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Abstract

Purpose. To improve the accuracy of determining the am-
plitude of accommodation (AA) by proximetry through the use
of an advanced proximeter and to develop a methodology for
personalized management of AA assessment.

Methods. We prospectively examined 1420 patients from
different age groups at routine optometric visits. We com-

pared measurements of the AA by a conventional method of

proximetry and advanced proximetry (using a device that we
had developed) in the same patients. Advanced proximetry
involves using Scheiner’s principle which improved the ac-
curacy of image fixation on the retina.

Results. The sensitivity and specificity of advanced prox-
imetry were 99.2% and 95.6%, respectively.
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Conclusion. Advanced proximetry enables improving the
efficacy of AA measurements in optometric patients and can
be recommended for routine practice.
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Pe3tome

Mema. [Tiosuwumu mounicms 00CIONCEHHS AMNIIMY-
Oou akomooayii y nayieHmie pisHUX GIKOBUX 2PYN ULISXOM
npokcumempii i3 3acmMocy8aHHAM 80OCKOHALEHO20 NpPO-
Kcumempa ma po3pooumu mMemoouxy nepcoHanizo8aHo2o
MEHEONCMEHMY OYIHKU AMNIIMYOU aKoMoOayii.

Memoou. IIpocnexkmueno obcmedicerno 1420 nayienmie
PI3HUX BIKOBUX 2pYN Ni0 4aC NOMOYHUX ONMOMEMPUUHUX
eizumis. llopisHioeanu pezyromamu GUMIDIOBAHHA AMHN-
myou akomooayii, obuucieHi 3a 00NOMO2010 3a2AlbHO-
8I00MOI RpOKCUMemPIT Ma WISXOM 3ACMOCYBAHHS 3aNpo-
NOHOBAHO20 HAMU NPULA0y ma Memoody 600CKOHANEHOI
npoxcumempii y 00Hux i mux dice nayicumis. Boockonane-
Ha npokcumempis nepeddauana 8UKOpUCmanHs peHomeny
Lleunepa, wo niosuwysano mounicme @ikcayii 306pa-
JICEeHHS HA CIMKIBYI OKa.

Pesynomamu. Ananiz ompumarux pesyiemamis ceio-
Yumb Npo nepedacu GUIHAYEHHs. AMIAIMYOU aKoMoOayii
MeMoOOM 800CKOHANLEHOT NPOKCUMempIl y NAYieHmie piz-
HUX IKOGUX 2pyn 3 uymaugicmio memody y 99,2%, cneyu-
@iunicmio memoody 80ockonanenoi npokcumempii y 95,6%.
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Bucnosok. 3acmocysanns memooy 600CKOHANEHO!
npoxcumempii O GU3HAYEHHs AMNJIMYOU axomooayii
V NayieHmig pI3HUX GIKOBUX Zpyn 0036018€ NIOGUUUMU
epexmugHicmv OOCHIONCEHHS aMNIIMYyOu aKomooayii y
ONMOMEMPUYHUX NAYIEHMIB | MOdice 6Yymu peKoMeHO08a-

Introduction

Measurement of accommodation is a routine procedure
during an optometric examination, with the accommodative
function assessed by measuring the amplitude of
accommodation (AA), accommodative response (AR),
negative relative accommodation (NRA), positive relative
accommodation (PRA), and accommodative facility (AF)
[1].

AA is an eye’s maximum range of focusing power
at a particular time. It is expressed in dioptres. It can be
measured monocularly as a characteristic of absolute
accommodation, and binocularly as a characteristic of
relative accommodation [2]. It is noteworthy that, even in
the complete absence of active (lenticular) accommodation,
the eye has a capacity for clear vision within a certain range,
a feature known as depth of focus. The corresponding
distance range in which the objects are seen clearly is
known as depth of field [3].

The AA is a measure of the closest point at which the
eye can focus the image of an object on the retina: it is the
range from the fair point to the near point of clear vision in
dioptres.

Four methods of measuring AA are encountered in
clinical practice and described in the literature. They are
push-up, push-down, minus lens, and retinoscopy [2].

One should keep in mind that examiner bias is a source
of error in any measurement that is not fully automatic. The
practitioner examining the patient will have an expectation
of approximately where the measurement end-point should
be. That expectation, and inevitable differences in technique
between practitioners, may influence how the measurement
is taken (e.g., the visual object’s speed), which may in turn
influence the result. It may affect naive patients more [2].

Additionally, research of accommodative response and
fixation disparity [4] has shown that the exact wording
of instructions can influence the results of measurement.
Significant differences between five different examiners’
results for push-up measurement of AA were found and
attributed to possible differences between examiners’
measurement techniques [5].

Despite advances in optimizing the methodology for
determining the amount of accommodation, the results of
recent studies indicate that it should be further improved.

To the best of our knowledge, no data has been reported
on solving this important scientific and technical problem
of modern ophthalmology.

The purpose of this study was twofold: first, to improve
the accuracy of measuring the AA in patients of various
age groups by comparing the results of measurements of

HO OJ151 6NPOBAOINCEHHS 8 PYMUHHY ONMOMEMPUYHY NPAK-
TMUKY.

Knrouosi cnoea: axomooayis, Oiacnocmuxa, aHoManii
pepakyii, amniimyoa akomooayii, npoKCUMempis,
Mempis, 0PmanbMono2isi.

onmo-

the near point of clear vision (NPCV) by a conventional
method of proximetry with those by a method of advanced
proximetry using an improved proximeter based on
Scheiner’s principle, and, second, to develop a methodology
for personalized management of AA assessment.

Material and Methods

We prospectively examined 1420 patients (aged 6 to
60 years and older) at routine optometric visits. They were
divided into age groups of 6-8, 9-11, 12-14, 15-17, 18-
24, 25-39, and 40-59 years, and 60 years or older. Of the
1420 patients, 457 (32.2%) were males and 963 (67.8 %)
were females. Additionally, 702 individuals (49.4%) were
spectacle wearers, and 718 (50.6%), contact lens wearers.
Patients underwent complete optometric examination
including the assessment of visual acuity at a far distance
using a visual acuity chart projector and at a near distance
using optotype charts, and automated refraction and
keratometry. Moreover, AA measurements performed
with conventional proximetry were compared to those
performed with advanced proximetry. AA was measured
with the patient wearing full distance correction. In all
patients, the BCVA was sufficient to perform proximetry
with the assessment of the optotypes presented. AR was
estimated using dynamic monocular estimate method
(MEM) retinoscopy. NRA and PRA were measured with
positive and negative lenses, respectively, if required.
Accommodative facility was tested using a = 2 diopter (D)
lens flipper.

The status of binocular vision and the presence of
stereoscopic vision were estimated with polarization and
anaglyph tests of the visual acuity chart projector. Associated
phoria at distance was estimated with polarization tests
of the visual acuity chart projector. Dissociated phoria at
distance and near was estimated with dissociation tests
(including prism dissociation tests), and cover test and
Crimsky test were performed, if required. Accommodative
convergence/ accommodation ratio (AC/A), positive and
negative vergence amplitudes, near point of convergence
and near point of convergence recovery were measured.
Axial length (AL) was measured by optic biometry.
Tonometry and pachymetry were performed in patients of 18
years or older. The ocular surface and retina were assessed
by external examination with slit lamp biomicroscopy and
fundoscopy, respectively.

The inclusion criterium was the possibility of performing
AA measurements using conventional proximetry and
advanced proximetry for further comparative analysis.
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Informed consent was obtained either from participants
themselves of their guardians.

The method of advanced proximetry includes using the
developed advanced proximeter [6].

This optometric proximeter developed consists of a
4-cm plastic cube that has a slit on its top face to fasten
the hook of the tape measure. The latter is glued to the
lateral face to make the hook slot of the tape measure be at
the same level with the front face of the cube. Two plastic
handles are fastened with screws to the bottom face of the
cube and the beginning of the tape measure. “A rectangular
with letters” chart against white background is attached to
the front face of the cube.

Figure 1 shows the arrangement of the components of
the optometric proximeter. Figure 2 shows the general view
of the proximeter.

The methodology of advanced proximetry was as
follows. Best corrected optical power lenses were placed
in the trial frame and the sensory dominant eye was
determined in the patient. In phase 1 of the procedure,
the patient was asked to fixate the contours of letters of
the “rectangular with letters” optometric chart on the
forward face of the cube and to tell whether they were
clearly visible. The NPCV was determined if and when the
contours of the letter became blurred as the proximeter was
brought gradually nearer to the eye, and the patient failed to
overcome this blurring during 2-3 s..

In phase 2 of the procedure, a Bagolini striated glass
was placed in the trial frame in front of the patient’s
sensory dominant eye [7] and the patient was asked to look
at the vertical line of the “rectangular with letters™ chart.
Initially, the vertical line appeared as a single line due to
accommodation. Once further focusing the image on the
retina through accommodative effort became impossible
for 2-3 s, the patient stopped the movement of the
proximeter along the tape and reported seeing two images
of the vertical line instead of one image. In this way, the
NPCV was measured.

A conversion table was used for converting the NPCV
measurements expressed in centimeters into diopters and
comparing the determined AA value with Hofstetter’s
norms [8].

The minimum, optimum and maximum AA in diopters
were estimated using Hofstetter's formulas: minimum AA
=15 - 0.25 x (age in years); optimum AA = 18.5 - 0.3 x
(age in years); and maximum AA =25 — 0.4 x (age in years)
[8].

The EZR software (Saitama Medical Center, Jichi
Medical University, Saitama, Japan), a graphical user
interface for R statistics (R Foundation for Statistical
Computing, Vienna, Austria), and Excel 2023 (Microsoft
Corp., Redmond, WA) were used for statistical analysis.
Statistical significance was set at P < 0.05 for all analyses.
Sensitivity and specificity of the prognostic test were
calculated using the following formulas [9]:

Sensitivity = [TP/(TP + FN)] x 100% and
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Fig. 1. Arrangement of the components of the optometric
proximeter. Note: 1, cube; 2, tape-measure case; 3, clamp; 4,
tape of the tape measure; 5, handles; 6, optotype; 7, holder
(tape’s zero point)

Fig. 2. Structure of the proximeter: a plastic cube, a tape-
measure, and markers used as handles
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Specificity = [TN/(TP + FN)] x 100%, respectively,
where

TP was a true-positive result (the number of correctly
identified positive cases),

FP was a false-positive result (the number of incorrectly
identified positive cases),

TN was a true-negative result (the number of correctly
identified negative cases), and

FN was a false-negative result (the number of incorrectly
identified negative cases).

Results

Table 1 compares the results of measurements of AA
using advanced proximetry and conventional proximetry
for the total study sample.

The sensitivity and specificity of advanced proximetry
were

[(62+1346)/(62+1346+12)] x 100% = 99.2 % and

[1358/(1358+1408-1346)] x 100=95.6 %, respectively.

The rate of discrepancies in the results between
advanced proximetry and conventional proximetry was
5.2%.

Table 2 compares the results of measurements of AA
using advanced proximetry and conventional proximetry
for various age groups. AA distribution by age of patients
with myopia will be reported in later publications.

Table 3 summarizes the advantages and disadvantages
of AA measurements using the Royal Air Force (RAF)
Rule and advanced proximetry.

For convenience of optometric practitioners, we
provide a reference table (Table 4) for converting the NPCV
measurements expressed in centimeters into diopters and
comparing the determined AA value with Hofstetter’s
norms.

Table 1. Comparing differences in the results of amplitude of accommodation measurements by advanced proximetry and

conventional proximetry for the total sample

Comparing near point measurements by advanced proximetry Actual results
(NPCV_1) and conventional proximetry (NPCV_2) Case Non-case
NPCV_1>NPCV_2 TP=62 FP=1408
NPCV_1=NPCV_2 1346 74
NPCV_1 <NPCV_2 FN=12 TN=1358

Note: NPCV_1, result of measurement by advanced proximetry; NPCV_2, result of measurement by conventional proximetry;
TP, number of true positive cases (the advanced method is more sensitive than the conventional method); FP, number of false
positive cases; TN, number of true negative cases (the advanced method is less sensitive than the conventional method); FN,

number of false negative cases

Table 2. Comparing differences in the results of amplitude of accommodation measurements by advanced proximetry and

conventional proximetry for different age groups

Total number of NPCV_1> NPCV_2 NPCV_1 < NPCV_2
Age group (years) individuals in the
group number percentage number percentage

6-8 50 1 2.0

9-11 129 3 23

12-14 157 4 25 1 0.6
15-17 136 9 6.6

18-24 193 9 47 1 0.5
25-39 272 15 55 2 0.7
40-59 438 20 4.6 7 1.6

60+ 45 1 2.2 1 22
TOTAL 1420 62 4.4 12 0.8

Note: NPCV_1, result of measurement by advanced proximetry; NPCV_2, result of measurement by conventional proximetry
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Table 3. Advantages of NPCV measurements with advanced proximetry and disadvantages of NPCV measurements with

the RAF Rule
4 Disadvantages of NPCV measurements with | Advantages of NPCV measurements with advanced
the RAF Rule proximetry
1 Ambiguity about which part of the sliding The fixation object is at the same level as marks of the
component indicates the reading near-point tape measure
Anjb@wty regardl,ng which scale-g_radatlon (or Near-point tape measure markings are millimeters, with
neither) the scale’s numbers describe, because o . ;
2 . L millimeter measurements converted to diopters using the
each number is equidistant between two :
. L . conversion table
graduations and indicates neither
Uncertainty about the location of the scale’s
3 zero point, as RAF rules appear to vary in the The zero point of the near-point tape measure is
distance of any particular scale graduation from | definitely located at the cheek rest
the check rest
4 _The sllde_r S opaqueness, obS(_:urlng The slider is not opaque
interpolation between graduations
. . The difference in measurements with the zero point of
The effect on the location of the scale arising -
: L . . . the near-point tape measure located at the cheek rest
from the inter-individual differences in facial o
5 . . is within the measurement error for the method, and
anatomy, at any given distance, d, of the cheek | .~ .. S .
is similar for repeat measurement trials in a particular
rest below the corneal vertex .
patient
The effect of not specifying the distance d, as Thg cheek rest below the examined eye is similar for all
: . ) patients, and the contact area for the tape-measure rest
6 facial anatomy is not perpendicular to the RAF | "~ .~ .
rule is significantly smaller than for the RAF rule, thus making
the measurement error smaller
The cheek rest below the examined eye is almost similar
7 The effect of not specifying the distance d, as for all patients irrespective of the examiner and its slight
facial anatomy varies between people shift does not influence the range of measurement error
for the method
The effect of not specifying the distance d on It 'S recommen:jed to malnt.aln th? p95|t|on of t.he
. proximeter 10-15° below the horizontal line, in a way similar
8 point (14) below : ]
to other accommodation measurements, in an attempt to
approximate natural accommodation conditions
The variability of luminance contrast. of the The variability of contrast is insubstantial under conditions
9 text. The contrast could be standardized by . ' . : L
N . of a single office with constant illumination
backlighting the text;
The near-point tape measure can measure distances
The limits of the scale. The values of AA higher | much longer than the length of an adult’s hand; however,
10 than the measurement range of the unmodified | it is recommended to use auxiliary reduction lenses
instrument have often been reported; for measurements at a distance of 15-25 cm in elderly
patients
The variable location of fixation within one
line of target print, since different letters
in the line, which is 27 mm long, are at Because only one vertical column of letters is used for
1" different distances from either eye, producing NPCV measurements, the fixation on one letter makes
differing accommodative demand of up to this error negligible
0.25D when measuring approximately 6 D of
accommodation with the RAF Rule.
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The effect of target detail size, through depth
12 of focus

It is impossible to eliminate completely the effect of the
depth of focus; in order to reduce the measurement error,
it is recommended to note an initial blurring of target
contours, slow speed of movement of the proximeter, and
failure to fixate within 2-3 seconds when the target is kept
static; it is noting the initial blurring of target contours, but
not that of the gap of the optotype that neutralizes the
dependence on the linear size of the target

The effect of scale interval linearity, through
13 reaction time as previously discussed

Repeated trials for AA measurement with and without a
Bagolini striated glass improve the accuracy of the method
while taking the given tolerances into account; to enable
a smooth device movement at a constant speed, the
proximeter may be held and guided by the examiner in the
absence of direct hand-to-hand contact with the patient

The variability of the rail declination because
14 the rule may be held above or below the
primary position of gaze

It is recommended to maintain the position of the
proximeter 10-15° below the horizontal line, in a way similar
to other accommodation measurements, in an attempt to
approximate natural accommodation conditions

The other source of error inherent in the design
of this instrument applies to the monocular
measurement. The error is that the rule is
placed on the midline between the two eyes,
rather than on the visual axis of the eye being
measured.

The error mentioned is absent because the design of the
device envisages placing the target before the examined
eye

Note: AA, amplitude of accommodation (diopters); NPCV, near point of clear vision; RAF Rule, the Royal Air Force Rule for

accommodation measurements

Table 4. Near-point of clear vision values and Hofstetter’'s age-expected norms for amplitude of accommodation

| Age |Minimum |Optimum MaximurAge  Minimum{Optimum um KPCV
posie | 15-0.25"p [18.5-0.3"p] 25-04"p | powie | 15-0.25"p| 1850.3"p| 2304"p | em %! 1] em 1]

5] 1575 s LT 31 735 4 304 PR | D 51 53
&) 13,50 160 2280 37 7.0 .20 1z 2 o  1es7] [V 513
7 13.2% 16800 22208 53 5,75 2,504 11.50] ) TR | 13 303

13 16300 21 B 550 830 1.+ B 1250 H 2
L7 15. AN 15 515 & Oy 11 a3 B 1111 35 S
a0  assol  2io 9 $.00) i T 0] 1000 % 178
11 113 15008 30,804 57 (%11 7.4 T | 11 'im'! 57 10
12 2o 1A% 00 i) 5.50) 7.1 [ 1 e [ 23
1 117s 14,55 15 803 5| [EL 10 X | | 7558 [T FLTS
Wl usol el s s 500 5.504 #.00] 0 AT | o
L5 11.2% 1400  19.00 a 4,75 6.2 1,5:;{ 15{ 6671 M 138
100l 13m0f ee) @ 2 iX 5.20} 8.0 ngl 6.25 42 238
17 1818 1%.45] 18, 3 43 435 £ A e | 17 San 43 13
1§ e TR T T 200 5,501 e | % 5.58 T 11T
L 10.7% 11, 17 408 a5 3,75 5,004 7.00] L 5,26 [N 123
Ei 20000 12 17 .00y 4 3501 4,70 660 .H!l ) 44 217
H 475 13300 18 6 47 535 4 485 3| H 47 47 11%
F7] [T Y T 3,001 4.508 | ﬂ 455 4 108
1180 pLE- 43 25 LR &.20 . 415 45 2.04
1.5 1240 - o o 200 1.11 - 2.0
Fo | 475 11,601 15,00 51} FEL 5 3 s | 25 &40 51 1,85
E501 5l 200 s 3.30) A 31 Lis
27 3.5 53 175 .50 3.50] 7 3.70 53 159
a 20 54 1504 130 342 3 5# s-n 185
.15 2 I Y I 548 L I
.mL 7.50] 58 1.00) 1,70) T | | ’-EEF 55| L7¥

Note: NPCV, near point of clear vision
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Discussion

Most commonly used methods of measuring AA are
push-up, push-down, minus lens, and retinoscopy.

In the push-up method the examiner instructs the patient
to report when a test-object becomes blurred as it is brought
gradually nearer to the eye. Devices which are a ruler with
a sliding test-object are often used for this measurement.
The RAF rule is an example of such a device [2].

The push-down method can also use the RAF Rule and
similar devices. The object is moved away from the patient,
from being too near for the patient to resolve, until it can
be seen. This method particularly lacks standardization of
nomenclature and technique. For example, different authors
specify differing end-points [10]. Naming the method and
its endpoint criterion presents some confusion. When the
“just recognizable” criterion was first described [1] the
push-down approach was described as the “modified push-
up method” which has been used [11, 12] in research where
it has been termed the “modified push-down method” [13]
which resembled the “modified pull-away method” [14]
in another report [15]. However, all of these reports used
auxiliary fixed-power diverging trial lenses to extend the
range of measurement.

In the negative lens method [16], negative spherical
lens power is added to the distance refractive correction
until the patient cannot maintain the initial acuity at a pre-
set viewing distance well beyond the expected near point.
The AA is given by the maximum power added while the
patient can maintain focus, corrected for the vergence of
the viewing distance. This method should only be used
for monocular measurement and only under monocular
conditions. These limitations arise because accommodation
and convergence work together although the link between
their operations is not rigid [17].

AA can also be measured with a retinoscope. Although
retinoscopy relies on the clinician’s interpretation of the
retinoscopy reflex, it requires no judgment by the patient.
It can be used for measurement of AA by stimulating
accommodation maximally while the practitioner
determines the end point. This method requires practitioner
skill, judgment and experience [18]. That may explain why
it use has been reported less often than other methods.

The RAF Rule is a common instrument for measuring
AA. However, in the opinion of Burns and colleagues [2],
each of the following fifteen sources of error in the RAF
rule has the potential to cause clinically significant error:

1) ambiguity about which part of the sliding component
indicates the reading;

2) ambiguity regarding which scale-gradation (or
neither) the scale’s numbers describe, because each number
is equidistant between two graduations and indicates
neither;

3) uncertainty about the location of the scale’s zero
point, as RAF rules appear to vary in the distance of any
particular scale graduation from the cheek rest;

4) the slider’s opaqueness, obscuring interpolation
between graduations;

5) the effect on the location of the scale arising from the
inter-individual differences in facial anatomy, at any given
distance, d, of the cheek rest below the corneal vertex;

6) the effect of not specifying d, mentioned in point (5)
above, as facial anatomy is not perpendicular to the RAF
rule;

7) the effect of not specifying d, as facial anatomy
varies between people;

8) the effect of not specifying the distance d on point
(14) below;

9) the variability of luminance contrast of the text. The
contrast could be standardized by backlighting the text;

10) the limits of the scale. The values of AA higher than
the measurement range of the unmodified instrument have
often been reported [19];

11) the variable location of fixation within one line of
target print, since different letters in the line, which is 27 mm
long, are at different distances from either eye, producing
differing accommodative demand of up to 0.25D when
measuring approximately 6 D of accommodation with the
RAF Rule. Higher errors occur at shorter target distances;

12) the effect of target detail size, through depth of
focus;

13) the effect of scale interval linearity, through reaction
time as previously discussed;

14) the variability of the rail declination because the
rule may be held above or below the primary position of
gaze;

15) the other source of error inherent in the design of
this instrument applies to the monocular measurement.
The error is that the rule is placed on the midline between
the two eyes, rather than on the visual axis of the eye being
measured. This would inflate results by an amount that can
be trigonometrically estimated as about 5% at the highest
levels of AA and approximately proportionally less at
the lower levels, so it is not as large as some errors listed
above. Correction for this source of error has been precise,
approximate or missing [20]. In the above list of sources
of error arising from apparent weakness in the design and
production of the RAF Rule, published information was not
found for items 1-13 [2].

Anomalous distance cues

Awareness of a visual object’s distance influences
accommodation. In comparing methods of measuring AA,
the test object is further away in the minus lens method
and measurement conditions are monocular, reducing
awareness of proximity. Other methods give higher results,
to differing extents [21].

With particularly careful methodology it was found that
accommodation measured with either the push-up or push-
down methods was higher when the participant grasped
and guided the target than when the target was held and
guided by the examiner [22]. No reason for this finding has
been demonstrated but it could have been due to various
psychological factors including increased awareness
of proximity when the participant connected with, and
controlled, the target. Accommodation rules such as the
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RAF rule may therefore give higher measurements because
of reasons including their physical contact with the patient.

The method of advanced proximetry proposed is
different from the conventional proximetry in that it uses
a Bagolini striated glass instead of a device that is no
longer in production [23]. Given the subjective nature
of patient’s answers regarding the moment of near point
fixation, possible short-term blurred vision due poor
tear exchange during conventional proximetry, possible
inadequate pediatric patient’s attention to performing the
test procedure, and other disadvantages of the push-up
method, the examiner has to use several trials to assess the
NPCV..

The results of this study, however, demonstrated that the
method of advanced proximetry proposed reduced the need
for repeat trials if the difference between the results of the
two phases of the procedure was within a specified range: if
the NPCV was larger than 20 cm, the allowable difference
(AD)was 1 cm (the NPCV error smaller than 0.25 D); if the
NPCV was larger than 15 cm and less than or equal to 20
cm, the AD was 0.5 cm (the NPCV error smaller than 0.5
D); and if the NPCV was smaller than 20 cm, the AD was
0.2 cm (the NPCV error smaller than 0.5 D). The difference
had no substantial clinical value in the last case because the
AA in the presence of such values characterizes the normal
accommodative function [1].

Additionally, it is noteworthy that, obtaining nearness,
the goal for the patient using the push-up method, probably
offers little motivation to produce higher results, although
this may depend on the instructions given. Maximum
accommodative effort would be more likely to meet the
challenge of discovering detail encountered with the “just
recognizable” end point, the minus lens method, and
retinoscopy with a suitable visual object such as a Snellen
chart reduced to about 5% of its usual size [2].

The sources of error differ considerably in their nature
and in the magnitude of their effect. Some are relatively
systematic while others are of unpredictable size or
direction or both, some affect lower readings more than
higher readings and vice versa, some affect only certain
methods of measurement, some affect different methods
differently, some are due to human factors of the patient
or of the practitioner, some are due to factors of the
equipment, or of the method, used for measurement. Their
overall effect greatly reduces the validity of clinical results
with current methods [2].

The measurement errors caused by these many sources
of error can all be reduced (and a few of them can be
eradicated) by better attention to measurement technique
and by the standardization of equipment and methods.
However, such improvements to existing methods would
generally increase the complexity, duration and difficulty
of the measurement.

The results of the study [2] indicate that the
individual practitioner may take certain steps to reduce
AA measurement errors in current clinical practice. For
example, visual object detail should be close to the limit
of resolution at the near point, and the method used should
be recorded with the measurement; when measuring with
devices using a ruler with a sliding visual object, such as the
RAF Rule, movement of the slider should be slow, perhaps
approximately one diopter per second; during measurement
the patient should receive positive feedback for effort; the
rule should be held in the primary position of gaze; in
push-down, the end-point criterion of sharp focus should
be adopted; measurement should be to a clear, precise
reference point such as the corneal vertex; any correction
for refractive error should be referenced to the same point;
the practitioner should check the individual rule’s accuracy
by measuring the near-point distance with a separate rule;
the practitioner should consider taking a first measurement
using the push-up method and then moving the slider away
from the patient to obtain a push-down measurement. The
recorded AA should be the average of these two values [2,
22]. It should be, however, noted that all the methods listed
are rather unreliable and difficult to repeat, which lowers
their reliability.

The results of the current study indicate that the
conventional method of proximetry has measurement errors
and does not provide the required test-retest reproducibility
of measurements. Therefore, it is still important to improve
the reliability of accommodative function measurements
under conditions of routine optometric practice. In order
to achieve this goal, the following stages of personalized
management should be used: explaining the procedure of
AA measurement to the patient; emphasizing the need to
be attentive; responding timely to the initial blurring of the
contours of optotypes presented; and increasing the number
of pairwise repeated trials for AA measurement with and
without a Bagolini striated glass.

Our study demonstrated high sensitivity and specificity
of advanced proximetry (99.2% and 95.6%, respectively)
in patients of various age groups. It is noteworthy that
the innovation is easy to use, cost effective and will save
time. The method can be used in optometric examination
and further studies on the predictors of development and
progression of refractive errors.

Conclusion

An adequate methodology of advanced proximetry has
been devised which uses an optical proximeter developed.
Compared with the conventional proximetry, the advanced
proximetry showed improved measurement accuracy based
on the criteria that determine the sources of measurement
error in the RAF rule. The methodology of advanced
proximetry proposed and the optical proximeter developed
can be used in optometric examination for the detection and
differentiation
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