OD was used to 

evaluate the degree of asthenopia. 
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Table 1. Study protocol. One group performed close work, and the other used the Dr.REX 
apparatus. The assignments were then switched between the groups, and the same protocol was 
followed. We intend to indicate results of an auto refractmeter in a next report. 

 

 

Each group was required to take a 2-week break to expect the effects of loadings. 
The assignments were then switched, and the study was resumed with the same proto-
col. Thus, we obtained 32 datasets controlled the loading order. 

3   Results 

3.1   Visual Acuity 

First, the geometrical mean of the visual acuity of the subjects before and after using 
Dr.REX on days 5 and 11 is shown in Table 2; these values were used to verify the 
short-term effects of the training. The visual acuity increased after using the apparatus 
on both days 5 and 11. Using the Wilcoxon matched-pairs signed-ranks test, a signifi-
cant difference was found in the visual acuity of both eyes on day 11 and the left eye 
on days 5 and 11 (P < 0.05).  

Next, in order to verify the effects in the medium term, the geometrical means of 
the visual acuity of the subjects after they had used the Dr.REX apparatus and per-
formed CW are shown in Fig. 3-a and Fig. 3-b, respectively. The geometrical mean of 
the visual acuity was higher after using Dr.REX than it was before using this appara-
tus. The Friedman test revealed significant variations in the visual acuity in the all 
cases (P < 0.01) (Fig. 3-a). In addition, multiple comparisons showed significant 
differences in the pre- and post-test visual acuity of the right eye on days 8, 9, and 11 
and of the left eye on days 8, 10, and 11 (P < 0.05). The Friedman test was also used 
to evaluate the differences in visual acuity after performing CW; no significant varia-
tions were found in the visual acuity. 
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3.2   Asthenopia  

The degree of asthenopia was measured using the VAS. Significant variations in the 
VAS scores were not found in the short or medium term. In contrast, significant varia-
tions in the SSQ-OD scores were noted in the short term but not in the medium term. 
The mean SSQ-OD scores before and after using Dr.REX and performing CW on 
days 5 and 11 are shown in Table 3. The scores increased after each loading on both 
days. Using the paired t test, a significant difference was found only performing CW 
on day 5 (P < 0.01). 

Table 2. Changes in the mean of visual acuity after using the Dr.REX apparatus on days 5 and 
11. On both days, the visual acuity increased after the training. 

Schedule 
  (day) 

     5 
 (Before) 

     5 
 (After) 

  Increase         11 
    (Before) 

      11  
   (After) 

Increase 

Both eyes 0.145 ± 
0.284 

0.160 ± 
0.282 

   0.015 
0.138 ± 
0.269 

0.171 ± 
0.267* 

0.033 

Right eye 0.114 ± 
0.273 

0.123 ± 
0.272 

   0.009 
0.126 ± 
0.272 

0.138 ± 
0.246 

0.012 

Left eye 0.089 ± 
0.440 

0.106 ± 
0.260* 

   0.017 
0.101 ± 
0.242 

0.120 ± 
0.240* 

0.019 

 

 

 

Fig. 3-a. Changes in the geometrical mean of visual acuity after using the Dr.REX apparatus 

 

** 

** 
*

*
*

*

** P < 0.01   * P < 0.05 

*P < 0.05 
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Fig. 3-b. Changes in the geometrical mean of visual acuity after performing close work 

Table 3. Changes in the mean SSQ-OD scores before and after loadings on days 5 and 11. The 
scores increased after all loadings. 

Schedule 
(day) 

 5 
 (Before) 

     5  
 (After) 

   Increase  11  
 (Before) 

     11  
  (After) 

   Increase 

Dr.REX 4.26 ± 
2.18 

6.63 ± 
2.25 

2.37 
5.92 ± 
2.38 

7.11 ± 
2.28 

1.18 

CW 6.16 ± 
2.08 

9.71 ± 
2.41** 

3.55 
5.92 ± 
2.57 

7.34 ± 
2.68 

1.42 

 

4   Discussion 

4.1   Visual Acuity 

First, the short-term effects of the apparatus on visual acuity were verified on the 
basis of the results of the far-vision tests on days 5 and 11. An improvement in visual 
acuity was noted so that the some mean of the visual acuity were increased. However, 
the increase in visual acuity was not significant for all the conditions shown in Table 
2. The reason for the differences in the degree of improvement in visual acuity was 
the condition of the subjects’ eyes. Subjects who strained their eyes before the meas-
urements experienced the largest improvements since their muscles involved in focus-
adjustment were strongly contracted. In contrast, subjects whose muscles were  
already relaxed experienced hardly any improvement. 

**P < 0.01, CW: close work. 
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Next, the effects of apparatus on visual acuity in the medium term were verified on 
the basis of the results of the far-vision tests performed over a period of 11 days. The 
increase in the visual acuity on the final day (day 11) considerably exceeded that in the 
pre-tests. Further, the difference in visual acuity was statistically significant. Thus, we 
concluded that an improvement in visual acuity was more effective in the medium term 
than in the short term so that the muscles involved in focus-adjustment, such as the 
ciliary body and extraocular muscles, are stimulated continuously. Moreover, we com-
pared effects of the Dr.REX with the CW in Fig. 3. Visual acuity measured after load-
ings were a significantly difference on day 11 by using the Wilcoxon matched-pairs 
signed-ranks test (P < 0.05). This result suggests that the Dr.REX apparatus has a cumu-
lative positive effect on eyesight and prevents the deterioration of visual acuity. After 
using this apparatus, some subjects experienced a large improvement in visual acuity, 
while others only experienced a slight improvement. We consider that the differences in 
the degree of improvement were attributable to differences among individuals. 

4.2   Asthenopia 

The differences in the degree of asthenopia after using Dr.REX and performing CW 
were verified on the basis of the asthenopic scores (VAS and SSQ-OD). 

First, we evaluated the VAS scores after the subjects used Dr.REX and performed 
CW. The mean values for 11 days are shown in Fig. 4. The mean VAS scores after 
using Dr.REX were lower than the scores after performing CW. Further, a paired t 
test revealed that the difference in the scores was significant (P < 0.01).  

With regard to the SSQ-OD scores, the mean score after performing CW was 
higher than that after using Dr.REX, but the difference was not significant. Since the 
assessment was subjective, we consider that these results depended on each subject’s 
psychological condition or on the condition of the eyes.  

 

 
 

Fig. 4. Mean visual analog scale (VAS) scores after using the Dr.REX apparatus and after 
performing close work (CW). The mean VAS score after using the Dr.REX (0.948) is lower 
than that after performing CW. 

 

 ** 

** P < 0.01
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The manufacturer of the Dr.REX apparatus recommends that the apparatus be used 
for 10 minutes at a time. Thus, in this study, we expected the degree of improvement 
in asthenopia to be low because the subjects were instructed to use the apparatus for 
only 6 min. Dr.REX had a relaxing effect on the subjects and a compulsory stretching 
effect on the muscles involved in focus-adjustment. We consider that these effects 
transiently induced asthenopia. On the other hand, the CW in this study was designed 
to induce asthenopia, and we consider that it did so in all the subjects. Thus, we esti-
mated that asthenopia resulting from CW was more severe than that resulting from 
using Dr.REX. This conclusion, however, needs to be verified. 

5   Conclusion 

This study proves that pseudomyopia can be improved by relaxing the contracted 
muscles involved in focus-adjustment, such as the ciliary body and the extraocular 
muscles, by using a stereoscopic movie shown on an LCD. Furthermore, the appara-
tus used to present the movie, Dr.REX, is inexpensive and compact, as previously 
mentioned. With this apparatus, trainees are less likely to discontinue the training. 
Therefore, we conclude that the continual use of this apparatus improves visual acuity 
by relaxing contracted muscles involved in focus-adjustment. 

Asthenopia induced by CW is more pronounced than that induced by the use of 
Dr.REX. However, no significant improvement of asthenopia was observed with the 
use of the Dr.REX apparatus. These results must be verified using other indexes of 
asthenopia.  

In the future, we suggest that the apparatus be used for several months in order to ver-
ify its long-term effects on visual acuity and asthenopia. In addition, we intend to per-
form this study on older myopic people, and middle-aged and elderly presbyopic people. 

References 

1. Ohno, S., Kinoshita, S.: Standard ophthalmology. Igakusyoin, Tokyo (2007) 
2. Nakazawa, T., Okubo, Y., Suwazono, Y., Kobayashi, E., Komine, S., Kato, N., Nogawa, K.: 

Association between duration of daily VDT use and subjective symptoms. Am. J. Ind. 
Med. 42, 421–426 (2002) 

3. Gomzi, M.: Work environment and health in VDT use. An ergonomic approach. Arh. Hig. 
Rada. Toksikol. 45, 327–334 (1994) 

4. Hiyoshi, I., Kodama, N., Wakui, A., Fukumoto, I.: A basic study of recovery pseudo-myopia 
using Purkinje-Sanson image measure method. IEICE technical report. ME and Bio-
Cybernetics 100, 39–44 (2000) 

5. Kobayashi, S.: Japan Patent 6-339501 (1994) 
6. Nishihira, T., Tahara, H.: U.S. Patent US7404693B2 (2001) 
7. Matsuda, T., Ohnaka, Y.: A note on the relation between trembling of pictorial image and 

visually included motion sickness. Ritsumeikan Journal of Human Sciences 9, 97–104 
(2005) 

8. Kennedy, R.S., Lane, N.E., Berbaum, K.S., Lilienthal, M.G.: A simulator sickness question-
naire (SSQ): An enhanced method for quantifying simulator sickness. Int. Aviat. Psychol. 3 
(1993) 


	Effect of an Eyesight Recovering Stereoscopic Movie System on Visual Acuity and Asthenopia
	Introduction
	Materials and Methods
	Outline of the Eyesight Recovering Stereoscopic Movie System
	Methods

	Results
	Visual Acuity
	Asthenopia

	Discussion
	Visual Acuity
	Asthenopia

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Photoshop 4 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.01667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU ()
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




