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The paper is aimed at comparing the level of aberrations, structure of the wavefront, and its response to cycloplegia 
in children with different refractions before they started practicing badminton regularly and after a year’s duration of this 
practice. Material and methods. 40 children (80 eyes) with refractive errors from +6.63 to -6.75 D (average -1.28 ± 2.28 D) 
aged 7 to 11 years (average 9.24 ± 1.06 years) were examined before the practice, 6 months after practice start (38 children, 
72 eyes) and after 1 year of badminton playing (27 children, 54 eyes). All patients underwent wavefront aberrometry before 
and after cycloplegia on an OPD-Scan III (Nidek) aberrometer. We analyzed Zernike coefficients up to the 12 th order 
inclusive: vertical and horizontal slope (tilt 1, tilt 2), vertical and horizontal trefoil (trefoil 6, trefoil 9), vertical and horizontal 
coma (coma 7, coma 8), spherical aberration (SA), mean square deviation from the ideal wavefront (RMS). Results. SA in 
myopia was found to be negative, in hyperopia positive; Tilt 1, Tilt 2, Trefoil 9, Coma 7 in myopia were significantly higher, 
and Coma 8 significantly lower than in hyperopia. The slope of the wavefront (Tilt 1, Tilt 2) in cycloplegia falls significantly 
in hyperopic eyes and does not change in myopic ones. The latter fact points to insufficient tension of Zinn ligaments in the 
myopic eye. Regular badminton practice results in significant changes in wavefront aberrations, indicating a strengthening 
of the ligaments of the lens and the normalization of the ciliary muscle tone. Conclusions. The structure of the wavefront in 
children with different refractions shows significant differences. Badminton helps strengthen the ligaments of the lens.
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In recent decades, the incidence of myopia is 

steadily growing, claiming 30 to 40% of young people in 

Russia, USA, and Europe, and 70 to 96% in South-East 

Asia [1–5]. 

According to the data of Aron Dashevsky, children 

aged 4 to 7 years must normally have hyperopic refraction 

(ca 1.0 D) [6]. Regretfully, increasing visual work, the 

computerization of all life aspects of modern children, 

increasing requirements of new programs at school, 

reduction of physical exercise and physical inactivity 

bring about early emmetropization occurring at the age 

of 4–6 ears and the onset of myopia of schoolchildren.  

In recent years, the development of acquired myopia tends 

to be explained, more and more often, by insufficient 

physical activity, especially open air activity. To minimize 

the pathogenic impact of adverse environmental factors, 

sports activities are recommended. 

Badminton is an ideal sport that harmoniously com-

bines tracing a moving object (accommodation training), 

head and torso turns (hemodynamics strengthening), deep 

breathing (blood oxygenation). 

According to modern views, not only hereditary 

predisposition but also environmental factors, and above 

all, optical errors in the formation of a retinal image, play 

a significant role in the development of acquired myopia. 

It has been shown by experiments that both the central and 

the peripheral hyperopic defocus stimulate eye growth 

and myopization of refraction. In its turn, image focusing 

on the retina is determined by the accuracy (adequacy) 

and stability of the accommodation response, as well as 

by aberrations of the wavefront of the eye. These aberra-

tions are closely related with the accommodation and the 

peripheral refraction. On the one hand, the aberrations 

determine the quality of the retinal image and stimulate 

its focusing. As is known, the negative spherical aberra-

tion (SA) and the coma stimulate the accommodation 

response; in its turn, the accommodation stress increases 

the negative SA [8, 9]. 

On the other hand, the high level of aberrations, in 

particular, of the positive Sa, increases the depth of the 

focus area, facilitates near visual work without accom-

modation participation (the so-called pseud-accommo-

dation) and may reduce the accommodation response, 

which leads to an accommodation lag and the formation 

of hyperopic defocus on the retina.

М. Collins и С. Wildsoet [10] suggested that in-

dividual aberrations, such as SA, may violate the em-

metropization process. They believed that the negative 

SA induces the myopic eye growth while the positive SA 

slows it down. A number of papers report high values of 

the 4th, 5th and higher order aberrations (HOA) in myopic 

subjects as compared to emmetropes [11]. The eyes that 

revealed rapid myopia progression showed a higher level 

of both total HOAs and root mean square of the ideal 

wavefront, and 3rd order aberrations and the coma than 

the eyes with slow myopia progression [12–15]. 

SA change in myopia is associated with the lens 

change during eye growth [16, 17]. A higher level of aber-

rations reducing the quality of the retinal image may play 

a role in myopia development [13, 18, 19].

Contrariwise, certain studies report a lower level of 

4th order aberrations [10], SA [20–22], 3th and higher-

order aberrations [20, 23, 24] in myopi eyes as compared 

to emmetropic ones. Yet other studies do not see dif-

ferences in wavefront parameters in different refraction 

groups [25–28]. 

Under natural conditions, there exists a physiological 

tone of accommodation, which is enabled by the balance 

of sympathetic and parasympathetic innervation [29]. 

Mainly due to this tone, the internal optics of the eye 

tends to for corneal aberrations, which leads to a decrease 

in total (ophthalmic) HOAs and an improvement in the 

retinal image. In children and young people with myopia 

and hyperopia, the total HOAs are lower than the retinal 

ones [30, 31].

Wavefront changes are revealed under cycloplegia as 

compared to non-cycloplegic conditions [32]. 

Of special interest is the result of comparison of 

wavefront aberrations and their changes occurring under 

cycloplegia in myopic and hyperopic eyes. According to 

our previous data, the level of tilt1, horizontal trefoil and 

vertical coma aberrations under natural conditions with 

the pupil width of 3 mm are significantly higher in myo-

pia than in hyperopia, whilst their changes in response to 

cycloplegia are substantially lower or completely absent. 

We believe that these features can be associated with the 

state of the ligamentous apparatus of the lens and the cili-

ary muscle. An increased level of aberrations associated 

with the tilt of the lens, its shift, decentration of the optical 

elements of the eye may be an evidence of a weak ligament 

tension (possibly associated with the excessive tone of 

the ciliary muscle). This is also confirmed in cycloplegia: 

changes in the tone of the ciliary muscle, the tension 

of the Zinn ligaments and the position of the lens in 
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myopia are insufficient for significant changes in the 

wavefront [33]. 

In addition to the accommodation and the central 

defocus, aberrations play an important role in the forma-

tion of the peripheral retinal defocus. A number of studies 

report that the positive SA contributes to the formation 

of relative peripheral myopia, while the negative SA is 

instrumental in the onset of hyperopia. Both the experi-

mental and the clinical observations clearly indicate the 

inhibitory effect of myopic defocus on the process of 

myopia progression [34].

The above facts explain an increasing interest to eye 

wavefront studies which is noted in the literature in recent 

years. The role of aberrations in postnatal refractogenesis 

appears to be indisputable but the results of numerous 

studies are ambiguous. The association of the total level 

of aberrations with the refraction, myopia progression 

and accommodation lag is confirmed in some papers but 

unconfirmed in others. 

The PURPOSE of this work was a comparative 

analysis of the level of aberrations, the structure of the 

wavefront, its response to cycloplegia in children with 

various refractions before they started practicing badmin-

ton regularly and after a year’s duration of this practice.

MATERIAL AND METHODS
40 children (80 eyes) aged 7 to 11 years (average 

9.24 ± 1.06 years) with refractive errors from +6.63 

to -6.75 D (average -1.28 ± 2.28 D) were examined. 

Of these, 34 chidlren (67 eyes) were myopic: 26 chil-

dren (51 eyes) had low myopia, 6 children (12 eyes) 

with moderate myopia and 2 children (4 eyes) with high 

myopia. The remaining 13 eyes belonging to 7 children 

were hyperopic or emmetropic. From the total cohort 

of patients, a group with spasm and habitually excessive 

accommodation strain (HEAS) was isolated that counted 

11 children (20 eyes), of which 7 eyes of 4 children were 

myopic, 6 eyes of 3 children were hyperopic and 7 eyes 

of 4 children were emmetropic. 

6 months after badminton practice start, 38 children 

(76 eyes) were examined, and after 1 year of regular bad-

minton playing 27 children (54 eyes) aged 8 to 12 (average 

9.42 ± 1.10 years) with various refraction levels (aver-

agely -1.62 ± 1.81 D) underwent through examination. 

Of the 54 eyes, 46 eyes belonging to 23 children were 

myopic: 37 eyes of 19 children had low myopia, 7 eyes of 

4 children had moderate myopia, and 2 eyes of 1 child had 

high myopia. Again, in the total cohort of patients, a group 

of 7 children (14 eyes) with spasm and HEAS was identi-

fied: 3 children (6 eyes) were myopic, 2 children (4 eyes) 

were hyperopic and 2 children (4 eyes) were emmetropic. 

All patients underwent wavefront aberrometry in 

a darkened room before and after medical cycloplegia: 

1% cyclopentolate dehydrochloride was used twice, with 

an interval of 10 minutes. Aberrometry was performed 

40 minutes after the first instillation on an OPD-Scan III 

(Nidek) aberrometer. Since the action of cycloplegics 

is accompanied by mydriasis, which increases the level 

of many aberrations, we analyzed the wavefront before 

and after instillation of cyclopentolate with a fixed pupil 

width in order to assess the impact of cycloplegia alone, 

and not that of mydriasis. Aberrations were analyzed 

with a pupil width of 3 mm both without cycloplegia and 

under cycloplegic conditions (in the latter case, with the 

option of selecting a 3 mm zone). We analyzed Zernike 

coefficients up to the 12th order inclusive: vertical and 

horizontal slope (tilt 1, tilt 2), vertical and horizontal 

trefoil (trefoil 6, trefoil 9), vertical and horizontal coma 

(coma 7, coma 8), spherical aberration (SA), and root 

mean square (RMS) deviation. 

Badminton was practiced according to the technique 

proposed by Valery Turmanidze [35].

RESULTS AND DISCUSSION
As is seen from the analysis of the tables 1–4,

the following aberrations show statistically significant 

differences in myopia and hyperopia: SA, tilt 1, tilt 2, 

trefoil 9, and coma 7 are higher in myopia than in hypero-

pia, whilst coma 8 is 10 times lower. SA has negative values 

in myopia and positive values in hyperopia.

The response to cycloplegia is very specific, too. 

Both in myopia and hyperopia, SA showed a shift towards 

positive values: in the first case, the negative SA showed 

a 2-fold reduction while in the second case the positive 

SA increased. 

In spasm and HEAS, the positive SA showed a 5-fold 

(!) increase. These changes fall within the changes of lens 

shape under cycloplegia: the lens is flattening and the re-

fractive power of the central region is decreasing (table 2).

The waverfron slope (tilt 1, tilt 2) in hyperopic eyes 

under cycloplegia decreased (tilt 2 showed a 25-fold 

decrease!) while in myopic eyes it showed a statistically 

insignificant (1.5-fold) reduction or even an increase. 

Тrefoil 9 showed a 5-fold increase in hyperopia un-

der cycloplegia and remained unchanged in myopia 

(tables 1–3).

The above changes of the listed aberrations that 

occur in response to cycloplegia and are associated with 

the wavefront slope agree with those we reported earlier 

and are consistent with the proposed explanation [33]. 

The tension of the Zinn ligaments under cycloplegic in 

hyperopic eyes is sufficient for the change in the shape and 

position of the lens but it is insufficient for myopia, which 

is obviously caused by weak ligamentous apparatus and/

or habitually excessive tone of the ciliary muscle. 

The changes of the waverfront in response to cyclo-

plegia in eyes with HEAS and accommodation spasm were 

ambivalent. The spherical aberration and tilt 1 behaved in 

the same way as in the hyperopic eyes (which they indeed 

were, on average): namely, the former increased 5 times 

toward the positive values (conforming to lens flattening) 

and the letter was decreasing (tables 1, 2). 

Тilt 2, trefoil 6, trefoil 9 showed no significant 

changes in response to cycloplegia (tables 1–3).

Coma 7 in patients with HEAS and spasm had 

negative values as in hyperopia (in myopia the values were 
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positive); after cycloplegia, it increased 8 times and trans-

ferred to positive values. In all other groups, it remained 

unchanged (see table 4). 

The values of Coma 8 in patients with HEAS were 

conform to those in hyperopia. After cycloplegia, these 

aberrations showed a more significant reduction than in 

other groups – they sank 4.5 times (in hyperopia there was 

a 1.5-fold decrease and in myopia, a 3.5-fold decrease), 

see table 4.

On the whole, it can be concluded that the wavefront 

structure of the eyes in HEAS and accommodation spasm 

corresponded to the true refraction of these eyes, i.e. to 

hyperopia. At the same time, the response of the wavefront 

to cycloplegia in these eyes differed from the response 

shown both by myopic and hyperopic eyes. 

After regular badminton workouts, statistically sig-

nificant changes of a number of eye wavefront aberrations 

were observed. The total aberrations (RMS) did not show 

a significant change but after a year they fell in all groups, 

which can be assessed as an increase in vision quality. 

In myopia, SA showed a 20-fold decrease and transferred 

to positive values, which means that it approached the 

state of hyperopic eyes. After a year, a 10-fold reduction 

of SA level against the initial values was still observable 

(see table 1).

Changes of tilt 1 were unstable and by the end of the 

year of workouts its values return to the initial ones. In 

myopia, Tilt 2 dropped 2.5 times after 6 months, and the 

values remained the same after a year. In hyperopia, Tilt 2 

did not change after 6 months but after a year it showed a 

sharp increase with a transfer to positive values. In HEAS 

and spasm, Tilt 2 decreased by the end of the year but 

the response to cycloplegia was paradoxical: it showed 

a 25-fold increase (see tables 1, 2). 

Тrefoil 6 did not change after a year of practice in 

hyperopia but it showed a 1.7-fold decrease in myopia, 

which was accompanied by the emergence of a response to 

cycloplegia (the indicator dropped 2 times after cyclople-

gia). An even more pronounced response to cycloplegia 

was observed after 6 months in the groups of HEAS and 

spasm: trefoil 6 dropped 5 times. After a year, the level 

of this aberration dropped 4.5 times as compared to the 

initial value (see table 3).

Тrefoil 9 reduced 12 times in myopic patients after 

6 months and developed a previously absent response to 

cycloplegia. The changes persisted after a year. In spasm 

and HEAS, these aberrations increased during the year 

but developed a response to cycloplegia similar to that in 

myopia: a 5-fold increase with the transfer from negative 

to positive values was observed (see table 3).

No statistically significant changes of Coma 7 under 

natural conditions were observed after 6 months in any 

group. Only in HEAS and spasm, a response to cycloplegia 

was observed, which consisted in a 6-fold increase of Coma 

7 with positive values transferring to negative ones. After 

a year, Coma 7 values increased 3 times in this group with 

respect to the initial values. In hyperopia, no changes were 

observed either before or after cycloplegia (see table 4). 

Coma 8 values showed an even higher reduction 

after a year in patients with myopia, HEAS and spasm, 

demonstrating the transfer to negative values; no response 

to cycloplegia was present. In hyperopic eyes, the changes 

of Coma 8 aberrations were opposite: their level showed 

an even higher increase, with a transfer to positive values, 

and the response to cycloplegia was pronounced: it showed 

a 3.5-fold decrease (see table 4).

It can thus be concluded that after regular badminton 

practice, the eyes with myopia, HEAS or spasm showed 

statistically significant changes of wavefront aberrations, 

which can be associated with the strengthening of the 

ligamentous apparatus of the lens and the normalization 

of ciliary muscle tone. First of all, the changes consisted in 

a shift of spherical aberrations from negative values (when 

the center of the optical system shows a more powerful 

refraction than the periphery) to positive values (the pe-

riphery refracts stronger than the center. Such an effect is 

an undeniable evidence of lens flattening, which, in its turn, 

is associated with the elimination of the hypertone of the 

ciliary muscle and with increased tension of Zinn ligaments. 

A reduction of the wavefront slope (Tilt 2), vertical 

and horizontal trefoil and horizontal coma (coma 8), 

i.e. the aberrations associated with the mismatch and ir-

regularity of the elements of the optical system can also 

be attributed to the strengthening of the ligamentous ap-

paratus of the lens.

The appearance of a previously absent response to 

cycloplegia, namely wavefront changes in Zinn ligaments 

under the influence of cycloplegic agents is an even clearer 

indication of this fact (see table 2–4).

CONCLUSIONS
The structure of the wavefront in children with 

various refractions shows a statistically significant differ-

ence. In particular, SA is negative in myopia anf positive 

in hyperopia; Tilt 1, Tilt 2, Trefoil 9, Coma 7 in myopia 

is significantly higher and Coma 8 is significantly lower 

than in hyperopia. 

The wavefront slope (Tilt 1, Tilt 2) under cycloplegia 

significantly decreases in hyperopic eyes and does not 

change in myopic ones. The latter indicates insufficient 

tension of Zinn ligaments.

After regular badminton workouts, statstically sig-

nificant changes are revealed in wavefront aberrations, 

which is an evidence of the strengthening of the ligamen-

tous apparatus of the lens and the normalization of the 

tone of the ciliary muscle.
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