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Refraction; Purpose: This study aimed to evaluate the refractive error of the uncooperative infants and
Retinoscopy; children with the new method of retinoscopy called the tele-lens (**Mirza’’) retinoscopy.
Infants; Methods: In the ‘*Mirza’’ tele-lens retinoscopy, the examiner placed the trial lenses in 1/3
Uncooperative distance between the tested eye person and peephole of the retinoscope (22.2 cm far from the
children spectacle plane). First, the optical calculations were done to find the correction factors for this

new method of retinoscopy. Second, the dry standard and ‘*Mirza’’ tele-lens retinoscopy were
performed in 78 eyes from 39 children aged 7-12 years with good cooperation and next, the
procedure was repeated using cyclopentolate drops and then the results of the two methods
were compared, and at the end, the dry ‘‘Mirza’’ tele-lens retinoscopy was done in the 60 eyes of
31 uncooperative infants with a mean age of 21.85 + 8.79 months for evaluating the feasibility
of the *‘Mirza’’ tele-lens retinoscopy procedure. The intraclass correlation coefficient (ICC)
and Bland-Altman plot for assessment of agreement between the findings of two retinoscopic
methods in dry and cyclo conditions were used.

Results: The comparison between the dry standard and ‘‘Mirza’’ tele-lens retinoscopic results
with means of 1.394+1.43 and1.36 +1.39, respectively were not statistically significant
(p>0.05). Besides, comparing the mean cycloplegic results of two methods (standard vs.
‘*Mirza’’ tele-lens), the difference was not statistically significant (2.37 +1.44 vs. 2.41+1.37)
(p>0.05). Moreover, Two-way repeated measures ANOVA revealed no significant retinoscopy
method x use of drops interaction (P=0.103) in comparing two methods of the standard and
‘*Mirza’’ tele-lens retinoscopy. ICC results indicated high agreement between two methods in
both dry (ICC=0.993) and cyclo (ICC=0.989) conditions.

Conclusions: The ‘'Mirza’’ tele-lens retinoscopy method can be performed with satisfactory
results in infants and children who do not cooperate for the standard procedure of measuring
the refractive errors.
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Introduction

Detection, assessment, and management of refractive errors
in children are of great importance, as this ability is
a fundamental clinical skill among optometrists.” Being
aware of the refractive status of the child timely and its
appropriate correction are important to reduce the inci-
dence of the amblyopia, the costs of visual rehabilitation
and ultimately reduce the health and social costs of the
community.? Accordingly, children in the early years of life
need comprehensive eye examinations due to the proba-
ble presence of amblyopia, strabismus, significant refractive
error or other factors affecting the reduction of visual
acuity.?

In most cases, evaluation of refractive error in infants
and young children through routine adult procedures, such
as standard retinoscopy and autorefraction, is associated
with problems due to the excessive activity of the accom-
modative system, lack of long-term fixation at a particular
point, and the failure to cooperate for various reasons,*>
so applying these methods may not lead to optimal results.
Accordingly, different researchers have proposed methods
for better and more reliable results, such as, cycloplegic
refraction in high hyperopia with greater accommodative
efforts,® and Mohindra’s method in children who look at the
light of a retinoscope during refraction,” each in turn elimi-
nating some of the problems associated with the evaluation
of children’s refraction, but the problem does not end with
this kind of non-cooperation. Some young children, men-
tally retarded children, and infants may become anxious
and frightened by approaching and placing the trial lens
on the spectacle plane and may begin to develop inade-
quacy, crying, and inaction.®® Better cooperation between
the examiner and child in the retinoscopic process will be
formd due to the emotional relationship between parents
and children. Infants and young children may feel less anx-
ious when they are physically close to their parents and this
brings the most comfort to children. In these cases, if a trial
lens is placed farther away (the Tele-Lens) from the specta-
cle plane, the optical reflex can be seen through retinoscope
as a reflection from the retina, and eventually, the child’s
refractive status is evaluated without disturbing the child.
Can the results of this Tele-Lens retinoscopy be trusted and
applied?

This study aimed to introduce a new retinoscopy method
called the **Mirza’’ tele-lens retinoscopy for evaluation of
refractive error in uncooperative infants and children and
to compare it with standard retinoscopy.

Materials and methods

The introduction of the ‘‘Mirza’’ tele-lens retinoscopy as
the topic of this study requires firstly to determine the cor-
rect location of the trial lens for retinoscopy. As the lens
moves away from the patient’s faceplate, the problem of
lens disturbance for the child is reduced and eliminated.
The clinical experience of the authors has shown that an
approximate distance of 20 cm far from the faceplate is suf-
ficient enough to eliminate the reactive behaviors of child,
which are relative to the object located near the face. On
the other hand, given that the usual working distance in the

standard retinoscopy procedure is often 66.6cm'%"" if the
child’s spectacle plane departs from as much as 1/3 of this
distance, a point will be created that is 22.2cm from the
child’s spectacle plane and 44.4 cm away from the peephole
of the retinoscope (Fig. 1).

This point has two features that help to select the opti-
mal distance for refraction. First, this point is sufficiently far
from the patient’s spectacle plane to eliminate the child’s
reactive behaviors to the trial lens. Secondly, given that
the lens is about 1/3 the distance between the child’s eye
and the peephole of the retinoscope, evaluation of a child’s
refractive error is easily obtainable by a skilled optometrist
during retinoscopy despite optical changes in retinoscopic
reflex.

Optics of retinoscopy with a distant lens should now
be assessed. It is worth mentioning that for some reasons,
choosing a distance of 1/3 would be better:

First of all, it would be easier to consider this distance
than other distances because it divides the usual distance
for standard retinoscopy (66.6 cm) into three parts of equal
size.

Secondly, based on the author’s experiences in using this
method, it has been observed that by reducing the dis-
tance and getting closer to the patient, retinoscopy will
be difficult due to the lack of necessary cooperation. Also,
moving away from a distance of 1/3 will make it more dif-
ficult to see the retinoscopic reflex and increase optical
errors.

The study protocol was approved by the institutional
review board of the Iran University of Medical Sciences and
the Steering Committees of the School of Rehabilitation Sci-
ences and conformed with the tenets of the Declaration of
Helsinki. The informed consent was obtained for experimen-
tation with human subjects from All subject’s parents.

Optics

In the emmetropic eye, the reflective light beams of the
retina after exiting the pupil will be parallel (with no ver-
gence power), so for observation of the focused beams on
the peephole of the retinoscope and neutral point, a posi-
tive lens with a focal length equal to the distance between
the peephole and the spectacle plane is needed to be placed
in front of the patient’s eye on the spectacle plane. The lens
should have a power of +1.50 D for this working distance of
66.7 cm.

According to the above explanation, the lens equation
can be used to calculate the lens working distance required
for the retinoscopic procedure.

According to the lens equation 1/f=(1/p)+(1/q) (Eq.
(1)), p is the object distance, q is the image distance and f
defines the focal length of the lens.

In myopia, the far point is at the front of the eye, and in
hyperopia, this point is at the behind of the eye. So the p and
q values in the ‘‘Mirza’’ tele-lens method were determined
as follows (1) and (2):

(1) for hyperopia;

p2 = p1+22.20rp;(cm) = (100/|K|) + 22.2

Q= Q1-222;q, = 66.6-22.2 = 44.4
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Figure 1

The **Mirza’’ tele-lens and standard retinoscopy. In A, the child’s reaction to approaching the trial lens in standard

retinoscopy procedure was showed. In B, the trial lens magnification from its position farther from the spectacle plate was illustrated.
In C, the **Mirza’’ tele-lens retinoscopy was performed by placing the trial lens at 22.2 cm far from the child’s spectacle plane.

and
(2) for myopia;

p2 = p1 — — —22.20rp;(cm) = (100/|K|) — — —22.2

Q= 1 -22.2;qy = 66.6-222 = 44.4

where p; is the distance of the far point from the specta-
cle plane, p; is the distance of far point from the trial lens
placement in the ‘*Mirza’’ tele-lens retinoscopy (22.2cm),
q; is the distance of spectacle plane from the peephole of
the retinoscope, and q; is the distance of the peephole of
the retinoscope from the trial lens placement in the ‘‘Mirza’’
tele-lens retinoscopy (22.2 cm).

Given that the trial lens distance to the peephole of the
retinoscope (q) is equal to 66.7 cm (0.667 m) and the object
distance (p) for the emmetropic eye is an infinite distance
(00), therefore 1/f can be calculated as follow;

1/f = (1/00) + (1/ + 0.667) = +1.50D

In the “*Mirza’’ tele-lens retinoscopy, it is assumed that
the trial lens is 22.2 cm far from the spectacle plane, so its
distance from the peephole of the retinoscope is 44.4cm
(66.7-22.2). Given that the 1/p is equal to 0 and q is equal
to 44.4cm, so according to equation 1, 1/f can be calculated
as +2.25D.

Here it is quite clear that if the eye is an emmetrope one,
a working distance lens of +2.25 D is required to reach the
neutral point, or in other words, if a neutral point is obtained
with a +2.25 lens in the **Mirza’’ tele-lens retinoscopy (tele-
lens power =+2.25D), the eye is emmetropic and will be a
Plano refractive state (net retinoscopy = Plano).

When the tele-lens power is equal to +4.50 D, the
standard net retinoscopy value will be the same power,
i.e. +4.50 D. This value is a key point in the ‘*Mirza’’ tele-
lens retinoscopy method so that the values of hypermetropia
less than 4.50 D require a trial lens with power more than
the amount of true hyperopia to achieve a neutral point in
the **Mirza’’ tele-lens retinoscopy while in 4.50 D of hyper-
metropia, the tele-lens power is equal to the value of net
retinoscopy and in the spectacle plane hyperopia greater
than 4.50 D, the tele-lens power is lower than the net value
of retinoscopy.

When the patient has 4.50 D of hyperopia, the vergence
of light at the spectacle plane is —4.50 D, so we need a +4.50
D to make the vergence of light becomes zero at this point,
and also we need a +1.50 D to focus the light at 66.6cm
in the peephole of retinoscope and see the neutral point.
This will require a total of the trial lens value of +6.00 D for
neutralization at the spectacle plane.

In **Mirza’’ tele-lens retinoscopy, because the trial lens
is located at 22.2 cm far from the spectacle plane, the light
vergence in spectacle plane will be —4.50 D and when it
reaches to 22.2cm far from the spectacle plane, the ver-
gence of light will be —2.25 D, so we will require +2.25 D
to make the vergence of light becomes zero at this point.
On the other hand, to reach the peephole of retinoscope,
which is 44.4 cm far from the trial lens, we will need another
+2.25 D to focus the light at this point, so in total, the lens
required for neutralization is +4.50 D same as in standard
net retinoscopy.

The same procedure can be used to calculate the lens
required to reach a neutral point for different values of
refractive errors from myopia less than 1.50 D to Plano
and then to different values of hypermetropia in this new
method of retinoscopy. As it is clear from the descrip-
tion, this method requires conversion or correcting table
to convert the tele-lens power to net standard retinoscopy
(refractive error values) for different amounts of refraction
as the table used in the conversion of the power of spectacle
refraction to the initial contact lens.

Application

After performing the optical calculation as described in the
preceding section and estimating the power of the lenses
required to reach the neutral point in the ‘‘Mirza’’ tele-
lens retinoscopy, to test the trial lens at neutrality during
the retinoscopic procedure, the retinoscopic methods were
firstly performed in the eyes of older children with good
cooperation to reduce the possible procedure errors and
finally in younger uncooperative children and infants to eval-
uate the applicability of this new method.

It should be noted that all retinoscopy procedures per-
formed with the Heine Beta 200 streak retinoscope (HEINE
Optotechnik, Herrsching, Germany) in the present study.
In the early days of beginning the ‘‘Mirza’’ tele-lens
retinoscopic procedure, to facilitate the maintenance of the
correct working distance, a string with an effective length
of 44.4cm was used, one end of which was attached to the
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retinoscope handle at a distance of 66.6, and the other end
was placed at a distance of 22.2 cm from the corneal plane
that was hooked to the examiner’s finger. Also, room light-
ing is provided by three ceiling incandescent lamps that can
be adjusted with the help of existing rheostats. To begin the
retinoscopic process, room illumination is reduced to dim
light conditions.

Retinoscopy in the eyes of older children with good
cooperation

At first, the dry standard retinoscopy was performed in 78
eyes from 39 children aged 7-12 years with good coopera-
tion. Then, the refractive errors of the same children were
estimated through the dry ‘‘Mirza’’ tele-lens retinoscopy.
The children were watching a cartoon at a distance of 6m
in chart projector (S5C-2000 Nidek Instruments, Gamagori,
Japan), or watching his parents standing in the same dis-
tance and talking to his or her, or a combination of the
two during the implementation of any of the retinoscopic
methods.

During the ‘'Mirza’’ tele-lens retinoscopy, the
optometrist held the corrective lens at a 1/3 of the
standard distance of 66.7cm (22.2cm) and performed
the neutralization procedure on two meridians using the
sphere-sphere method and reported the obtained values
as a tele-lens power result regardless of the correction
factor or the working distance lens. It is worth mentioning
that the data were collected from children over several
sessions in several days so that 4-8 children were examined
at each session on a specific day. Initially, the standard
retinoscopy was performed on all children at a session on a
specific day, and the results were recorded on an indepen-
dent examination datasheet. Then, after completing the
standard retinoscopy procedure for all the children over
sessions, the “*Mirza’’ tele-lens retinoscopy was performed
on the children who were present on the same day and the
results were recorded on another independent examination
datasheet. For this reason, the children’s refractive errors
resulting from the standard retinoscopy method don’t
remain in the memory of the examiner. Also, unlike the
Mohindra’s retinoscopy and standard method, there is no
single fixed value to reduce the tele-lens power amounts for
obtaining net retinoscopic values and even the authors of
this article, who have been skilled in doing this new method
for a long time, have to refer to the correction/conversion
table to find the net values. In addition, reasons such as
independent registration sheets of the ‘‘Mirza’’ tele-lens
and standard retinoscopic results, the number and variety
of children in terms of refractive error, the variety of results
conversion factors between the two methods for different
values of refractive errors and the urgent need for the
results conversion table, eliminate the bias of refractive
error values in the next stage of retinoscopy.

After completing the dry refraction, one drop of topi-
cal 1.0% cyclopentolate was administered to each eye twice
with a 5-min interval to perform the standard and the
‘*Mirza’’ tele-lens cycloplegic refraction 30 min after the
last distillation. It is worth noting that in the presence of
astigmatism, it is better to use the sphere-sphere method
to neutralize any meridian to make easier the performance
of this procedure at a distance of 22.2cm.

The purpose of this session was to assess the method on
the eyes of children who had good and appropriate coop-
eration to avoid or reduce the possible errors due to the
non-cooperation of the child, then the applicability of the
method was assessed in terms the lens placement at a dis-
tance of 22.2 cm, observation of the retinoscopic reflex and
its motion, evaluation of the reflex motion in two different
principal meridians (in cases of astigmatism) and so on in
this situation.

To prevent and reduce the errors caused by daily changes
in the ametropia in infants and young children, all refrac-
tive error measurements of one child were taken in one
day and two methods of standard and ‘‘Mirza’’ tele-lens
retinoscopy with and without cycloplegic agent were applied
from one to three hours’ interval to prevent the optical and
bias effects of one method on the results of the other. Due
to the required time for the distillation of cyclopentolate
drops and preparation of the child for the minimum nec-
essary cooperation to perform the retinoscopic process, at
least one-hour interval was applied between dry and cyclo
retinoscopic procedures. In the time between the standard
and ‘*Mirza’’ tele-lens retinoscopy, the child was playing
outside the examination environment in the kindergarten
area next to the Rehabilitation School of Iran University of
Medical Sciences to prevent the child from getting tired and
prepare her/him for continuing retinoscopy procedures.

Retinoscopy in the eyes of younger uncooperative
children and infants

This time it was necessary to evaluate the ability of the
method in the eyes of younger children and infants who
did not cooperate well during the retinoscopy procedure
and avoid having the trial lens approaching the eye. An
attempt was made to perform the dry and cycloplegic
‘*Mirza’’ tele-lens retinoscopy on the 68 eyes of 34 infants
aged 8-37 months. 34 children participated in this sec-
tion, and the ‘'Mirza’’ tele-lens retinoscopy did not apply
to three children due to the continuing lack of coopera-
tion, so the new method was performed on only 31 children.
Given the lack of cooperation of the infants in the standard
retinoscopy procedure, the use of opportunities that these
children were looking at the distance target to perform the
retinoscopy and viewing its reflex was a priority for an expert
optometrist to complete the neutralization procedure.

The procedure was performed in the same detail as pre-
viously described for retinoscopy in the eyes of cooperative
older children with the ‘*Mirza’’ tele-lens retinoscopy pro-
cedure and all other essentials of the ‘‘Mirza’’ tele-lens
retinoscopy were considered.

The aim of the **Mirza’’ tele-lens retinoscopy method in
younger uncooperative children and infants was to evalu-
ate the feasibility of the method on the target age group
only, and since the target group did not allow the stan-
dard retinoscopy, standard routine retinoscopy was not
performed in this age group.

Data analyses

The dry and cycloplegic results of the two methods were
compared by paired t-test. Also, the intraclass correla-
tion coefficient (ICC) between the net results of the dry
and cycloplegic ‘‘Mirza’’ tele-lens and standard retinoscopy
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was determined. To assess the agreement between the two
methods of retinoscopy, the Bland-Altman plots were used.
Differences between measurements were plotted against
their mean and the 95% limits of agreement were deter-
mined as the mean difference +1.96 *standard deviation
of the differences. Besides, a two-way repeated-measures
ANOVA with factors of retinoscopy method (standard vs.
“*Mirza’’ tele-lens) and use of cycloplegic drop (dry vs wet)
was performed using the refractive error values. A single
expert optometrist was considered to perform the standard
and ‘*Mirza’’ tele-lens retinoscopy to avoid the inter exam-
iner’s errors.

Result

The refractive errors of 78 eyes from 39 cooperative chil-
dren with a mean age of 9.69 +1.91 years (range from 7 to
12 years) and mean dry refractive errors of +1.39+1.43 D
(range from —0.50 D to +5.75 D) were evaluated. Also, the
refractive findings of 60 eyes of 31 uncooperative infants
with mean age 21.85+8.79 months (range from 8 to 37
months) and mean refraction of +2.23 +1.00 D (range from
+0.50 D to +4.50 D) were evaluated. It should be noted that
these children were related to the kindergarten that is next
to the School of Rehabilitation Sciences of Iran University
and many of whose parents were employees of the school
and were available.

The results of the optical calculation

In this part of the present study, by applying the physical
laws of lenses and by producing refractive errors of —1.50
D to +10.00 D, the amount of correction lens power was
determined at a trial lens distance of 22 cm from spectacle
plane and the results were recorded in Table 1.

Based on these results, with the change in hypermetropia
from 0.00 to 10.00 D, the tele-lens power was changed from
+2.25 D to +5.35 D. In other words, by changing 10 D in
standard net retinoscopy values, the tele-lens power results
change by 3.15 D.

Possible errors due to changes of +3 cm in the placement
of the trial lens in Fig. 2 with the range of refractive error
of —1.50 D to +10.00 D are shown. As it turns out, the error
first increases to a certain extent, then the changes progress
to a decrease in the error, and again from +4.50 D onwards,
an error-increasing trend occurs. the error rate of the 3cm
displacement of the lens in the —1.50 D of the tele-lens
power is zero. This error gradually increases from zero in
the range of —1.50 D to +4.50 D, and in +3.50 D (equivalent
to +1.73 D hyperopic net refraction), the error rate reaches
a maximum of 0.21 D and then the error rate decreases. At
+4.50 D, this error reaches almost zero.

The error rate is again increased from the point of the
+4.50 D by increasing the hypermetropic refractive error
and in high hyperopic refractive errors, such that in +7.00 D
reaches to about 0.50 D error, in +8.00 D to 0.75 D error and
in the +9.00 D and +10.00 D reaches to 1.00 D error.

Table 1 Equivalent refractive errors to the values obtained
by the ‘*Mirza’’ retinoscopy method.

Trial lens power at Spectacle plane refractive

neutrality error(net values)
0 —1.50
0.12 —1.45
0.25 —1.38
0.37 —1.33
0.5 —1.25
0.62 —1.20
0.75 —1.12
0.87 —1.06
—0.97
1.12 —0.91
1.25 —0.82
1.37 —0.74
1.5 —0.65
1.62 —0.55
1.75 —0.45
1.87 —0.35
2 —0.24
2.12 —0.13
2.25 0.00
2.37 0.12
2.5 0.26
2.62 0.40
2.75 0.56
2.87 0.72
3 0.89
3.12 1.07
3.25 1.28
3.5 1.72
3.62 1.96
3.75 2.25
3.87 2.53
4 2.86
4.12 3.20
4.25 3.59
4.37 4.00
4.5 4.50
4.62 5.01
4.75 5.63
4.87 6.27
5 7.07
5.12 7.93
5.25 9.00
5.37 10.18

The retinoscopy results of the cooperative children

The mean and standard deviation of the net result of the
dry and cycloplegic standard retinoscopy were +1.39 +1.43
D (range from —0.50 D to +5.75 D) and +2.37 +1.44 D (range
from 0.00 D to +7.00 D) according to subtracting 1.50 D
equivalent to working distance lens, respectively.

Also, the results of dry and cycloplegic ‘‘Mirza’’ tele-
lens retinoscopy were +1.36 +1.39 D (range from —0.25 D
to +5.95 D) and +2.41 £ 1.37 D (range from +0.50 D to +7.00
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Figure 2 The effect of working distance changes from 22.2 to 3 cm back and forth on the ‘*Mirza’’ tele-lens retinoscopy.

D) according to the optical ‘*Mirza’’ tele-lens retinoscopy
conversion Table 1, respectively.

The mean difference between the dry and cycloplegic
refraction of the two methods with their p-values are pre-
sented in Table 2.

As can be seen in Table 2, the comparison of net find-
ing of dry standard retinoscopy (+1.39 D; 95% Cl: +1.06 D to
+1.71 D) with the dry **Mirza’’ tele-lens retinoscopy (+1.36
D; 95% Cl: +1.04 D to +1.67 D) was not statistically signifi-
cant (paired-sample t=1.15; p=.253). Also, the comparison
of mean cycloplegic value of the standard retinoscopy (+2.37
D; 95% Cl: +2.04 D to +2.69 D) with the amount of the cyclo-
plegic ‘*Mirza’’ tele-lens retinoscopy (+2.41 D; 95% Cl: +2.10
D to +2.72 D), was not statistically significant (paired-sample
t=—-1.15; p=.252). Besides, Two-way repeated measures
ANOVA revealed no significant retinoscopy method x use of
drops interaction (P=0.103) in comparing two methods of
standard and ‘*Mirza’’ tele-lens retinoscopy.

Also, the ICC between the findings of dry and cyclo mode
of the ‘*Mirza’’ tele-lens and standard retinoscopy showed
a similar correlation for both methods, i.e. 0.993 (95% Cl:
0.989, 0.996) for dry results and 0.989 (95% Cl: 0.983, 0.993)
for cyclo results. The calculated 95% limits of agreement
for dry and cyclo findings are shown in Fig. 3A and B. The
agreement and the obtained mean differences were not sta-
tistically different (p>0.05).

The retinoscopy results of the younger
uncooperative children and infants

The **Mirza’’ tele-lens retinoscopy results of 60 eyes of 31
uncooperative infants with mean age 21.85 +8.79 months
(range from 8 to 37 months) were evaluated. Three of the
total numbers of infants were not at all willing to cooper-
ate for manifestations such as crying, restlessness, fear, and
hanging lens off even while the trial lens was placed in the
22.2 cm further away from the spectacle plane.

The mean refractive errors in these infants were
+2.23+1.00 D (range from +0.50 D to +4.50 D).

It is worth noting that all of these 31 infants were unwill-
ing to cooperate for standard retinoscopy for the reasons
previously described, so the results of this part only include

the mean and standard deviation of the refractive errors
obtained by the ‘‘Mirza’’ tele-lens retinoscopy and because
of the lack of standard retinoscopic results, no compar-
isons could have been made. The purpose of this section
was to investigate the feasibility of the ‘‘Mirza’’ tele-lens
retinoscopy method in infants rather than comparison with
the result of the standard retinoscopic procedure.

Discussion

This study was conducted to introduce a new method of
retinoscopy called the ‘‘Mirza tele-lens retinoscopy’’. Based
on the findings of this study and the high ICC between the
net results of this new method and standard retinoscopy in
cooperative older children, it can be said that this method
is an alternative to standard retinoscopy with acceptable
precision and accuracy and can be used in some young men-
tally retarded children and infants which are anxious and
frightened by approaching and placing the trial lens on the
spectacle plane. Using this new method, the refractive sta-
tus of the eye can be assessed with minimal discomfort for
the tested person. Since the evaluation of refractive error
with standard retinoscopy method in non-cooperative chil-
dren does not lead to accurate results and viewing the initial
retinoscopic reflex may be with some difficulties and in the
most case actually fails,’ this new method takes into account
a solution such as increasing the distance of the correction
lens from the child and the least contact with the child that
is more optimal for assessment of refractive error.

It is clear that the ‘*Mirza’’ tele-lens retinoscopy per-
formance, like the standard retinoscopy method, needs to
acquire skills with continuous practice to be done cor-
rectly, which means that at first, one may have difficulty
viewing and assessing the retinoscopic reflex. Therefore,
the ‘‘Mirza’’ tele-lens retinoscopy with practice and pro-
ficiency can be performed almost as quickly as the standard
retinoscopy by a skilled optometrist in some cases that do
not have the mentioned necessary cooperation for the rele-
vant procedure. In the early days of beginning the ‘*Mirza’’
tele-lens retinoscopic procedure, to facilitate the mainte-
nance of the correct working distance, the tie a string to
the head of the scope with knots at a distance of 66.6 and
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Table 2 Paired comparison of the standard and ‘*Mirza’’ retinoscopy.

Paired Differences

Mean Std. Deviation P-value
Pair 1 Dry Standard-Dry Tele 0.03 0.23 .253
Pair 2 Cyclo Standard-Cyclo Tele 0.04 0.29 .252
Tele-lens vs standard Tele-lens vs standard
dry results cyclo results
Mean + 1.96 SD
501 R - 60{Mean + 1.96 SD ®
.25 090 o o o ° ° o 304 o °
; Mean ° <o 0ee § ° °
5_00. 6660606 6006 © S EDOMEEHO o 0o o ° ° °
a8 o o o5 © £ ° ° °
o o e _° o
-.254 o o oo .30
Mean - 1.96 $B oo o © Meas - 196 b o o
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00 2.00 4.00 6.00 00 2.00 4.00 6.00
Mean Mean
Figure 3 Bland-Altman plots showing the agreement of the dry (A) and cycloplegic (B) results taken with the standard and

**Mirza’’ tele-lens retinoscopic methods. The solid line indicates the mean difference, and the dotted lines indicate 95% limits of

agreement.

22.2cm from the spectacle plane was adjusted. After per-
forming this procedure for a long time and increasing the
skill and gaining experience by an optometrist in perform-
ing the ‘*Mirza’’ tele-lens retinoscopic method, no string
was used to maintain the working distance, although the
authors of the article initially advised using this string to
maintain the correct working distance. Besides, the lighting
conditions of the room were changed to dim light in order to
perform the ‘‘Mirza tele-lens retinoscopy’’ as required for
the standard retinoscopy.

It is clear that most infants are hyperopic and the aver-
age cycloplegic refractive error is approximately +2.00 D
with a standard deviation of approximately 2.00D."> On the
other hand, the refractive error value is equal to +4.50 D
when the neutral point was observed with the trial lens of
+4.50 D in the **Mirza’’ tele-lens retinoscopy, therefore this
lens as a starting point in this retinoscopy procedure can be
used with sufficient accuracy and speed to detect refractive
errors and in turn, to manage the visual functions of infants
with visual disorders such as strabismus, accommodative
anomaly, and amblyopia because the hypermetropic values
of more than 4.00 D in early life in infants can mostly cause
such problems. 31

According to the results of the present study, when the
hyperopic changes are 4.50 D from 0.00 D to +4.50 D, the
‘*Mirza’’ tele-lens retinoscopic changes occur within a range
of 2.25 D from +2.25 to +4.50 D. When the net standard
retinoscopic changes are 5.50 D from +4.50 D to +10 D, the
equivalent spectacle plane hyperopia in the ‘*Mirza’’ tele-
lens retinoscopy will be only 0.85 D from +4.50 to +5.35
D, so the results are very close to each other in this method
and the different amounts of hypermetropia in theses ranges
are a bit difficult to distinguish, although the brightness and
motion of the retinoscopic reflex will be very favorable due

to the magnification caused by the trial lens at a distance
of 22.2 cm of the spectacle plane. Therefore, applying this
new method to evaluate the refraction of infants requires a
great deal of precision, as in higher refractive error may
require the use of trial lenses with steps of +0.12 D for
neutralization procedure. Although the ‘*Mirza’’ tele-lens
retinoscopy method can be a good alternative to the stan-
dard retinoscopy in uncooperative infants, given the low
range changes of corrective lens and the high potential for
a significant error to reach the neutralization endpoint in
very high hyperopic values, it is recommended that firstly,
at higher hypermetropic values, more precision should be
used to detect the ‘with’ or ‘against’ movement of the
retinoscopic reflex, secondly, it is important to note that
the accuracy of this method is reduced in very high val-
ues of hypermetropia. For example, according to Table 1,
it is clear that by changing the amount of hypermetropia
from 9.00 D to 10.00 D, the results of the **Mirza’’ tele-lens
retinoscopy change from +5.25 D to +5.35 D, which means
that for 1.00 D change in this hyperopic range, only 0.10
of a change in the ‘‘Mirza’’ tele-lens retinoscopy is seen.
Another important point that needs to be explained is to
evaluate the myopic infants because the minification of the
negative lens increases with increasing the distance from
the spectacle plane, which in turn makes the evaluation of
the refractive error difficult and inaccurate, especially in
amounts more than 3.00 D of myopia. In this study, patients
with the refraction of more than 1.50 D myopic were also
present that their number was very limited. On the other
hand, the myopia of 1.50 D could be neutralized without any
lenses at a working distance of 66.6 cm. And also myopia of
2.00 D could be neutralized without any lenses at a working
distance of 50cm and myopia of 5 D at 20cm, so we do not
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need to use ‘'Mirza’’ tele-lens retinoscopy at myopia more
than 1.50 D.

It is worth mentioning that due to other reasons such
as the probability of increasing the surface scattering and
optical aberration of the trial lens in high myopic refractive
errors, and the need for trial lenses outside the available
lenses in the clinic’s trial lens set, the values above 1.50 D
myopia have not been reported. In fact, the **Mirza’’ tele-
lens retinoscopy is not practical in myopic cases above 1.50
D myopia, and in these cases, the radical retinoscopy can
be considered a more appropriate alternative because by
reducing the distance, a more visible reflex can be seen, so
retinoscopy will be easier and can be performed without any
trial lens.

As mentioned previously, in this new method, the trial
lens is placed at a distance of 22.2cm instead of on the
spectacle plane and near the eyes. Therefore, a novice
refractionist may not observe the exact distance. If this dis-
tance is incorrectly considered, for example, 3cm forward
(19.2 cm) or backward (25.2 cm), changes will occur based
on the optics of the method.

The error rate of the 3cm displacement of the lens
increases from zero to 0.21 D in the refractive error ranges of
—1.50 D to +3.50 D, and then gradually decreases up to the
refraction of +4.50 D that reaching almost zero in this point.
After this point of +4.50 D, the error gradually increases and
this error rate reaches 1.00 D in high hyperopic refractive
errors about 10.00 D.

Due to the most children with binocular anomaly such
as accommodative esotropia that often have the average
cycloplegic refractive error of +4.75 D with ranges between
+1.50 and +7.00 D, '® the probability of error by changing the
distance will reach its lowest level in these ranges (0.12 D
to 0.50 D). Therefore, the maximum error of the 0.50 D is
completely negligible and could not cause any problems in
the course of clinical practice comparing to the facilities it
provides for us.

In fact, this method is recommended when the standard
method is not applicable, and therefore, methods such as
Hirschberg test for measuring the angle of strabismus that
is used in the ophthalmic clinic however is not very accurate,
it is very helpful when the practitioner is forced to use.

Another way to reduce errors in high refractive hyperopic
values is to instantly and for a moment placing the lens on
the spectacle plane and neutralizing the retinoscopic reflex
in the standard method. Although the child does not allow
the lens to be close to his eyes, a skilled refractionist can
capture this moment.

Despite all these ways of error reduction, the authors
accept that this method requires the acquisition of skills
to keep the working distance lens in its correct position to
increase retinoscopic accuracy and reduce the error rate.

As a report of new technique that explores the possibility
of doing the refraction by this technique and not validating
the technique, it may be overlooked.

To determine the validity of the new technique of
retinoscopy, the non cycloplegic and cycloplegic ‘‘Mirza’’
tele-lens retinoscopy findings were compared with the gold
standard retinoscopy findings by using two methods of the
intraclass correlation coefficient (ICC), and Bland-Altman
plots. As the results of the present study showed, there
were high agreement values (ICC higher than 0.98) between

results provided from standard and the ‘‘Mirza’’ tele-
lens retinoscopy in both situations of dry and cycloplegic
refraction. These values between the results of these two
retinoscopic methods indicate a strong relationship between
them, which means that the results of the ‘‘Mirza’’ tele-
lens retinoscopy are sufficiently accurate and valid, so this
method of retinoscopy is useful in evaluating the refractive
errors especially in poorly or un-cooperated children instead
of the standard dry and cycloplegic retinoscopy method.
Two-way repeated measure ANOVA showed a lack of inter-
action between the two factors, so the ‘‘Mirza’’ tele-lens
retinoscopy results in both cyclo and dry mode were consis-
tent with the standard retinoscopic results. In addition, the
Bland-Altman analysis for the agreement of dry and cyclo
findings of the ‘'Mirza’’ tele-lens retinoscopy with standard
retinoscopy showed no significant differences in the 95% lim-
its of agreement with shorter range for dry than the cyclo
results of the ‘‘Mirza’’ tele-lens retinoscopy (Table 2 and
Fig. 3), suggesting that the data obtained from these mea-
surements from the two different methods of retinoscopy
can be interchanged. In fact, this way can be used to exam-
ine validity by assessing the level of agreement by visualizing
the data with Bland-Altman plots. According to the men-
tioned results, a good argument between the data of the
two retinoscopic methods indicates the optimal validation
of the **Mirza’’ tele-lens retinoscopy method.

It is essential to pay attention to some tips:

First, the distance of 22.2cm (1/3 of the standard
retinoscopic distance) was considered in the present study
to make the optical calculations as easily as possible.

Second, careful observance of the distance of 22.2 to per-
form in the present study is necessary because the change
of this distance can cause mistakes in the evaluation of the
high refractive errors and optical calculations.

Third, the optometrists and ophthalmologists who work
in the field of pediatric visual assessment can consider dis-
tances other than 22.2 cm, in fact, any distance that leads
to the child’s cooperation in the retinoscopy procedure can
be considered for this purpose.

Fourth, the conversion optical calculations should be
made out according to any distance provided for lens place-
ment (more or less than 22.2cm) based on the items
mentioned in the present study.

The notable limitations of the present study are:

1 To perform this new method for assessing the refrac-
tion in children with non-cooperation, it is necessary to
acquire the incumbent skills, so the examiner must be an
expert. there are challenges at beginning the standard
retinoscopy, that over time by repeating the procedure
and gaining skills, the procedure will be easier to perform
and the refraction will be evaluated more accurately.

2 It is necessary to observe the distance of the trial lens
in order to reduce the measurement error during the
retinoscopy process. However, the errors made by chang-
ing the distance of 3 cm to the desired position of the trial
lens (22.2 cm) are discussed in the article.

3 In high amounts of hyperopia, it is very important to use
the trial lens with power steps of 0.12 D to neutralize
the refractive errors, and in high myopia, as mentioned,
it is better to use alternative methods such as radical
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retinoscopy, and the tele-lens method will not be accurate
enough in such these cases, and better not to be used.

It should be noted that, when the standard retinoscopy
procedure does not apply to uncooperative infants and chil-
dren, some articles recommend the use of sedative agents
and ocular examination under more invasive conditions. In
this situation, if the distance of the trial lens to the spec-
tacle plane increases which, in turn, most often causes
the child to cooperate in the retinoscopy process, then the
‘*Mirza’’ tele-lens retinoscopic method becomes applicable,
meaning this new method may prevent the need to examine
under anesthesia because this situation can be associated
with risks. 718

Conclusion

Given that most infants and children are hypermetropic
and that 4.50 D of hyperopia in the ‘‘Mirza’’ tele-lens
retinoscopic method is equivalent to this amount and start-
ing point of the most of the accommodative problems and
anomalies will begin from these values so this method can be
used in the evaluation of refraction of infants and children
who do not have the necessary cooperation for the standard
retinoscopic procedure.

Funding

None declared.

Conflict of interest

The authors have no conflicts of interest to declare.
Acknowledgment

This study was supported by the Iran University of Medical
Sciences. We would like to thank all staff of the optometry
clinic of the School of Rehabilitation Sciences in this study.

References
1. Logan NS, Gilmartin B. School vision screening, ages
5-16 vyears: the evidence-base for content, provision

and efficacy. Ophthalmic Physiol Opt. 2004;24:481-492,
http://dx.doi.org/10.1111/j.1475-1313.2004.00247 .x.

2. Braverman R. Diagnosis and treatment of refractive
errors in the pediatric population. Curr Opin Oph-
thalmol. 2007;18:379-383, http://dx.doi.org/10.1097/
ICU.0b013e328244dfed.

3. Nurse CO. Preschool vision screening tests administered
by nurse screeners compared with lay screeners in the

10.

11.

12.

13.

14.

15.

16.

17.

18.

262

vision in preschoolers study. Invest Ophthalmol Vis Sci.
2005;46:2639-2648, http://dx.doi.org/10.1167/iovs.05-0141.

. Moore B. Eye Care for Infants and Young Children. 1st ed.

Boston: Butterworth-Heinemann Medical; 1997.

. Rosenfield M, Logan N. Optometry: Science techniques and

clinical management. 2nd ed. Amsterdam: Elsevier Health Sci-
ences; 2009.

. Bujara K, Schulz E, Haase W. Retinoscopy under cycloplegic

and non-cycloplegic conditions in children comparison of
measurements of three examiners (author’s transl). Albrecht
Von Graefes Arch Klin Exp Ophthalmol. 1981;216:339-343,
http://dx.doi.org/10.1007/bf00455041.

. Mohindra I. A non-cycloplegic refraction technique for infants

and young children. J Am Optom Assoc. 1977;48:518-523.

. Mirzajani A, Heirani M, Jafarzadehpur E, et al. A com-

parison of the Plusoptix SO8 photorefractor to retinoscopy
and cycloretinoscopy. Clin Exp Optom. 2013;96:394-399,
http://dx.doi.org/10.1111/cx0.12063.

. Wilson EM, Saunders R, Rupal T. Pediatric ophthalmology: Cur-

rent thought and a practical guide. 2009th ed. Germany:
Springer Science & Business Media; 2008.

Lens A. Optics, Retinoscopy, and Refractometry. 2nd ed. USA:
Slack Incorporated; 2005.

Keirl A, Christie C. Clinical Optics and Refraction: A Guide
for Optometrists, Contact Lens Opticians and Dispensing Opti-
cians. 1st ed. New York: Elsevier Health Sciences; 2007.
Mayer DL, Hansen RM, Moore BD, et al. Cycloplegic refrac-
tions in healthy children aged 1 through 48 months.
Arch Ophthalmol. 2001;119:1625, http://dx.doi.org/10.1001/
archopht.119.11.1625.

Schoenleber DB, Crouch ER Jr. Bilateral hypermetropic
amblyopia. Pediatr Ophthalmol Strabismus. 1987;24:75-77,
http://dx.doi.org/10.3928/0191-3913-19870301-06.

Simons K. Hyperopia, accommodative dysfunction and reading.
Binocul Vis Strabismus Q. 2004;19:69-70.

Chang JW. Refractive error change and vision improvement
in moderate to severe hyperopic amblyopia after spec-
tacle correction: restarting the emmetropization process?
PLoS One. 2017;12:e0175780, http://dx.doi.org/10.1371/
journal.pone.0175780.

Parks MM. Abnormal accommodative convergence in squint.
Arch Ophthalmol. 1958;59:364-380.

Jaichandran VV, Kumar CM. Principles and Practice of Oph-
thalmic Anaesthesia. 1st ed. New Delhi, India: JP Medical Ltd;
2017.

Wright KW, Spiegel PH, Hengst TC. Pediatric Ophthalmology
and Strabismus. 3rd ed. New York: Springer Science & Business
Media; 2013.


dx.doi.org/10.1111/j.1475-1313.2004.00247.x
dx.doi.org/10.1097/ICU.0b013e328244dfed
dx.doi.org/10.1097/ICU.0b013e328244dfed
dx.doi.org/10.1167/iovs.05-0141
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0020
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0020
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0020
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0020
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0020
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0020
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0020
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0020
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0020
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0020
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0020
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0020
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0020
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0020
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0020
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0020
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0020
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0025
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0025
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0025
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0025
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0025
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0025
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0025
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0025
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0025
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0025
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0025
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0025
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0025
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0025
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0025
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0025
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0025
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0025
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0025
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0025
dx.doi.org/10.1007/bf00455041
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0035
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0035
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0035
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0035
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0035
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0035
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0035
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0035
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0035
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0035
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0035
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0035
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0035
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0035
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0035
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0035
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0035
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0035
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0035
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0035
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0035
dx.doi.org/10.1111/cxo.12063
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0045
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0045
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0045
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0045
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0045
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0045
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0045
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0045
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0045
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0045
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0045
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0045
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0045
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0045
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0045
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0045
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0045
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0045
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0045
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0045
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0045
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0045
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0045
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0045
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0045
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0045
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0045
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0045
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0045
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0050
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0050
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0050
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0050
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0050
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0050
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0050
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0050
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0050
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0050
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0050
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0050
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0050
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0050
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0055
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0055
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0055
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0055
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0055
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0055
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0055
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0055
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0055
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0055
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0055
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0055
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0055
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0055
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0055
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0055
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0055
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0055
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0055
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0055
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0055
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0055
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0055
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0055
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0055
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0055
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0055
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0055
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0055
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0055
dx.doi.org/10.1001/archopht.119.11.1625
dx.doi.org/10.1001/archopht.119.11.1625
dx.doi.org/10.3928/0191-3913-19870301-06
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0070
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0070
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0070
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0070
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0070
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0070
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0070
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0070
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0070
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0070
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0070
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0070
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0070
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0070
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0070
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0070
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0070
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0070
dx.doi.org/10.1371/journal.pone.0175780
dx.doi.org/10.1371/journal.pone.0175780
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0085
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0085
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0085
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0085
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0085
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0085
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0085
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0085
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0085
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0085
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0085
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0085
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0085
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0085
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0085
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0085
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0090
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0090
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0090
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0090
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0090
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0090
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0090
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0090
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0090
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0090
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0090
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0090
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0090
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0090
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0090
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0090
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0090
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0090
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0090
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0090
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0090
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0090
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0090
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0095
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0095
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0095
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0095
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0095
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0095
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0095
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0095
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0095
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0095
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0095
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0095
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0095
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0095
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0095
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0095
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0095
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0095
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0095
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0095
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0095
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0095
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0095
http://refhub.elsevier.com/S1888-4296(20)30095-9/sbref0095

	Introducing a new method of retinoscopy for refraction of infants and young children: The Mirza tele lens retinoscopy
	Introduction
	Materials and methods
	Optics
	Application
	Retinoscopy in the eyes of older children with good cooperation
	Retinoscopy in the eyes of younger uncooperative children and infants


	Data analyses
	Result
	The results of the optical calculation
	The retinoscopy results of the cooperative children
	The retinoscopy results of the younger uncooperative children and infants

	Discussion
	Conclusion
	Funding
	Conflict of interest
	Acknowledgment
	References


