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ABSTRACT

Background The aim of this study was to evaluate traffic

safety of Defocus Incorporated Multiple Segments (DIMS)

spectacle lenses in combination therapy with atropine.

Patients and Methods 12 young adults (age: 24–45;

30,1 ± 5,7 years) were recruited to evaluate corrected dis-

tance visual acuity (CDVA), contrast sensitivity (CS; FrACT),

glare sensitivity (Mesotest) under the influence of DIMS spec-

tacle correction alone and combination therapy with 0,01%

atropine.

Results When looking through the central area of the DIMS

lens, far vision does not decrease due to the influence of atro-

pine; influence of glare and atropine leads to a reduction of

CDVA by 0.10 logMAR. When forced to look through the DIMS

area, far vision is reduced by 0.09 logMAR due to the influence

of atropine in the absence of glare; in the presence of glare, no

further loss of visual acuity can be observed under the influ-

ence of atropine. Contrast vision with DIMS glasses is not al-

tered by the effects of atropine. Concerning glare sensitivity,

DIMS lenses did not show any visual impairment that would

be relevant to vision and road safety. Additional atropinization

does not affect glare sensitivity.

Conclusion DIMS spectacle lenses are safe for participation

in road traffic and do not relevantly impair traffic safety, nei-

ther alone nor under the acute influence of 0,01% atropine.

ZUSAMMENFASSUNG

Hintergrund Es soll die Sicherheit im Straßenverkehr beim

Tragen von Brillengläsern mit DIMS-Technologie (DIMS:

Defocus Incorporated Multiple Segments) in der Kombination

mit Atropin evaluiert werden.

Patienten und Methoden An 12 jungen Erwachsenen (Al-

ter: 24–45; 30,1 ± 5,7 Jahre) wurde der Fernvisus und die Kon-

trastempfindlichkeit (KE), sowie Blendempfindlichkeit bei Ver-

sorgung mit DIMS-Brillengläsern allein und in der Kombina-

tion mit 0,01% Atropin untersucht.

Ergebnisse Durch Atropineinwirkung vermindert sich der

Fernvisus beim Blick durch den zentralen Bereich des DIMS-

Brillenglases nicht; bei Blendung und unter Atropin kommt

es zu einem Visusabfall um 0,10 logMAR. Beim erzwungenen

Blick durch den DIMS-Bereich vermindert sich der Fernvisus

durch Atropineinwirkung ohne Blendung um 0,09 logMAR;

bei Blendung ist durch Atropin kein weiterer Visusabfall zu be-

obachten. Die Kontrastempfindlichkeit mit DIMS-Gläsern wird

durch Atropineinwirkung nicht relevant verändert. Hinsicht-

lich der Blendempfindlichkeit findet sich bei DIMS-Gläsern
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Introduction

Myopia (short-sightedness) results in unclear distance vision, due

to an imbalance between the axial length and refractive power of

the eye. This is most often caused by excessive growth of the

globe of the eye during childhood and adolescence. Physiological-

ly, childrenʼs eyes grow until they reach emmetropia. Genetic pre-

disposition and environmental factors [1], which usually exert an

influence in the pre-teen years, can cause the eyes to grow exces-

sively long, resulting in progressive myopia. In addition to visual

defects, which are generally easily correctable using optical

means depending on severity, myopia can increase the risk of de-

veloping serious eye diseases such as retinal detachment, myopic

maculopathy, myopic choroidal neovascularization, or glaucoma

[2].

One current approach to inhibiting myopia progression is phar-

macological intervention with low-dose atropine eye drops. The

effect of atropine is dose-dependent, as are the associated side ef-

fects [3], especially sensitivity to light and glare caused by the

mydriatic effect of atropine, as well as weakening of accommoda-

tion. In its 2019 statement, the German Ophthalmological Society

(DOG) recommends treatment with 0.01% atropine, adminis-

tered regularly in the evenings before going to bed [4]. Although

this dose and treatment regimen has an effect on pupil size and

accommodation [3] that can still be measured the following day

[5], it is nevertheless well tolerated. Unfortunately, it has been

demonstrated that while atropine at this dose has few side ef-

fects, under real life conditions it does not always achieve the ex-

pected inhibition of myopia progression suggested by clinical

studies [6]. For this reason, increasing the dose to 0.02% or

0.025% to improve the therapeutic effect is currently under dis-

cussion [7].

In addition to this pharmacological intervention, there are op-

tical devices that have been shown to be effective in the treat-

ment of myopic progression. These include orthokeratology con-

tact lenses and multifocal contact lenses [8, 9], as well as specta-

cle lenses with peripheral defocus that have been specially devel-

oped for the treatment of myopia [10–12]. An example of this are

the spectacle lenses with DIMS technology (defocus incorporated

multiple segments). Based on a single vision lens, a multitude of

small plus lenses are inserted into the glass around a free central

zone so as to generate additional myopic defocus in the periphery

of the retina; this is intended to have an inhibiting effect on the

eyeʼs excessive axial growth, and therefore also on the progres-

sion of myopia [12]. The simple use of therapeutic spectacles

lenses of this kind means there are hardly any limitations in terms

of providing care to children. Despite users of these lenses occa-

sionally noticing the defocusing elements in their peripheral vi-

sion, according to the current study data, DIMS lenses have a high

rate of acceptance and tolerability [13,14]. Another lens design

for myopia-inhibiting spectacle lenses is based on incorporating

highly aspherical lenses, arranged in a concentric ring, into a sin-

gle vision lens [15].

In the aim of improving or enhancing the therapeutic effect,

the possibility of combining optical therapies with pharmacologi-

cal intervention is under discussion. For example, increased thera-

peutic efficacy has been observed for the combination of ortho-

keratology lenses with daily administration of 0.01% atropine eye

drops [16–18].

Nevertheless, in the context of combining atropine therapy

with the use of therapeutic spectacle lenses with local defocusing

optics such as the DIMS lenses, it is important to exclude all possi-

ble safety concerns, especially with regard to the road safety of

children. Visual functions that have been proven to be essentially

relevant to road safety are visual acuity (especially daytime visual

acuity with photopic adaptation), field of vision, mesopic vision,

glare sensitivity (especially under mesopic conditions), color vi-

sion, eye position, motility, and stereoscopic vision [19]. Based

on the literature, it was expected that DIMS lenses, in comparison

to conventional single vision lenses, would not give rise to any rel-

evant impairment in scotopic or photopic visual acuity, or with re-

gard to subjective impairments of the field of vision, color vision,

or stereoscopic vision [9,13,15,20,21]. Although the occasional

perception of the peripheral, defocusing treatment zone of DIMS

lenses could not be seen as restricting the wearerʼs vision [13],

due to the mydriatic effect of atropine there was some fear that

the combination therapy with atropine could be associated with

increased glare sensitivity and reduced depth of focus [5], which

could reduce contrast sensitivity, and also increase glare sensitiv-

ity under mesopic conditions.

For this reason, the aim of this study was to investigate the

parameters relevant to vision and road safety in combination ther-

apy with DIMS lenses and low-dose atropine (0.01%).

Materials and Methods

Study cohort

We used G*Power (version 3.1.9.4.) [22] to calculate the sample

size. Using a two-sided Wilcoxon signed-rank test (α-error: 0.05;

power: 95%), we determined a sample size of at least 9 for an as-

sumed mean value (MV) 0.3 logMAR for change in visual acuity,

with standard deviation (SD) ± 0.2 logMAR. The study complied

with the ethical principles of the Declaration of Helsinki, and the

examination of the study subjects took place in the context and

within the scope of the project that received a positive vote from

under No. 2018124 from the Ethics Committee of the Medical

Association of North Rhine. The study data were collected from

keine für das Sehen und die Sicherheit im Straßenverkehr rele-

vante Sehbeeinträchtigung. Zusätzliche Atropinisierung hat

keinen Einfluss auf die Blendempfindlichkeit.

Schlussfolgerung DIMS-Brillengläser sind sicher im Straßen-

verkehr und verursachen keine relevante Beeinträchtigung

des Sehens, auch nicht unter Einfluss von 0,01% Atropin.

DIMS-Brillengläser sind daher auch bei der Behandlung von

progressiven Myopien in der Kombinationstherapie mit Atro-

pin sicher.
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practice employees during training and professional development

events, and were retrospectively analyzed and evaluated in the

context of this study. For this reason, the age of the patient group

is considerably higher than that of the general target group for

myopia progression inhibition therapies. The twelve study sub-

jects (age: 24–45; 30.1 ± 5.7 years) were experienced in perform-

ing psychophysical tests, and did not have any ocular pathologies.

The spherical equivalent of the study subjects ranged from

− 8.13 dpt to + 1.13 dpt (− 2.84 ± 2.35 dpt).

Test lenses and atropine

In all of the tests we used glasses with DIMS lenses (MiYOSMART,

Hoya Lens, Thailand) that were specially adapted to the current vi-

sual acuity of the test subjects. These lenses have a central “free”

single vision area, surrounded by a ring-shaped area in which a

large number of small pulse lenses are incorporated into the glass

(“DIMS area”); when the wearer looks normally straight ahead,

the DIMS area generates a multitude of local defocuses in the pe-

riphery of the retina which are superimposed onto the image from

the single vision lens. Due to the manufacturing range of DIMS

lenses, the hyperopic study subject was first provided with correc-

tive contact lenses so as to achieve emmetropia, and then re-

ceived DIMS lenses without any additional vision enhancement in

the basic lens. For atropine administration we used 0.01% atro-

pine (Berg Apotheke, Tecklenburg, Germany).

Pupillography

To assess the actual effect of the atropine in these study subjects

and with the specific atropine formula used, in preliminary tests

we measured the scotopic (< 3 lx) and photopic (> 100 lx) pupil

size of both eyes using a MYAH device (Topcon Corp., Japan), in

each case before administration of atropine (“0 hrs”), and at

60 minutes (“1 hr”), 4 hours (“4 hrs”), and 8 hours (“8 hrs”) after

administration. The aim here was to assess the pupil dynamic (dif-

ference between scotopic and photopic pupils), because a persist-

ing pupil dynamic is indicative of a slight adverse sensation of

glare and accommodation weakness.

Study procedure

The following measurements were performed before atropine ad-

ministration (“0 hrs”) and 1 hour after additional installation of

atropine (“1 hr”):

▪ Distance visual acuity using the Freiburg Visual Acuity an Con-

trast Test (FrACT, software version 3.10.5) [23], with and with-

out glare, with the study subject looking straight ahead

through the defocus-free central area of the lenses, as well as

with forced gaze looking explicitly through the defocusing

DIMS zone. This measurement was performed on the right eye.

▪ Contrast sensitivity (CS) using the Freiburg Visual Acuity and

Contrast Test (FrACT, software version 3.10.5) under the same

conditions as described above.

▪ Contrast sensitivity (CS) using Visual Function Analyzer (Stereo

Optical, USA) following the F.A.C.T protocol (Functional Acuity

Contrast Test) under photopic and mesopic conditions, in each

case with and without glare (135 lx under photopic conditions,

28 lx under mesopic conditions). This measurement was per-

formed on both eyes.

▪ Mesopic vision and glare sensitivity with a Mesotest device

(Oculus Optikgeräte, Wetzlar), which uses a glare source that

directs 0.3 lx light beam at the eye at the level of the pupil. This

measurement was performed on both eyes.

In addition, using a calibrated color LCD screen with a diagonal

measurement of 58 cm (ColorEdge CS230, Eizo, Japan), Landolt

rings, as an opotype, were displayed at a distance of 2m to mea-

sure distance visual acuity, and for CS, sinusoidal patches were

displayed in differing orientations, with 3 and 6 cycles per degree.

The point glare source used (38 lx at the pupil level, 3 mm LED,

10,000 mcd) was located on the upper edge of the LCD screen. To

determine distance visual acuity and CS looking exclusively

through the DIMS area of the lenses, we then used chin rests to

immobilize the heads of the study subjects during these measure-

ments. By shifting the LCD screen sideways by 21° (i. e., 78 cm to

the left of the given viewing distance), the gaze was forced to look

through the nasal peripheral DIMS area [21]. If the gaze deviation

was accompanied by a head movement on the part of the study

subject, this was always corrected by the investigator.

All measurements took place in a darkened room (ambient

light < 15 lx), with no sources of interfering light.

For the statistical analysis of the study results we used by the

Kolmogorov-Smirnov test as well as a multifactorial ANOVA test

with Matlab (Mathworks Inc., USA, version: R2021b).

Results

Effect of atropine on the pupils

The pupil sizes under scotopic and photopic conditions and result-

ing pupil dynamics, determined in the preliminary tests, are illus-

trated in ▶ Fig. 1. The pupil dynamic was 2.59 ± 0.52mm prior to

atropine administration, and it was 1.97 ± 1.08mm (p < 0.05)

1 hour after administration of atropine 0.01%, 1.35 ± 0.83mm

(p < 0.001) 4 hours after administration, and 1.81 ± 0.69mm

(p < 0.01) 8 hours after administration.

Mesopic vision and glare sensitivity

The results from the tests performed on the Mesotest device are

set out in ▶ Fig. 2.

Without glare, all of the study subjects were able to confidently

recognize the optotypes up to a contrast of 1 :2.7, which corre-

sponds to a logarithmic CS (logCS) of 0.2. In addition, 11 of the

study subjects (92%) recognized the optoptypes at the weakest

contrast of 1 :2 (0.3 logCS); 1 study subject (8%) did not recognize

the optotypes at this contrast.

With glare, all of the study subjects were still able to recognize

the optotypes up to a contrast of 1 :2.7. Furthermore, 9 of the

study subjects (75%) recognized the optoptypes at the weakest

contrast of 1 :2; 3 study subjects (25%) did not recognize the op-

totypes at this contrast.

With additional atropinization but without glare, all of the

study subjects were still able to recognize the optotypes up to a

contrast of 1 :2.7/Eleven subjects (92%) could also correctly rec-

ognize the optotypes up to the lowest contrast of 1 : 2; one subject

(8%) could not recognize the optotypes at this contrast level.
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With atropinization and glare, all of the study subjects could

still recognize the optotypes up to a contrast of 1 :2.7. Nine sub-

jects (75%) could also recognize the optotypes at a contrast of

1 :2; 3 subjects (25%) could not recognize the optotypes at this

contrast.

Distance visual acuity (FrACT)

The mean visual acuity (logMAR) with SD looking through the

“central area” and through the “DIMS area” are set out in ▶ Table

1 und Table 2; in each case measurements are shown with and

without atropine administration, and with and without the influ-

ence of glare.

Without glare, there was a significant reduction in distance vi-

sual acuity of 0.24 logMAR (p < 0.001) looking through the DIMS

area compared to looking straight ahead through the central area;

with atropine, there was a significant reduction in distance visual

acuity of 0.27 logMAR (p < 0.001; ▶ Table 1).

With the subject looking straight ahead, administration of

atropine did not significantly reduce the distance visual acuity;

with the subject looking through the DIMS area, administration

of atropine reduced the distance visual acuity by 0.09 logMAR

(p < 0.05).

With additional glare, there was a significant reduction in dis-

tance visual acuity of 0.25 logMAR (p < 0.001) looking through

the DIMS area compared to looking straight ahead through the

central area of the lens; with atropine, there was a significant re-

duction in distance visual acuity of 0.17 logMAR (p < 0.001; ▶ Ta-

ble 2).

With the subject looking straight ahead, additional atropine re-

duced the distance visual acuity by 0.10 logMAR (p < 0.01); with

the subject looking through the DIMS area, the additional atro-

pine did not significantly reduce the distance visual acuity.

Contrast sensitivity (FrACT)

▶ Table 3 and Table 4 show the contrast sensitivities (logCS) for

the four conditions investigated, for the spatial frequencies 3 and

6 cpd.

With a spatial frequency of 3 cpd, there was no noticeable dif-

ference in CS with the subject looking through the DIMS area

compared to looking straight ahead (without atropine); with

atropine, this comparison showed that the CS was reduced by

0.16 logCS (p < 0.01).

CS when looking straight ahead was not significantly reduced

by the effect of the atropine; the CS looking through the DIMS

area was reduced by 0.22 logCS (p < 0.001).

With a spatial frequency of 6 cpd, the CS looking through the

DIMS area compared with looking straight ahead, both with and

without atropine, was reduced significantly by 0.09 logCS (with-

out atropine: reduction by 0.35 logCS, p < 0.001; with atropine:

reduction by 0.38 logCS, p < 0.001).

The atropine did not have any noticeable effect on CS, either

looking straight ahead or looking through the DIMS area.

Contrast sensitivity (Visual Function Analyzer)

On determining contrast sensitivity using the Visual Function

Analyzer following the F.A.C.T. protocol, administration of atro-

pine was not observed to have any statistically significant effect

on CS with DIMS lenses, even when subjected to glare (▶ Fig. 3).

With atropine there is a tendency for contrast sensitivity to in-

crease under mesopic conditions, with and without glare.

Discussion

This study serves to evaluate different visual functions when wear-

ing DIMS spectacle lenses to inhibit myopia progression, espe-

cially in combination with low-dose atropine (0.01%).

▶ Fig. 1 Influence of acute atropinization with 0.01% atropine on

pupil dynamic (bar graph) and pupil size (error bars) over time

(before atropine administration [0 hrs] and 45–60 mins [1 hr],

4 hours and 8 hours after atropine administration).

▶ Fig. 2 Percentage of test subjects who were able to see the con-

trast levels using the Mesotest instrument with DIMS lenses, in each

case with and without glare and with and without atropine; 1 : 23

corresponds to the highest contrast setting, and 1 :2 the lowest

contrast. (Being able to see a contrast of 1 : 23 is the requirement for

a Class B driver license.)
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In a previous study of young adults, it was shown that looking

through the central, defocus-free area of DIMS lenses, which is

equivalent to single vision correction, does not result in any im-

pairment of visual acuity [21]; however, this requires correct cen-

tering of the spectacle lenses. When looking through the treat-

ment area of the DIMS lenses, a reduction in visual acuity by

0.3 logMAR was observed [21]; this corresponds approximately

to a spherical defocus of 0.5 to 0.75 dpt. The decrease in visual

acuity described above was also precisely confirmed in our study.

This reduction in visual acuity, which is small for a defocus of

+ 3.50 dpt, can be explained by the configuration of the DIMS

lenses. The plus lenses arranged on the front surface of the DIMS

spectacle lenses are on average significantly smaller in diameter

(1mm) than the eyeʼs pupil size, which means the light ray bundle

shining on the eye is always a combination of light rays that on the

one hand can only be refracted by the single vision lens, and on

the other hand are always refracted by more than one lens [20].

In a study of 20 children, a smaller reduction in visual acuity was

measured looking through the treatment area of the DIMS lenses

(0.06 logMAR) [13]. This prompts us to suspect that children, in

▶ Table 1 Distance visual acuity (reported in logMAR as mean value ± SD) with subject looking through the central part of the lens and through the

DIMS area, in each case with and without atropine and with and without glare; ns = not significant. Example for interpretation: a difference of

+ 0.1 logMAR between „central“ and „DIMS area“ corresponds to a drop in visual acuity of 1 level.

Without glare Distance visual acuity [logMAR] (MV ± SD)

Without atropine With atropine

Central DIMS area Central DIMS area

− 0.06 ± 0.15 0.18 ± 0.12 0.00 ± 0.13 0.27 ± 0.05

P < 0.001 P < 0.001

ns

p < 0.05

▶ Table 2 Distance visual acuity (reported in logMAR as mean value ± SD) with subject looking through the central part of the lens and through the

DIMS area, in each case with and without atropine and with and without glare; ns = not significant. Example for interpretation: a difference of

+ 0.1 logMAR between „central“ and „DIMS area“ corresponds to a drop in visual acuity of 1 level.

With glare Distance visual acuity [logMAR] (MV ± SD)

Without atropine With atropine

Central DIMS area Central DIMS area

− 0.01 ± 0.16 0.24 ± 0.17 0.09 ± 0.18 0.26 ± 0.16

P < 0.001 P < 0.001

P < 0.01

ns

▶ Table 3 Mean value ± SD of contrast sensitivity (logCS) with subject looking straight ahead through the central area of the lens and looking

through the DIMS area, in each case with and without atropine, for the spatial frequency 3 cpd; ns = not significant.

Spatial frequency 3 cpd Contrast Sensitivity [logCS] (MV ± SD)

Without atropine With atropine

Central DIMS area Central DIMS area

2.23 ± 0.11 2.19 ± 0.17 2.13 ± 0.20 1.97 ± 0.24

ns P < 0.01

ns

P < 0.001
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contrast to the adult volunteers, are quicker to adapt and are less

susceptible to interference from the defocus. Lam et al. were able

to show that visual functions are not impaired using DIMS specta-

cle lenses compared to single-vision lenses, and that visual func-

tion improves over the course of two years, both with DIMS lenses

and with single-vision lenses [10]. In practice, this reduction in vi-

sual acuity at the periphery of the lenses has been found to be not

clinically relevant: in an as yet unpublished survey in which the au-

thors of this article systematically surveyed 54 children being

treated with DIMS spectacle lenses, after a maximum adjustment

period of 14 days, there were no further reports of subjective im-

pairment of visual acuity, while the vision problems originally re-

ported related solely to reading close up; there were no reports

of impaired distance vision or impairment in the context of road

safety. It should be mentioned here that randomized studies with

DIMS spectacle lenses have yet to be performed in European.

Special lenses for inhibiting myopia progression are not the on-

ly type of lenses that incorporate more than one vision strength

into the same lens: older people often wear glasses with progres-

sive lenses, which are classed as safe in the context of road safety

[24]. However, compared to progressive lenses, DIMS spectacle

lenses have a fundamentally different optical design. Because the

plus lenses incorporated into a single-vision lens have a cover ratio

of less than approx. 50%, the magnification is the same over the

whole surface of the lens, even when looking through the periph-

eral DIMS area. In contrast, depending on their design, progres-

sive lenses have more or less prominent undesired optical effects

that change over the surface of the lens and have an effect on vi-

sual functions [25,26]. Relating this to the optical design of DIMS

spectacle lenses, these lenses can consequently be classed as safe

in the context of road safety.

Combination therapy with atropine eye drops is used to im-

prove the therapeutic effect of DIMS lenses in individual cases.

However, parents and ophthalmologists may still fear that the

special optical characteristics of the myopia-inhibiting lens design

will be amplified through the pupil dilation and reduction in pupil

dynamic caused by the atropine. This might cause the wearer of

the DIMS glasses to be more strongly aware of the defocusing

treatment area (“DIMS area”) of the DIMS lenses, leading to a re-

duction in visual function in this area, especially under the influ-

ence of glare. In this study we have shown that even given acute

atropinization with impairment of pupil function, as can occur in

myopia therapy with low-dose atropine, there is no clinically rele-

vant impairment to visual function using DIMS glasses. With the

subject looking straight ahead (through the central area of the

DIMS lenses), we did not observe any statistically significant or

clinically relevant change in visual acuity following administration

of atropine. While visual acuity is generally reduced when looking

through the DIMS area, there is no impairment to contrast sensi-

tivity at spatial frequencies of 3 and 6 cpd. These spatial frequen-

cies are necessary in order to roughly recognize objects and for

safety-relevant vision, especially with regard to road safety [27].

Even with higher spatial frequencies, in our testing using the

Visual Function Analyzer we did not observe any reduction in con-

trast sensitivity using DIMS glasses in combination with atropine.

Our study even showed a tendency towards improved CS under

mesopic conditions after administration of atropine, presumably

due to the enlarged pupil [28]. Our results regarding contrast sen-

sitivity under the influence of atropine are consistent with find-

ings from earlier research: in a study that investigated the short-

term and long-term effects of 0.01% atropine on CS, no signifi-

cant reduction in CS was observed [18].

Our results with the Mesotest instrument for mesopic vision

and glare sensitivity do not lead us to expect any impairment of

road safety under the influence of atropine with glare. This cohort

of study subjects did not at any point fall below the minimum re-

quirements for a Class B driver license stipulated by the German

Ophthalmological Society (DOG) [29]. None of the vision condi-

tions investigated in this study showed a clinically relevant reduc-

tion in visual acuity, and on average the visual acuity scores did

not fall below 0.3 logMAR. From this we conclude that glasses

with DIMS technology do not give rise to any relevant impairment

of road safety, even in combination with atropine.

It must be noted, in any case, that the paradigm used in this

study reflected an extremely artificial and contrived adverse situa-

tion: in practical reality, it would never happen that the wearerʼs

gaze would be forced to look through the peripheral DIMS area

of the spectacle lenses, as was contrived in our study for the visual

function test. In a real-life situation the wearer would move their

head in the direction of the object so as to be looking through the

free central single-vision area of the DIMS lenses. Conversely, the

resolution in the peripheral field of vision is so low [13] that the

superimposed defocus created by the optics of the DIMS area is

not even noticeable when the wearer is looking straight ahead.

▶ Table 4 Mean value ± SD of contrast sensitivity (logCS) with subject looking straight ahead through the central area of the lens and looking

through the DIMS area, in each case with and without atropine, for the spatial frequency 6 cpd; ns = not significant.

Spatial frequency 6 cpd Contrast Sensitivity [logCS] (MV ± SD)

Without atropine With atropine

Central DIMS area Central DIMS area

1.94 ± 0.22 1.59 ± 0.27 1.84 ± 0.37 1.46 ± 0.33

P < 0.001 P < 0.001

ns

ns
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The paradigm used in our study would only apply in the particu-

larly unfortunate situation in which an object of relevance for

safety was first roughly noticed in the periphery of a personʼs field

of vision, so that for a brief moment it appeared only in the DIMS

area of the lens, resulting in a slight delay before the reflex-like

head motion followed the gaze so that the person was once again

looking through the central, defocus-free, single-vision area of the

DIMS lens. In contrast to progressive lenses which have changing

magnification, due to the constant magnification of the base sin-

gle-vision lens described above, the wearer is not expected to ex-

perience any vision impairment on “glancing sideways”, trigger-

ing a “head follows gaze” reflex cascade [30].

Conclusion

According to current knowledge, DIMS glasses to not represent

any risk to road safety. The safety-relevant visual functions are

not adversely changed, even in combination therapy with atro-

pine. Although the wearerʼs visual acuity is reduced when looking

through the treatment area of DIMS lenses, there is no impair-

▶ Fig. 3 Contrast sensitivity at 1,5, 3, 6, 12, and 18 cpd, determined in 12 trial subjects before atropinization (0 hrs) and approx. 60 minutes after

atropinization (1 hr). a Under photopic conditions. b Under mesopic conditions. c, d As for a and b, but with glare.
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ment to the contrast sensitivity at safety-relevant spatial frequen-

cies. It should also be mentioned that constraining the study sub-

jects to gaze fixedly through the treatment area of the lens consti-

tutes a highly artificial visual situation; in a real-life scenario, any

gaze through this area would tend to be brief, and would be com-

pensated by head movement.

CONCLUSION BOX

Already known:

▪ Low-dose atropine and special eyeglasses are an estab-

lished method for inhibiting myopia progression.

▪ If therapy is insufficiently effective, a combined therapeu-

tic approach may be helpful.

▪ Possible optical and sensory physiological effects of the

combination therapy and their influence on road safety

have yet to be clarified.

New findings:

▪ The combination of DIMS glasses with 0.01% atropine

does not result in any clinically relevant impairment to the

central visual functions.

▪ Optical effects that are briefly noticeable in the peripheral

field of vision do not have any impact on rough recognition

of objects.

▪ Combination therapy with DIMS and 0.01% atropine can

be seen as without risk in terms of road safety.
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