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ABSTRACT

Introduction

The Shin-Nippon SRW-5000 autorefractor is a new open-field autorefractor which
allows ré.fraction to be measured at diffe;éht ﬁxaﬁbn -distances, making it suitable
for the investigation of aspects of accommodation. The goals of this study were to
evaluate the accuracy and reliability of this new autorefractor, and to examine tonic
accpmmodation and accommodative lag in Ho.r.lg Kong children from 4 to8 yc.aars

of age.

Results were analysed in terms of the ciiOpuic power matrix, coordinate vector h.
This analytical approach overcomes the probleins associated with the reduction of
the three-dimensional sphero-cylinder to ahy of the one-dimensional expressions
commonly used to quantify refractive error, all of which result in loss of
information. The spherical équivalent refractive error was also used in statistical

analysis to permit comparison with other studies. .

Methods

-Subjects were. children from 4 to 8 years of age. Autorefraction measures taken in

the normal accommodative state (n=53) and under éycloplegic conditions (n=44)

i1



were compared with cycloplegic tefraction, as well as'measures taken from a
cIosed-ﬁeld autorefractor (the Canon RKS). The reliability of the distance
autorefraction was characterized by the 95 % limits of agreement betwéen two sets
_of measurément taken by one observer (repeatabilit;) and two observers

(reproducibility).

Tonic accommodation (TA), the accommodation when the eye is in its resting state,
was determined by measuring refractive error in 56 children in total darkness. |
Ocular accommodative lag, the difference between the accomrhod'ative stimulus
and its respohse, was determined in 33 childrén, ﬁrith a target plé.ced at 40 cm.
Three stimulus conditions were investigafed, namely, white letters on a dark
background in dim light, white letters on a dark background in normal room

lighting and black letters on a light background in normal room lighting.

Results

The overall accuracy of the SRW-5000 was hiéh, and similar to that,rep.o'rted rfor
the Canon R-1 open-field autorefractor. As would be expected, the agreement
between cycloplegic open-field autorefraction and 'cyCIOpelgic refraction was better
than between non-cyclopelgic open-field autorefraction and cyclopelgic refraction.
Autorefrat:tioﬁ faken under both conditions tended to produce results which were
more 'myqpic than cycloplegic refraction. Non—cyclopelgic SRW-5000
autorefractioh produced slightly more myqpib results than closed-field .

autorefraction using the RKS, and the difference was mainly for hyperopes.
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Reliability was considerably better for cycloplegic than non-cycloplegic
autorefraction, and slightly better for one compared with two observers:
Repeatability results from the SRW-5000 autorefractor, both with and without

cycloplegia, were similar to those reported for the.CanOn R-1.

Th‘e'mean ';onic accommodation- for all the children was 1.07 DS/—0.05 DCx138
and i.09 DS/-0.04 DCx68 for children under 6 years of age. There was no
relationship between tonic accommodation and age for the age range tested.
Hyperopes gxhibited the highest TA, followed by emmetropes and then myopes.
The 95 % limits of agreement bet.Ween two spherical equivalent measures was 0.83

D.

Accommodative lag was'greatest for \&;hite letters ona dark background in dim
light (conditibn DD), fb]lowed- by white letters on a dark background in normal
room lighting (condition LD} and black letters on a iight background in normal
room lighting (céndition LL). Myopes tended to exhibit higher ocular
accommodative lag than hyperopes. The 95 % limits of agreement obtained from

three conditions were similar and was around 0.55 D in spherical equivalent.

Conclusions

This is the first report of tonic accornmociation and accommodative lag presented in
terms of vector h. Tonic accommodation values in children younger than six years
of-age were also presepted for the ﬁrst time. Tonic a_cc':ommodaﬁon was found to be

lower in myopes than in other refractive groups and, in agreement with the



suggestions of other workers, this may reflect an overall reduction in autonomic
ir_men?ation.‘ Accommodative response tended to be lower in myopes but the results
were equivdcal. It is still possibie that the hyperopic retinal defocus resulting from

greater lag may cause myopia development in children.

Target presentation could be improved for the measurement of distance
autorefraction and near accommodative response and it is Suggested that
measurement of tonic accommodation would be improved by use of a difference of

Gaussian target in semi-darkness.
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PREAMBLE

Shin-Nippon SR.W-SOOO is a new open-field autorefractor likely to réplace the
Canon R;I, which is no longer manufactured. The open-field type autorefractor is
commonly used to assess accommodative functions such as tonic accommodation.
Dynamic accommodation can also be measured if the autorefractor is modified. In
this study, the accuracy and the reliai)ility of refractive meaéurement_: of SRW5000
were first determined. The instrument was subsequently used to measure tonic
accommodation and accommodative lag in Hong Kong children from 4 to 8 years
of age. The dioptric power coordinate vector, vector h, was used in the analysis of

refractive error.

There are three parts in the thesis: (1) literature reviews, (2) comment and result of
the studies and (3) overall conclusions drawn and recommendations made. There
are three cilapters in the first part, Chapter 1 is a review on open-field
autorefraction. As cycloplegia was used to determine the accuracy and reliability of
the Shin;Nippon SRW-5000 autorefractor, a brief review of the effect of
cyclopentolate hydrochloride, as well as the reliability of cycloplegic refraction is
given in this chapter. Chapter 2 is a review of tonic accommodation and
accommodative lag measurement. Chapter 3 reviews coordinate vector h, the data

analysis method used in this thesis.

In the second part of the thesis, the three studies are presented. Chapter 4 is Study

1: the clinical evaluation of Shin-Nippon SRW-5000 autorefractor in children,

Xxiil



Chapter 5 1s Study 2: tonic accommodation in Hong Kong children and Chapter 6

is Study 3: ac.c'ommodative lag in Hong Kong children.

In the last part of the thesis, overall conclusions are drawn and recommendations to

improve the experimental setup are given.



Chapter 1 Open-field autorefraction

Chapter 1

Open-field autorefraction

1.1 _Il_l_t_roduction

' Autérefr_actors are instruments which measure refractive error objectively. The first
‘autorefractor was introduced in the early 1970s, and tec;hnological advances since
then have resulted in a ciass of instrument widc-ly used aﬁd accepted by the clinical
_ comrhunity. Autorefractors may have either ﬁn intérna] or an external fixation .
target. Instruments with thé former ax;e called “closed-field” and with the latter are
called “open-field”. The cloéed-ﬁeld design requi'reslless office space than the
opeﬁ-ﬁeld .one, as it is not necessary to have an external target positioned some
distance from the instrumént. However, when the human eye looks into an optical
instrument there is a tendency to accommodate, rc_esulting in so-called instrument
rﬁyopia (Schober et al.,, 1970; Hennessy, 1975; Ricﬁards, 1976; Wesner and Miller,

1986; Miwa, 1992; Kotulak and Morse, 1994).

1.2 Open-field autorefraction

It has been suggested that instrument myopia can be eliminated using an open-field
design (M'iwa, 1992; Rosenfield and Chiu, 1995), as this- allows natural binocular
vision and should discoﬁrage instrument myopia éo_mpared with closed-field

autorefraction, in which the subject looks directly into the instrument.



Chapter I Open-field autorefraction

Until recently the only autorefractor utilizing this design was the Canon Autoref R-
1. However, the R-1 is no longer manufactured and a new instrument, the Shin-
Nippon SRW-5000 is now available and likely to replace the R-1, provided it is

shown to be accurate and reliable.

1.2.1 Canon Auto_ref R-1

The Canon Autoref R-1 was developed by Canon Incorporated and introduced in
1981. Free-space viewing is achieved with a beam-sia]itter, which réﬂects infrared
' radiati;)n and transmits visible radiation. An infrared beam is directed into the eye
through the beam splitter, wh.ile the subject looks through the beam splitter to the
‘c.)bject of interest. This feature allows refraction to Ibe measured for different
fixation distances and makes the ﬁ-l particularly useful fér research into
accommodation. A brief description of the general principle underlying the R-1

“design and of the specifications of the R-1, follows.

‘1.2.1.1 General principles

The instl_'uxﬁent consists of an alignment system and a measuriﬁg system. The
patient fixates an external target in the natural environment through a dichroic
mirror. The pupil and the cornea of the subject’s ey-elare illuminated by infrared
light and then projected onto the TV camera by the objective lens. At the same
time, an illuminated ring-shape pattern is projected onto the TV camera by the
projection lens and can also be observed in the TV monitor, together with the
patient’s eye. Optimum alignment is achieved by adjusting the Sharpness of the
ring-pattern using a Joystick, and the position of the patient’s eye, so that their

images appear concentric on the TV monitor (Matsumura et al., 1983: p.36-42).
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E 9
E: Patient’s eye 1. IR light source 2. Condenser lens
3. Mask 4,6, 12, 14, Eocusing lenses 5, 13. Field stops
7, 10. Relay lenses 8. Aperture mirror " 9. Objective lens
11. Mirror ’ 15. Detecting mask 16a-c. Detector
17. Scale '

Figure 1.1 Schematic diagram of the R-1 measurement system. Redrawn from

Matsumura ef al., 1983.

The Canon R-1 uses an image—analy_zing technique. A diagram of the optical

system of the R-1 is shown in Figure 1.1. An infrared light beam, which consists of
rays in three planes separated by 60 deg, passes thrbugh the condenser, focusing,
relay and objective lenses and forms an elliptical image on the subject.’s retina. The .
reflected image is refoauseld, through the detecting mask, onto the detecting devices
and is ﬁnﬁlly received by the'photodetector. The focusing lenses are moved along

the axis of each meridian and the least blurred state is determined. The spherical
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power, cylinder power and its axis can then be calculated from the position of the

focusing lens.

1.2.1.2 Specifications
The power fange of the‘R-l is £15.0 D sphere and 1£7.00 cylinder, in steps of 0.12
D. The axis is measured in 1 deg steps and vertex distances of 0 mm and 12 mm

are available. The instrument requires a minimum pupil diameter of 2.9 mm.

1.2.2 S.rhin-Nippon Vision Autoref SRW-5000

12.2.1 Ger;eral principles

The Shin-Nippon SRW-SOdO autorefractor also uses the image analysis principle.
A riné-like pattern (Figure 1.2) is projected onto the patient’§ retina and.reﬂected'
back to the detecting device. The size of thélimage at the defecting device depends
on the refractive error. In emmetropia, the ring will:bé perfectly round (F iguré
1.2a). In myopia the ring will be larger (Figure 1.2b) and in hyperopia the ring will
be smaller (Figure 1.2¢). In astigmatism an'eilipticai shape is produced (F igufe :

1.2d). A diagram of the optical system of the R-1 is shown in Figure 1.3.

The pattern is reflected from the retina and received by the CCD (charged couple
devices) camera, converted into a video signal, stored in the frame memory and
analyzed. Correspondence with the manufacturer has suggested that the width and
the height of the n'_ng as well as the major axis of the ellipse are measured then the

corresponding refractive error is calculated.
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Figure 1.2¢ Hyperopia o Figure 1.2d Astigmatism

| Figure 1.2 Iniage used in SRW-5000 for determining refractive error. (a) is the -
. ring pattern detected in emmetropes, (b) is the ring detected in myopes, (c) is the

ring detected in hyperopes and (d) is the ring detected in astigmatic eye.
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L

1. Semi-silvered mirror -
3. Semi-silvered viewing mirror
5. Masks
7. Infra-red light source for measuring
9. Mirror
- 11. Field lens
13. CCD sensor
15. Fixation target
17. Chin rest
19. CRT monitor/alignment screen
21. onsticlc.

2. View window lens

4. Perforated m'irror

6. Lens ‘

8. Rélay ]ens-‘.

10. Focusing lens

12. Apertufe

14, IMluminating/alignment light source

16. Forehead rést

18. Power and extemal interface connectors
20. Thermal printer

22. Measurement start switch

Figure 1.3 Schematic diagram of the SRW-5000 measurement system and its

external view (Mallen et al., 2001). Diagram courtesy of Mallen.
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1.2.2.2 Speczﬁcdrfpns

The specifications of the SRW-5000 are similar to, or better than, those of the
Canon R-1. It measureé spherical error up to £ 22 D apd cylindrical errors of up to
10 Din 0.12 or 0.25 steps. Cylinder axis is measu.red in 1 deg. steps. Six. vertex
distance measures are available (0, 10, 12, 13.5, 15 and 16.5 mm) and the
miﬁimum pupil diameter that will allow measurex‘nen't.is 2.9 mm. Refractive eﬁor

is measured in 0.15 sec.

1.3 Cycloplegic autorefraction

In children, more accure_tte and reliable results can be obtained from refraction
performed under cycloplegia than without cycloplegia (Zadnik et al., 1992;
Rosenfield anci Chiu, 1995; Goss and Grosvenor, 1996). Zadnik and Mutti (2000)
have presented data coﬁpadng the prevalence of myopia obtained in 13 to 14 y’ez;.r
old children with and withoﬁt cycloplegia, T;ble‘ 1.1 shows the prévalence of
myopia obtained using values for sphericai equivalent .of <-0.50and of £-0.75D
with refracti';.m carried out by cyn;:loplegic and non-cycloPIegic Canon R-1
autorefraction. The differences between cycloplégic and non-cycloplegic
autorefraction are considerable, despite the -use of the open-field design in this
particular instance. Ndn—cycloplegic autorefraction in children of this age results in

a signi.ﬁcant over-estimation of the prevalence of myopia.
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Criterion for myopia

<-0.50D <-0.75D

Non-cycloplegic autorefraction  44.5 % 33.6%

Cycloplegic autorefraction 244 % 19.8%

Table 1.1 Prevalence of myopia obtained by Zadnik and Mutti, 2000.

In the present study, the accuracy of autorefraction (both in cycloplegia and non-
cycloplergia) will be determined by comparison with cycloplegic refraction.

Cyclopentolate hydrochloride 1 % was chosen as the cycloplegic agent.

1.3.1 Cycloplegic agent

Cyclopentolate hydrochloride was introduced into clinical practice in 1951 and has
Been used for 50 years. Its cycloplegic effect closely paraliels that of atropine, but
with a rélatively more rapid onset, shorter duration and far safer. Depth of
cyclopiegia is less than that produced by atropine, but is usually adequate for

refraction.

'Cycloplegia and mydriasis result from cholinergic innervation to the eye,
originating in the Edinger-Westphal nucleus (EWN) located within the
fnesencephalon. Preganglionic parasympathetic fibers emerge from the EWN, exit
the cer=1tral nervous system (CNS) through the third cranial nerve (oculomotor), and
proceed to the ciliary ganglion. There they synapse with postganglionic fibers,
enter the globe through the short ciliary nerves, and pass to fhe iris sphincter
muscle and ciliéry body where they termin;ctte. Aéefylcholine is the

neurotransmitter at the ciliary ganglion synapse and also at the sphincter and ciliary

8
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neurotransmitter at the ciliary ganglion synapse and also at the sphincter and ciliary
muscle. Cycloplegic agents antagonize the muscarinic action of acetylcholine by
blocking its action at the receptor sites in the ciliary body and iris, causing

cycloplegia and mydriasis (Jaanus and Carter, 1995: p.167).

The onset of the effect of cyclopentolate is slower in eyes with heavily pigmented
irides. This 1s probably because melanin pigment is able to bind cyclopentolate,
ieaving' le_ss available to interact with the muscarinic réceptor sites in the ciliary and
sphiﬁgter musclés (Manny et al., 1993). In general, the maximum cycloplegic
effect is reached 40 min after instillation of thé drug (Khurana, 1988; Lin et al.,
1988; Egashira et al., 1993; Manny et al., 1993) and the onset time is less if a local
anesthefic, e.g. benoxinate hydrochloride 0.4 %, is u.sed prior to cyclopentolate

installation (Siu ef al., 1999).

There is usually some transient stinging following instillation of cyclopentolate.
Allergic reaction may occur occasionally, especially after repeated doses. The :
symptoms consist of conjunctival injection (Jones and Hodes, 1991), and facial

rash (Figure 1.4) following drug installation (Edwards, 1991).
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Figure 1.4 Allergic reaction to cyclopentolate in a Chinese baby. The entire face is
red except for the area of skin around the mouth and the lower half of the nose

(Edwards, 1991). Photograph courtesy of M Edwards.

1.3.2 Adverse effects in cycloplegic autorefraction

The mydnatic effect of cyclopentolate may precipitate an attack of closed-angle
glaucoma in individuals with narrow anterior chamber angles, due to the blockage
of the angle by the dilated and immobile iris. Harris (1968) found that, in chronic
open-angle glaucoma, intraocular pressure (IOP) was significantly elevated
following instillation of 1 % cyclopentolate. Therefore, an assessment of the depth
of anterior chamber and IOP measurement should be carried out prior to

installation to minimize the risk of angle-closure glaucoma.

The central nervous system (CNS) side effects are characterized by cerebellar
dysfunction as well as visual and tactile hallucinations (Jaanus and Carter, 1995:

p.167-182). Reported side effects include drowsiness, ataxia, disorientation,
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incoherent Specch,.restlesshess, and emotional disturbances. Psychotic reactions are
associated in pe}rti(,;_ular Wfth the usé of 2 % concentration of the drug (Binkhorst et
al., 1963; Shihﬁb, 1980} and we therefore chose to use 1 % concentration in the
ﬁresent stlidy. Psychotic symptoms occur within 20-30 min bf topical
administration and generally subside within 2 hours in adults and 4-6 hours in

children. _

11
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- Chapter 2

Tonic accommodation and accommodative lag: a review

2.1 Tonic accommodation

In the abégnce of an adequate‘ ﬁsual stimulus, the eye does not focus at the far
point, but rather at some nearer point, the accommodation in play being termed -
tonic- accommodation (TA). The value of TA is about 1 D on average (Rosenfield
et al., 1993), though this varies considerably from individual to individual. TA is
_also r_éfcrred to as dark focus, open-lobp accommodation or resting state of

accommodation (Millodot, 1993).

2.1.1 Laser'Optometry

A Helium-Neon (He-Ne) laser optometer (Figure 2.1) was used to ﬁeasurc TA in
the early 1970s. In this system, a low enefgy lasér ‘beam is diverged ;nd reflected

_ from a slowly rotating drum. When measurement is carried out on the right eye, the
reﬂe;cted laser pattern is superimposed in the subject's left eye visual field, and vice
versa. The subject sees dark speckles 6n a circulér red field, and if the s_pbject has a
refractive error these are seen as moving, the direction of the movement being
determined by the refractive error of the subject’s eye. If the eye is accommodated
for a point anterior to the drum,. the speckles are perceivgd as moving in the saﬁle
directibn a§ the drum. If the eye is accommodated beyond the drum, movement in
the opposite direction is perceived. A Badal lens is placed between the subject's eye

and the drum so that the optical distance of the drum can be varied from infinity to

12
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20-25 cm, without changing the size and the brightness of the speckle. The
speckles will not act as a stimulus to accommodation during assessment because
 they are formed by optical interference and their clarity is independent of the eye's .

" dioptric state.

Collimating
lens

Laser

Diverging
Lens

ND filter

Shutter

Badal

Drum

Phoropter=——— I

Subject’s eyes

Figure 2.1 The laser optometer. Redrawn from Miller ef al., 1983.

Leibowitz and Owens (1975a; 19.75b) assessed TA using a laser optometer in
darkness. They found a mean TA of about 1.50 D, with large across subje&ts
variation. Thg accommodative responses were a]s_o. measured under three additional
conditions namely, when a distant target was viewed through a dense filter, when
subjects looked at a bright empty field, and when a grating was‘viewed ina
microscope and tﬁese thfee conditions also produced similar TA values. Leibowitz
and Owens (1978) reported similar TA values, using ';1 laser optometer, for 220

college students.

13
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Laser optorrietry, however, does not provide a valid mcéét_lre of the tonic level, due
to factors such as the mental effort required to judge the direction of speckle

- motion (Poét et al., 1984; Bullimore and Gilmartin, 1987b; Jaschinski-Kruza and
Toenies, 1988), speckle exposure time (Bullimore ef al., '1986; Rosenfield, 198_9.) '
and speckle paﬁem within thc visual field acting as a stimulus to proximqlly-
induced accommodation (Bullimore and Gilmartin, 1990; Rosenfield and Gilmartin,

1990; Rosenfield et al., 1990).

2.1.2 Near retinoscopy

Near retinoscopy is an objective method of measuring tonic accommodation
clinically. It is performed while the subject looks at the retinoscope tht ata
distance of 50 cm in complete darkness. Trial lenses are then used to neutralize the
reflex. Tonic accommodation is calculated as the difference between the lenses
‘used to‘neutralize the reflex and —2.00 D, the latter being the correction for the
working distance. However, the retinoscope light may stimulate accommodation
(Owens et al., 1980),‘and- using a low spatial frequency difference of Gaussian

(DOG) target may be better for tonic accommodation measurement.

Kotulak and Schor (1987) reported that blur—driven accommodation is not
stimulated when viewing a lo@' frequency (0.1 cpd) taréet. Thus, when dmmic
reﬁnoscopy is performed with the subject viewing a low spatial frequency DOG

' taréet, the result is equivalent to the response obtained in tbtal darkness. This tafget
was used in two more recent studies (Rosner and Rosner, 1989; Rosner and Rosner,

1990).

- 14
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Rosenfield (1989) found no significant difference in the accommodative response
using a DOG when the accommodative stimulus was varied between —1 and +5 D
and thus confirmed that DOG target does not provide a blur-stimulus to

.accommodation.

2.1.3 Inﬁ"areﬂ optometry |

An infrared optometer is the instrument of choice. for measuring accommodative
response nowadays, and provides a means of measurement ungler true stimulus-free
conditions. The static mode in ;1 modified closed-field autorefractor (Nidekr AR-

- 2000) and two open-field autorefractors (Canon R-.l and Shin-Nippon SRW-5000}
are avail_able for measuring TA. Tonic accomxﬁodation éan thus be assessed
objectively without being influenced by the mental effort Arequired for judging

'+ target motion and position. Tonic accommodation can Bc measured by taking
refraction meésures in total darkness, in an illﬁminated perfect empty field or under

accommodative open-loop conditions.

2.13.1 Total darkness

Blur, vergence and proximal stimuli can be eliminated in total darknes§ but, as
mentioned above, mental activity in darkness can influence the level of tonic
accommédation. Variation of the accommodative response has been reported when
the subject was told to ;think near’ or ‘think far’ (Westheirhe;, 1957, Malmstrom
anleandlc, 1976). Roseqﬁeld and Ciuffreda (1991) investigated the effect of
surroundings .on TA, by taking measures in a large.and a Sr;?:all room with aﬂd
without subject awareness of thé room size. There were statistically significant .

differences in tonic accommodation measured in different sizes of room with the

15
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subjects aware of the room sizes but no significant difference when the subjects

were not aware of the room size.

2.1.3.2 Illum inated empty-field

Another way of presenting a stimulus-free environment is for the subject to view an
illm_ninated empty-field (Westheimer, 1957; Wolf et dl., 1987; Bullimore and
Gilmartin, 1989). It is important that a perfectly empty-field should be provided
while measuriﬁg accommodative response, as any textural imperfections or
luminance variations in the field surface may stimulaté blur-dd§en or proximally-

induced accommodation.

2.1.3.3 Opening the accommodation loop

An alternative method of measuring TA is to remove the stimulus to
accommodation by openipg the accommodation loop. 'fhe accommodation loop
can be opened by viewing a target through a 0.5 mm_pinhole (Hennessy et al., 1976,
Ward and Charmaﬁ, 1987). The pinhole increases the depth of focus and removes
the blur-stimulus to accommodation. However, when viewing a monocular near
target under dpen-lqop conditions, proximal 5ccomni§dation may be induced
(Rosanﬁeld etal,1991). TA cannot usﬁally bé rfleasured with an autorefractor
using this condition, because autorefraction may _be‘-difﬁcult or impossible through

such a small pupil. Many autorefractors require a minimum pupil size of 2.9 mm.

2.14 Agree’tﬁent between TA measurements
Near retinoscopy tends to result in lower tonic accommodation measures compared

" with others methods, both in adults (Bullimore ef al., 198'8) and children (Rosner

16
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and Ros.ner,‘ 1990). Owens et al. (1980) found a low but statistically significant
conelaﬁon betwéen TA‘m'easmjéd in darkness by infrared autorefraction (mcén
TA=1.50 D) anci by near retinoscopy (mean TA = 0.70 D) acros; 22 subjects
(r=0.86, p<0.00.l). A low correlation is of concern, as one would cettainly expecta -
rather high correlation between two sets of measures purporting to measure the -
same variable.. Bullimore e al. (1986) compared tonic_: accommodation measured
by near retinoscopy, laser optometer and infrared autorefrﬁctor. They found no
statisﬁcally significant differences between tonic accommodation measured b}é
these three techniques. However, when correction was made for chromatic
aberration and instrument calribration, in laser optometry and infrared optometry

_ res;ﬁectively, then near retinoscopy gave consistently the lowest value for TA,
perhaps due to the retirioscopy beam stimulating blur-driven and proximally-
induced accommodation. Subjects may accommo&ate for the plane of the

retinoscope rather than adopting a resting state of the eye.

It should be no.ted that correlation is not an appropriaté method to corhpare two
measures of the same variable. The correlation is a measure of the strengﬂl ofa
linear trend or assqciation between two variable which is not the same as
agreement (Bland and Altn_lan, 1986; Zadnik and Mutti, 1993; Shaw et al., 1994),
so that a high correlation would indeed be expected, but indicates relationship and
not agreement. The 95 % limits of agreement, as discussed by Bland and Altman -
(1986), would provide a more appropriate statistic for this comparison, and will be

used in the present study.
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2.1.5 Relationship between tonic accommodation and refractive errof
devglopment

Researéhers.ha\‘fe investigated whether TA is a predictor of myopia development,

but failed to reveal any consistent pattern. van Alphen (1961} sﬁggested thaf the

intraocular pressure of the globe is counterbalanced by a combination of the

tension in the choroid and the degree of scleral elasticity. The tension of the |

- choroid depends upon the tonus of the ciliary muscle and high ciliary muséle tonus

will cause incréased resistance to intraocular pressure, reducing the resulting - |

tension on the sclera. In contrast, iﬁ individuals with .lower ciliary muscle tone; a

higher in_t:raocular pressure would be more likely to result in scleral stretching.

_ According to this model of emmen'opizétion, hyperdpes would be expected to

exhibit higher levels of tonic accommeodation and myopes, whose increased axial

i lengih fcsulted from an inability to resist intraocular forces, would have lower tonic

accommodation.

. The majority of studies have indeed found that tonic accommodation is lowest in
late-oﬁset lmyopia.(McBrien and Millodot, 1987; Woung et al., 1993; Jiang, 1995;
J iang and Morse, 1999) and it has been sugges;fed that myopia developing after the
age of 15 years is basically environmental in'origin tGoldschmidt, 1968). Jiang
(1995) has, hoWevér, reported that tonic accémmodation was high in emmetropes
who subsequently became myopic, and declined after they became myopic. Those
who were already myopic exhibited the lowest tonic acgommodation. This suggests
that individuals who: have low tonic accommodation fnay not be at risk for myopia,

and is in conflict with the paradigm proposed by van Alphen.
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Jiang’s ﬁndings were supported by those of Adaﬁs and McBrien (1993), who
reported that changes in tonic accommodation occur concurrently with refractive
development. There was no statistically significant difference between the initial
tonic accommodation in subjects who remained elmnetro.pic and those who
developed.my.opia over the fwo-yeaf study period of their study. However, those
emmetropes who becamé myopic exhibited lower levels of tonic accommodation

fbllowing myopia development than they had prior to myopia development.

2.2 Lag of accommodation

The accommodative respons'e-is a measure of the actual amount of accomrmodation
that is .présent (Esknidge et al., 1991: p.677j. The lag of accommodation is the extent
to Which the accommodati.ve response is less than the dioptric stimulus‘ to
accommodation (Millodqt, 1993: p.3). In the corrected ametropic eye, the

accommodative lag is calculated as follows:

1
target distance (m)

- Accommodative lag (D) _=[ — measured accommodative response (D):l

There are many different clinical techniques for measuring the accommodative
response at neal;, such as the binocular cross-cylinder (BCC) technique, the near |
red-green (R-G) duochrome technique, dynamic retinoscopy and infrared .
autorefraction. The first two methods are subjecti\;re while the third and fourth are
objective methods. All the methods are based on lthe"assumption that the circle of

least confusion is on the retina when the eye is accommodated correctly.
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2.2.1 liinocﬁlar .cfoss-cylinder ‘te.chnique

The ani(;unt of accommodative lag is éstimated by placing-the circle of least
confusién on the fetihé. The target viewed consists of four to five vertical and
horizontal lihes, usually placed 40 ¢m in front of the subject’s eye. A Jackson |
cross-cylinder len.s (£0.50 D) with the princfpal meridian of positive power at 90.
deg is placed in front of each eye, on top of the distance refraction. If the
accommodative respénse 1s equivalent to the accommodati:ve stimulus, then the
circle of least confusion \éiil be on the retina, the horizontal focal line will bg.in
front énd the vertiéa] fo;:al line behind the retina (Figure 2.2a). However, if there is
a lag of accomﬁlodation then the circle of least confusion will lie behind the retina,
and the horizontal focal line will be closer to the retina than the vertical focal line.
At this time the horizontal lines of the target will be seen clearer than the vertical
lines. During the examination, the room illumination is reduced in order to
minimize _the depth of focus, but the target should be still clearly visible to the

subject. o
4

(a) : ®)

Figure 2.2 Focal lines relative to the retina during BCC: (a) focal lines on retina
when accommodative response is equivalent to the accommodative stimulus, (b)

focal lines on retina when +2.00 D fogging lens is added to both eyes in front of the

BCC.
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A +2.00 D fogging lens 1s added to both eyes, causing the focal lines to mlove
forward (Figure.2.2b). As the power of the plus lenses is gradually reduced, the -
vertical lines will first be in focus on the retina. The pdwer of the plus lens which
first makes both sets of lines appear equally clear (F ig'uré 2.2aj, 18 the la'g of

accommodation.

2.2.2 Near duochrome technique

The optical system suffers from chromatic aberration because shorter wévelengths
are refracted more than longer wavelengths as white light passes through the oculaf
media (Millodot a-nd Sivak, 1973; Kruger et af., 1995). In the corrected ametropic
eye, gréeh light is thus focused in front of the retina and red light behind the retina
equally (F iguré 2.3). When there is a lag of accommodation, green light is brought
to a focus c]oéer to the retina than the focus for red light and a green target will
therefore appeﬁr clearer than a red one. Accommodative llag'i.s determined by

adjusting the lens power in order to obtain equal clearness of the near duochrome.

-
> G R

White light

.

Figure 2.3 Duochrome in corrected ammetropic eyé. o

The near duochrome test target consists of four Verhc;ff circles, twb on ared
background and two on a green background. The subjept, wearing the distance
correcﬁoﬁ, i§ asked to \‘.'i'ew the near duochrome af 40 cm and to say which circles
appear darker, sharper or clearer, the ones on the red Eéékground, or the ones on

the green background. If there is a accommodative lag, the circles on the green will
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be clearer. Plus lenses are then added in 0.25 D stepsr until the circles on the red and
on the green become eqﬁally clear or the circles, or the red become clearer. The
power of the plus lens required to achieve equality is a measure of the

accommodative lag.

Some invesﬁgators (Jenkins, 1963; Millodot and Sivak, 1973) have found that the
wavelength conjugate with the retina changes from approximately 600 nm at
distance to 530 nm at 40 cm. Therefore, a blue-yellow duochrome may be more
appropﬁéte than a red-green duochrome target. Rosenfield ef al. (1996) compared
the accommodative response measured subjectively and objectively using a red-
green duochrome and a bfue-yellow duochrome at 40 cm. However, when ;.riewing
a blue-ye]low target, the subjéctive accommodative response was ‘signiﬁcantl'y
greaterrman the corresj:onding'objective measurement and 45 % of subjects were
unable to given reliable results with the test using a quc-ye_lio';v duochrome. This
suggests that a. blue-yellow duochrome does not provide_d a useful estimation of the

near accommodative response.

2.2.3 Dynamic retiubscopy

Dynamic retinoscopy is an objective method to defermine the point that is
conjugate with the retina when the subject is vievﬁng a target at near, either by
varying the distancé between the retinoscopic pléng and the subject’s eye or by

using plus lenses to obtain neutrality.
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There are four near dynamic retinoscopy techniques; these are Sheard’s retinoscopy,
the Cross rnet'ho.d, the Nott technique and the monocular estimation method

-.(MEM).

Sheard’s retinoscopy is performed with the subject fixating a near reading card at
~ the usual workjng distance with the distance correction in place. Plus lenses are
- then added to neutralize the “with” movement and the power added is a measure of

the accommodative lag (Grosvenor, 1996: p.272).

In the Cross method, the subject wears the distanc.e correction, and retinoscopy is
carried out through an aperture in a letter card placed 40 cm in front ﬁf the subject.
| The subject is asked to read the letters around tﬁe aperture. Plus lenses are adﬂed
until neutrality is obtained, the power of the neutralizing lens being tﬁe meaéufe of

accommodative lag.

Nott retinoscopy is performed in a similar way, but the reflex is neutralized by
varying the distance between the retinoscope mirror and the near point card. The
lag of accommodation is determined as the dioptric distance between the -

retinoscope mirror and the near point card.

In the monocular estimation method (MEM), the subject reads letters on a fixation
card attached to the retinoscope and the reflex is neutralized by a lens bar or hand-
held trial lens introduced for a very short period (usually less than 1s) until a

ﬁéutral reflex ié first observed (Grosvenor, 1996: p.253-254).
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The use 6f suppl_eﬁentafj; lenses to determine the endpoint méy alter the
accommodétive'r‘e.sponsé. Fry (1940) and Goodson and Afandor (1974) have
suggested that the introduction of plus lenses in front of eyes with active |
‘ ac’:commodation‘ will cause a decrease in the blur-driven Accommodaﬁon. The
measurement of accommodative lag may be contaminated by the subject’s ability
“to rela:!g their aic'con'lmodation. Therefore, the endpoint of the measurements not
only reflects the accommodative response function but also the ability to relax

accommeodation under such conditions.

Locke and Somers (1989) compared accommodative responses as measured by
these difference techniques and found that the MEM gives the most reliable result
(95 % of paired measures taken by two examiners were wi.thin 0.16 D of each
other). There were no statistically sign-iﬁcant differences between results from
MEM and Crdss, MEM and Nott, or Cross and Nott under binocular measuring

conditions.

Rosenfield et al. (1996) compared several methods (infrared autorefraction, BCC
and near duochrome) with dynamic retinoscopy and found that the Sheard’s and
Nott methods showed the best agreement (95 % of péired measures were within

0.48 D).

del Pilar Cacho et al. (1999) compared measures of accommodative lag made over
distance static retinoscopy results and over subjective refraction results. The mean
accommodative lag was 0.53 D and 0.42 D measured by Nott fech:ﬁque through

static retinoscopy and through the subjective distance correction respectively. The
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‘mean accomﬁwdﬁtive lag measured by MEM through étaﬁc retinoscopy distance
correction was.0.9.4 D and through the subjective distaﬁcc _.corre‘ction was 0.74 D. rIt .
is likely that the suppleﬁléntary lenses used to neutralize the reflex in the MEM
technique influenced the .aécomr‘nodative state and resulted in the differences

between th_é Nott technique and MEM shown above.

2.24 ._ Infrared autorefraction

There are two types of infrared autorefractor, namely close&-ﬁeld and open-field.
The ﬁaj or difference between them is the nature of the fixation target. In the
closed-field autorefractor, the fixation target is located insid.e the autorefractor.

' However; in the open—ﬁeld autorefractor, the fixation target is placed in the natural

environment and is viewed binocularly through a dichroic mirror.

2.2.4.1 Open-field autorefraction

Infrared épen—ﬁ_eld autorefraction, which can measure refraction at any distance, ‘
has been widely used to measure the accommodatio.n respt‘mse objectively. It is
suggested thét instrument ihyopia can be eliminated when measurement is made in
anatural eﬁvironm_ent, and therefore a more accurafe assessment of agcommodative
response can be obtained. The accommodative response is measured by placing the
target at different .distances in front pf the autorefractor, or by adding minus lenses
in front of the subject’s eye in order to stimulate accommo&ation. The only two
open-field instruments, which have been produced al;e the Canon R-1 and Shin-

-Nipp():n SRW-SOOO,. however the R-1 is no longer available.
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As mentioned previously, using an open-field autorefractor the accommodétivé

' résponse can be meaﬁgred by decreasing the target distance, by adding a series of
negaﬁve lenses or by adding a series of positive lens. Gwiazda et al. (1993)
determined the accomﬁodaﬁve response curve using the above methods. In the
decreasing targe't-distanc-:e series, accommodative responses 'Were measured from 4
mto0.25m in seven ste;ps with an array of 20/30 leﬁers. In the negative lens series,

accommodative responses were measured through lenses from plano to —3.00 D in

0.50 D in steps and also through a —4.00 D lens, with the target fixed at4m from
the eyes. In the'positivé ienses seﬁes, accommodative responses were measurgd

_ through lenses ﬁom +4.00 D to plano in 0.50 D steps with the fixation farget a't
0.25 m. The highest accommodative lag was found by the negative lens method,
and a larger ac':comr;mdative l:ag was '_found in_myopes than emmeﬁoﬁes by all three

methods.

2.2.5 Comparisoh between accommodative lag measures

Rosenfield et al. (1996) compared results frorﬁ accommodative response measures
“clinically. .The results are shown in Tab]e. 2.1. Sheard’s retinoscopy agreed best

with autorefraction (target at 40 cm) and BCC showed the greatest differences

compared with other methods.

26



Chapter 2 Tonic accommodation and
- accommodative lag (review)

Comparison 95 % limits of agreement (D)
Autorefraction vs BCC : 1.35
Autorefraction vs Nott dynamic retinoscopy 0.91
* Autorefraction vs Sheard’s dynamic retinoscopy : 0.65
" BCCvs Nott dynamic retinoscopy 0.99
BCC vs Shea{d’s dynamic retinoscopy 1.02
Near duochfome vs Autorefraction 0.92 .
' .Near duochrome vs BCC ~ * . 1.02
Near duochrome vs Nott dynamic retinoscopy 0.76
Near duochrome vs Sheard’s dynamic retinoscopy ' 0.67

Table 2.1 Comparison between accommodative responses measured under

binocular conditions (Rosenfield ef al., 1996)

The poor agreement between BCC and othe;' methods may be due to the BCC
target. The overlapping and dioptﬁcally disparate target lines woulci cause |
 fluctuation of_-the accommodative response (Adamr; an_d Johnson, 1991; Rosenfield

and Ciuffreda, 1991} and the vertical and horizontal orientation of the tﬁrget may
‘not be conducive to maintaining the circle of least cc.mfu'sion on the retina (Locke

and Somers, 1989). Moreover, the low illumination conditions intended to redu_ce
the depth of focus (Grosvenor, 1996). do not provide ideal cénditions for viewing
the target (Rosenfield ef al., 1996) and may cause young subjects to over-

accommodate to levels comparable to night myopia (Locke and Somers, 1989).

27



Chapter 2 Tonic accommodation and
_accommodative lag (review)

23 Summary

2.3.1 Tonic accommodation

Several techniques have bcenl used, over the years, to measure TA; they are laser
optometry, near retinoscopy, dynamic retinoscopy with DOG target and infrared
optometry. Laser optometry was found to yield higher tonic accommodation values
in adﬁlts than ihf"rared optometry, the latter method being most commonly used

~ nowadays. _Tes'ting conditioﬁs for TA measurement can be total darkness, a bright

empty field or with the accommodative loop open.

In general, TA is highest in hyperopes, intermediate in emmetropes and lowest in
late-onset myopes. The differences appear to follow, rather than predate, refractive
. development and so cannot be considered causal and no consistent pattern has been

established linking tonic accommodation with myopic development.

2.3.2 Accommodative lag

There are two objective and two subjective r_neihods to measure lag of

' accOmquation. These are dynamic rétinoscopy; infrared 6pen-ﬁeld autorefraction,
the binocular cross-cylinder test and the near duochrome test. The agreement
between Nott dynamic retinoscopy, which determines the end-point by varying the
working distance, and infrared autorefractor is good. The reliability of tests of
accorﬂm,odative réspo_nse is increased if there are no additional factors, such as

introduction of plus lenses, to influence accommodation status during measurement.
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' .Coor'dir'late vector h

3.1 Introduction

The usual clinical representation of refractive error {F, / F, xa), where F; is

spherical power, F. is cylindrical power and a is axis in degrees, does not lend
- itself to mathematical or statistical treatment. However, the determination of the

arithmetic mean and variance are important quantitative measurements for any

statistical analysis of measures of refraction. (Throughout this thesis the above

. sphero-cylinder format will be used without units. It should be understood that the

_ sphere and the cylinder are in dioptres and the axis is in degrees.)

Most researchers have analysed refractive error either by converting the sphero-
cylinder to the so-called spherical equivalent refractive érror, or by considering
each coﬁ_lponent of the sphero-cylinder separately. Neither approach is ideal, and
the reduction from a three-dimensional td one-diménsi'ona] concept results in loss
of mfoﬁnaﬁon and distortion of rIeality. For exaniplé, the spherical equivalents of
~5.00/-1.00x90 and —4.00/-3.00x180 are bdth — 5.50 D but obviously they

are totally different refractive errors.

Dioptric power expressed as the 2x 2 dioptric power matrix (Long, 1976),
however, overcomes these shortcomings. This 2 x 2 dioptric power matrix is a
symmetrical matrix and it can be modified into a 3 x Ir-ivector, coordinate vector h
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(Harris, 1991). When refractive error is converted into vector h components,

formal multivariate statistical methods can be applied.

3.2 Coordinate vector h

Coordinate vector h (Harris, 1991) is a 3x1 matrix and its components are '

or in transposed form

b'=(h h, h)

where
h =F, +Fsina o " (Equation 3.1)
h, = —JEFC sinacosa {Equation 3.2)
h,=F,+F cos’a | | . ' (Equation 3.3)

The interpretation of A, is the power of a compbnent pure cylinder with axis

7 vertical; 4; is the power of a Jackson—crossed_ éylinder with axis at 45° and 135%; A3

is the power of a component pure cy]indef with axis horizontal {Harris, 1991).
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- Vector h can be converted back into sphero-cylinder format by applying the

following equations (Harris, 1998: p.208): .

F, = '\/ (hl -k, )2 +2h, (Equation 3.4)
‘The negative cyli'ndrica] power is used for all cases.

By +h ~F

F = : (Equation 3.5)

‘The axis is calculated using

\/E(F; _hl)

tana = - (Equaﬁon 3.6)

2

3.3 Determining the sample mean and variance-covariance using

coordinate vector h

3.3.1 Determining the sampie mean
Suppose a sample has a size # and powers h; fori=1, 2, ..., n. The mean is

calculated separately for each component of h: By hy ‘and Ay . Then the sample

mean is:
h =th,. (Equation 3.7)
R i=l

(Harmis, 1990a; Harris, 1990c)

31



Ch'czp;er 3 Coordinate vector h

The calculation is illustrated by the following example:

Calculate the sample mean of —5.00/~-1.00x180,-4.75/-0.75%175 and

-4.75/~1.00x178.

Applying Equations 3.1 to 3.3, each sphero-cylindrical power is converted to the

corresponding coordinate vector hy, h; and h;, thus:

(~5.00 +(~1.00)(sin’ 180) ~5.0000
h, =| —/2(~1.00)(cos180)(sin180) [=| 0.0000 |(D)
(—5.00+(~1.00)(cos* 180) | | ~6.0000
—4.75+(~0.75)(sin? 175) (47557
h, =| - /2(=0.75)(cos175)(sin175) | =| = 0.0921 |(D)
(—4.75+ (-0.75)(cos*175) | | -5.4943

—4.75+(-1.00)(sin?178) )| (-4.7512
h, =| —v2(~1.00)(cos178)(sin178) | =| —0.0493 [(D)
(—4.75+(-1.00)(cos* 178) ] |-5.7488,

The mean of hy, h; and h; is then calculated by using Equation 3.7. Thus,

[(=5.0000) (=4.7557\ (-4.7512
3l 0.0000 |+| -0.0921 | +| - 0.0493
~-6.0000) | -54943) |-5.7488

(—5.0000 —4.7557 - 4.7512

=)
N
[

=11 0.0000-0.0921-0.0493
3 | —6.0000 - 5.4943 — 5.7488
~4.8356
=| -0.0471 (D)
-5.7477
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The mean of vector h is then converted back to sphero-cylindrical format using |

Equations 3.4 to 3.6,

F. = -J t(—4.8_356)— (-5.7477)] +2(-0.0471)"
= -0'._9145_
5 o [24.8356+(=5.7477)]- (- 0.9145)

! : 2
=—4.8344

JE[(— 4.8344)— (- 4.856)]
~0.0471

tanag =

a=17791

Therefofc, the sample mean of —5.00/-1.00x180,~-4.75/-0.75x175 and

-4.75/-1.00x178 is -4.83/-0.91x178.

"~ 3.3.2 Determining the sainple variance-covariance
The variance-covariance that corresponds to vector h (Harris, 1990a; Harris, 1990c;

" Harris, 1992) is:

L]

S= .nl_IZ(h,.—Eth —E) : - (Equation 3.8)

ial
S isa 3x3 square matrix (the calculation of a column vector multiplied by its

transpose is shown in Appendix 1), written in terms of its components s;; as:

Sy Sz Si3
S=|5, 55 5y

31§32 Iy

The variance-covariance is symmetric (i.e. s;=s;;) and has only six distinct
components: three are vaniances (along the diagonal) and three are covariances; s,
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s27 and s33 are the variances of the component 4;, 4, and A; respectively; sz is the
covariance of ; and A;; 513 is the covariance of &; and k3 and 5,3 is the covariance

- of h; and h;.

From the above example, the variance-covariance of the three refractive errors is’
calculated: -

, (—5.0000 +4.8356 (-0.1644
h,-h=| 0.0000+0.047] 0.0471 /(D)
- 6.0000+5.7477) | -0.2523

(-4.7577+4.8356 (-0.0779
" h,-h={-0.0921+00471 |=| -0.045 ((D)
\-5:4943+5.7477)  0.2534)

(-4.7512+4.8356) [ 0.0844)
h, -h =| -0.0493 +0.0471 | =| -0.0022 {(D)
\—5.7488+5.7477 ) |-0.0011)

~ Then substituting these values into Equation 3.8,

: °0.027 -0.008  0.042 0006 -0.004 -0.020 0.007 -0.000 -0.000
S§=—1-0.008 0.002 -0.012]+[-0.004 0.002 -0.011{+|-0.000 0.000 0.000
0 0.042 -0.002 0.064 0020 -0011 0.064 -0.000.  0.000 0.000

0.02 -0.01 003
=|-0.01 0.00 -001|D?
0.03 -0.01 0.06

3.4 Hypothesis testing

Multivariate statistical tests can be used to analyse the familiar sphero-cylinder

representation, after transformation to vector h and determination of the mean and
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vériancé (Ham's,. 1992), Testing hypotheses regarding the mean and/or variance-
covariance can be dérie for one or more populations (Harris, 1992). Three computer '
pl;ograms, develo;;éd using Matlab (The MathWorks Inc, Natick, MA), were used

. in this study to c.ompare the means 6f one, two, and mofe than two samples. The
underlying assumnptions are that the populations in question are normally

distributed a'nd- have the same varianée-covariance. The tests for the multivariate

normality are detailed in Appendix 2.

3441 Tesﬁng the mean of a single-sample

Tlﬁs test is used to determine if the mean of a randorﬁ sample is different from a
known value, It is useAd here to test if the mea.nr differeﬁc_é between two variables is
equal to zero, when the measures are paired, Supposé thét a population. of dioptric
powers represented as 3 x 1 vectors has a multivariate normal distribution with

mean p and variance-covariance 2. . The population can be written in Wilks®

symbol as:

h~N,(uY) - (Equation 3.9) -
A random sample of size n is drawn from the population: it consists of
h,,h,,....h,. The sample mean h and the sample variance-covariance $ are given

by Equation 3.7 and 3.8 respectively.

Suppose p, is some known 3x1 vector. The null hypothesis and the alternative
_hypothesis to be tested are:
H, ip=p, | - (Equation 3.10)

H :p=#p, ' B _ (Equation 3.11)
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" Hotelling’s T? (Johnson and Wichern; 1998: pp226), also known as statistic T2, is

r’ =(E—uo)’[%)—’(ﬁ~uo)v
=i~ o) 575 -no)

H,is rejected in favour of H, at level of significance « if :

(Equation 3.12)

T? n-3

> 5y 3 pm3 " (Equation 3.13)
n-1 3 " o : - _
where F_, _;is obtained from the F-distribution with Jandn-3 dégrees of

freedom.

A Matlab program was written for running this multivariatc analysis {see Appendix
A3. 1). This program was used in Study 1, 2 and 3 to determine whether the mean
difference between two measures taken by one observer and/or by two observers

was statistically significant different from zero. Thus, the population mean, p,, is

set to zero, i.e. yy = 0.

3.42 Testing the means of two samples

The test described below is used to compare the mean_; of two samples, and it is
used here when the number of measureé taken is different between the two samples.
Assume two populations distributed as N,(n,Z)) aﬁd N,(s,,%¥,). Random

sample of sizes n, and n, are taken from the two populations. They are

hy;,hy;,.., hy, and hy),hy,..,h,, . The samples are independent of one

another. The sample means h_: and h_2 for each sampl;a are giveh by Equations 3.7.
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The samples variance-covariance are S, and S, for each sample are given by

Eﬁuation 38

Suppose -8, 1s some known 3x1 vector. The null hypothesis and the alternative

hypothesis are:
Hi:p —-p, =8, . (Equation 3.14)
Ho:p -p, =3, (Equation 3.15)

Hotelling’s T now is

. ) -1 .
‘Tzz(h_,-E—So)[S(—l-+—l—J:] (B, -5, -8,)  (Equation3.16)

nom
where 8§ = [(nl —18, +(n, "IBZ] , (Equation 3.17)
o n+ny, -2
¢ (hlr' - h_Xhli _h_)
s, =& and : (Equation 3.18)
nl — 1 :
(b, - )b, - 1)
S, =+ ~ (Equation 3.19)
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H s then rejected in favour of H, at level of significance o if and only if:

. :
-3-1
T motny S F

3 a3 +n,=3-1

(Equation 3.20)
no+n,~2 : '

where F, 3, ., 3. is obtained from the usual table of the F-distribution with 3

and n, +n, -3 —1degrees of freedom.

A Matlab program was written for the purpose of running this multivariate analysis
(see Appendix A3.2). This program was performed in Study 2 to determine tonic
accommodation of which refractive groups were stétiética_lly significant different

from others. The test was performed by setting 8, =0.

3.4.3 Testing the means of three samples
Multivariate testing can be done on more than two samples, however, in the present
study only three samples groups will be considered. Suppose there are 3 populations

of h vectors distributed as N, (1,2, ), No{n,,Z,), N, (1, Z,). Independent

random samples of size ny, nz and nz. They are b, ,h ;... b, for p=1,2and3.

The sample means and sample variance-covariances are h, and $ »» again for

p=1,2and3.

The null hypothesis is
Hypy=p, =, _ | (Equation 3.21)
and the alternative hypothesis

H, :either one p was not equal to the others _ (Equation 3.22)
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This is a multivariate generalization of one-way analysis of variance (ANOVA)
called MANOVA (Johnson and Wichem, 1998: p.320-322). As in ANOVA sum
of squares are calculated between -groups and within- groups except that the

squares are outer squares of vectors. The overall sample mean is -

Zih

=1 _j=1

n " (Equation 3.23)

Then the sum of squares between-group is

B= inr(E—E h, _E),

r=l ‘ _ (Equation 3.24)

and the sum of outer squares within-group is

f

)

i (Equation 3.25)

(n, -1,

-
1]

Il
Mw

The statistic known as Wilks lambda (Johnson and Wichern, 1998: pp320-322) is

defined by

. detW _
~ det(W +B) _ (Equation 3.27)

where detW and det(W + B)are the determinants of W and of

W+B respective_ly.
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H, is rejected at level of significance o if

I—JA_'n;3—2‘>

J—_ 3  Fo 20)2(n-3-1)
A ' (Equation 3.28)

where F(',,z'(3)_2(,,_3_2‘) is obtained from table of the F-distribution with 2(3) and

2(n -3- 2)degn_3es of freedom.

A Matlab program was written to compare three sample means (see Appendix
A3.é). It was used in Study 2 to compare tonic accommo;lati.on taken in three
refractive groups. It was also used in Study 3 to compare accommodative lag taken
.in three stimuli conditions and also the difference between accommodative lag

taken in three refractive groups.

3.5 Vector dioptric distance (VDD)

As vector h gives little impression of the power of the lens, a scalar measure,
vector dioptric distance (VDD), was used to describe the difference between two
measures in a orie-dirhensional dioptric unit (Harris, 1990b; Harvey et al., 1997,
Harris, 1998; I-iérvey et al., 2000). VDD is the distance between two data points in

symmetric dioptric power space.
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The formula for VDD is as follows:

VDD = .\/(h“_ - hu)2 +(h, - hn)2 +(hy, — by, )’ (Equation 3.27)
where k;; and A;; are &, for measurement | and measurement 2, Ay, and h; are h;
for measurement 1 and measurement 2, k3; and h;3; are h; for measurement ll and

measurement 2.

3.6 Sul:_nmary |

Refractive error is nbrmal_ly recorded in sphero-cy]indf;r format (F, / F, x axis), a
format not amenabie to mathematical manipulatiém. Refractive error is often
converted to the spherical equivalent in order to carry out statistic testing. However,
this was not idéal as the re_ductibn from a three-diineﬁsional to one-dimensional
‘concept results in los§ of information. Coordi-n_ate vedt_or h can overcome this

problem.

A multivariate analysis called MANOVA was used to perform statistical analysis
of coordinate vector h. However, as vector h gives little impression of the power of
the lens, a scalar measure, vector dioptric distance (VDD), was used to describe the

difference between two measures in a one-dimensional dioptric unit.

41

i
L




Py gamens ren

PETTERT LA R

Chapter 4 Clinical evaluation of the
- Shin-Nippon SRW-5000

C.hapt.er’4

Study 1: Clinical evaluation of the Shin-Nippon SRW-5000

autorefractor in children

4.1 Introduction

Autorefraction is commonly used for measuring refraction in children, both with

.‘and‘without cycloplegia. Autorefraction provides a fast assessment of refractive

status, independent of the experience of the V.exam_iner., and needs little subject
cooperation. Children have strong accqmmodaﬁon ability, and instrument myopia
may be induced &uring autorefractioﬁ. When this occurs hyperopia will be
underestimated or myopia overestimated. An open-field autorefractor allows a
binocular ﬁél& of view through a large beam splittef and permits fixation of an
external target; hence instrument myopia should be less compared with a “closed-

field” instrument in which the target is inside the autorefractor.

The purpose of Study 1 is to measure the accurﬁcy and reliability of the Shin-
Nippon SRW-5000 m a pediatric population. Aééuracy is defined as the closeness
of agreement between a test ;esu]t and the accep_ted reference value (ISO 5725,
1994). In the bresent study, the cyciopleéic éﬁbjective refraction result was used és

reference value (or “gold standard”).

Two measures of reliability, repeatability and reproducibility, were considered.

Repeatability is the closeness of agreement between independent test results
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obtained undef ideﬁtical conditions, and reproducibility is the closeness of the
resﬁlts obtalnéd w1th 1dentlcal experimental setups but, in thls case, with different
examiners (ISO 5725, 1994) In clinical papers, repeatability and rcproduc1b111ty
are sometime referred to as intra-examiner repeatability and inter-examiner

repeatability respectively.

4.2 .(_)bj ectives
In Study 1, we cémpared the following:
Accuracy -
1) cycloplegic subjective refraction with cycloplegic SRW-5000 autorefraction,
2) cycloplegic subjective refraction with non-cycloplegic SRW-5000
autéréfraction, : |
In relation to accuracy, but without the use of a “gold standard” -
3) cycloplegic SRW-5000 with non-cycloplegic SRW-5000 autorefraction, and
4) non-cycloplegic SRW-5000 autorefraction with non-cycloplegic conventional
“clo-sed--ﬁeld” autorefraction (Canon, RKS5) |
Reliabilitf -
5} two .SRW-SOOO measures taken by one observer both with cycloélegia,
6) two SRW-SOOO measures taken by one observer both without cycloplegia,
7) two SRW-5000 measures taken by two observers both with cycloplegia, and

8) two SRW-5000 measures taken by two observers both without cycloplegia.
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4.3 - Methods

4.3.1 Subjects

A total of 53 children from age 4 to 8 (mean 6.45, SD 1.36)- years were recruited -

- through the Optometry Clinic at The Hong Kong Polytet:hnic University and from

international .schbolls in Hong Kong. The study was ﬁ'r_st described to the parent by

the researcher, then the Information Sheet (Appendix 4) was read by the parent,

- who then had the 'Oppo_rtunity to ask questions. An informed consent form

(Appendix 5) was signed by the parent before any measurement was taken. The

~ parents of 44 children (mean age 6.55, SD 1.37 years) agreed that they should

participait_e in _cycloplegié measurements. All subjects had correctable distance and
near vision of at least 0.2 LogMAR units (6/9 Sﬂelleﬁ)’ or better in each eye. No-

subject had heterotropia or suppression.

4.3.2 Visual acuity
Visual acuity was measured using a log MAR chart. The chart was placed at 6 m
and children were encouraged to read the lowest line they could read monocularly

and then binocularly. The record sheet used to record VA is shown in Appendix 6.

4.3.3 Non-cycloplegic refraction
All refractions were carried out by the same examiner (SC). Retinoscopy was

performed 50 cm from the eye and a lens bar was used to neutralize the

' retinoscopic reflex. Subjective refraction was then used to refine the spherical

power in —0.25 D steps and a £0.25 D Jackson crossed cylinder was used to refine

first the cylinder axis and then power. In the case of children who were not able to

44



TR ey

Chapter 4 Clinical evaluation of the -
' Shin-Nippon SRW-5000

respond to this techriicjue, a fogging technique utilizing a fan and block chart was
used to determine the éy]inder axis and a £0.50 D Jackson crossed cylinder was
used to find the cy]iﬁder power. The above tests were performed on first the right

eye and then the left eye.

4.3.4 Noﬁ;cyclqplegic autorefraction

The instrument opti_cal axis was first lined up with the target (the detailed
proceduré is .g.i-v.en in Appendix 7). Non-cyc_:}oplegic aﬁtorefraction was first carried
out, using the Shin-Nippon SRW-SOOO autorefractor. Reading printed oﬁt-frp:_n the
autorefractor was called “representative value”. It was calculated by the instrument,
after 4 measurements were taken. Two “representative values” were obtained By
the same examiner VI(S-C). Both eyes were tested and the order was randomizéd. The
second examiner'(PC) then took another “represenfati.ve value” for each eyé; with
the order of rmreasurement again Being randbmised. Méasurement from two
examiners were taken within 15 minutes. All the autorefraction measurements
using SRW-5000 weré taken using the same standardized procedure described in

Appendix 7.

Non-cycloplegic autorefraction was also c_:arrieci out using a conventional “closed-
field” autorefractor, the Canon RK5. The subject was asked to fixate the red house
inside the instrument and 4 measurements were taken, apcording to the
manufacturer’s instructions, and, an average value,.calculated by the instrument,
was printed out. T\’\-fO independent average values vs..fe're obtained, one followed

immediately by another.
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4.3.5 Cycloplegic refraction

Cyclopentolate hydrochloride 1 % was used to achieve cycloplegia. One drop of

0.4 % benoxinate hydrochloride was first instilled to reduce the time to achieve _
adequate cycloplegia (Siu et al., 1999). One drop of cyclopentolate hydrochloride 1

% was then instilled, and a further drop 5 minutes later. The pupil reaction was

checked after 30 minu_tés and a further single drop was instilled if the pupil still

reacted vigorously to light. The refraction and autorefraction procedures were

~ repeated, as described above, after the amplitude of accommodation was less than

2.00 D, Amplitude of accommodation was checked monocularly, using an RAF
rule. A line of letters corresponding to the subject’s best near VA was slowly
pushed toward the subjects’ eye. The subject was asked to try to keep the target

clear and to report when the letter began to blur and remained blurred.

4;3.6 Cycloplegic autorefraction

After the cycloplegic refraction, two independent sets of representative SRW-5000 '
values were obtaiﬁed by examiner SC, and a third set by examiner PC. Also an
average value was obtained by examiner SC, using the RKS5. All the procec.;luresl_

were as stated in Section 4.3.4.

4.4 Results

Findings were similar for the two eyes and are presented for the right eye only. The

range of refractive errors found by cycloplegic refraction was from +4.75 D to

-3.25 D in spherical power and from plano to —4.00 D in cylindrical power.
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4.4.1. Accuracy .
" The abcuracy of the SRW-SOOO was determined by the differences obtained in
' fo]lowihg c;omparisons:
A: Cycloplegic refraction minus cycloplegic SRW-5000 auforefracfion,
B: CycIoplegic _refractic'ni minus non-cycloplegic SRW-5000 ’autorefraction..
In orcigr to provide cliniciéns with guidelines as to the use of cycloplegia with the
SRW-5000, we also calculated:
- C _Cycloplegic.SRW-SOOO minus non-cycloplegic SRW-5000 autorefraction.
The accuracy of the RKS5 closed-field éutoreﬁactc;r was determined via:
D: Cycloplegic':- refraction minus cycloplegic RKS5 autorefraction, and
| E: Cycioplegic refraction minus non-cycloplegic RK3 aﬁtorefraction.
And finally the two autorefractors were compared:

F: Non-cycloplegic RKS minus non-cycloplegic SRW-5000 autorefraction.

The mean differences for each comparison both in vector h and in sphero-cylinder
format, as well as the means and standard deviations of VDD for each comparison

- were calculated and are shown in Table 4.1.

The mean differences between two measures were compa_tred By multivériaie
analysis (data were normally distributed, see Appendix-A2.2). The _va]ues of the T2
statistic in each comparison are shown in Table 4.2. The values of F(,_OS_;_H were
between 2.79 and 2.83 and the differences were statisﬁcglly significant in each

comparison (p=0.02 in Comparison D, p<0.001 in Comparison F and p<0.0001 in
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‘component in those comparisons are shown in Table 4.3.

Shin-Nippon SRW-5000

- Comparison

h

Mean sphero-cylinder - Mean VDD [SD]

A (n=44)

- {0:290

0.186)
10.088

+0.32/-0.16x64

0.60[0.33]

B (n=44)

0.104
L0.612

(0.627)

+0.69/-0.14x 41

0.98 [_0.'51]

C (n=44)

0.441
0.016

(0.323)

+0.44/-0.12x7

0.74 [0.56]

D (n=44) |

-0.117
0.064
-0.008

-0.00/-0.14x 71

0.48 [0.39]

E (n=44)

0.382
0.091
L0578

+0.61/-0.25x74

0.83 [0.64]

F (n=53)

(0.249)
0.004

0027

+0.25/-0.22x180 .

0.60 [0.32]

Table 4.1 Mean differences in vector h and conventional sphero-cylinder notation

as well as the mean differences and the standard deviations of VDD for each

comparison. The units for all components are diopters (D). See text for details of

comparisons made (p.47).
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Comparison Variance-covariance matrice-(Dz) T?
' 0.11 -0.03  0.09

A (n=44) .| =0.03 0.06 -0.02 36.7
0.09 -0.02 0.17
(0.18 001  0.13)
B (n=44) 0.01  0.06 -0.01 114.9
: 0.13 -0.01 021)
028 -0.01 0.20)
C(n=44) - |-001 005 0.00]| - 31.9
020 000 025)
0.18 0.02 0.06
D (n=44) 0.02 0.03 0.00( 12.08
0.06 0.00 0.16
0.24 -0.01 0.21)
‘E (n=44) -0.01 004 0.03 45,7
022 003 034

o 0.17 0.03 0.06
F (n=53) - (003 0.05 0.03 22.3
| 0.06 0.03 0.17

\

Table 4.2 The variance-covariance and the T° statistic values for each comparison.

See text for details of comparisons made (p.47).

Comparison A, (D) h, (D) h, (D)
A ~0.46100.83 -0.41100.59 —0.5110 1.09
B 0.21t01.47 -0.37t00.57 —0.29 to 1.51
C —0.59t0 1.47 —-0.43t00.46 —0.66 to 1.31
D -0.96t00.73 -027t00.40 —-0.78t00.77
E ~0.59t01.35 ~0.30t00.48 —0.57t0 1.37

F -0.60t01.10 -042t00.43 —0.79t00.84

Table 4.3 The 95 % limits of agreement for each component of vector h. See text

. ‘for details of comparison mead (p.47).
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" To faci}itate comparison of these results with those of others, the 95% limit of

‘agreement for each separate sphero-cylinder component, namely sphere (negative

cylinder format), cylinder and spherical equivalent are given in Table 4.4.

Comparison Fs (D) Fe (D) SE (D)
A 04410071  —0.48t0 0.90** —0.24 to 0.90*
B ~0.311t0 1.35%* —0.44t0 0.84**  —0.17 to 1.41**
C -04910127% -065100.63 -0.56t0 1.32**
D 09110070 —0.88t01.04  -0.73't0 0.60
E —0.60101.38%* —0.65t01.01  —0.51 to 1.47**
F 06410093 -1.0410099  —0.54t0 0.81

Table 4.4 The 95 % limits of agreement for sphero-cylinder component: sphere

- (Fs), cylinder (Fc) and spherical equivalent (SE). * indicates p<0.01 and **

p<0.001. See text for details of comparisons made (p.47).

4.4.1.1 .Three-dimensional scatter-plots

Figure 4.1 to 4.6 are scatter plots showing the differences in paired data obtained in

Comparisons A to F. The origin of the graphs represents zero difference, and the

axis ticks each represent 0.50 D. The closer the data points are grouped, the smaller

the variability of the difference between two means and the closer the data are

grouped around the origin, the less the difference from zero of the two measures.
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x ) h2

“h1

Figure 4.1 Scatter plot of the differences between cycloplegic refraction and

cycloplegic SRW-5000 autorefraction measures (Comﬁarison A).

ht

Figure 4.2 Scatter plot of the differences between cycloplegic refraction and non-

cycloplegic SRW-5000 autorefraction measures (Comparison B).
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Figure 4.3 Scatter plot of the differences between cycloplegic SRW-5000 and non-

© cycloplegic SRW-5000 measures (Comparison C).

1z

1]

Figure 4.4 Scatter plot of the differences between cycloplegic refraction and

cycloplegic RKS autorefraction measures (Comparison D).
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hi

Figure 4.5 Scatter plot of the differences between cycloplegic refraction and non-

cycloplegic RK5 autorefraction measures (Comparison E).

Figure 4.6 Scatter plot of the differences between non-cycloplegic RKS and non-

cycloplegic SRW-5000 measures (Comparison F).

4. 4.1.2 Conventional plois
A more familiar representation of paired results is a simple x-y plot, along with a

statement of .correlation and linear relationship. Correlation on its own, of course,
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does not measure agreement, being a measure of relationship: However when
presented along with the slope of the regression line, it does provide valuable

information.

- Figures 4.7 to 4.11 show the plot and regression line for the spherical equivalént
. found in Comparison A to F. In the figures, the solid lines represent perfect
agreement between tested measures and the gold standard (cycloplegic refraction in

this study), and the dotted line is the regression line.

6.007 | /.’

4001

2.007

f T

T .q
*
-6.00 -4.00 -2.80 / '

Cyéloplegic SRW-5000 autorefraction (D)

6.00
4742007
. . .’,.‘ 'y
& y=103x-023
e -4.007 r=0.98
_ n=44
-6.00-
Cycloplegic refraction (D)

Figure 4.7 Spherical equivalent (SE) found by cycloplegic refraction (x-axis)

plotted against SE found by cycloplegic SRW-SOOO_ autorefraction.
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Non-cycloplegic SRW-5000 autorefraction (D)

Figure 4.8 Spherical equivalent (SE) found by cycloplegic refraction (x-axis)

6.007
4,007
2.007 _
. gﬁyo
0.00 | |

-4.00

-6.00"

y =0.87x - 0.65
r=0.97
n=44

Cycloplegic refraction (D) |

plotted against SE found by non-cycloplegic SRW-5000 autorefraction.

6.007

4.007

2.007

-6.00

Non-cycloplegic SRW-5000 autorefraction (D)

-4.00"

-6.00-

471000 5060 400 6.00
.00

y=10.83x-0.46
r=0.97
n=44

Cycloplegic refraction (D) -

Figure 4.9 Spherical equivalent (SE) found by cycloplegic SRW-5000

autorefraction (x-axis) plotted against SE found by non-cycloplegic SRW-5000

autorefraction.
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Cycloplegic RKS autorefraction (D)

Cycloplegic refraction (D)

Figure 4.10 Spherical equivalent (SE) found by cycloplegic refraction (x-axis)

plotted against SE found by cycloplegic RKS autorefraction.

Non-cycloplegic RKS autorefraction (D)

6.007

4.007 4

2.007

gid6, o
F ] T g " " T L] 1 .
600 400 2000|000 200 400 600
: “%e3 00
o y = 0.84x - 0.51
% r=0.96
) -4.007 n =44
-6.00"

Cycloplegic refraction (D)

Figure 4.11 Spherical equivalent (SE) found by cycloplegic refraction (x-axis)

plot‘téd against SE found by non-cycloplegic RKS autorefraction.

Shin-Nippon SRW-5000
6.007
4.00
2007 ¢
o3 o
L J
I.. i | T T- Y 0 OO T T 1
-6.00 -4.00 -2.00¢ ' 2.00 400  6.00
| o 2 00" | g
LA ' y=1.02x +0.07
4.007 r=10.98
n=44
-6.00°
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4.4.2 Reliability

Tht_a reliabilitj of the SRW-5000 was determined for cycloplegic and non-
cycloplegic cOnditioﬁs, namely |

G: Comparison of two cyclopleg_ic SRW-5000 measures taken by one observer

H: Comparison of two cycloplegic SRW-5000 measures taken by two observers

I: Comparison of two ﬂon-cycloplegic SRW-5000 measures taken by one observer
I Corﬁparisoﬁ of two ﬁon-cycloplegic SRW-5000 measures taken by two

observers

Figures 4.12 to 4.15 show the results for Comparisons G to J. Again the origin
represents zero difference, and the axis ticks each represent 0.50 D. Visual
inspection suggests that the data points are slightly less scattered under cycloplegic

conditions than under non-cycloplegic conditions.

Figure 4.12 Scatter plot of the differences betwéen two measures taken by one

observer under cycloplegic conditions (Comparison G).
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Figure 4.13 Scatter plot of the differences between two measures by two observers

under cycloplegic conditions (Comparison H).

Figure 4.14 Scatter plot of the differences between two measures by one observer

in non-cycloplegié eyes (Comparison I).
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Figure 4.15 Scatter plot of the differences between two measures by two observers

in non-cycloplegic eyes (Comparison J).

The mean differences between n;_easures, m both vector h and sphero-cylinder
format, are given in Table 4.5. The means and standard cieviations of VDD were
calculated for each comparison and are also shown in Table 4.5. No statistically
significant différences in VDD were found for any comparison (repeated-measures
ANOVA: F; 43=2.35, p=0.08). Again, the mean differences between two measures
were tested by multivariate analysis and the T? statistic for each comparison are

shown in Table 4.6. No significant differences were found, except in Comparison

H (p=0;03).

Observation of .fhe entries along the diagonal of the variénce-covariance matrices in
Table 4.6, suggested that the repeatability and reproduci‘bility of spherical power
and cylindrical power were similar for cycloplegic and non-cycloplegic eyes in
cases of measul;es taken by both one and two observers. The 95 % limits of

agreement of each vector h component were calculated and are shown in Table 4.7.
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Figures 4.16 t0 4.19 show the means plotted against the difference for each pair‘of

spherical equivalent (SE) values for Comparisons G to J.

Comparison h . Mean sphero-cylinder ‘Mean VDD [SD] (D)' , |

(0.019
G (n=44) " 0.030 +0.03/-0.07x20  ° 0.35[0.16]
(—0.032) :
. (-0.031 - ,
H (n=44) 0.022 ~0.03/-0.09x9 0.44 [0.23]
-\ ~0.116) |
(0.003
I (n=53) 0.000 +0.00/-0.01x180 0.38 [0.24]
0.007)
-0.028Y
J(n=53) |-0.033 ~0.00/—0.04x128 0.43 [0.29)
- l-o0020) |

Table 4.5 Mean differences using vector h and conventional sphero-cylinder
notation, and the mean differences and standard deviations of VDD. See text for

details of comparisons made (p.57).

Again, to enable the comparison of our results with those others, the 95 % limit of
agreement for sphere, cylinder and spherical equivalent is given in Table 4.8. There
were no statistic significant differences in any comparison (repeated-measures

ANOVA).
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Variance-covariance matrices -

Comparlsoq ™
0.05 001 0.02)
G (n=44) 0.01 005 0.01| 0.07
- 0.02 0.01 0.04
_ 0.10 -0.02 0.03
- H(n=44) -0.02 008 0.01 0.23

0.03 0.01 0.07)

(0.07 0.01 0.03)
. 1(n=53) 0.01 0.04 0.01 <0.01
0.02 0.01 0.09)
. (0.11 0.05 0.05
J (n=53) 0.05 0.07 0.02 0.02
0.05 0.02 0.09

Table 4.6 The variarice-covariance and the T? statistic results for reliability under

cycloplegic and non-cycloplegic conditions. See text for details of comparisons

made (p.57).
Comparison . A (D) h@D hy, (DY
G 04310047 -043t0049 —0.44100.38
H  -0.64t0057 -0.52t00.56 —0.62100.38
1 ~0.54100.55 —0.38t00.38 —0.60 to 0.62
] ~070t00.64 —0.50t00.64 —0.64 to 0.60

Table 4.7 The 95 % limits of agreement for each component of vector h. See texf

for details of comparisons made (p.57).
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Figure 4.16 Agreement of spherical equivalent (SE) between two cycloplegic

SRW-5000 autorefraction measures taken by a single examiner (Comparison G).
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Figure 4.17 Agreement of spherical equivalent (SE) between two cycloplegic

SRW-5000 autorefraction measures taken by two different examiners (Con;xp.arison

H).
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Figure 4.18 Agreement of spherical equivalent (SE) between two non-cycloplegic

SRW-5000 autorefraction measures taken by a single examiner (Comparison I).
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Figure 4.19 Agreement of spherical equivalent (SE) between two non-cycloplegic

SRW-5000 autorefraction measures taken by two different examiners (Comparison

.
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~ Comparison ‘Fs (D) Fc (D) SE (D)
-G -0.38t00.35 -048t00.51° —-0.361t00.35
H -0.531t0044 -0.69t00.59 -0.53t00.38
I -0491t00.52 -0.58t00.54 04510046
—0.60t00.57 -0.60t00.56 —0.56t00.51

J

Table 4.8 The 95 % limits of agreement for sphero-cylinder component: sphere
(Fs), eylinder (Fc) and spherical equivalent (SE). See text for the detail of

-comparison made (p.57)

4.5 | Discussion

4.5.1 Experimental setup

We tried to recruit subjects with as wide a range of refractive errors as possible.
Moderate and high hyperopia are very unqsual in Chinese children and we
approached local international schools to fecruit Western children with hyperopia.
Higher amounts of myopia are, fortunately, also rare in childrexilbe'tween the ages

of4and 8 years.

‘Measurements were sﬁccessﬁslly taken in all 53 children. The pupil of one child
was still reacting vigorously to light 30 minutes after drug instillation. Therefore,
one more drop of cyclopentolate hydrochloride 0.5 % was used,A as per the

standardized procedure.
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All measeres, except for reproducibility, were taken in a single examiner.
Although autofeﬁ'-a‘ction was taken after the manifest refraction, the examiner may :
: ﬁave ' réce]led Qeﬁils of the non—cyclopiegic refraction and autorefractioe measures
while carried out the cyeloplegic refraction. The refraction measures were being |
" used as reference or‘ gold standar ’ values, and so prior knowledge which mfght
result i ina more aecur_ate refractive result, would not conipromise the Qalidity of the

comparisons made, and indeed might improve their validity.

452 Accurracy o 7 _

' 'Cyclopiegic-refrection geve more hyperopic results compared with SRW-SdOO
autorefraction obtained in both cycloplegic and non-cyeloplegic condiﬁons (A and
" B in Table 4. 1), although the agreement between cycloplegic refractjon and
cycloplegic SRW-5000 results was good (r = 0.98, slope =1.03 in.Figure 4.7).
Non-cycloplegic SRW-SOOO autorefraction, as woule be exeected, produced a
result which was less hyperopic than cycloplegw refractlon and the agreement was

not as good as in the cyclopleglc condition (r = 0 97, slope =0.87 in Flgure 4. 8)

'I'he difference in spherical equivalent by autoreﬁection between the cyc]oplegic
and nop—cyclop]egic conditions was less than O.SO'D (Tab]ee 4.1and 4.4) and does
not seem to vary with the magnitude of refracti..ve error, at least over the spherical
equivalent range +4.75to —3.25 D (Figure 4.9), l\iinetyfﬁve percent of paired :
measures of spheee and spherical equivalent were v_vitlﬁn +1.27Dand +1.32 D
'respectively (Table 4.4). This suggests that, except in cases where it is necessary to
determine the meximum plus conecﬁoﬁ, cycloplegia may not be needed, at least

for the refractive range investigated here.
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The difference beﬁeen cycloplegic refraction and autorefraptiou was mainly in
spherical power. This can be observed in the variance-covariance matrix shown in
Table 4.2; theb corner entries are ‘la-rger than the other entries. The entries in
comparisons where both fneasures were taken in cycloplégic lconditions
(Comparison A and D) are smaller than those for non-cy.c:ldplegic conditions
(Comparison B, C and E). Thus, the variability of agreefnent tends to be less in

cycloplegia.

Considering the sphere and cylinder as separate components in Comparison A
resulted in a smaller mean spherical difference (+0.13 D) and a slightly greater
mean cylinder difference (+0.21 D) compared with the results obtained employing

vector h calculations (mean difference +0.32/-0.16 x 64).

In the present study, 86 % of autorefraction resulted in a cyllindrica] c.orrection of
0.25 D or more, compared with 55 % of refractions. Cycloplegic refraction
therefore tended to produce less cylinder than SRW-5000 autorefraction. Méllen et
. al (2001) di.d not find this difference in ast-iginatic comection iﬁ their adult sﬁbjects
and it is therefore probably partly due to thé difficulty associated with measuring
small amo;.mts of astigmatism subjectively in yoﬁng children. The agreement
between refraction and autorefraction was high for cylinders over about 1 D (Chat

and Edwards, 2001).

The RKS gave results closest to cycloplegic refraction (Comparison D in Table 4.1).
The vector dioptric deviation (VDD of A and B, D and E in Table 4.1) and the

spread of data point in the scatter plots (Figure 4.1, 4.4, 4.9 and 4.10) were similar .
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for the SRW-SOOO. and thg: RKS. The results from the closéd-field autorefractor
(RKS) were élightly_more hyperopic than those from the open-field instrument
(SRW-SOOO); although this bias is not significant clinically. The variability in
cylinder power agreement between the RK5 findings and cycloplegic refraction
was glightly grearte'r than in other comparisons, with 95 % of paired measures being

" within 1.04 D (Table 4.4).

_ It seems _that there is a scope for improving the contro! of accommodation of the |
S.RW-SOOO (Comparisor_ls B and C in Tables 4.1 an.d 4.4). The fixation target
cannot ber clear in'éubjects with more than 1.00 D myopia or in adult sﬁbjects with
moderate to high hyperopia. The target blur mﬁy stimulate accommodation, and
young children may .also lose interest in a blurred target. The ﬁ)'cation target in the
RKS is a red house in the middle of a green field, and may have held the interest 6f
the children longe.r than the SRW-5000 target, ;.yhich is a red four-pointed “star”_.
McBrien and Mi]lﬁdot (1985) reported that .COI_lt_l'Ol over accommodation in adults
was also a broblem with the Canon R-1. Furthe-r .work should be carried out to

determine the target providing the optimum accommodative control.

Elliott et al. (1997) compared the accuracy of non-cycloplegic autorefraction (taken

by Nikon NRK-8000 and Nidek AR-1000 autorefractors) with subjective refraction

in adults. They determined the accuracy of autorefraction by calculating a
“coefficient of accuracy” (1.96 standard deviations of the difference between
autorefraction and subjective refraction) for each vector h component (sé¢e Table

4.9). Similar resulté were obtained in this study (see Table 4.3). It should be noted
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that use of a coefficient of accuracy assumes that there is no systematic bias

~ between the two instruments or techniques being compared.

The coefficient of accuracy

Comparison (1.96 SD) (D)
.7 h; h;
Nikon - subjective (Elliott ef al., 1997) 0.98 0.41 - 0.98
. Nidek — subjective (Elliott er al., 1997) 0.81 0.35 0.73

Non-cycloplegic SRW-5000 — cycloplegic :
YEOPIeE o YOOPEE 0.83 0.48 0.90
refraction (present study) o

Table 4.9 The coefficient of accuracy for Nikon NRK-8000 (n=30, age from 22 to
' 85 years), Nidek AR-1000 (n—30 age from 22 to 85 years) and Shm-Nlppon SRW-

5000 autorefractor (n=44, age from 4 to Syears)

El-Defrawy et al. (1998) compared the results of cycloplegic retinoscopy with
those from f:ycloplegic autorefraction performed using a han_d-hcld Retinomax
autorefractor (Nikon Corporation). Their subjects were between the ages of 5 and
72 months. Based on the means and standard deviations of ﬁe différences reported,
the agreement of sphere and spherical equivalent values was 1.55 D alnd 139D
respectively in 95 % of cases, while the equi.vélent values in this study were 0.70 D
and 0.91 D ﬁe larger range of differences in the El-ﬁefrawy et al. study is to bé
expected, given that some of their subjects were considembly youﬂger than ours,
and a direct comparison with the findings of the preseﬁt study is difficult. In the
same study the non-cycloplegic hand-held autorefraction was found “grossly

inaccurate” coxﬁpared with cycloplegic retinoscopy, though again it is very difficult
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to make a direct compatirosn with the present study because of the difference in

ages.

Harvey et al. (2000) also compared cycloplegic retindscopy and cycloplegic
Retinor_nax measures in c‘hildren aged between 3.6 and 5.6 years. These authors
reported rather better agreement between cycloplegic retiﬁoscopy and cycloplegic
Reﬁnémax measurés {0.90 D for the sphe're and 0.72 D for theﬁphe_rical
equivalent), however in addition to their subjects being older than those of El-

Defrawy et al., they had reduced the variability in their retinoscopy findings by

‘taking the median of three readings.

Previous studies of the accuracy of the Canon R-1 and other autorefractors are
summarized in Table 4.10. Results obtained in the present study were rather better
than those taken in adults when compared with measures taken from non-

cycloplegic autorefraction.

The findings of McBrien and Millodot (1985) are somgwhat ambiguous. They
present the absolute mean difference between R-1 and subjective results. It is
strange to report an absolu';e mean here, as clearly readers will wish to know which
instrament gave the more plus result, If the autﬁom actually presented the mean

absolute difference, then these findings are difficult to compare with our own.
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95 % limits of agreement (D)

Study Subjects Comparison
Fs Fc . Axis SE Other
md " 93adurs  CononRel |
: . vs 033™ 041 . 0.39M
Millodot, Subiective : ‘
1985 jects
Yeow and 55 adults - Humphrey 530 —0.91 -0.33 -1.01
Taylor, ' B Vs to to - to
1989 g Subjective 0.81 0.61 0.99
‘Sunder Raj 25 adults Humpl:;ey 570 _lt‘go ~0t.39 _23 3 ,_lt;)ﬂ
etal., 1992 Subjective 132 097 2673 145
Sunder Raj 25 adults Cano:rlsRKl —lt'(;” —ltfg _8t.13 _It‘67
) 0O 3]
etal, 1992 Subjective 115 112 2793 115
Kinge ef al., 80 adults Nidek AR-1000 —0.66
1996 s T - o
Subjective 0.40
Bullimore et Hoya AR-570 -0.74
ol 1998 - 86 adults vs - - - to
” : Subjective 0.60
3 i VDD
L S
etal, 1998  children Cyclo refraction . 158  0.48 1.48 2 46
. 1 VDD
Huveyer 22 KRS S 086 U ol TRAOL
. . M . 0
al., 1997 children 0o refraction 195 036 1959 172 2.19
1 vDbD
Harvey et 36 Rem:;)max —ot.gl -ot.ols -2t.g4 oic?z
al, 2000 children o o1o ofraction 025 022 1572 1.12
. A vDD
w0 s ow o o
study. children o 15 refraction 0.70 090 0.91 1.33
. _ - B VDD
study children o piective 057  0.52 038 1.50

Table 4.10 Comparison of studies on the accuracy of autorefractors.

M= only mean was given in the study, VDD = measures calculated by vector

dioptric distance, A = Cycloplegic autorefraction and B = Non-cycloplegic '

autorefraction.
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The mean absolute difference will be greater than the mean difference (in which
positive and negative values will have tended to cancel each other out). The mean
absolute difference is a2 more useful estimate of the average size of the difference
than the mean, ho_wever in this instance we are interested in the range of the
differenﬁes and not in ther average difference. The standard deviaﬁon of the mean-
absolute diffe_r_ehcc will be much smaller than the standard deviation of the mean

- difference.

453 Reliability

The overall trend wés that reliability was better fof-cfcloplegic than non-
cycloplegic autorefraction, and slightly better for one cdmpared with two
observers. It is possible that inter-examiner diffecences could be due to differences
in the criterion 'a.pplied when fdcusing the corneal reflection, and these differences
might be decreased by observers working together prior t;) taking measurements to

ensure they use the same focusing criterion.

Within the refractive error range studied (SE +4.75to —3.25 D) there was no trend
for repeatability or reproducibility to worsen as refractive error increased, however

it would be unsafe to make inferences regarding refractive errors outside this range.

Previous studies of the feliability of R-1 and other autoréfractﬁrs are summarized in
Table 4.11. The reliability of non-cycloplegic SRW-5000 reéults was no better than
the reliability of results from the R-1 in non-cycloplegic conditions {McBrien and

Millodot, 1985; Roseﬁﬁeld and Chiu, 1995), however less relia.bl_e results might be

| expected in young children. The poorer repeatability in this study compared with
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that of McBrien and Millodot (1985) may be because they seem to have analyzed
-their data in terms of absolute differences, and smaller standard deviations would

thereby be obtained.

Zadnik et al. (1992) reported repeatability limits of £0.32 D for the Canon R-1
‘autorefractor for the poﬁer in the vertical meridian in a.dﬁlts under cycloplegia,
comparéd with an equivalent finding here for the sphere of ;1:0.38 D. Estimates of
the repeatability limits .fo‘r non-cycloplegic repeatabiiity of the R-1 in adults are
£0.72 D (Zadnik et al., 1992) compared with i0.5_8 D in children fo?’ the SRW-

5000 in the present study.

The rgliabilfty of SRW-5000 results in cyéloplégic conditions in children in the
present study was similar to_réliability-results from -adiults' in ﬁon-cyélbplegic,
conditions. It was also ‘comparable with the feliabi]ity of cl:_linical refraﬁtioﬁ reported
by Rosenfield and Chiu (1995) and those studies in GQSS and Grosvenor (1996)
‘Teview. Results for repeatability of the SRW-SOOO'autoréfractqr are therefore

similar to those reported for the Canon R-1.
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Instrument

95 % limits of agreement

: Study " Subjects  *Repeatability '
. : . " Fs Fe Axis SE Others
- Reproducibility
McBrien and '25
Millodot, - _ *Canon R-1 0.99 '0.99 098 "0.96
adults
1995 . .
Yeow and *Humphrey 530 -0.69 -0.42 -0.63
Tavior 1989 > 20ults | o to - to -
aylor, , (Non-cyclo) 0.61  0.36 0.59
Zadnik et *Canon R-1 ' Y —0.26
I 1992 40 adults | - - - - to
al, {(Non-cyclo) 029
Zadnik et *Canon R-1 V_0.72
1199y oaduls Cyel T T to
al., ‘ (Cyclo) 0.70
Muttieral, 20 *Canon R-1 V.0.39
1994 ' children (Cyclo) 1‘;’7
Rosenfield
12 adults *Canon R-1
and Chiu, ' 0.16° 0.19°° 15.9%° 0.14%° Ho.16%°
(Non-cyclo) ) ’ ’ ) )
1995 : - ,
* Bullimore et *Hoya AR-570 —-0.38
: - 86 adults - - - to -
al, 1998 (Non-cyclo) 0.40 _
Harvey et 22 *Retinomax  -0.49 -0.29 039 "°°0.65
: - to to - to to.
al., 1997 children (Cyclo) 029  0.79 0.23 1.39
Harvey et 35 "Retinomax -1.00  -0.59 . =103 YPP0.04
. to to - to to
al.,, 2000 .. children (Non-cyclo) 100 - 039 0.93 0.78
Present 53 * SRW-5000 -0.50  -0.57 -045 YPP_0.08
. to  to - to to
study children — (Nom-cyelo) . o5 0.53 045 - 093
Present 44 * SRW-5000 039 -047 -036 YPP-0.02
. to to - to . to
study children (Cyclo) 035 - 0.51 0.34 0.80

Table 4.11 Comparison of studies on reliability of autorefraction. r = correlation

coefficient, H = power measured in horizontal meridian, V = power measured in

vertical meridiaﬁ, SD = only standard deviation were given in the study and VDD =

measures calculated in vector dioptric distance).
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4.5.4 Statistical analysis
‘The definition 6f agreement and reliability of a vector is less clear than that
comﬁonly used for scalars such as spherical equivalent. The VDD, a scalar
calculated from Qector h, therefore, was used to present the accuracy and reliability
of the SRW-SOOO. A further problem with carrying out several multivariate
analysis tests that will increase the probability of Type 1 error (Dawson-Saunders
-and Trapp, 1994: p.120). If each comparison is made for }5<0.05, the probability of
ﬁnding,qné or mofe_ comparisons significant by chance is éonsiderably higher than
5 %. Iﬁ order to lower the _s'igniﬁcant threshold, the p-.value can be simply divided
0.05 By number of comparisons. Howlw;ever, it can only suitable fo;' less than iO

comparisons (Motulsky, 1995: p.276).

4.6 Conclusions

The accuracy.and reliability of SRW-5000 results were gdod, considering the
influence the age of the subjects likely té have had in term of both subjective
response and fluctuating accommodation. The SRW-5000 autorefractor is likely to

be valuable in both clinical and research settings.

Both agreement w_ith cycloplegic refraction and repeatability were better when
SRW-5000 méasur-:s were taken under cycloplegia. The 95 % éoﬂﬁdence limits for
paired measures of spherical equivalent between..subje.ctive refraction and
aﬁtorefraction botl‘l‘ under cycloplegia was 0.91 D. Repeatability results from the
SRW-5000 autorefractor, both with and without cycldpl_egia al;e similar to those

reported for the Canon R-1.
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The repeatability vélués ‘i1.1 spherical equivalent were 0.45 D and 0.52 D with and
without cycloplegia réspecﬁvely. The reproducibility values for spherical |
equivalent were 0.36 D and 0.55 D with and without cycloplegia respectively. It
seems that cqﬁtrol of accommodation with the SRW-SOvOIO autorefractor in young
children ié not ideai, despite. its open-field design and there may bg scope to

improve control of accommodation in children.
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| _Chapt_er S

Study 2: Tonic accommodation in Hong.Kong Children

S.i Introduction

Thgrclass_ical theory of accommédation stated that when an emmetropic eye was

- foéuséd_at optical infinity, accommodation wquld be “at rest” (i.e. accommodation
=0 D) (Fincham, 1937, Helrﬁholtz, 1962). It is now recognized that when the_re ié
no visual stimulus accommodation is for some position proximal to infinity, or in

the case of an ametropic eye, proximal to the far point (Leibowitz and Owens,
1975a). This level of accommodation under so-called stimulus free conditions is
called tonic accommodation (TA) (Hennessy énd Leibowitz, 1970; Hennessy and
Leibowitz, 1972). It is a150 known as dark focus, resting state of accommodation,

or dark accommodation (Rosenfield ef al., 1993).

There has been only one previous report of TA in Chinesé children, and no report
of TA in children under the age of 6 years. Woung et al. (1998) reported TA values
1n Chinese children frofn 7 to 12 years of age of 1.37 D (SD 0.33) in emmetropes
(n=15) and 1.03 (SD 0.56) Din early—bnset myopes (n=19). There was a
| statistically significant difference in TA betwegn the two refractive groups
(p=0.047). Tonic accommodation was measured by a modified closed field

autorefractor (Nidek AR-1100) under bright empty field conditions.
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5.1.1 Previous wérk and the techniques used to measure TA
' Laser optometry was first used to measure TA, measurement being carried out in
total darkness, and the resultant TA value averaging around 1.5 D (Leibowitz and
Owens, 1978). It was shown, however, that the mental effort required to appreciate -
the dir_ection of the'speclkle motion in this type of instn_1ment influenced the tonic
' .'accommodatio.h measures (Post et al, 1984; Bullimore and Gilmartin, 1987b;
Jaschinski-Kruza and Tbenies, 1988). Moreover, the speckle exposunl'e'time
(Bullimdre et al., 1986; -Rosenﬁeld, 1989) and the speckle pattern within the visual
field, acting as a stimulus té proximally-induced accommpdation; contaminated the
measures (Bullixﬁore and Gilmartin, 1990; Rosenfield ;cmd Ciuffreda, 1990;

Rosenfield et al,, 1990).

Objective techniqu;aé such as dynamic retinoscopy and infrared autor¢fract6r were
. subseque.ntly used to measure tonic accommodation. The TA value found by
dynamic retinoscopy in darkness tended to be lower than corresporidiﬁg measures
found by lase‘r optometry, probably due to the retinoscope light stimulating blur

and proximal-induced accommodation.

An infrared autorefractdr is now the instrument of choice for measuring tonic
accommodatio.n, as it provides a means of measureme‘r..lt -u1_1der true stimulus-free
conditions. An open—_ﬁe]c_l design autorefractor is pﬁrticulﬁrly useful as the subject
is aware, before ﬂle room is darkened for the measurement session, that he or she .
. can see through the instrument, and proximal accommodation is thus less likelS/ to

occur,
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The R-1 (Canon, J apan)' has been previously and extensively used in
accommodation research, and was shown to provide reliable and accurate measures
of refractive error. The reliability of TA measures using the R-1, however, has been
- ' reported only in term of tﬁe (inappropriate) correlation coefficient {(Mershon and
Amerson, 1980; Heron et al'., 1981; Baker et al., 1983; Owens_and Higgins, 1983;
.Johnson. et al., 1984; Gwiazda er al., 1995). The coefﬁcient_bf correlation is a
measure of relatio-nship, not of agreement, and unless the equation of the regression
line is also given, is of little value as a measure of agreément.rRepeatabiIity isa
measure of the agfgement between repeated measures taken under i'dentical
conditions and it will be pfesénted here in terms of the 95 % limits of agreement

between two repeated measures (ISO 5725, 1994).

The large inter-subject variation in_ TA values (Leibowitz and Owens, 1975a;

Leibowitz and Owens, 1975b; Leibowitz a¥1d Owens, 1.978) led some investigators

to wonder if there was a relationship bétween TA and refractive error. TA measures

were, indeed, subseque-ntly found to vary with refractive error (Maddock et al.,

- 1981; Bullimore and Gilmartin, 1987a; McBrie_n and Millodot, 1987; Gilmartin and
Bullimore, 1991; Woung et al., 1.993; Gwiazda eé al; 1995; Jiang, 1995, Woung._et

al., 1998; Jiang and Morse, 1999; Jiang and White, 1999; Zadnik et al., 1999). TA
values were shown to be lower in late-onset ﬁydpc_:s compared with early-onset
myopes and einmetropes and it ha_s:beén suggested that thé development or
progression of myop{a is related to the low TA. A cause and effect relationship,

however, has not been demonstrated.
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5.2 Objectives
. The objectives of Study 2 are:
1) To determiﬁe'thé -repeétability of tonic accommod_ation in children, as
measured by the SRW-5000 open-field and
2) To characterize TA in Hong Kong children between the ages of 4 and 8

years, barticularly according to refractive status.

53 Methods

5.3.1 . Subjects

Fifty-six Subje_cts were recruited through the Optometry Clinic at The Hong Kong

PolﬁecMic University and from inte_:mational schools in Hong Kong. All were
- between the ages of 4 and 8 yéars (mean 6.4 and SD 1.3 years) and had correctable
- distance ViSiO;l of at least 0.2 LogMAR units (6/9 Snellen) or better in each eye. No
subject had heterotropia or suppression. Parents gave informed consent prior to the

measurements shown below,

53.2 -Autorei_'raction using the Shin-Nippon SRW-5000 autorefractor with

' dist.ar.lce target |
The target, comprising a red four-pointed “star”, was placed 6 m in front of the
auton;efractor. Alignment of the optical axis of the axis of the instrument and the
target was adjusted before any measurements were takén, as descri_bed in Appendix
6.1. The accuracy and vertex distance settings of the SRW-éOOO were set to 0.12 D

and 12 mm respectively.
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The subject sat comfortably with his or her chin on the chin-rest, head against the
’ _forehead rest..and ;eyes level with the eye mark, and viewing binocularly through
the window of the instrument looked at the fixation target. Distance refraction
measurements were taken on the right eye only. Ten readings were taken and the

instrument then provided an average value, called the “representative value”.

533 ;Autorefractioq taken in total darkness

' Thé subject’s head was steadied by the chin and forehead rests, and an additional
velcro strap was u.sed to keep forehead in contact with the forehead Test. Thé room

lights were tumned off, the subject having been forewamed that this was about to
happen, and the light intensity of the autorefractor rﬁonitor' screen was reduced to a

- minimum. Any stray light from the screen of the autorefraction was shiélded from

_ the subject duﬁng the measurement.

The subject was asked to sit in the dark for 5 min to dissipate any fluctuation of the
accommodation response, and then autorefraction was carried out twice, 30 sec
apart. Each autorefraction consisted of ten readings and the subject was asked to

look straight and to ignore the red ring (please refer to p.4) during measurement.

5.3.4 Calculation of tonic accommodation
TA was determined by the difference between distance refraction and the second
autorefraction taken in total darkness as follows:

TA = Distance autorefraction — the 2™ dark autoreﬁacﬁoﬁ (Equation 5.1)
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The second autorefraction value was used as it is possible that a child would be
apprehensive about the first series of measurements, but less so about the second

series, so that the second measures might be generally more accurate.

54 Results
The range of refractive én‘or in 56 children was from +1.00 to —4.00 D in spherical

power. Refraction was recorded in negative cylinder format and the highest

- cylindrical correction was —4.62 D. The mean refractive error was

—0.74/-0.41x175 and the mean spherical equivalent (SE) was —0.94 D (SD 1.42

D).

'I'l'le.distribution of TA is shown in Figure 5.1 (data were normally distributed, see
Appendix A2.3). The mean was 1.07/~0.05x138 in sphero-cylinder notation or

(1 05 —0.03 1.05) (D) in vector h notation and the variance-covariance was

069 —003 048
-0.03 008 -0.04| (D). The standard deviations of A;, k; and k; were 0.83,
048 -0.04 0.59 ' '

0.28 and 0.77 D respectively. The maximum TA was 3.68 D and the minimum was

0.09 D (in spherical equivalent).
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As this gﬁpears to have Bgen the first time TA has been measured in children aged
youﬂgef than 6 years, the data was analyzed for the 18 subjects aged less than 6
years, ;l"he mean TA for this group was (1 05 0.02 1.08)' in vector h notation or
1.09/-0.04x68 in sphero-cylinder format. The mean TA of the remaining 38

. children, Aged 6 years or oider {vas (1.05 -0.06 1.03) or 1.08/~0.09x142. There

is no statistically sighiﬁcant difference in TA between these two groups (T?=1.26,

p=0.75).

4=

Bl
x
x g,l:kl;x

= 1 \
1.4
h2

h1

Figure 5.1 The distribution of TA in 56 children. The ticks in the axes indicate 1 D

steps.
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5.4.1 Repeatability

The mean difference between two measures taken by single observer was

(0.10 -0.04 0.15) in vector h notation or 0.15/—0.08 x 122 in spﬁero-cylinder
notation. The scatter plot of the difference between two measures is shown in
Figure 5.2. The variance-covariance matrix of the difference was
017 -000 0.09 |
~0.00 0.07 -0.03 (D”)and the standard deviations of 4, h; and h; were
009 -0.03 0.17 ‘

0.41,0.27 and 0.41 D respectively.

 Figure 5.2 Scatter plot of the difference between two TA measurements taken by

one observer. The ticks in the axes are in 0.50 D in step.,
Multivariate analysis was carried out by testing whether the mean difference

between two measures was equal to zero. No statistically significant difference was

found between the two sets of measures (T?=7.97, p=0.06).
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The 95 % lumts o-f agreement for thé difference befween two measures (Bland and-
Altman, 1986) are equal to &e mean difference + 1.96 times the standard deviﬁtion
of the differencé_ahd__tﬁese statistics were calculatedr for each vector h component;
they were also ;:aiculated for the SE to enable direct comparison with results
reported from other studies (Table 5.1). The agreement between the two sets of

measures is illustrated in Figure 5.3.

h, (D) k (D) h (D) SE(D)
- Mean difference 010 -0.04 015 0.13
1.96 x SD of the difference  0.90 057  0.97 0.83

Table 5.1 The mean difference between two measures taken by a single observer

and the value of 1.96 x SD of the differenc.e for each vector h component and SE.

g uoop ., .  mean + 1.96SD
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| L 3 . L ]

- _ .

5 0500 ............. e e

B mean —-1.965D
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8 -1.00 —— : ~*

2 600 -5.00 -4.00 -3.00 -2.00 -1.00 000 1.00

Measurement 1 + Measurement 2

5 D)

Figure 5.3 Agreement of spherical equivalent (SE) between two dark

autorefraction.
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5.4.2 Tonic accommodation in difference refractive groups

Subjccts' were divided into three refractive groups. Twenty-four subjects were

myopes, (defined as spherical equivalent equal or less than —0.50 D), 14 subjects

.were hyperopes (defined as spherical equivalent equal or more than +0.50 D), and

the remaining 18 subjects were emmetropes, (defined as spherical equivalent

ranging from more than —-0.50 to less than +0.50 D} . The distributions of TA in

each refractive group are shown in Figures 5.4 to 5.6. The means, standard

deviation and variance-covariance of TA of each refractive group are shown in

Table 5.2, both in vector h' format and in sphero-cylinder format.

Refractive - Sphero-cylinder SE (D) Variance-covariance
growp ® (D) [SD] - @)
{1.05 ' (069 -0.03 0.48)
(nfslﬁ) ~003|  1.07/-0.05x138 [31331. ~003 008 -0.04
: 1.05) (048 -0.04 059
[ 0.57 \ (025 -0.07 025
1}’1‘3.’_."2‘2;" | -008] 0.76/-020x106 [gzgg] ~007 012 -0.14
L 0.73) {025 -014 055
o 13%) (057 -007 030)
ey |00 | 13s-oasazz gl |-007 006 -002
L 1.17) : 030 -002 049 )
(1.49 097 0.02 0.70
H{gzﬁgi" 0.04 1.50/-0.11x13 [é:gg] 0.02 0.05 0.02
o 1.40 | 0.70 0.02 0.58

Table 5.2 The mean tonic accommodation for all subjects and for each refractive

group.
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h1

Figure 5.4 The distribution of TA for 24 myopic children. The ticks on the axes are

in1.0D steps.

Figure 5.5 The distribution of TA for 18 emmetropic children. The ticks on the

axes are in 1.0 D steps.

86



" Chapter 5 Tonic accommodation
; in Hong Kong children

-Figure 5.6 The distribution of TA for 14 hyperopic children. The ticks on the axes

are in 1.0 D steps.

There was a statistically sig’niﬁcant'difference in TA Eetween the three refractive
groups (MANOVA: p<0.001 and F, ;03 20563.2 = 2-19). There was a statisticaily
signiﬁcanf diffefence between TA in myopes and in hyperopes (T>=18.00, p=0.03)
and between TA in myopes and in emmetropes (T2=20.4, p=0.0012). There was no
statistically significant difference between TA in emmetrdpeé and hyperopes

(T*=1.50, p=0.71).

There was a statistically significant difference in TA (SE) between the three
refractive groups (ANOVA [2,53]: p=0.0015). A Student-Newman-Keuls multiple
compaﬁsons test showed statistically significant differences in TA between myopes

and hyperopes (15<0.01), and between myopes and emmetropes (p<0.01).
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5.5 Discussion
- As shown in Table 5.2, TA is essentially a spherical phenomenon and so the
present results can be compared with those from previous studies using infrared

_optometry and repoiﬁng spherical equivalent values.

The mean TA (1.05 D) in the present study was similar to those found in studies in
adults, and tended to be lower than those foﬁnd in other studies in children (see
Table 5.3). Statistical tests were performed to compare the present results with
results from studies in which the mean, SD and sample éize were reporte_d. There
was a statistically significant difference between the present results and those of
Mordi and Ciuffreda. (1998) al_md those of Rosenfield (1989), but not between the .
present results and those of Bullimore ef al. (1986) or of McBrien and Millodot
(1987). Statistical comparisbns cannot be made for the studies of Gwiazda et al.

| (1995), Woung ez al. (1998) and Zadnik et al. (1999) as insufficient data afe given

in these papers.

The major cause of the difference is probably the distribution of refractive erTors
among the subjects. The more myopés in the study, the lower the overall TA.
-However,. Rosenfield (1989) and Mordi and Ciu.ffreda (1998) did not give the range
of refractive error. In the study of Mordi and Ciuffréda (1998}, the sample had .a
large age range. Tonic agcommodation decreases with increasing age (Mordi and
Ciuffreda, 1998) and so the age of the sample affects the TA findings. There were
also differences in the way TA was measured between the stﬁdies shown in Table
5.4. In the study of Mordi and Ciuffreda (1998) and that of Gwiazda ef al. (1995),

for example, subjects wore their refractive correction and measurement was carried
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out under monocular conditions. In Rosenfield (1989), the dark adaptation time

was 2 minutes and it should be noted that the tonic accommodation has been found

to stabilize only after 7 minutes in the dark (McBrien and Millodot, 1987).

: Subject age . Methods used
Study o _ Mean (SD)
{no. of subject) and testing condition
Bullimore er al., 1986  19-28 (N=25) Canon R-1 in dark room 1.15(0.82)
Gwiazda et al,, 1995  6.5-16.5 (N=87) Canon R-1 in dark room 0.68
McBrien and C : ;
: : -19-25 (N=62) Canon R-1 in dark room 0.91 (0.53)
Millodot, 1987
Mordi and Ciuffreda,
: 21-50 (N=30) . Infrared optometer in dark room  1.34 (0.42)
1998
Rosenfield, 1989 23-30 (N=12) - Canon R-1 in dark room - 1.77 (0.24)
o _ "Infrared optometer (AA-2000,
Woung et al., 1998 7-12 (N=34) 1.17
‘ Nidek) in bright empty-field
Zadnik et al., 1999 6-15 (N=790)  Canon R-1 in bright empty-field 1.22
Zadnik et al., 1999 6-15 (N=790) Canon R-1 in dark room 1.18
Present study 4-8 (N=56) SRW-5000 in dark room 1.05 (0.75)

Table 5.3 Previous findings for TA byr infrared optometry.
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5.5.1 'Repea_t.ability
This seems to be the first report of the repeatability of TA measurement‘usin;g an

' open-ﬁeld_autoréfractor. Tﬁe repeatability was about £0.83 D. Previously, the

- correlation coafﬁci‘gnt was used, inappropriately, to describe the agreement
between test and retest.'-H.ert.Jn et al. (1981) found that the corrf;lati_on qufﬁ;:ient

: for répeatéd-'TA measurement was 0.69 D, which seems a rather 1ow cdrrélation for
two measures of the same parameter. Owens and Higgins (1983) reported__thaft the
intra-subject mean difference between two TA measurements, taken usiﬁg a laser
optometer, was 0.13 D; the standard deviation of the difference was not presented.
The mean difference 1s of httle value, as positi_ve and negative values tend to cancel
each other out. Gwiazda ef al. (1995) calculated that Pearson’s correlation
coefﬁcient between two ‘TA measures, taken up to one-year apart, was 0.74

(p<0.0001).

Further work is needed to improve the reliability of this measure. One of the factors
which might influence the accommodative state during measurement is the red ring
which is seen momentarily by thé subject duﬁng each measurement. It is used in
the determination of refractive error, so it is not possibie to make it invisible.
Measurement taken in darkness make the red ring particularly noticeable, and this
may alter the level of tonic accommodation, although the subject was téld to ignore

the red ring during measurement.

5.5.2 . Tonic accommodation in different refractive groups
In the present study, hyperopes exhibited the highest level of tonic accommodation,

followed by emmetropes and then myopes. All the myopes in this study were, of
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course, eaﬂy onset. ’fhe results here are in general agreement with previoué
findings -(see Table 5.4), although tile present study found generally lower values in
all refractive groups. This is somewhat surprising, as TA decreases with increaéing
age (Owens et al., 1989, Jiang, 1995; Mordi and Ciuffreda, 1998; Zadnik et al.,

1999), and the present study had younger subjects than any other study.

Table 5.4 shows that late-onset myopes have the lowest TA, however those studies -
wé;e undertaken on teenagers anfi young adults. In the present study, the ear].y-

- onset my(_)pes had Iow-er TA compargd with emmetropeg and hyperopes.
Summarizing the result from the present and previous sfudies, the value of TA is
highest in hyperopes, followed by emrﬁetIOpes, early-onset myopes and late-oﬁset

myopes.

Longitudinal étudies have demonstrated that TA decreases with increasing age and
the magnitude; of TA may be related to the age of onset of myopia (Owens et al.,
1989;J ialng, 1995; Zadnik et al., 1999). Jiang (_1995) reported that in subjects in
whom TA was evaluated when they first becamf:: myopic, TA decreased as myopia
developed over a period of yeérs. In a two-year longitudinal study Adams and
McBrien (1993) found that TA decreased significantly in'emmetropic subjects who
| develoPed myopta during the study period, but there was no difference in initial TA
in emmetropic l'subjects who remained emmetfoﬁic and in emmetropic subjects who

became myopic during the two-year experimental period.
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D TA (D)
Studies Methods Nature of refractive groups
: . ' , mean (SD)
Bullimore and ~ - Canon R-1 in dark Emmetropes (N=15) 1.14 (0.46)
Gilmartin, 19872 = Late-onset myopes (N=15) 0.81 (0.46)
Gilmartinand Canon R-1 in room Emmetropes (N=61) 108 (0.38)
Bullimore, 1991 Myopes (n=33) ©0.75(0.19)
Gwiazdaeral,  Canon R-1 in dark Emmetropes (N=57) 0.75
1995 * R Myopes (n=18) 0.30
- Hyperopes (n=12) 0.54
Jiang and White - Canon R-1 in dark Emmetropes (N=5) ~1D
(1999) - ' Stable myopes ~0.75D
' _ Progressing myopes ~25D
Jiang and Morse .  Canon R-1 in dark Emmetropes (N=8) 0.75(0.24)
(1999) Late-onset myopes (N=7) 0.68 (0.15)
Jiang, 1995 Canon R-1 in dark Emmetropes (N=33) ~1D
Late-onset myopes (N=11) ~05D
McBrien and Canon R-1 in dark Emmetropes (N=15) . 0.89 (0.43)
Millodot, 1987 Early-onset myopes (N=15) 0.92 (0.61)
Late-onset myopes (N=15) 0.49 (0.16)
Hyperopes 1.33 (0.49)
Woung et al., " Nidek AA-2000 Emmetropes (N=15) 1.37(0.33)
1998 % autorefractor in bright  Early-onset myopes (N=19) 1.03 (0.56)
empty-field
Zadnik et al., - Canon R-1in bright Emmetropes (N=60) " 1.92 (1.59)
1999 * “empty-field Myopes (n=644) 1.02 (1.18)
Hyperopes (n=86) 2.25(1.78)
. Zadnik et al., ~ Canon R-1 in dark Emmetropes (N=60) 1.70(1.43)
1999 * Myopes (n=644) 1.07 (1.63)
Hyperopes (n=86) 1.63 (1.63)
Present study * . SRW-5000 in dark Emmetropes (N=18) - 123 (0.81)
‘ : Early-onset myopes (N=24) 0.70 {0.65)
Hyperopes (N=14) : 1.41 {0.62)

Table 5.4 Previous TA findings in different refractive groups. * Indicates subjects

below the age of 15 years.

5.5.3 Tonic accoinmodation and myopia

There is no generally accepted explanation of the differences in TA between

different refractive groups. It has been proposed that TA is a balance between the
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ﬁarasymﬁathetic and sy.xhpathetic components of accommodation (Toates; 1972) ‘
According to this theory, syrﬁpatlmtically—control]ed accommodation 18 |
responsit;le for accommodation to distance object while parasympathetically-
controlled accommodation causes accommodation for a near tﬁrget. Based oﬂ this
| dual-innerva;ion model, Charman (1982) suggested that myopes have weak
éﬁnpaﬂletic/s'trong parasympathetic innervation, and being unable to relax

accommodation sufficiently for clear distance vision thus appear relativ'ely myopic.

Garner ( 1§83) 'prOp'osed the opposite — that the growth of the myopic éye would be
controllcd'by incréased ;ympatheﬁc imeﬁaﬁon for distance (in an attempt to focﬁs
the blurred image) and suggested that this woﬁld éxplain the low TA observed in
myopes. Gilmartin and Hogan (1985) pointed out that this implies a sympathetic
response which is as.rapid and extensive a§ tha.t of the parasympathetic response.
This, However, is not the case, as Tornqvist ( '19.66) has shown that the sympathetic
re'sponée is essentially a'slow and an iﬁhibitofy response, requiring that the ciliary

muscle is already in a state of contraction.

| A connection between autonomic tone aﬁd refracfioﬁ was prdposed by van AIphen
(71961). He suggested that tension in the choroid is depended on the tonus of the
ciliary muscle and that resistance to IOP evaluation is a ﬁ;ﬁption of this tonus. van
Alphen predicted that in the process of emmetropizaﬁon, ciliary muscle tonus’
increases, causing an elevation in the resistance to [OP changes, thus reducing the
tension on thé sclera. According to van Alphen’s paradigm, if the ciliary tone is
low, scleral stretching would occur when IOP increasés. A lower TA lower in

myopes compared with hypgropes is cémpatible with this theory, the longer axial
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‘ , 1ehgt_h of myopé's being caused by an inability of the ocular coats to resist the IOP

changes.

It ié interestix_ié to. note that.Woung .et al. (1998) i'eported that in the dark, early-
:: onéet myoﬁes_had Sﬁlaller pupils thén emmetropes. V;I'hey suggested t_hat

: sympatheti'c tonus in‘my_opes i§ insufficient to dilate the pupil properly. Combined -
: .Wi;:h low TA value fo'uln.d‘in myppés, they concluded tﬁat myopes had bolth Ié\;f

' IparasyTnpafhetié innervation and insufficient Syfnpz;thétic tone. This would céuse _
_ i _elongatioﬂ of t]_1e‘ axial rlength in myopes (Bullimoré and Gilxﬁartin, 198-75)_.-
: Gwiazda et al. (1995) suggested that the role of sympathetic system is to _redqce the
accommodation hystéresis effects fbl_lowing long pex_iods of close work. A deficit

in sympathetié iﬁhib;itioﬁ,r thén, might p'redrispose aﬁ individual to the developmént

‘of myopia.

Inthe present'sttidy we measured pupil diameter in a dark room while children
~were fixating -’a_rdark computer monitor and found no significant difference in pupil
_ c_liameter between myopes, emmetropes and hyperopes (Data from the

‘accommodative lag study presented in Chapter'ﬁ)’.

5. 5.4. Experimental design -

The ﬁ(-)ssib.ility that the red ring seen by the subject dunng meaéurement may alter
the acc_ommodativer state has already been discussed. Use of .a low center spatial
'fre'quency (0.1 c/deg) diffé(encg of Gaussian DOG target as ﬁxatidn target in semi-
- darkness méy give rﬁore__reliai:le results. -Thi.s fype ‘o_f "tarrget can eliminate blur

stimulus to aécommodation (Kotulak and Schor, 198'_7'-; Rosenfield, 1989) and i_t
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was adopted in some previous studies of tonic accommodation (Tsuetki and Schor,
_1987; Rosner and Rosner, 1989; Rosner and Rosner, 1990). Unfortunately,

" reliability figures were not given for TA measurement in these studies.

The examination room was in total darkness during the measurement and the
children sat in the dark for 5 minutes in order to dissipate any fluctuation of
accommodation response. The children may have felt nervous when they were in

dark, despite the presence of their parent.

5.6 | Conclusions
Tonic accommodétion values taken in childreﬁ less than six years of age are
reported here for the first time. The mean value of TA in children younger than 6
years was (1.05 b.OZ 1.08) in vector h notation or 1.09/-0.04x68 in sphero-
: cylinder format and was not significantly dift;ere_nt from the mean value obtained in

older children.

This seems to be the first report of the repeatability of tonic accommodation
measurement using open-field gﬁtoreffaction in darkness using 95 % limits of
agreement rather than correlation. The repeatability was about £0.83 D and there
may be scopé to improve this by using a difference of Gaussian DOG target in

semi-darkness.
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The tonic accommodation found in Hong Kong children (mean=1.07/~0.05x138)
was slightly lower compared with other studies. Hyperopes exhibit highest tonic
accommodaﬁbn followed by emmetropes and myopésr, as reported in previous
studies. The lower tonic accommodation found in myopes may be due to overall

reduction in autonomic innervation, as proposed by other workers.
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Chzipter 6

Study 3: Acco‘mmodative'lag in Hong Kong Children

6.1 Introduction

Precise aécommodatidn for the object of regard does not necessarily occur, énd
where accommodation is for some point beyond thé object of -regard, there is said
to be an accommodative lag. Accommodative lag is.quantiﬁed by the dioptric

: diffetence between -the object of i'égard and the accox;nmodation actuaﬂy in play

(the accommodative response).

6.1.1 Previous stﬁdies on accommodative lag measurement

Ac.commodat_ion has long been implicated iﬁ the génésié of environmentally—c_aused
myopia (Rosenfield and Gilmartin, 1998: p.91) -anAd extensivé studies have been
made of the aé'comrﬁodative response and accdminodative lag in different age and
refractive groups. However, those studies used a numbgr of different
r'n'ethodologies and éxperimental conditions, making compaﬁson among them
difficult. For example, Gwiazda et al. (1993) measured accommodative response
using the Canon R-1 closed-field autorefractor.at several target distances with a
target comprising a 3x3 array of 6/9 Snellen letters viewed under monocular

| conditions. Tﬁey found that there was typically an.aé.:'comlmodat‘ive lag increase
with &écr’easing target d.istance, for a near target. Rosenﬁel_d et al. (1996) Iﬁez_nsured

~ accommodative response, also with the R-1, but w-i_th'a series of 6/15 Snellen black

and white letters placed at 40 cm, under both monqs;ular and binocular conditions.
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N The accommodanue lag was ]ess under monocular conditions. Woung et al (1998)
used an astensk—shaped target in a modified closed-field autorefractor and

: 'm_easured accommodauve response for an accommodative stimulus of 4 D. Jiang
and Morse { 1999) moasured accommodative responses using a 6/30 Snellen letter
"“E” on a dark computer monitor at several different distances. Tan and O'Leary
'(1985) found that accommodatlve response was least when viewing a 6/9 Snellen
letter target for both binocular and monocular conditions at 6 m and found no

‘obvious trend by letter size at 40 cm.

 “Gwiazda et al. ( 1993) presented their result as ocular accommodatitre demand and
response (see section 6.3.5.1), a contact lens was used in the study by Rosenﬁeld et
al. (1996) and Jiang and Morse (1999) only recruited emmetropes subject who with,

no refractive correction.

612 Myopia and accommodative lag
: As previousty mentioned, acconunodanon has been thought to be 1rnphcated in
'myopia development and progression. Myopia may be classiﬁed into early-onset
‘ myopia(ﬁOM)_, where myopia develons before the age of 15 years, and late-onset
. myopia (LOM), wheré myopia develops after the age of 15 years (McBrien and
Millodot, 1986) The rationale for this cla551ﬁcat1on is that development of myopia
mn Caucas:an ch:]dren before the age of 15 years was thought to be due to genetic
factors, while the development of myopia after the age of 15 years. was thought to

be linked to environmental factors (Bullimore and Gilmartin, 1-987a). :
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In the past few decades there has been a great increase in the prevalence of myo‘pria
in cl_lildl;en of all ages, and this increase over such a short time span must be
environmentai in onigin. This incn.eas.e in myopia has occurred, however, in only a
few races, Chinese (Goh and Lam, 1994; Lam et af., 1994), Japanésé (ﬁosaka;
1988; Matsumura and Hirai, 1999), Inuit (Morgan ef al., 1975; Norn, 1997) and to
a lesser extent in Nafive Americans (Woédruff and Samek, 1977). This suggests -
that myopia is due to exposure to an environmental fa.ctor (or fac-tors) in individuals
who are genetically sensitive to that factor. The higﬁ prevalence of myopia in
Chinese childlren hag been well documented (Lin ef al., 1988; Lam and Goh, 1991;
Yap et al., 1994; Edwards, 1999), however accommodative lag has not been

characterized in these myopia-susceptible populations.

Work carried out in westem céuntﬁes,_ and mainly on adult subjects, has shown that
acéommodative lag is greater in myopes than in hypefopes and emmefropes.' In
contrast, Woung et al. (1998_) found there was no' statistiéal]y significant differeﬁce
mn the accommodative response at 4 D betweén early-onset myopés and
emmetropes in Chinese childrep. The major difference between these two studies,
which may account for the difference in findings, was the measurement mefhod.
.Gwiazda et al. (1993) measured accdmmodative response By varyiﬁg the target
distance using an open-field autorefractor (R-1), whereas Woung et al. (1998)
measured accomxﬁodative respoﬁse using a modiﬁed closed-ﬁeld autorefractor
with an internal target at 4 D Ideally, a standard procedure should be éstabiishe_d

for measuring accommodative response.

99



Chapter 6 Accommodative lag in
Hong Kong children

The re]iability' of é test can be considered in terms of its repeatability and
reproducibility (ISO 5725, 1994). There does not seem to be any report of the
repeafability of the accommodative response measurement using an infrared

‘ autorefractor. L-(.)cke and S‘omel"s‘( 1989) determined the reproducibility of some
accommodative lag meagu;emeni techniques and found that the reproducibility of

MEM was the best among MEM, Cross retinoscopy, Nott retinoscopy and_BCC.

.In most of therstudies of accommodative lag in children (Locke and Somers, 1989;.
Gwiazda er al., 1993; Rosenfield ez al., 1996), accommodative responses were
measured in sémi-darlﬂless. Thas was to reduce the effect of depth of focus on the
measurement. Depth of focus is “the variation in image distance in a lens or an
opt_icaf system which can be télerated without incurring an objectionable lack.of
sharpness in focus” (Cline'e‘t_ al., 1989). Depth of focus can be conceptualized as
reﬂectiﬁg thé néurolcgical tolerance of a system, fhat is, a sﬁal] amount of retinal -
defocus'is tolérated_ without producing the pe;cgption of ‘blur. Hov\;'ever, increasing
retinal defocus would eventually result in perception of blur. Depth of focu;s 18
inversely proportional to bcular focal length and pupil size and directly
proportional to the size of _the just-detectable retinal blur circle (Green et al., 1980).
Reducing the room illumination therefore reduces the depth of focus; it isr
recognized, however, that semi-darkness is not the usual or optimal enviromnent

for reading and other near tasks.
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6.2 ObjAectives

: With'_the'foregoing in mind, the objectives of Study 3 \va'ere:

1) To detemiine t;hg reliability (repeatability) of accommodative lag measures
taken using the Shin Nippon SRW-5000 Open ‘Field Autorefractor.
Repeataﬁility waS expressed as the 95 % limits of agreement between two
indep'endent measures of accommodative lag (ISO 5725, 1994).

2) To characterize lag of accommodation in Hong Kong Chinese children
bgtween 4 and 8 years of age, particularly according to refractive status.
The measuremeﬁts were taken under three different stimuli conditions:

a. White letters on a dark background in dim liéhting
b. White letters on a dark background in normal room lighting

c. ‘Black letters on a light background in normal room lighting

6.3 Methods

6.3.1 Subjects

Thirty-four éhjldren were recruited, but one child was unable to cooperate and did
not providé any accommodative response data. Thirty-three Chinese children
“between 4 and 8 years of age (mean 6.73 and SD 1.18 years) participated. All of
them had correctable distance vision of at least 0.1 Ldg MAR units in each eye. No
subject had heterotropia or suppression. Parents gave informed consent prior to the

measurements shown below.
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Statistical analysis was carried out by coordinate vector h and spherical equivalent
(spherical pbwer plus half of the cylindrical power). The data were normally

distributed (see Appendix A2.4).

6.3.2 Subjective refrac;tion _ _

The habitual VA for distance and near (at 40 cm) was recbrdf;d usihg LogMAR VA
éhar_ts. Alternate and unilateral cover tests were performed with the stibject wearing'
his or her habitual Rx to screen out heterotropia. Refractive error was. first

measured by autorefraction and then refined by subjective refraction.

6.3.3 Residual refractive error

Autorefraction was égrﬁed out using the Shin-Nippon SRW-SOOO open-ﬁeld' :
autorefréctor,_ With subjects wearing their best distance refractive gbrrection and
viewing a line of letters equivalent to LogMAR 0.2, positioned 6 m distant. Ten
measures were taken on the right eye and results were transferred to a personal
computer (Li and Edwards,-ZOOi). The average of these ten readings (vector h) was

-calculated and provided a mea'sure of the residual refractive error (R).

6.34 Autorefractidn for near target
"The autorefraction was measured while the subject fixated a near target at 40 cm
from the specfacle plane using an SRW-S.OOO opeﬁ-ﬁeld autorefractor. An LCD
computer monitor was used to present a line of 5 letters equivalent to LogMAR 0.2,
as a fixation target. The advantage of using the LCD monitor was that
measurement coﬁld be performed in a dark environment, and the effect of depth of

focus (DOF) thereby reduced. Three stimuli conditions were presented as described
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below and the letter size Was the same in each condition. Accommodative
responses were measured twice in each condition for the determination of
' repeatability. Pupil diameter was measured to investigate the effect on the light

reflex caused by the surrounding environment in each condition.

6.3.4.1 White letters on dark background in dim lighting

White letters were presented on a dark background. The room light was dimmed
until the surroundings could first not be seen and the subject was asked to fixate the
letters, keeping therh as clear as possible. This was called condition DD. The
advan;cage of this condition is thz.at constriction of pupil was discouraged by dim
lighting and the dark computer screen and therefore the result should have been

little influenced by DOF. However, this is not a typical reading condition.

The subject was asked to keep the letters as clela.r as possible. Ten successive
autorefraction readings were taken and the average of these ten readings (vector h)
was calculated. The subject was then asked to look around the examination room
for'3 min before another 10 successive readings were taken. A transparent rule was
attached to the monjtar and the pupil diameter was measﬁ;’ed. The scale

magnification was X6.

6.3.4.2 White letters on dark background in normal room lighting

The same target was presented again in normal room lighting. This was called
rcondition LD. Thg advantage of this condition was that measurément was taken.in
typical reading ramb'ient lighting condiﬁons and lthe"black' target b:;ckground was

expected to result in less pupil constriction than a light target background.
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Again; the -subject was asked to keep the letters as clear as possible and the average
of _teﬁ readings- was used to determine the ac_comm'odativer response. After that, the‘ |
subject was ;ds'ked.to sit back, relax and look around the examination room for 3 -
mi'n before another 10 successivé readings were taken, Pupil diameter was

measured on the monitor of the autorefractor as before.

-. 5._3. 4.3 Black letters on light background in normal réo}n lighting
. Black letters on a light background were presented in thlS condition, and
measﬁrement was taken in normal lighting conditions. This was called condition
LL. This is the usual reading environment, both when reading hard copy, and when

reading a word processing document on a computer screen.

The subject was asked to keep the letters as clear as possible. Ten successive
readings were taken from the autorefractor and the averagg.calculated (vector h)
was used to determine the accommoda_ﬁve response. The subject Wés then asked to
sit i:ack, relax and look around the examination room f'or 3 min. Another 10
suécessive readings were taken and the pupil ﬁiarheter was meésured in the monitor

-.of the autorefractor.
6.3.5 Accommodaﬁve lag calculations

Accommodative lag was determined as follows:

Accommodative lag (D) = accommodative stimutus (D) — accommodative response (D)
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The acéommodative stimulus, measured at the spectacle plane, was 2.5 D for all

subjects, however the accommodative stimulus at the eye depended on the

refractive error. The ocular accommeodative stimulus is found from the formula

A=K-L

where A is the ocular accommodative stimulus,

K is the ocular refractive eiror, and

L is the vergence of light from the near point at the eye

(Equation 6.1)

The calculation is simple and inuitive as shown using the “step-along” method in
p 1sing p g

the examples below.

Find the accommodative stimulus at the eye for a myope wearﬁ'ng -325Data

BVD of 12 mm and ‘viewing a near object with a vergence of -2.50 D at the

spectacle plane.

Find K;

D

mm

Fsp =325 = -307.69

-12

Therefore,

A=-331-(-5.38)=225D

K -3.13 « -319.69

Find L:

‘Ls

-2.50
-3.25

=575

=5.38

mim
- -173.91
~12
« -18591

. In the present sfudy, the accommodative stimulus at the eye of a myope of -3.25 D

was therefore 2.25 D, compared with a speétacle stimulus of 2.50 D.
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Con§ider_ now the accommodative stimulus at the eye of a hyperope of +3.25 D. |

Find K: S Find L:
- b mm o D mm
Fsp +3.25 — 307.69 , Ls -2.50
. -12 - +3.25 o
K +338 « 29569 +0.75 - 1333.33
' ' -12
{L  +0.76 & 1321.33

Therefore,
A=338-076=262D
In the present study, the accommodative stimulus at the eye of a hyperope of +3.25
D was theref&e 2.62 D, compared with a spectacle stimulus of 2.50 D.
The ocular acqumodative stimulus at the eye is theréfore lgss than the spectacle

accommodative stimulus in myopia, and more in hyperopia.

6.3.5.2. Acc&m modative response

The accommodative response at the spectacle plane is calculated from the residual
refractive error (see 6.3.3) and the refraction measured when viewing the near
target (see 6.3.4). For example, a subjept with a residual refractive error wearing
his or her spectacles of —0.50 D, and whose refraction ét near is measured as -2.75

D, has accommodated by 2.25 D.
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This has been measured at the spectacle plane and, in this particular example (BVD

12 mm), the ocular accommodative response is calculated as follows:

- D mm
Agp +2.25 o +444.44
‘ +12
Ag +219 « +45644

The ocular accommodative response is always less than the spectacle

accommodative response, regardless of refractive error.

The calculation of the ocular accommodative response was carried out in two.

principal meridians and the result was expressgd as'a sphero-cylinder.

6.4 Results

6.4.1. i{epeatability

Multivaﬁate analysis, in term of vec.:tor h, was performed to compare two measures
taken from each condi_tion and the results are-shm-vn in Table 6.1. There were no
statisﬁcaily sigxﬁﬁcant differences between two sets of measures fdr any stimulus
condition (all p-values > 0.05). Scatter of the differences can be visualized in the
three-dimensiohal plots. shown for each testing conciitions in Figures 6.1 to 6.3. The

ticks on the axes indicated 0.5 D steps.
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Testing conditions h (D) Variance-covariance DY Tzlp-‘value '

0.04 0.07 000 0.06

o 2 __ .
DD |-004] |o000 o002 -001f T=OI
SO p=033
0.05) (006 -001 008
(0.06) 0.06 0.00 0.03 .
LD 0.02 000 0.01 0.00 p:g';sl
| 0.06) 1003 000 0.04 '
(005 (006 001 004 o
LL 0.05 0.01 0.02 0.02 T'=024
. | o o8 0 p=0.08

(0.02 0.04 0.02 0.08

Table 6.1 The mean differences of vector h in accommodative lag for the three
stimulus conditions. Variance-covariance matrices, T statistics and p-values are

also shown.

Figure 6.1 Scatter plot of the differences between two measures of accommodative

lag taken under condition DD (dark room, dark background).
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Figure 6.2 Scatter plot of the differences between two-measures of accommodative

lag taken under condition LD (light room, dark background).

Figure 6.3 Scatter plot of the differences between two measures of accommodative

lag taken under condition LL (light room, light background).
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Repeated méasﬁ;es ANOVA was used to test the differences (in spherical
equivaleritj between two measures in three testing conditions. A Bonferroni |
multiple cbmparisons post-doc test showed no statisticaily significant differences

between two measures (test and retest) in any of the three stimulus conditions.

The mear differences, standard deviations and 95 % limits, of agreement between
~ two sets of meaéufgé in each of the testing conditions are shown in Table 6.2 for
each component of vector h and épherical equivalent. The agreements in term of
spherical equivalent between two sets of measures in each coﬁdition are shown in

Figures 6.4 to 6.6.

Testing conditicn

DD LD LL

D) Mean diff (SD) ~ 0.04 (0.25)  0.06 (025  0.05 (0.24)
95% LOA  —0.45100.53 -044100.56 —0.42to0.53

Dy Mean diff (SD) -0.04(0.13)  0.02(0.09)  0.05 (0._13)
. 95%LOA  -030t0022 -0.17t00.20 -0.20 to 0.29

D) Mean diff (sp) 0.05(029) 0.06 021 002(028)
95%LOA  -0511t00.62 -035t00.46 -0.54100.58

SED) Mean GfT(SD) 005 (026) 0.6 (0.21) 0.04 (0.24)
95% LOA 04510055 -0.35t00.47 -0.451t00.55

Table 6.2 Mean differences between test and retest and the 95 % limits of

agreement (LOA) between test and retest for accommodative lag measures, in the

three stimulus conditions, for vector h components (4,, hz;h3) and the spherical

equivalent (SE).
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< 100 | |
) e ez T mean + 1.96SD
B 0.50 I o A .
§ R ? S ‘---f--t'. ¢ - r.nean
EI 0.00 f ..‘,. ..:i». .
- _ , L ¢ ,
§ 050 [ B o esn
2 -1.00 : - : '
S -2.50 -2.00 -1.50 -1.00 -0.50
Measurement | + Measurement 2
(D)

S
Figure 6.4 Agreement of spheﬁcal equivalent (SE) between two sets of measures

- of lag of accommodation taken in condition DD.

2 o0 ¢

o

5 (1310 R SOOI ¥ SR mean + 1.96SD
% ' L .v:;“. Ll mean

FOVER S —— P+ AL g

. EI * o : 0.. _

R SRR et e e e,

E 050 F - mean — 1.965D
£

g

5 _100 : _ 1 1 -1 J

S -2.50 -2.00 -1.50 . -1.00 -0.50

Measurement | + Measurement 2
2

(D)

Figure 6.5 Agreement of spherical equivalent (SE) between two Sets of measures

of accommodative lag taken in condition LD.
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8
- ' +1.96 SD
. . mean .
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ﬁ 0.00 b s eacasansanannanas ;;..’;.......... .......... P LR TR mean
T‘L ................... MU o’ :
é -0.50 [ * mean — 1.96SD
g - 1 1 ] g

2 -1.00

[*] ) :

2 -2.50 -2.00 150 -1.00 -0.50

Measurement 1 + Measurement 2
2

(D)

Figure 6.6 Agreement of spherical equivalent (SE) between two sets of measures

of accommodative lag in condition LL.

6.4.2 Ac‘commodative lag and stimulus conditions

The means of ocular accommodative lag found under each stimulus condi_tion are
shown in Tz;ble 6.3 and the scatter plots showing the disﬁibutions of the data for
| each condition are shown in Figﬁres 6.7 to 6.9. There was a statistically significant
difference in accommodative lag between the three stimulus conditions (Wilks
lambdé A'=0.87, p<0.0001). The lag was greater when measured il;) a dark room
w1th a dark 'backgrouhd than when measured in a light room with a light

background (T2 =14.79 and p=0.01).

112



Chaprer.ti Accommodative lag in
Hong Kong children

Testing condition

Mean sphero-cylinder

Variance-covariance

@y O ®) (D)
_ 1.30 0.15 -0.00 0.16
DD 0.03 1.34/-0.05x 63 -0.00 0.04 " 0.01
' 1.33 0.16 001 022}
, 1.13 0.13 0.02 0.11)
LD 1-0.02 1.25/-0.13x 97 0.02 0.03 0.02
© L2 | (0.11 002 0.13)
1.00Y (0.18 0.02 0.17)}
LL -005|  1.15/-0.15x104 0.02 0.04 0.02
1.14 (0.17 0.02 021,

Table 6.3 Overall ocular accommodative lag obtained in the three testing

conditions. The accommodative lags were different between conditions DD and LL.

[}

iz

\m

Figure 6.7 Scatter plot of ocular accommodative lag for condition DD.
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Figure 6.8 Scatter plot of the ocular accommodative lag for condition LD.
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Figure 6.9 Scatter plot of the ocular accommodative lag for LL condition.
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6.4.3 Pﬁpil (_iial‘neter

Subjeéts were divided into three refractive groups: myopes (with spherical
equiva-lent. equal or less than —0.50 D), emmetropes (less than —0.50-to less than
+(3.50 D) and hyperépes (equal or more than +0.50 D). There were 8 myopes (mean
age 7.63, SD 0.74 years), 12 erﬁmetropes (mean age 6.83, SD 1.03 years) and 13

hyperopes (meah age 6.08, SD 1.19 years).

The pupil diaﬁleters in different refractive group under each stimulus condition are
shoﬁrn in Table 6.4. Repeated-measures two-way analysis of variance was used -to
test whether refractive status and stimulus condition in-teracted to affect pupil size,
and whether pupil size varied by refractive status' or by stimulﬁs condition. There
was 1o statistically significant iﬁteraction between the factors refractive status and
stimulus condition. As expected, there wére statistically sighiﬁcant differences in
pupil size according to stimulus condition (p<0.001 for all comparisoﬁs). Although
there was a trend for the pupil size to be least in myopes and greatest in hyperoiaés,

the differences were not statistically significant.

Condition DD Condition LD Condition LL

Mean (SD) mm  Mean (SD) mm Mean (SD) mm
All (n=33) ) 6.27 (0.70) 5.30 (0.67) 3.96 (0.66)
Myopia (m=8)_ 5.96 (0.83) 4.98 (0.91) 3.58 (0.79)
Emmetropes (n=12) 6.24 (0.71) 529 (0.64) . 4.11 (0.62)
Hyperopes (n=13) 6.50 (0.49) 5.50 (0.50) 4.05(0.57) .

- Table 6.4 The mean and standard deviation of the pupil diameter under each

stimulus conditions.
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6.44 Accommodative lag and refractive status

The ocular accc;n;xmodaﬁve lags found for myopes, emmetropes and hyperopes for _
each stimulﬁs condition are shown in Table 6.5. For comparison proposes the
accommodative lags calculated at the spectacle plane are shown in Table 6.6. The

+ spectacle accommodative lag was higher than ocular accommodative lag for
m).fopes. For hyper.opes with 12 mm vertex distance, the spectacle lag would be
lower than ocular lag for refractive errors greater than +1,50 D; however, there was

- only one hyperopic subject with refractive error over +1.50 D.

Multivariate analysis, in terrﬁ of vector h, showed accommodative lag was
statistical significant differences between the three‘ refractive groups ( A"=0.816,
p<0.001 in DD; A"=0.86, p<0.001 in LD and_ A" =0.82, p<0.001 in LL). However,
there was no statistically significant difference betweén mydpes and emmeﬁOpes,

emmetropes and hyperopes and myopes and hyperopes. -

Repeated-measurés two-way analysis of variance was used to test whether :
refractive status aﬁd s.timulus, condition interacted tq affect accommodative lag, and
| whether accommodative iag varied by refractive status or by stimulus condition.
Accommodative lag was expressed as spherical ‘equiva'lent for this analysis. There
was no statistically significant interaction bétween the factors refractive status and
stimulus condition. Accommodative lag was different between all the stixﬁulus
conditions (bD and LD, p=0.003, DD and LL, p=0.000, LD and LL, p=0.0007).
There was no statistically significant difference of accomrﬁodative lag between

three refractive groups in all conditions.
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h (D) Mean sphero-cylinder (D) Variance-covariance (Dz)

Con_ldition DD

Myopes 10.06]
I Q 5

Emmetropes | 0.03

Hyp'erdpe_s © 1001

(1146
{1.35Y

71.14)

1.53/-0.10x 57
' 1.36/-0.05x 33

1.22/-0.08x83

0.11 —0.01- 0.3}
~00t 002 001]
0.13 001 0.18

0.20 -0.04 021

| -0.04 003 -004

021 -0.04 026
0.05 0.02 0.07

1002 0.06 0.03
0.07 0.03 0.15

Condition LD

' - (131

- Myopes 10.04 |
' : 1.47

| Erﬂmetropes ~0.07
1.20

(- 1.02)

Hyperopes | -0.06

(1.22)

1.13 )

117)

147/-0.17x81

©1.20/-0.07 %101 * -

1.18/-0.17x104

10.04 -0.01 0.03
~0.01 002 -001
0.03 -0.01 007
(0.15 0.01 0.13)
0.01 .0.02 .0.00}
0.13 .0.00 0.15)
(0.11 0.03 0.09
0.03 0.03 0.04
009 0.04 0.10)

Condition LL
1.09

 Myopes 10.05 |
1.14

Emmetropes | —0.10
(092

Hyperopes -0.06
' ©1.11)

-\

(1.08)

\ 116)

- 1.16/-0.09x 64
1'.20./—0.1§x1-15 ,

1.12/-0.22 x102

0.20 - 0.00 0.23
0.00 0.0I 0.01|
0.23 0.01 029

0.18 000 0.13
0.00 - 0.04 -0.00
0.13 —-0.00 0.13

0.10 0.05 0.13
[0.05 005 0.06
10.13 0.06 024

Table 6.5 The ocular accommodative lag in the three refractive groups for'the_ three

stimulus conditions. Myopes n=8; Emmetropes n=12; Hyperopes n=13.
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h (D)  Mean sphero-cylinder (D) Variance-covariance (D)
Condition DD ' ) _
: 1.63) 0.10 -0.01 0.12
i%""es | 0.07 1.72/-0.11x 63 ~001 002 0.00
1.69 0.12 000 0.15
1.42 (0.16 0.00 0.17)
EL"S‘“’MPGS 0.03 1.44 /- 0.44x 40 0.00 004 0.01
\1.42) (017 0.01 0.22,
- 1.27) {0.05 0.01 0.07
fi’}’;mpes 0.01 1.27/~0.08x 83 0.01 0.05 0.03
. 1.26 (0.07 003 0.14,
Condition LD 7 .
1.47 | 0.04 —-0.01 0.03
Yyopes {004 1.66/-0.19x81 ~001 . 002 —-0.02
1.66 | 003 -002 0.06
( 1.24) (0.14 0.03 0.12)
ffl’;‘em’pes -0.01 1.29/-0.08x100 0.03 0.03 0.02
- L 1.31 ) 0.12 002 0.13)
0.91 (0.11 0.02 0.08)
Sj{’;mpes ~0.14 1.23/~0.17x103 002 003 0.03
Uy (0.08 0.03 0.09)
Condition LL
1.26 (0.18 0.00 0.20)
ﬁ’i}g’Pes 0.05 1.36/-0.11x 69 0.00 0.01 0.01
' 1.34 020 0.01 025)
[ 1.13 (0.18 0.02 0.16)
Emmetiopes | 0,10 129/-0.19x114 . |0.02 003 0.2
1.25) L0.16 0.02 - 0.19,
0.96) (0.08 0.04 0.11)
rlgffmpes ~0.06 1.17/-022x101 0.04 0.04 0.06
. L 1.16) ' 0.11 006 021

- Table 6.6 The accommodative lag calculated on spectacje lag in the three

refractive groups for the three stimulus conditions.
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6.5 Discussion
6.5.1 Repeatabilit);f
The 95 % limits of agreement and thrle variance-covariance between two
7 accom_mt.nd.at'iyf: ]a'g meas_ﬁres were similar in the three stimulus conditions (Table ‘
6. 1 and 6.2), suggesting that measures were equally reprcéltable under these .
conditions, The standard deviation of spherical equivalent in LD condition, i.e.
using white lettérs in dark background in normal lighﬁng condition, was
Inumerically lowest (Table 6.2). Hence, a dark background with white letters may
be the most reliable target for accommodative response rﬁeaéurement using the

Shin-Nippon SRW-5000 ppén—ﬁeld autorefractor.

The reproducibility of accommodative lag was 0.16 D'by MEM, was 0.58 D by
Cross retinoscopy, was 0.38 D .by Nott retinoscopy and was 0.96 D by BCC (Locke
and Somers, 1989). These figures were calculated by the present author from the
raw data provided in the paper. The repeatability of accommodative lag measured
by SRW-5000 in children was b;ettcr than BCC and CfOSS' re_tindscqpy but worse
than MEM ;md-Nott' retinoscopy. The subjects in Lo_c_ke_“and Somers’s study were
very different from those of the present study, being seniqr dptometly students and
optometry clinic staff. Such subjects would certainly provide ideal reproducibility

conditions especially compared with young children.
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5.5.2 .Cﬁaraéteriza’tion of accommodative lag

6.5.2.1 General findings compared with previous studies

Accommodaﬁve lags found in the present study (in three conditions) were similar

' to those previously reported in children and tended to be slightly greater than those

found in adults (Table 6.7 and 6.8).

Gwiazda et al. (1993) measured ocular accommodative responses in 64 children of
age ranging from 5 to 17 years. The mean accommodative response was about 2.00
Dat33cm viewing distance so the accommodative lag averaged approximate
1.00D. In the subsequent study By Gwiazda et al. (1999), AC/A ratio was measured
in 1_01 chilciren age from 5.8 to 21.1 year, and accommodative response averaged
1.84 D at 3 D and the calculated a.verage lag_ was 1.16 D Woung et al. (1998)
reported that accommodative I.ag averaged 1.43 D at 4. D in 34 children from age 7
to 12 years. These are similar to the present ﬁ_ndirl_lgs in condition LL (Table 6.7), |
which had stmilar testing conditions (light background, light room and tested
| monocularly), given that Gwiazda et al. (1993) found that aécommodativg lag
'incregsed with decreasing target distance. The accom.modatlive lag iﬁ other two
qonditions in this study were sligﬁt greater than others. s_tudi:es, and this will-be

further discuségd later.

Goss and Rainey (1999) measured 73 myopic children and found the
accommodative lag averaged 0.74 D. Their measurements were taken under
binocular viewing conditions which made it difficult to compare with presenf study

and this will be further discussed later in this chaptér.
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Studies Subj no. ‘ Target Accommodative lag

Abbott et al. | N=33 - Letter size equivalent to 6/9 *0.09Dat4 D

- (1998) | o ., presented at varying distance
Bullimore et N=28  Letter subtended 0.4 deg 034Dat3D
al. (1992) : presented at 3 distances - 0.67Dat$ D

“Gossand _ *N=73 J5 printed letters - 074Dat25D
Rainey (1999) | __ "
Gwiazdaetal. *N=101 Letters equivalent to 6/30 .16 Dat3D
(1999) | presented at 0.33 m _ |

| Jiang (2000) =8  Letter ‘E’ equivalent to 6/30 "~0.50 Dat2.5D

present on dark computer |
screen 7

McBrien and N=40  Letter subtended 1.5 min of arc ~ 034Dat3D
Millodot presented at varying distance 0.46Dat4D

- (1986) | o |
Rosenfield et N=24  Black on white letters : - 050Dat25D
al, (1996} *N=15 “0.31Dat2.5D
Tokoro (1988) =32  Cross target 1.09D at 5 D‘
Woung er al, * N=34 Internal asterisk-shaped target "143Dat4D
(1998)

Present study *N=34 Letters equivalent to 6/9 present " 1.31 D in condition DD
on computer monitor #1.19 D in condition LD
#1.07 D in condition LL

Table 6.7 The accommodative lag reported in other studies. Ocular
accommodative lags were considered in each study except for that of Woung et al.
in which it was not stated how the accommodative lag was calculated. * Indicates

child subjects and * indicates monocular findings.
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Study Subj no. Accommodative lag (D)
Bullimore et N=14 (E 0.30(E i
. () ) }at3D06O(E) }atSD
al, (1992) N=14 (L) 0.38(LOM) 0.73 (LOM)
*Gwiazdaet N=21 (E) 0.78 (E)}
atiD
al. (1993) - N=12 (M) 1.06 (M)
*Gwiazda et N=68 (E). 1.11 (E)}
: ' ‘ at3D
al,(1999) . N=33(M) 1.25(M) _
McBrienand N=10 (LOM) 0.48(LOM) 0.64 (LOM) 0.83 (LOM)
Millodot N=10 (EOM) 0.40 (EOM) - 0.56 (EOM) atd 0.69 (EOM) 25D
(1986) N=10 (E) 0.30(E) 0.35(E) 0.54 (E)
N=10 (H) 0.19 (H) 0.30 () 0.38 (H)
Tokoro N=32 1.04 (E) } |
at5D
(1988) L13(M)
*Wounget  N=15(E). 1.47 (E) } 4D
. a
al. (1998) N=19 (EOM) 1.40(EOM) _
*Ptesgnt N=13 (H) 1.18(H)
study N=12 (E) 1.34(E)  ‘+at2.5Din DD condition
N=8 (EOM) 1.48 (EOM)|
1.09 (H) ,
1.17(E)  »at2.5Din LD condition
1.39 (EOM) '
1.01(H) :
1.10 (E) at2.5 D in LL condition
1.12 (EOM)[ '

Table 6.8 Previous result on accommodative lag in difference refractive groups.

" Ocular accommodative lags were considered in each study except for that of

Woung et al. in which it was not stated how the accommodative lag was calculated.

(H = hyperopes, E = em_rng:tropés, M = myopes, LOM = late-onset myopes and

EOM= early-inset myopes).

122



Chapter 6 Accommodati{:e lagin
: Hong Kong children

6. 5.2;2 Target presenmrion

Most previous stpdies have presented their target in a light box, that is, on a light
background, and this could stirnula.te the pupillary light reflex. Measurement was
eanied out in serﬁi-darkness to EIiminate the effect of depth of focus but this is

unlikely to provide optimal near task measurement conditions.

In the present study the target was presented on a LCD monitor and this approach
can provide better control of pupil size. In fact,-the pupil was significantly Smaller
when the target was presented on a light bac};ground m a light room (mean 5.30, -
SD 0.67 mrn)é:ompared wjth a dark backgfound ina ]ight room (mean 3.96, SD

0.66 mm) (Table 6.4).

Jiang (2000) presented his letters target on a dark comi)uter screen and found the
accommodative lag was around 0.50 D at 2.5 D 1n adults (derived from the graph
presented in Jiang’s paper). All the subjects in his étucly were emmetropes (n=8)

and so the si‘n_al]er mean Iag. obtained may have been due to differences in lag

related to refractive erTor.

6.5.2.3 Methodology

The values .fo'r accqrnrhodative lag obtained in the present study were higher than
those reported in adult, and this may be relafed to the r;leasurement method used.
All measurements at ﬂeﬁr were taken undér monocular viewing condition in order
to eliminate the effect of convergence (Fincham émd_Walton, 1957; Gwiazda ef al.,
1993; Rosenfield ef al., 1996). Accommodative r.f-:{sﬁrt)nse taken under binocular

viewing conditions include input from vergence accommeodation. Unfortunately,
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this confounds comparison with monocular blur-driven studies, as well as
.complicatihg the interpretation of results, since the drive from vergence
accommodation as well as the interaction between vergence and accommodation

must be considered (Ong and Ciuffreda, 1997: p.23).

The type of ;éfractive correction used during measurement will affect the results. If
trial lenses are used in a trial frame, then ocular accﬁmmodation should be
calculéted. The stimulus to accommodation is over-estimated in myopes and under-
estimated in hypéropes, if measured at the spectacle plaﬁe, and this would be
expected to result in higher measurements of lag in myﬁpes than in hyperopes

(Bennett and Rabbetts, 1984: p.121-122; Rosenfield, 1997: p.90).

Using contact lens may be a better choice for the refréctive correction dﬁring
mea_suremént, as the accommodative stimulus in myopes and hypemp;es will be -as
same as emmetropés, that is the inverse of the stimulus distance in meters.
However, fitting contact lenses in young children introduces other difficulties such

as initial discomfort, clack of co-operation, apprehension and so on.

* During autorefraction mcasurefnent with correctivé spectacle lenses in front of the
subject’s eye, some degree of spectacle lens tilt cannot be avoided. As a result, the
spheri_.;:al ﬁowér would be slightly éltered, and some asti_gmatism induced (Ong and
Ciuffreda, 1997: p.24-25). In the study of Gwiazda et al. (1993), accommodation
was méasﬁfed with a pantoscopic tilt of 15 deg of the corréctive spectacle lens e.md
reported that tilting of the lenses resulted a 6 % average reduction of

accommodative demand. This artificially induced error could have affected
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measurements in the present study, and resulted in an erroneously high -
accommodative lag being obtatned. Therefore, the trial frame used in the study was

straight.

6.5.2.4 Subject age

In this study, theré was no evidence that accommodative l_a'g varies with age in
children aged between 4 and 8 years. Rouse et al. (1984) examined accommodative
lag by MEM in approximately 100 children from kindergarten to grade six (age 5
to 12 years). They found that the relation between accommodative lag and age was
low (r=0.17). Leat and Gargon (1996) measured accommodative response by the
Nott method at 4 D and there was no sfatisticallﬁf s‘ignific'ant difference in
accommodative lag bg:tweeﬁ ﬁle ages of 3 and 10 years (p=0.042; at alpﬁa level .

adjusfed to 0.022 for the number of tests performed see Section 4.5.4).

6.5.3 Accommodative lag and stimuli conditions

Accommodative lag was the greatest in al]'three rgfractive groups when measured
in condition DD (dark .backg_round, dark room), and least when measured in |
condition LL (light background, light room) (Table 6.3). With the room light
turned on, the accdr.nmodativc lag measured in condition LD (light room, dark
background) was the most reliable condition for measuring accommodative
response because the within subject variance and the bcfween subjects variance
(Fig. 6.8) was lowest for this stimulus condition. The dark stimulus background can
reduce thg p.upil light reflex and the room light can hélp to keep the target cfear

during the measurement.
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The pupil was lérgesf in,cbndition DD,_fol]owed be condition LD and coﬁditiém LL.
The mean difference was least between condition DD and Lb .';md greatést betweén
DD and LL and this suggests that the dark computer screen was successful in
coﬁtrolling the p\ipif COﬁstriction duﬁng thc measurement, and hence minimized

the effect of depth of focus.

A 'llarger i)upil results in a smaller depth of focus. If accommo&ative lag or related
~ to some acvl::eptz.lble and fixed degree of blur then a smaller depth of focus would be
expected to be associated with a smaller accommodative lag. Héwever, this was
' ﬁot the case in the‘pre.sent sfudy where a higher lag was associated with a larger' '

pupil (Table 6.4). Possible explanations of this finding are given below.

(1) A dark rbom is probably not a good testing enviromﬁent._ln a dark room, there

' _are. fewer cues as to -distance than in a light room. Undér these.circumsfances one
might expect that accommodation would be inaccurate - sometimes in front and -
sometimes behind tﬂ_e tgrget. However, only posiﬁve lag was obtained in the
présent experiment. This implies that the accommodation system tends to relax
when trying to obtaiﬁ a better retinal image quality. It is possible that
accommodation first fluctuated in frqnt and then behind the target, and finally
stabilized behind _thé target before measurement was taken. The reaction time and
;espon'se time for accommodatiqn are about 0.3 and 0.8 sec respectively (Ibi, 1997,
Culhane aﬁd Winn, 1999). It wbuld be interesting to: observe the ;\ccommodative

pattern under dark room conditions using continuous measures.
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(2)'.The target under dark room conditions did not proﬁde a good sﬁmulus to
accdmm_odétion_ although the effect of DOF was reduclled. If the target presented |
coula nof be main’tainec_i clearly during measurement, this woﬁld have adversely
affected the m:casurements. Several subjects and the adult s.ubjects ma bilot study
reported that it was very difficult to keep the image 6lear, and that the letter target
was seen blurre&. They _could only get a clear image by paying very serious
attention, and most of the time the target was seen blurred. However, the letter can
still be recognized as the letter size {Snellen 6/9) allowed subjects to have some

degree of optical defocus.

(3) Children may fail to keep the image clear while measurements taken. Therefore,
further work should be done on improving the target to make it easier to keep clear

. during measurement.

6.54 Accommodative lag and myopia
Myopes tended to exhibit the greatest accommodative lag in the present study, in
agreement with previous studies (Table 6.8), and the number of subjects in the

" present study may have resulted in low power of statistical test. Other researchers,

" who reported larger accommodative lags in myopes than in emmetropes (Gwiazda

etal., 1993; Goés and Zhai, 1994; Gwiazda et al., 1995b; Jiang, 1995), reported
that the greater accommodative lag, appears to occur more or less concurrently

with the development of myopia.

Gwiazda et al. (1995b) found that blur-driven accommedation was reduced during

‘myopic progression but no reduction occurred in subjects who remained
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emmetropic or were non-progressing myopes through the experimental period.
Once myopia stabilized the level of accommodative response was similar to that in

emmetropes.

; Jiang (1995) also reported that the mean AC/A ratios found in young emmetropic
adpits who became myopic were higher than in emmetropes whc; remained
-'emmetropic. The higher AC/A ratio indicates a larger accomquaﬁve lag.

These findings are important, as any hypothesis proposing ac.commodativé Iég as a
. cause of myc.tpiéa -requires that a high accomﬁxodaﬁve lag exists, that it iJredatés the
‘onset of myopia, that it remains high while myopia is developing and that it is ﬁo

longer high when myopia has stopped developing.

' Aésﬁming,__for the purposes of discussion, that myopes do have greater - —
accommodative lags, possible reasons are:

i (1) Myo;;és may be less inclined to accommodate accurately for a near task, if the
task is close to their far point. They may ilave greater tolerance of blur due to poor
distance vision when prev.iqusly uncorrected (Gwiazda et al., 1995b). In contrast,
. emmetroﬁes are capable of clear vision at all distances and so might accommodate

more criticaily, being “rewarded” by clear vision {Bullimore et al., 1992).

(2) Myopes have reduced blur appreciation or increés_ed biur tolerance, _although
research into- this has thus far been equivocal. Gwiazda et al. (1993) fouﬁd that the
threshold of bluf detection increased in negative lens-induced blur in myopes. |
However, the response to blur was very low in both 'my.ropes and hyperopes, and

this may be related to the use of negative lenses to induce accommodation. Abbott
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etal (1 998)-adop§¢d.the same iﬁrotdcol to fha{t 7of G;viaéda et al. (1993) and f;n:md
: thaf_ the requﬂﬂé'eh to _I;.ege.ltive lené induced blur was si_gﬁiﬁcantly lower m myopes
. than in hypefopt:_s. 'Thv.;.‘.sc— ﬁﬁdings‘suggest that myopgs 'use'phre bhir‘ cues iesé '
effectivéiy than.-hyi)eropes? and._hence may used other cueé such aé proximity aﬁd ‘
: dispén'ty:to' fﬁéﬁs oiajects clearly. Hung et af. (1995), _liowevgr, suggested than tile
: confributioﬁ of proxirﬁify-induced acéommodation waé likely to be smali énd not
rﬁof@ than 4%, whereas closéd-loop disparity-induc-e;i accommodation Wﬁs’ indeeci
found t(')‘ be greaté_r for myopes than ennnetroi)es-r(.RosenﬁeId :;nd _Gilmai‘fin, 1‘98'7;

-R‘osen'ﬁ_e.]d an_d_Gﬂmart_in,‘ 1988).

- Rose;nﬁeld and Abrahém-Coheﬁ (1999) found that adult ﬁlybpes hﬁd reduced blur -

_.sensitivi_ty cdmﬁared Witl;'adult émmctrof:es_. Thé thréshold at which blur was
detéctéd was iO.l_9 D in myopes cdmﬁared with £0.11 D in einnietropes,- and the |
difference was statisticallj;f significant. It(u_rtev (1979), hoﬁéver, fbuﬂd h_o |
.differcncle in blur thré's;holds of mydpes_gﬁd em.metl_roij'c_*;s. Schmid et al. (submitted)
;ecen.tl.);' foqnc_i_no statistically significant dif'ffer-ence iﬁ blur detectioﬁ in 'myt:opic and
non.-myopic (_Shinerse childfen bétween the ages of .8 rand 12 years. Furthéf wdrk n

this area is cléar]y ﬁe'eded.

Whether the greater lag, still assuming that is does indeed occur, is caused by
gréater toléranc’:e of B]ur or by reduced blur detectioﬁ, its effect is to produce
hyperopic retinal aefocus, and this has been pro_poséd as a; st:irnglus for a?cia]
elonga_tidn (Réserifield and Gilmartin, 1998). The éye is pll.'esumed to adjﬁst the
location o'f thé rétiﬁa in qfder tolobtain thé cl-éa;etv,t focus,'i.e. minimuﬁl retinal bur

circle size. The rationale for this theory is derived from animal models.
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' Iiyperop-ic::- dgf;icus has been shown to cause myopia in infant animals (for a review
of aninlltaI jmodels of myopia see Smith III, 1998). It ﬁ_lust be remembered, ho.wever,
 that thls type of ﬁlyopia only occurs in infant animals, while h1.1man myopiﬁ
typically develops at an older age and certainly well after infancy. Also, the blur
rindﬁcéd experimentally in these animal models was much greater than that likely to

be produced by accommodative lag.

.6.5.5 E*perimental setup

R-eﬂecAtions from the distance correction lenses, or tilting of these lenses, rlna.y have
been a s'durce of measurement error during measuremeﬁt of accommodative lag
and the use of contact lenses rather than trial lenses would avoid this and rﬂain_tain
the same’sti-mulus to accorﬁmod;':ltion in subjects with different refractive errors.

Contact lenses would also simplify the calculation of ocular accommodative lag.

We, and a number of other investigators, have measured accommodative lag at 40
cm (see Table 6.5). However, children have shorter arms than adults, and

| . Rosenfield et al. (2001} reported average reading distancés of around 27 cm in
‘ch_ildren frém 6 to 11 years old. They suggested that 25 cm is a more appropriate

testing distance for near-vision functions in children.

6.6 Conclusions
This is the first report of the agreement between measures of accomrmodative lag
. expressed as the 95 % limits of agreement. Although measures of accommodative

lag taken under the three stimulus conditions were similar in repeatability, normal
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- room lighting allowing a clear view of the target and its surroundings, along with a
dark farget background, which does not result in full pupil constriction, seems to, .

offer the best target conditions.

: ‘The'acconnnodative lag tended to be greater in myopes than in hyperopes. The
a;:commodaﬁ{fe lags found in thé-present study were comparable with those found
in other studies for chjldren, and rtended to be greater than those found for adults by
other invéé;.tigators. These differences may be due to different target presehtation,

_different -metht-)dology and different proportions of refractive error within the

overall sample.
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-, Chapfer 7

Overall summary and concluding remarks

7.1. Clinical evaluation of Shin-Nippon SRW-5000 open-field

'aﬁtorefractor :

The evaluation of the Shin-Nippon SRW-5000 comprised the determination of the

+ accuracy and reliability of the ins@ment in a pediatric p0puiation. ‘

__F'or the evaluation 'of accuracy, c-:y'cloplegic an-drn('m-cyclople.gic autorefraction
measures using the SRW-5000 were compéred with cycl.opl_égic refraction

" measures. Cycloplegic SRW-SOdO autorefraction was cofnpared also with non-
cycloplegic autorefraction taken with the samé 'inst'ru.ment‘ Finally, non-cycloplegic
SRW-SOOO autorefraction Was compared with qon—éycloplegic autorefraction using
thé closed-field Canon RKS in order to investigate- the relative control of

accommodation with these two instruments.

- The feliability of SRW-5000 was determined by its repeafability and
ref)roducibility both in cycloplegic and non-cycloplegic condition. Repeatability
was obtained by comparing ﬁNo sets of meﬁsurcmenf faken by same examiner.
I.{eproducibility was obtained by compariﬁg two sgt_s o.f m;a;asurement taken by fwo

different examiners.

- Fifty-six children, between 4 and 8 years of age, pértiéii)ated in this study and 44 of
them underwent cycloplegic measurement. Results, in sphero-cylinder format were
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converted to coordinate vector h and spherical equivalent refractive error for

statistical analysis.

The overall accuracy of the SRW-5000 was high, and sirﬁilar to that reﬁorted for-
the Canon R-1 open-field autorefractor. As would be expected, the agreement‘
between cycloplegic open-field autorefraction and cyclopelgic refraction was better
Fhan between non-cycloplegic open-field autorefréction and cyclopleéc refraction,
and autorefraction taken under both conditions tended to produce results which
were moré myopic than cycloplegic refraction. Non-cycloplegic SRW-5000
autorefraction produced slightly more myopic resultsr than closed-field
autorefraction and the di_fference waﬁ mainly for hyperopes, suggesting that control

of accommodation was not as good with the SRW-5000 as with the RK-5.

Reliability was considerably better for cycloplegic than non-cycloplegic
autorefraction, and slightly better for one compared with two observers.
Repeatability results from the SRW-5000 autorefractor, both with and without

cycloplegia were similar to those reported for the Canon R-1.

7.2 Tonic accommodation in Hong Kong children

Tonic accommodation was determined by autorefraction carried out in total
darkness using the Shin-Nippon SRW-5000 open-field autorefraction. Tonic

accommodation in Hong Kong children between 4 and 8 years of age was then

- characterized.
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The repeatab.ility of tonic accommodation using the SRW-5000 in darknesg wﬁs.‘ :
~ about 170,83 D. The mean tonic accommodation in 56 children was
.1.07/40.65x138 in sphero-cylinder nortation or {1.05 -0.03 1.05)in vector h

llnotation. The mean value of TA in ;:hildren younger than 6 years-w.as

A 1.69/;0_.04x68 in-.sphrero-cylinder format or (1.05 0.02 1.08) in vector h
not_atfon, and‘v;'as not significantly different from the r_néan value obfained in older
child_ren-. The mean TA was highest in hyperopes 1.50/-0.11x15 (n=14), fol]owed.
by emmetropes 1.35{-_0._18><172 (ﬁ=1 8) and then in myopes 0.76/-0.20x106

(n=24).

~ This is the first report of the reliability of tonic accommodation measures taken in
total darkness in term of the 95 % limits of agreement, and the first time véctpr‘h
has been used in the charactenization of tonic accommodation. It is also the first

report of tonic accommodation values in children under 6 years of age.

~In agreemént with previous studies, we found that myop-es have significant lerr
TA than emmetropes and hyperopes. The lower TA in-myol-)es may be due to
overall reduction in autonomic innervation, as proposed by other researchers, and
from the results of other worker, it seems that this happens concufrently with

- refractive error development, rather than causing refractive error development.
Nevertheless, the possibility of a cause and effect relationship betweén low TA and

myopia cannot, at present, be completely ruled out.
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7.3  Accommodative lag in Hong Kong Children

The accommo'dafive response was measured using the SRW-SdOO open-field
autorefréctor at 40 cm under three stimulus conditionls, namely white letters on a .
dark background in dim light, white letters on a dark bz;.ckground in normal ‘lighting '
and black letters on a light background in normal lighting. The ocular

accommodative lag was then calculated.

1While the three stimulus conditions resulted in similar repeatability vglues, overall,

) ';white letters on a dark background in normal light probably provide the best target
conditions. This condition results iﬁ a larger pupil than dgrk letters on a white
.background and thus reduces tile influence of depth ofl'fdcus on accorﬁmodative lag
meésuréé; Sﬁbj ects fdund it dit;ﬁcult to foéus on the target when it was p-resented in -

a dark room.

Accommodative lég was greatest for white letters on a-dark background in dim light
1.34/~0.05 x 63 in sphero-cylinder formation or (1.30- O.'03 1.33)'(D) in vector h
notation, followed by white letters on a dark backgroundi in normal room lighting

1.25/-0.13x970r (1.13 -0.02 1.25)'(D), and least for black letters on a light

background in normal room lighting 1.15/-0.15x1040r (1.00 - 0.05 l.lfl)' D).

The accommodative lag values found in the present study were similar to those
found in other studies in children, and greater than those in adults. It is possible that
the target was not clear enough to stimulate accuraté accommodation and/or the

children failed to maintain the letters clear during méasurement_.
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7.4  Overall comments

Steadyi-state accommodation includes blur or reflex accommodation, proximal

| accommodaﬁon; vergence accommodation and tonic accommodation. In this work,
tonic accommodatioq was measured in total darkness in the absence of the other

. three comﬁonents. Accoxﬂmoda-tion resulting from blur (lag of accm’nmodﬁﬁon)
was measured niininﬁzing proximal accommodation (largely eliminated by the use
Qf an open-field autorefractor) and excluding vergence accommodation (by

monocular measurement).

This is the first report of tonic accommodation and accommodative lag presented in
ferms of vector h, so that'complt_ete refractive information was used during
calculation and statistical analysis. Tonié accommodation and accommodative
response ;vere‘ both found to rb'e lowest in myo'pes, although. the acéominodative '
response results were somewhat equivocal. The lower tonic accommodation found
in myopes may reflect an overall reduction in autonomic innervation. The few
reports available Vsuggest that lower tonic accommo&ation happené concurrently
with myopia development. While the results of tile present studj_ are equivocal in
~terms of difference in accommodative lag according to refractive error, it is stili
possible that a greater lag results in hyperopic retinal defocus. an& may cause

myopia development in children.
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7.5 Further study

131 Gene_fal considerations

Both tonic accommodation aﬁd accommodative lag should be measured in different
‘age groups a_nd ina sample with a greater refractive error range, in order to ﬁ,lrther
inVestigﬁte the relationship between those aspects of accommodation and.réfractive

EITOr.

The SRW-5000 can be modified to provide continuous measurement, as in the
Canon R-1. If both accommodative functions measured in the present study were
recorded'.continuously and averaged over a period of time, it is possible that more .

reliable results would be obtained.

The high prevalence of myop‘ia in children in Hong Kong is certainly largely
environmental in origin. Longitudinal data characterizing the change in tonic
accommodation and accommodative lag as myopia starts and develops may shed

new light on this relaﬁopnship.

7.5.2  About tonic accommodation

When measuring autorefra'ctioﬁ_in total darkness, the red ring was noticeable to the
subject. l”[he red ring is used for determining refractive error and it seems that this
cannot bé removed. A possible improvement would be to use é_low center spatial
frequency (0.1 c/deg) difference of Gaussian target and to measure TA in semi-
darkness. It has been shown that this type of target does not stimulate

accommodation.
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Accommodative adaptation 1s another issue in relation to myopic progression. The
Shin-Nippon SRW-5000 open-field autorefractor can be used to measure the
~ change in tonic accommodation after prolonged reading, measurement being made

once the near task is removed.

753 Abdﬁfﬁécbmmodaﬁvé lag

fossiblt;. hﬁﬁro'vement 'to_'researél-l d'cs-ign for future work include: (1) using a better
qﬁality tCD rﬁonitor so that the edges of the letter Will be sharper and the letter | ,
size caﬁ‘be snialler, ) u;v,ing a cathode tube monitor in_stéa& of LCD monitar, and
3) l}sing-.a mono@olor-m_onitﬁf rather than a color monitor. Those modifications

. would all improve the quality of the letter presented. -
Instead of measuring accommodative response at a single distance, accommodative

response can be measured at several distances and plotted as an accommodation

function curve.
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Ap‘bendix 1 The product of a column
' ~ veclor and its transpose

Appendix I E

The productof a column vector and its transpose

The product of a column vector and its transpose is calculated as follows:

al
Suppose A=|a, |and B=(b, b, b,) then
a, ’ '
ab  ab, ab,

AB=|ab, ab, a,b,
ab,  ab, a;b,
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Appendix 2 Néﬁnality '

Appendix H

Multivariate normal distribution

A2.1 Multivariate normal distribution
Hypothesis tests on the mean and/or variance-covariance are based on the
assumption that the population has a multivariate normal distribution: N, (n, Z).'

Visual observation of the scatter plots can identify obvious deviation from
multivariate normality. The skewness, kurtosis and standardized mean deviation of
the parameter are useful to characterise the normality of multivariate data (Malan,

1994). The probability for normality was also tested.

The coefficient of skewness is a measure of symmetry. For a perfectly symmetﬁcal
distribution, the coefficient of skewness should b-e exactlf ZET0 (Munro, 1997:
p-42); the sample statistic that estimates the population vaiues can Be around zero.
Negative skewness means the diéu'ibption tapers off in the negative direction.
Positive skewrniess means the distribution tapers off in the positive direction.
Hildebrand (1986) suggested that skewness value greater than 0.2 or less than -0.2

indicates severe skewness.

The coefficient of kurtosis reflects the peakedness of a distﬁb_ution, and its value is
zero for a normal distribution (Elston and Johnsom, 1994: p56). If the coefficient of
kurtosis is a large poSiﬁve value the distribution is said to be leptokurtic, that

means the distribution curve is more peaked than normal. If the coefficient is a
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Appendix 2 Normality

large negative value, the distribution is platykurtic, that means the distribution

curve is flatter than normal.

For aperfectly symrnetrica] distribution, the standardized mean deviation should be
‘about 0.7979, and this is a useful measure of symmen"y for small samples (Malan,

1994),

The following eduations were used in the present studies to calculate the ékewness
(B1), kurtosis (B2) and standardized mean deviation (A):
2 —
v? Z(hji _hj)j

Bl=—-2* - Equation A2.1

' n

. v-zz(hﬁ, - h__ﬁ)4
B2=—" Equation A2.2

A=—2H_ - Equation A2.3

For

Sy S S

. : An -1 n o Nt
j=1,2,3;v=s”(:  and 5= pCIEY Tou  RP

n-1

-i=l

Si Sz Sn

When calculated the skewness (B1), kurtosis (B2) and standardized mean deviation
(A) for Ay, then putj =1 into equations A2.1 to A2.3. When calculated the skewness
(B1), kurtosis (B2) and standardized mean deviation (A) for 4; and 43, then put j =2

and j =3 into the equations A.1 to A.3 respectively.
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Appendix 2 Normality

The Matlab pfogram "normal_sep" (section A2.5) was used to calculate the

skewness, kurtosis and standardized mean deviation for Ay, A 2 and k3 .

A2.2 Tést for normal distribution in Study 1

The mear% diffefence of two sets of measures for eacﬁ comparison (in Comparisons
A to- )] “paSéeld” the normality test with p>0.05 (Kolmogorov-Smirnov te'st) except
those in Comparisons D and E. The coefficient of skeﬁess {B1), coefficient of

* Kurtosis (B2) and stgndardized mean deviation (A) for each vector h component (4,
h;and A j.reépectiifely) are shown in Table A2.1. 'Al_t]ﬁugh the distribution of
Comparison D and E were not nqnnal]y distributed, hypothesis tests on the mean
can be carried out due to the robustness of the test in regard to deviatjon from

normality (Malan, 1994).
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- Comparison B1 i B2 A

A {(-026 026 020 (249 453 326) (0.82 072 0.76)
‘(0.91"0.'24 016y (336 2.03 3.10) (0.83 0385 077}
(0.78 001 056y (327 3.81 3.16) (0.80 0.76 0.79)

(-037 242 -013) (505 11.59 3.15) (0.70 0.62 0.74)
(079 2.60 0.79) (427 1114 338 (0.79 0.65 0.81)
(042 0.05 '—0.22) (492 237 2.18) (0.71 0.80 0.8-2)
(035 048 -0.03) (3.02 229 277} (0.78 0.80 0.81)'
(-0.17 -0.81 -0.50y (2.89 6.15 2.50) (0.83 0.69 0.86)
I (1.01 020 0.16) (6.19 359 2.98) {0.74 0.72 0.76)

J (-026 -1.07 -036) (440 572 537) (0.71 073 0.76)

=~ T R - T - B o S - -

Table A2.1 The skewness (B1), kurtosis {(B2) and standardized mean deviation (A)
" for the mean difference of two sets of measures taken for each

- comparison in Study 1.

A23 fI‘.est for normal distribution in Study 2
bata documenting the tonic. accommodation “passed” the normality test vnth
p>0.05 (Kolmogo'rov-Smirnov test). The skewness (B1), kurtosis (B2) and
standardiied' mean deviation (A) forl each vector h component (4,, f:z and h 3
respectively) are: |

| B1=(130 -0.36 0.96)

B2=(5.10 3.35 3.79)

- A=(0.77 081 0.77)
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- Appendix 2 Normality

The mean difference betweén two sets of dark autorefréctioﬁ taken by a single
observer also “passeci”_the normality test with p>0.05 (Kolmogorov-Smimov test).
The skewness (B1), kuftosis (B2)'and standardized mean deviation (A) are:
B1=(-0.79 - 1.05 0.67)
| B2=(3.80 5.03 4.78)

A=(0.76 0.76 0.75)

A2.4 Test for sample population in Study 3

 Data documenting the second ocular accommodative lag measures taken in three

experimental conditions (DD, LD and LL), all “passed” the normality test with
p>0.05 (Kolmogorov-Smimov test). The skewness (B1), kﬁ;tosis (B2) and
standardized mean deviation (A) for each vector h component (h;, &, and 4;

respectively) are shown in Table A2.3.

Conditions - - B1 B2 A
DD (038 -0.56- 0.15) (230 581 225 (0.84 0.70 0.85)
LD  (-003 —045 025) (258 490 202) (084 071 0.84)
LL (018 -082 -022) (2.51 3.19 .235) (0.81 0.81 0.83)

‘Table A2.2 The skewness (B1), kurtosis (B2) and standardized mean deviation (A)

for data éamples in Study 3 under three experiment conditions.

The mean difference between two sets of dark autorefraction taken by a single

observer was also “passed” the normality test with p>0.05 (Kolmogorov-Smirnov
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test). The skewness (B1), kurtosis (B2) and standardized mean deviation (A) are

shown in Table A2.3.

Conditions . B2 A
DD (0.81 0.10 0.68) (329 263 2.78) (0.79 0.83 0.80)
LD -~ (039 023 025y (332 297 2.64) {0.78 0.77 0.80)

LL . (-078 -065 -0.89) (419 550 595} (0.73 0.74 0.71)

Table A2.3 The skewness (B1), kurtosis (B2) and standardized mean deviation (A)
for the mean difference between two sets of near refraction taken under three

experiment conditions.
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Appendix 2 Normality

A2.5 Matlab program for testing a normal distribution -

F 5 % % F Y EE LT EYEYEY YL EY YL YYYEEEE Y
% This matlab program is developed for %
% assessing the assumption of normality %
¥ at The Hong Kong Polytechnic University {(June,2001) %
FFYOE YR EYYFEEYYYEEYYEY YOS YYYYE YR

format compact
cele

clear alil

[filename;'p;thname]=uigetfile(‘*.*');
filename=[pathname filename];
h=load(filename};%h=load {'data.dat')
- m=mean (h) ¥mean
n=length(h) $size

s=cov(h)%variance-covariance

¥skewness

'bl for hi, h2 and h3’ .
({s(1,1)*{n-1)/n) " (-3/2) *sum{{h(:,1) -m(:, 1)) ."3)) /n
((s(2,2)*(n-1)/n) *(-3/2) *sum{(h(:,2) -m(:,2)) .*3)} /n
((5{3,3Jf(n-'l)/_n)‘(—3/2)*sum((h(:,3)-m(:,3J) .*3)) /n
¥kurtosis
b2 for hl, h2 and h3'
{(s{1,1)*(n-1)/n) " (-2} *sum{(h(:,1)-m(:,1)).%4})}/n
{{8(2,2}*(n-1)/n) " {-2)*sum( (h{:,2}-m(:,2}}.%2¢))/n
((s(3,3)*(n—1)/n}‘(-Z)*sum((h(:,B)-m(:,3)).‘4))/n
¥standardise mean deviation

‘a for hl, h2 and h3' :
({s{1,1)*(n-1)/n) "~ (-1/2)*sum(abs{h{:,1)-m{:,1)}}}/n
((s(2,2)*(n-1) /n) * (-1/2) *sum(abs (h(:,2) -m(:,2))) ) /n

{{s(3,3)*(n-1)/n) " (-1/2) *sum(abs (h(:,3) -m(:,3)))) /n
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Appendix I

Matlab pfogram

A3.1 Hypothesis test for one mean

FF Y FFEYEEEEETEYYEEEEEEFEES LYY S
'This matlab program is developed for hypothesis %
testing on a single sample mean %
at The Hong Kong Polytechnic University (2000} %
YRV FOFEYOEYRYYYRYEEY VYV YV Y

9P ot e de

datafile=input ('file name? ', 's')
h=load(datafile}th=1ocad ('data.dat')

¥ Adjustable parameters

u=[0;0;0] % population mean to be compared
maxh=2.5; -% max axis value
step=0.5; % tick interval

tickl=0.08; % tick length

mean_ h=mean{h)

cyl_strength=sqgrt (sum{{mean_h'})."2})
sph_strength=cyl_strength/sqgrt(2)
n=length (h)

% variance-covariance

mean. h _loop=mean_h(ones(n,1),:);
g=(h-mean_h_ loop};

8=1/(n-1}*(g'*q) % column vector first

w=(mean_h'-u) '*inv(s) * (mean_h'-u)*n*{n-3)/(3*(n-1));
t=w*3*(n-1)/(n*(n-3)) ‘

sprintf (' £(3,%d) =%£',n-3,w) : ,
p=1-fcdf(w,3,n-3) % 3--df of numerator; n-3--df of denominator
f=finv(0.95,3,n-3) ¥ 5%--0.95 1%--0.99

if wef . )
disp('no statically significant difference'}
else .
disp('statistically significant difference') -
end .

hi=h(:,1}; h2=h(:,2); h3=h(:,3);
plot3(hl,h2,h3, 'xk")

%set (gef, 'color', (0-0 0])

get (gca, 'fontname', 'times- :
roman','fontsize',11, 'xtick', [0:step:maxh], 'ytick'; [0:step:maxh], 'z
tick', [0:step:maxh]} '

%$xlabel{'hl', 'fontsize',12); ylabel('h2', 'fontsize',12);
zlabel ('h3', "fontsize',12);
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. "Ap;lJendi.x 3 Matlab program _

axig{[0 maxh 0 maxh 0 maxh})
grid on- :

axis off ‘

view(1l1l6,31)

% Axis

hold on

plot3{[0 0}, [0 0], [maxh 0],'k'}
text {0, 0,maxh+.2, 'h3')

plot3{[0 ©0],.[0 maxh), [0 Q),'k")
text (0, maxh+.08,0,'h2")

plot3 ([0 maxh], [0 0], ([c 0], k')
text (maxh+.38,0,0,'h1")

% Ticks

for counter=0:step:maxh,
plot3({[counter counter),-[0 €], [0 tickl],'k'}

- plot3([counter counter], [0 tickl], [0 0], 'k"}

plot3 ([0 0], [counter counter], [0 tickl],'k'}
plot3 ([0 tickl], [counter counter], [0 01, 'k'}
plot3 ([0 0], (0 tickl], [counter counter],'k')
plot3 ([0 tickl], [0 0], [counter counter],'k*)

end C

held off
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o _ 7 Appendix 3 Matlab program

A3.2 Hypothesis test for two means

£ F % FF FE S ETFLTEEEE Y Y EEEEEL Y
This matlab program is developed for hypothesis %
testing on two samples means at The Hong Kong %
Polytechnic .University (2000) o
¥ ¥ % % % % % % AR E R EEE R R R

oF o of o ot

datafile:input(ifile name 17? ','s')
ha=locad{datafile)%ha=1load ('data.dat')

datafile=input{'file name 2? °','s'}
hb=locad(datafile) $hb=load ('data.dat')

u={0;0;0] % test equality of 2 populationg mean

. mean_ha=mean (ha)
" mean_hb=mean (hb)

Na=length (ha}
Nb=length (hb)

% variance-covariance
mean_ha_loop=mean_ha (ones (Na, 1),
= (ha~-mean_ha_loop} ;

mean_hb loop=mean_hb{ones(Nb,1},:);
g={hb-mean_hb_loop);

s=(1/(Na+Nb-2)}*{{p'*p)+{g'*g)) % column vector first

%Hotelling's statistic .
T_sg={mean_ha' -mean. hb'-u}'*1nv(s*(l/Na+1/Nb))*(mean ha'-mean hb' -
u)

d=Na+Nb-3-1;%3--df of numerator; Na+Nb-3- l--deg of freedom of
denominaor

w= (T_sq/ {Na+Nb-2) } * (4/3) ;

f=finv(0.95,3,d}; -

p=l-fedf(w,3,d)’

if wef

disp('no statlcally significant dlfference )
else

disp (" statlstlcally significant d;fference ]
end
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A33 Hypoth’esis‘ test for three means

¥ F Y YR OREEEEEEYFEY VY EEETYY S
This matlab program is developed for hypothesms
testing on three samples means at The

Hong Kong Polytechnic University (2000)

53 % %% % EEE T EYEEYTELEEEEY Y

oae A0 do o
9° P o df P

datafile=input {'file name 1? ',‘'s'}
hl=locad({(datafile) ¥hl=load ('data.dat’')

datafile=input ('file name 2? ','s"')
h2=locad(datafile)¥h2=1load ('data.dat')

datafile=input ('file name 3? ', 's")
hi=lcad(datafile) ¥h3=1load ('data.dat'}

ml=mean (hl)
mZ2=mean{h2)
m3=mean{h3)

Nl=length(hl}
N2=length (h2}
N3=length(h3)

N=N1+N2+N3; $total no. of sample

¥sample mean
gpl=ml*N1;
gp2=m2*N2;
gp3=m3*N3;

sm= (gpl+gp2+gp3) /N

% variance-covariance
varl=cov(hl}
varZz=cov(h2)
vari=cov(h3) )
sdl=sgrt (diag{cov{(hl}))
sd2=gqrt {diag(cov(h2}))
sd3=sqgrt {diag{cov{h3}))

$sum of outer square between samples
i=ml-sm; '
j=m2-sm; -

k=m3-sm;

B=N1*i'*i+N2*j'*j+N3*k'*k

$sum of outer squaré within samples
W={N1-1)*varl+(N2-1)*var2+(N3i-1)*var3

$Wilks lambda

V= det(W)/det(W+B)
={{l-sqgrt (V})* {N1+N2+N3- 3 -2) ) ¥ (sqre (V) *3);
2*(N1+N2+N3 3-2);

" sprintf(*£(3,%d)=%£',d,w)
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- Appendix 3 Matlab progfahz

p=l-fcdf(w,6,d} %3--df of numerator; 2*(N1+N2+N3-3-2)--deg of
freedom
" f=finv(0.95,6,d) % 5%--0.95 1%--0.99

if w<f _

disp('no statically significant difference'}
else

disp('statistically significant difference'}
end
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' Apbéndix 4 Information Sheet
Appendix IV

Information Sheet

Accuraty and reliability of the Shin-Nippon SRW-5000 open-field -
autorefractor, and tonic accommodation and accommodative lag

in Hong Kong children from 4 to 8 years of age

This lstudy is being carried out by the Department of .Optometry and Radiography
at The Hong Kong Polytechnic University. The Shin-Nippon SRW-5000 Open-_

ﬁeid Autorefractor is a new instrument,-which is likely to prove very useful in the
examination of children’s eyes. The accuracy of tﬁe instrument will be evaluated,

and compared with that of other techniques commoﬁiy used. -

If you and your child decide to participate in this study, we will first measure the
rgfractive error of your child’s eyes using two different automatic instruments.
Eac‘:h.measurement will take a few minutes. We will then agsess the health, and
measure the presshre, of the eyes. Neither of these will involve any contact with
the- esre and both are simple and routine clinical procedures. Then we will put in
some eyedroﬁs (cyclopentolate 1%) which will brevent your child from focusing
on close objects. This allows more accurate measufement of the refractive error
and ié again routine procedure. It will take about half an hour for the eyedrops to
work fully. We will then measurement the refractive error again, using two

automatic instruments. - Finally, we will use the conventional “old fashioned”
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Appendix 4 Information Sheet

method to measure the refractive error, by using lenses and asking simple

questions.

After the examination is finished, your child will have difficulty focusing on close
~ objects for about 4 hours. He or she can still attend class, and if you wish we will
give you a letter of explanation for the teacher. Your child’s pupil will be enlarged
all day and so more light then usual may enter the eyes. If your child goes outsid;
into bright sunlight, he or she should wear a sun hat or sunglasses. Rarely, a local
reaction to the eyedrops may result in redness of the eyes. This will disappear

within a few hours.

if you have any concerns at all after you have left our clinic, please call Sandy
Chat (Tel 9218 ) who will be cérrying 6ut the work. Ms Chat is an optometris-t
rggistered on Part I of the Optometrists Register. The person responsible is Prof. |
Marion Edwards (Tel 2766 | ) and any comments and complaints you may
have about thelconduct of the study should be directed to her, or addressed to the
. Chairman', Human Subjects Ethics Sub-committee, The Hong Kong Polytechnic

University.

You are free to withdraw from the project at any time. All information collected
will be confidential and neither you nor your child will be identifiable in any paper
published. Appointments can be made, or further information obtained, by calling

"Ms Sandy Chat (9218 ).
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Appendix V

Consent form

Accuracy and reliability of the Shin-Nippon SRW-5000 open-field
autorefractbr, and tonic accommodation and accommodative lag in

Hong Kong children from 4 to 8 years of age

Parent consent form
Have you read thé information sheet provided? | Yes /No
Have you had én opportunity to ask questions and discuss this study? Yes/No
Have your received lsatisfactory anéwers to all of your quéstions? Yes / No*
Have yoﬁ received enough information about the 'smdy‘? | Yes/ Nb
W;ho‘ proﬁded the information / aﬁswered your questions?
Do you undérs_’tand that participatibn is entirely voluntary? Yes / No

Do you understand that you are free to withdraw from the study

e atany time ' : Yes / No
¢ without having to give a reason - ' Yes /No
Do you agree to take part in this study ' | Yes / No

Name of children who will participate:

Signature of parent: _ - Date:
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" Record sheet

Appendix 6 Record sheet

~ Information .

Date B / Time

Record no.

Name

Male / Female

Date of birth / /

Contact tel. no.

History

Last eye

examination

General & ocular

health

Family general

& ocular health

Medication

Allergic reaction

Birth history

Habitwal Rx = |RE

LE
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Preliminary examination

Appendix 6 Record sheet

LE

Distance

Near

Distance Near

Unaided VA

Habital VA

Suppression

Distance

Near

Unilateral cover test

Alternated cover test

" Non-cycloplegic refraction

RE

LE

-| Retinoscopy

TVA

VA

Subjective

VA

VA
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Autorefraction (SRW-5000)

Examiner 1

-Iﬁt

Example of Autorefraction result printout

<R> SPH CYL AX
~0.62- —0.50 . 167
-0.50 -0.50- 164
-0.62 -062 6
-0.37 -1.00 163
-0.62 -0.37 123
-0.50 -0.75 96
-0.12 -0.62 134
-0.50 -0.50 89
-0.75 -0.62 90
-0.50 -1.00 172

-0.50 -0.87 167

SHIN NIPPON SRW-5000

2 nd

Examiner 2

lst

2I’1d

7 Appendix 6 Record sheet
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Tonic accommodation (autorefraction taken in dark)

. 15t ’ , an

Autorefraétion (conventional)
Non-cycloplegic

1 “ 21‘]d
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Autorefraction (Conventional)
- Cycloplegic

lfo.t i an

Appendix 6 Record sheet

Pupil diameter

Condition DD

Condition LD

Condition LL

Residual over autorefraction
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" Near autorefraction

- Condition DD | o Condition LD

15! . - ’ lst
. 2nd . 2nd
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Near Autorefraction

Condition LL

. l‘St
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Cycloplegic autorefraction (SRW-5000)

Examiﬂer | . , Examiner 2
15! . E - : lst

zud ) ' . . 2nd

Appendix 6 Record sheet
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Test before drug instillation

C/D ratio

10P

Amp of accommodation

' Cycloplegic refraction

RE _ | LE

VA | VA

Prescripti'cm given / not given (deleted inappropriate)
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Appendix 7 Shin-Nippon SRW-5000
- . measurement procedure

Appendix VII

Shin-Nippon SRW-5000 measurement procedure

AT7.1 Setting the fixation target for the Shin-Nippon SRW-5000

autorefractor

At the start of each recording session the fixation target, comprising a red four-
pointed “star” (Figure A6.1), was positioned so that the optical axis of the
instrument and the line of sight of subjects vievﬁng the farget were coinci.dent. This
is done by the examiner sighting through the wide-view window from the subject
side of the instrument. When the measurement start switch is depress'ed, a red circle
of light is seen momentarily and the position of the fixation targét is adjusted by a

second person such that the entire target is inside the circle.

Figure A7.1 Shin-Nippon SRW-5000 fixation target
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Appendix-7 Shin-Nippon SR W-3000
' measurement procedure

A72 _Alignment for taking measurement using Shin-Nippon
S_RW—S_(]OO
The subjegf was seafe& comfonably with his or her chin on the chin-rést, head
against the forehead rest and eyes level with the eye mark, and viewing binocularly | H
. .ﬂirough the window of th‘e instrument looked at the fixation target. The joystick.
was adjusted horiéontally until the reticule circles seen on tile instrument monitor
Were‘comp]etelry‘inside the pﬁpil boundary of the eye to be méﬁsured,' and then
_ antex_io-postérioriy' until the “necklace” of corneal reﬂectioﬁs was sharply focused
(figure A6.2). A reading was then taken by pressing the measurement start sﬁvitch
on the joystick. The instrument'provides an average Qalue (which can be based on
betwéen three and fen .reading's), called the "representaﬁve .value“. The SRW-5000
was interfaced mth a personal computer (L1 and Edwards, 2001) and this allowed

the output to be directed to a Microsoft Excel file.

Corneal reflex spots _ Reticle circles

Figure A7.2 Perfect alignment taken in SRW-5000 measurement
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Raw Data-

Appendix 8 Raw data

A8.1 Data collected in Study 1

Subjects who did not participate i

italic font. '
J Habitual Subjective Rx

Subject No. Gender Ag Fs_ Fc Axis VA Fs Fe  Axis. VA
1 F- 5| plano -- -- 0.0 -1.00 -- - 0.0
2 F 7 || planc -- - 0.0 0.00 -- - 00
3 M 5 || plano -- -- 00 075 - - 00
4 F 81 -225 - - 03 -300 -050 180 0.0
5 M 5| plano -- -- 0.0 050 -- - 0.0
6 F 7 {| plano -- -- 0.0 0.50 - - 0.0
7 M g 0.00 - - 01 0350 -050 180 -0.1
8 M 8| -225 025 165 0.2 -325 - - 00
9 F 7 ¢ plano” - - 0.1 100 -0.50 180 00
11 M 8 ]| plano -- .- 0.0 000 -- - 00
12 F 8 || plano -- - 03 075 - - 0.0
13 F 6 || plano - - 61 075 --050 180 Q.1
14 M 8| -1.75 075 120 0.0 -150 -0.50 120 00
15 M- 7| -2.00 -- -- 0.2 -250 - - 00
16 F 41 000 -275 180 04 000 -3.00 130 04
17 M 7| plano - - 03 -1.00 - - 01
18 M 7 | plano -- -- 05 -125 - - 00
19 F 4| plano - -- 0.1 025 -- - 01
22 F 7 1| planc -- -- 00 050 -- - 00
23 M 5 || plano - - 02 030 -025 90 0.1
24 .F 5| plano  -- - 01 000 - - 01
25 F g8 150 -050 180 01 150 -0.75 180 0.0
27 M 5 050 -200 20 02 125 200 20 0.2
28 M 71 -1.00 - -~ 03 -200 -1.00- 180 0.1
29 F 7 | plano -- -- 02 000 050 5 0.0
30 F §|| -050 -050 180 01 -1.00 -0.50 180 0.0
32 F 77 plano -- -- 0.0 - - 00
34 M 5| plano - —- 01 050 - - 00
36 - F g || -250 -1.50 180 04 -3.00 -225 180 0.1
37 M 4 | plano- -- -- 01 000 -050 180 0.1
38 F 5] plane -- -- 0.1 050 -- - 0l
39 F 8 || plano - -- 05 -100 - -~ 01
41 F 8 || plano -- - 03 -150 - - 00
42 F 7 | plano - -- 01 0325 - - 01
43 M 6| plano  -- - 01 050 - - o
44 F 8 [ -150 - -- 0.1 - - 01

-1.25

n any cycloplegic measurements are written as
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Habitual Subjective Rx
GenderAgel Fs Fc Axis VA Fs Fc  Axis VA
45 F 71 475 -1.50 180 03 475 -1.30 180 0.2
46 F 84-275 -0.75 180 0.2 -325 -1.00 80 0.1
47 F 8 [plano  -- - 04 -150 - - 00
48 M 5 I plano  -- - 01 0350 -050 180 00
49 M 5(-050 -250 10 0.0 -0.50 -250 10 00
56 M 5 (plano -- - 01 150 -050 9 01
2 F 6 || plano  -- - 00 025 -- - 00
53 F 8 | plano  -- -~ 05 -200 - - 0r
10 F 8 |-1.50 -1.50 180 0.1 -1.50 -200 170 0.0
20 F 7|plano -~ -~ 02 -050 -050 180 0.0
F 5 || plano = -- - 01 025 - -~ 01
26 M 7 | plano  -- - 02 -125 - - 00
31 F 7 llplano  -- - 01 -050 -050 10 00
3 M 8 liplano  -- - 00 075 -05 180 0.0
35 F 6 | plano  -- - 04 -075 -- -- 0.0
40 F 6| 100 -200 175 02 100 -150 {70 0.1
51 F 4 || plano - - 01 075 - - 01

Appendix 8 Raw data
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lNon-cyclo SRW-5000 in SC (1) Non-cyclo SRW-5000 by SC (2)

Subject No. Gender Age Fs Fe Axis Fs Fc Axis
1 F 5[ 075 -0.62 167 0.62 - -
2 F 7| 037 -0.37 53 0.25 - -
3 M 5| 025 0.5 20 0.62 0.75 179
4 F 8| -287 -0.87 157 -2.62 -0.75 158
5 M 5| 062 -0.37 1 0.37 -0.25 163
6 F 7] 012  .037 5 0.25 -0.37 5
7 M 8| 037 -0.62 169 0.25 037 163
8 M 8 -362 -0.62 160 -3.87 -0.12 150
9 F . 7( 050 -0.62 117 037  -0.25 66
11 M 8| o012 s - 0.37 -0.37 22
12 F - 8| -112 - - 1120 0 - -
13 F 6| 087 -0.62 170 062. 075 . 162
14 M 8| -1L75  -0.87 98 225 . 4037 108
15 M 7| -287 087 7 -3.25 -0.62 9
16 F 4| 037 4,62 175 050  -4.50 174
17 M 7| -087 075 110 -1.25 -0.12 129
18 M 7| -137 -0.37 16 -1.25 -0.25 32
19 . F 4 025 0.5 25 0.25 -0.37 124
22 F 7| 075 -0.25 171 0.50 -0.25 146
232 M 5| 075 O -087 117 0.75 -1.25 108
24 F 5§ o050 = -062 115 050 ~ -0.62 158
25 F 8f] 025 -037 - . 146 - 025 - -0.75 177
27 M 5| 087 -1.87 8 -0.12 -1.5 17
28 M 7| -200 -0.87 173 2 -0.87 174
29 F 7] -025 = -037 . 161 0.12 -0.62 169
30 F 8| =175 0.5 166 -1.87 0.5 177
32 F 7 o050 062 - 5 062 .  -0.87 15
34 M 5| 050 0027 160 0.37 - -
36 F 8| -400 - -187 174 -3.62 -1.62 - 179
37 M 4| 037 -0.37 3 037 °  -0.50 172
38 - F 5| 037 -0.25 108 0.37 -0.25 104
39 “F 8| -1s50 -0.37 21 -1.50 037 25
41 F 8| -200  -05 1 -2.00 -0.37 153
42 F 7| 025 . -012 113 0.25 0.37 103
43 M 6 037 -0.37 8 0.50 -0.25 1

- 44 F .8l -162 -0.62 147 . -1.50 0.5 - 164
45 F 7{ 3325 -1.37 169 3.25 -1.5 176
46 F 8 -3.00 -1 158 -3.00 -1.5 166
47 F 8 -1.50 0.5 51 -1.87 -0.12 92
48 M 5| 025 0.5 180 0.00 -0.37 20
49 M 5| -0.75 -2 7 -0.75 -2.75 178
50 M 5 LOD. -1 89 1.00 -0.75 91
52 F 6| o000 -0.25 36 0.37 -0.25 56
53 F 8| -23 -0.37 173 212 . -037 96
10 F 8| -187 -1.62 166 -1.37 -1.75 169
20 F 7| -100 - - 0.75 . -0.62 11
21 F 5| o1 012 145 0.50 -0.12 112
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Subject No. GendengJ‘N

" Appendix 8 Raw data

on-cyclo SRW-5000 by SC (1) Non-cyelo SRW-5000 by SC (2)

Fs. Fe Axis Fs Fe Axis
26 M 7 -1.25 -0.87 Y -1.37 -0.87 94
31 F 7 -0.75 -0.75 180 -0.75 . -0.87 180
33 M 8 0.37 -0.37 169 0.50 -0.50 166
35 F 6 -0.87 -0.37 19 -1.00 -0.37 180
40 F 6 0.25 -1.25 i79 0.62 -1.37 13
51 F 4 -0.25 178 0.25 -0.37 172

0.50
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Appendix 8 Raw data

[Non-cyclo SRW-5000 by PC  Non-cyclo RK5

Subject no. Gender Age|l Fs Fc " Axis Fs Fc Axis
1 F 5 0.75 -0.62 174 0.75 -- --
2 F. 7 0.50 -- - 0.00 -- -
3 M 5 0.12 -- -- 0.25 -- -
4 F 3 -2.75 -1.00 167 -2.50 -1.00 172
5 M 5 0.75 -0.50 156 050 -L00 6
6 F 7 0.25 -0.12 34 050 -0.25 10
7 M 8 0.25 -0.50 158 0.50  -075 175
8 M 8| -3.37 -0.75 141 -3.50 - -
9 F 7 1.25 -1.00 42 0.50 - -
11 M 8 0.50 -0.12 30 075 -050 175
12 F 8| -0.87 -0.50 107 -1.00 -- --
13 F 6 0.75 -0.62 180 075 -1.00 172
14 M 8 -2.00 -0.62 111 -2.00 -0.50 139
15 M 71 -3.00 -0.87 8 275 025 22
16 F 4 0.25 -4.37 174 075 575 173
17 M 7| -L12 -0.25 79 -0.75 - .
18 M 7| -1.50 -0.25 . g  -1.25 - -
19 F 4| -0.25 -0.50 114 0.25 - -
22 F 74 037 -0.37 112 0.25 -- -
23 M 5 0.87 -0.62 102 075 -0.75 124
24 F 51| 012 -0.25 46 075 -0.50 158
25 F 8 0.25 -0.62 4 1.50 --1.00 180
27 M 5 0.25 -2.00 9 LODO --250 12
28 M 70 -1.37 -1.25 6 -1.75  -1.00 179
29 F. 7F -0.12 -0.62 168 0.00 -025 173
30 F 8| 075 -062 43 2200 -025 174
32 F 7 025 -0.50 9 075  -1.00 177
34 M 5 0.25 -- -- -0.25  -025 142
36 F 8| -4.00 -1.62 177 -3.25 .-200 179
37 M 41.075- -075 21 025 -1.00 171
38 F 5 0.25 -0.12 101 0.25 - -
39 F g8 -L350 -0.37 45 -1.50 -0.25 2
41 F g || -2.37 -0.25 135, -2.00 - -
42 F 7 0.37 -0.87 13 0.50 - -
. 43 M 6 0.62 -0.50 165 050  -0.75 2
44 F 8] -1.75 -037 129 -1.50 - -
45 F 7 3.37 -1.25 180 475 <250 173
46 F 8| -2.87 -1.37 160 =275 -1.50 177
47 F . 8| -1.75 -0.12 1 175 - --
48 M 5 0.25 -0.25 144 0.50 -- -
49 M 5 -112 -2.00 178 0.00 -2.75 1
50 M 5 1.00 -- - 025 - -
52 F 6 0.25 -0.62 8 025 -075 174
53 F 8| -2.62 -0.62 168 -2.25 050 i72
10 F 8| -r.62 -1.62 166 -1.25 L7535 177
20 F 7 -£i2 - -- -0.50 -- -
21 F 5 0.37 -0.37 8 - 025 -1.00 1i5
26 M 7l -087 -1.00 77 150 - --
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on-¢cyclo SRW-5000 by PC

Gender AgJ]N Fs

Non-cyclo RKS

Fe Axis Fs Fc Axis
1 F 711 -062 -0.87 173 -7 -1.25 174
i3 M 8] 037 -0.37 180 0.50 -1.00 6
35 F (1] -1.12 -0.12 26 075 -0.50 !
40 F 6 0.25 -1.00 178 1.00 -1.75 i
51 F 4 -0.25 170 0.75 -0.50 173

- 0.50

Appendix 8 Raw data
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Cycloplegic refraction

Cyclo SRW-5000 by SC (1)

o Appendix 8 Raw data

Subject No. Gender AEJ

Fs Fc Axis VA Fs Fe Axis
1 F. 5| 100 - - 0.0 0.75  -0.50 164
2 F 7] 10 - - 0.0 .00 -0.12 73
3 M 5 125 - - 0.0 0.87 -0.12 28
4 F 8 -250 -050 180 0. 287 -1.00 159
5 M 5| 175 -0.50 180 0 1.75  -037 174
6 F 7§ 125 - - 0.0 0.50 © -0.62 178
i M 8 050 -050 180 -0.1 025  -0.37 159
8 M 8| 325 - - 0 2325  -0.37 13
9 F 7] 125 -050 180 0.0 .00 -0.12 171
11 M 8l 050 - - 0.0 025  -0.25 3
12 F 8| -075 - - 00  -0.87 -0.37 92
13 F. 6] 275 -075 180 0.0 212 -0.37 170
14 M 8 -1.75 -050 120 00 212 -0.50 126
15 M 7025 - - 00 -250 -lLI12 17
16 F 4 1.00 -400 180 0.1 150 - -4.12 178
17 M 7] -100 -025 20 00  -1.12. -0.50 159
18 M 71125 - - 0 2125 -0.37 20
19 F. 4 050 - - 0.1 0.50 . -0.50 5
22 F 710 - - 0.0 .00 -0.12 171
23 M 5| L50 -050 950 0. 137 -0.62 127
24 ‘F  sf 100 - - 0.1 125  -0.50 166
25 F 8§ 150 -0.75 180 0.0 .00  -0.37 169
27 M 5| 125 -200 20 0.2 1.00. -1.87 11
28 M 7] -1.50 -1.00 175 0 2150 -1.12 180
29 F. 7| 000 -050 5 0.0 -0.12  -037 174
30 F 8 -1.00 -050 180 0.0 -lL25 0 -1.12 178
32 F 7] 075 - - 0.0 050 -0.62 158
34 M 51075 -~ - 0.1 075  -1.00 62
36 F 8f -300 -225 180 0.1 2362 -2.25 180
37 M 4| 1.00 -050 180 0.1 .00 -0.50 23
8 F 5| .00 - - 0.0 125 .-0.12 125
39 F 8| -1.00 -050 180 0.0 -137 037 171
41 - F 8-150 - - 0.0 22,00 -0.12 77
42 F 7§05 - - 0.1 025 :0.37 121
43 M 6 075 -050 180 00 1.60  -0.37 175
44 F 8 -150 - - 0.1 -1.62  -0.62 142
45 F 7] 475 -1.50 180 0.2 512 - -2.00 169
46 F 8| -325 -1.00 180 0.t 2300 -1.37 172
47 F 8§} -1.50 - - 00 -150 -0.25 49
48 M- 5( 100 -0.50 180 00 050 -1.00 176
49 M 5| -050 -250 10 0.0 012 -2.12 175
50 M 51 175 -0.50 90 0.0 200 -0.25 104
52 F 6| 075 - - 0.1 0.62  -0.37 153
53 F 8| -200 -025 (70 0! 2262 10

-0.50
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Appendix 8 Raw data

: Jl Cyclo SRW-5000 by SC (2)  Cyelo SRW-5000 by PC
~* Subject No. Gender Age| _Fs Fe__ Axis Fs Fc Axis
1 F 5| o075 -0.50 164 087 . -0.25 170
2 F 7| o087 -0.62 90 1.12 -0.75 83
3 M 5| 100 -0.50 42 1.00 -0.37 125
4 F & -250 -1.00 171 -3.12 -0.75 164
5 M 5| 175 -0.37 170 1.62 ~0.25 15
6 F 7| 062 -0.37 10 0.87 -0.50 8
7 M 8 025 -0.37 8 050 - -
8 M 8| -3.25 -0.50 142 -3.00 - -0.25 144
9 F 7 112 -0.25 168 1.25 -0.12 174
‘11 M 8| 062 -0.50 5 0.37 -0.25 164
12 F 8 -112 -0.12 82 062 -037 91
13 F 6| 237 -0.75 164 2.75 -0.75 180
14 M 8| -200 -0.25 100 -1.87 -0.12 102
15 M 7| -275 -0.62 14 -3.00 -0.50 37
16 F 4| 150 -4.00 174 1.75 -4.25 173
17 M 7H -1.25 -0.37 143 -1.50 025 . 140
18 M 7] -125 -0.50 22 -1.37 -0.25 17
19 F 4| 037 -0.75 153 0.37 -- -
2 F 7| L2 -0.12 178 12 -0.37 144
23 M 5| LI2 062 110 1.37 -0.87 99
24 F 5| 137 -0.25 157 1.37 -0.25 9
25 F 8| 112 -0.12 156 1.25 -0.50 21
27 M 5 087 -2.25 12° 075 -1.87 11
28 M 7] -162 -1.00 175 -1.87  -1.00 176
29 F 7| -012 -0.50 170 012 -0.50 157
30 F 8| -162 -0.75 12 -1.00 -1.00 174
32 F 7| o062 -0.75 2 0.50 -0.62 15
34 M 5% 075 -0.87 81 .00 . -0.50 153
36 F 8 -387 -1.50. 5 -3.87. -1.50 175
37 M 4f 100  -062 169 1.12 -0.37 1
38 F 5| 137 -0.37 110 1.25 - -
39 CF 8| -1.25 -0.37 14 -1.37 - - -
41 F 8| -175 0.12 153. - -2.00. - -037 154
.42 F 7| 037 @ -037 94 0.25 -0.25 110
43 M 6| 087 -0.75 147 . 0.87 037 177
44 F 8| =150 -0.75 140 -1.50 037 - 141
45 F 7| 475 -1.62 169 450 -1.75 180
46 F 8| -275 -1.37 172 -3.00 -1.25 177
47 F 8§ -137 -0.50 179 -1.50 -0.37 167
48 M 5| 087 -1.25 162 0.87 . -1.87 160
49 M 5| -012 2225 176 0.25 2,75 176
50 - M §| 175 -0.37 99 2.12 062 - 94
52 F 6| 050 -0.37 8 0.50 -0.25 149
53 F 8| -250 -0.62 160 .2.37 -0.12 168
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7 el Cyclo RKS
Subject No. Gender Ag: Fs Fe Axis
1 F 5| 08 -025 170
2 F 7| w12 -07s 83
3 M 5| 100 -037 125
4 F 8 -312  -075 164
5 M 5[ 162 -025 15
6 F 7| o087 -050 8
7 M 8| 050 - --
.8 M 8| -300 -025 144
9 F 7§ 125 -0.12 174
11 M 8| 037 -025 164
12 F 8] -062  -037 91
13 F 6/ 275 -0.75 180
14 M 8| -1.87 -012 102
15 M 7| -3.00 -050 37
16 F 4| 1715 425 173
17 M 7| -1.50 -025 140
18 M 7| -137  -0325 17
19 F 4| 037 - -
22 F 7| 112 -037 144
23 M 5] 137 -087 99
24 F s 137 -02s 9
25 F 8| 125 -050 21
27 M 5| 075 -1.87 il
28 M 7 -1.87 -1.00 176
29 F 7| -012  -0.50 157
30 F 8| -100 ~ -L00 174
32 F 7% 050 .-062 15
34 M 5l 100 -050 153
36 F 8| -387 -150 175
37 M 4| 112 .037 1
k}] F - 5| t2s - -
39 F 8| -137 - -
41 F 8| 200 -037 154
42 F 7| 025 -025 10
43 M 6| 087 -037 177
44 . F 8| -1.50 .037 141
- 45 F 7| 450 - -1.75 180
46 F 8| -300 -125 177
47 F 8 -150 -037 167
48 M 5| o087 -1.87 160
49 M s 025 -275 176
50 M s 212 -062 94
52 F 6| os0 -025 149
F 8| -237 -012 168

h
W

Appendix 8 Raw data
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A8.2 Data collected in Study 2

Subject No. Rx gp Age|

Subject refraction

Fs Fe AXis SE
1~ M 8 -3.00 -225 180 -4.13
2 M 8 325 -1.00 180 -3.75
3 M 8| -300 . -0.50 180 -3.25
4 M. 81| -325  0.00 0 -3.25
5 "M 7 -250  0.00 0 -2.50
6 M 71l -250 000 0 -2.50
7 M- 8| -150 .-2.00 170 -2.50
8 "M 7| -250 0.0 0 -2.50
9 M 7] -200 -1.00 180 -2.50
10 M 8| -200 000 0 -2.00
11 M 81| -1.50 -0.50 120 -1.75
12 M 5| -050 -2.50 10 175
13 M 6| -1.50 000 0 -1.50
14 M 4| 000 -3.00 180 -1.50
15° - M 8f -1.50 000 0 -1.50
16 M 8| -i.50 0.0 0 -1.50
17 M 7| -125 0.00 0 -1.25
18 M 8] -100 -0.50 180 - -1.25
19 M 7| -1.00 000 - 0 -1.00
20 M 5§ -075  -0.50 170 -1.00
21 M- 81 -075  0.00 0 -0.75
22 M 7| -050 -0.50 180 -0.75
23 M 7| -050 . -0.50 10- -0.75
24 M 6| -275 000 0 -0.75
25 E 5| o000 -050 90 -0.25
26 E 8| -025 000 0. -025
27 E 7| 0715 -175 180 -0.13
28 E 8| 000 0.00 0 0.00
29 E 8[| 000 . 0.00 0 0.00
30 E 5| 000 000 0 0.00
31 E 5| o000 0.00 0 0.00
32 E 7| 000 0.00 0 0.00
33 E 7| 05  -050 180 0.25
34 E 4| 025 0.00 0 0.25
35 E 5| o025 0.00 0 0.25
36 E 7§ 125  -200 20 0.25
37 - E 6 025 000 0 0.25
kY E 6| L00  -150 170 0.25
39 E 7| 025 0.00 0 0.25
40 E 5| 050 - -050 180 0.25 -
41 E 6] 025 000 0 0.25
42 E 5| o5 -025 90 0.38
43 . H 5| 050 0.00 0 - 0.50
44 H 6| o050 0.00 0 0.50
45 H 7| o050 0.00 0 . 050
46 H 710 050 0.00 0 0.50
47 H 8] 075 0.50 . 0 0.50
48 "H 71 050 0.00 0 0.50
49 H 5| 050 0.00 0 0.50
50. H 6| 050 000 0 0.50
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Subject refraction

Subject No. Rx gp Age| Fs Fc Axis SE
51 H 35 0.75 0.00 - 0 0.75
52 H 4 0.75 0.00 0 0.75
53 . H 5 1.00 0.00 0 1.00
54 H 5§ 1.00 0.00 0 1.00
55 H 4 1.25 0.00 0 1.25
56 H 5| L5 -0.50 90 1.25

Appendix 8 Raw data

196



Appendix 8 R_aw data

SRW-5000 autorefr_actidn by SC

0.50

0.4992 -

Subject No. Rx gp Ageff  Fs Fe Axis SE h; h, h,

' r . M 8 f -400 -1.87 174 -4.94 40204 -0.2749  -5.8496
2 M 8| :3.00 -1.00 158 350 -3.1403  -0.4912  -3.8597
3 "M 8| -287 -0.87 157 -331 -3.0028 -0.4425 36072

.4 M 8. -362 -062 160 -3.93 © -3.6925 -0.2818  -4.1675 _
5 M- 7| 275 -0.62 92 -3.06 233692 -0.0306  -2.7508 -
6 M 7] -3.00 -037 141 319 -3.1465 --0.2559  -3.2235
7 M 8 -1.87  -162 166 268 -1.9648 -0.5378  -3.3952
8 M 7. -287  -087 7 331 -2.8829 0.1488°  -3.7271
9 M 7§ -200 -0.87 173 2244 20120 -0.1488  -2.8571
10 M 8| 237  -037 173 22,56 .-2.3755  -0.0633  -2.7345
11 "M 8] -1.75  -0.87 98 22,19 -2.6031  -0.1696  -1.7669
12 .M 5| 075 -2.00 7 2175 -0.7797 03421 -2.7203
13 M 6| -212  -037 86 -2.31 . -2.4882 00364  -2.1218
14 M- 4| 037. -462 175 -1.94 - 03349, -0.5673  -4.2149
15 M 8| -200 -0.50 1 225 -20002  0.0123  -2.4998
16 M 8| -1.50. -0.50 51 -1.75 -1.8020  0.3458  -1.6980
17 M- 7 -137 -037 16 ©  -1.56 .-1.3981 0.1386 -1.7119
18 M 8| -1L75 050 166 = -2.00 -1.7793 -0.1660 --2.2207
19 M 7 -087 075 110 125 -1.5323  -0.3409 - -0.9577
20 M 5| -125 -062 175 -1.56  -1.2547 -0.0761 -1.8653

21 M 81 -L12 - - . -1.12  -1.1200 0.0000 . -1.1200

C22 M 7] -l100 - -1.00 :-1.0000  0.0000  -1.0000
23 M 7% 075 -0.75 180 -113 - -0.7500 - 0.0000  -1.5000
24 M 6 -1.75 -037 176 -1.94  -1.7518 -0.0364  -2.1182
25 E 5| 000 -0.62 83 -0.31  -0.6108 0.1061  -0.0092
26 E 8| -062 -037 169 -0.81  -0.6335 -D.0980 -0.9765
27 E 7| 037 -1.62 2 -0.44 03680  0.0799  -1.2480
28 E 8| 037 -0.37 53 0.19  0.1340 02515  0.2360
29 E 8| 012 - - 0.12 . 0.1200 0.0000  0.1200 .
30 E 5| o0s0 -0.62 115 0.19  --0.0093 -0.3358  0.3893
31 E 5| 050 -0.37 142 . 032 03598  -0.2539  0.2702
12 E 7] o050 -0.62 5 0.19 =~ 0.4953 0.0761  -0.1153
33 E 71§ 037 -0.62 169 0.06 03474 -0.1642 -0.2274
34 CE - 4] 02 -0.50 25 0.00 - 0.1607 02708  -0.1607
35 E 5] 012 -0.12 145 0.06  0.0805 -0.0797  0.0395
36 E 7] 08  -187 8 -0.07 08338 03645 . -0.9638
37 E 6} 012 -0.37 3 - -0.07  0.1190  0.0273  -0.2490
k¥ E 6] 025 -1.25 179 -0.38. 02496 -0.0308 -0.999
39 E 7| 025 -0.12 113 0.19.  0.1483  -0.0610 02317
40 E 5| 025 -0.50 180 . 0.00 02500 0.0000 -0.2500
41 E 6| 000 -0.25 36 . -0.13 -0.0864 0.1681 -0.1636
42 E 5| 075 -0.87 117 0.32 00593 04977  0.5707

43 H 5| o082 -0.37 1 0.44 - 06199  0.0091  0.2501
44 H 6| 037 -0.50 9 0.12 ~ 03578 0.1093 -0.1178
45 H 7| 012 -0.37 143 .0.07  -0.0140 -0.2515 -0.1160
46 H 7| 075 -0.25 171 0.63  0.7439  -0.0546  0.5061
47 H 8§ 037 -0.37 169 0.19 03565 -0.0980 0.0135
48 H 71 050 0.12 160 0.44 04860 -0.0545  0.3940
49 H 5| 037 -0.25 108 025  0.1439  -0.1039  0.3461
50 H 6 -0.62 178 0.19 -0.0306  -0.1192

197.



Appendix 8 Raw data

_ SRW-5000 autorefraction by SC
Subject No. Rx gp Age| Fs Fe  Axis SE h, h, h,
51 - H 5| 025 -050 20 0.00 0.1915 0.2273 -0.1915
52 H- 4| 050 -025 178 038 0.4997 -0.0123 0.2503
.53 H 5| 075 -062 64 0.44 0.2491 " 0.3455 0.6309
54 H 51{ 100. -037 3 0.82 0.5990 0.0273 0.6310
55 H 4 062 -062 176 0.31 0.6170 -0.0610 0.0030
56 H 5§ 10 -1.00 89 0.50 0.0003 0.0247 0.9997
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Dark autorefraction (1)

Appendix 8 Raw data

Subject No. Rxgp Age| Fs Fc Axis SE h, h, hy
1 M. 8| -450 137 1 -5.19 -4.5004  0.0338  -5.8696
2 M 84 -487 -1.50 176 -562 -48773  -0.1476 - -6.3627
3 M B f -425 -087 164 -4.69  -43161 03260 . -5.0539
4 M -8l -400 -062 13 431 | -4.0314 0.1922  -4.58386
5 M 7 -337 -062. 101 -3.68  -3.9674 -0.1642  -3.3926
6 M 7 -312 -0.75 134 -3.50  -3.5081 -0.5300  -3.4819
7 M 8| 225 -l1.62 176 -3.06 ~ -2.2579 --0.1594  -3.3621
8 M 7| -387 -137 2 -4.56  -38717 0.0676  -5.2383
9 M 7 -237  -1.00 176 -2.87  -23749 -0.0984  -3.3651
10 M 8| -237 -037 145 =256 -24917  -0.2459  -26183
11 M 8| -212 -062 112 -2.43 -2.6530 -0.3045  -2.2070
12 M 5 -1.50  -2.12 5 -2.56 -1.5161 0.2603. = -3.6039
13 M 6 -2.25 -0.75 71 -2.63 -2.9205 0.3265 -2.3295
14 M 4] -050 -462 176 -2.81 . -0.5225 -04547  -5.0975
15 M 8 -2.12 -0.37 155 -2.31 -2.1861  -0.2004  -2.4239
16 M 8 -225 -025 173 2238 - 22537 -0.0428 -2.4963
17 M 7 -1.62 -025 162 -1L75 0 -1.6439  -0.1039  -1.8461
18 M 8| -1.87 -0.62 180 -2.18  -1.8700  0.0000  -2.4900
19 M 7| -1.50 -0.37 103 -169 = -1.8513 -0.1147 -1.5187
20 ‘M 5 -1.62 -0.87 162 -2.06 -1.7031 03616 -2.4069
21 M 8| -162 -0.25 81 -1.75 -1.8639  0.0546  -1.6261
22 M 7 -1.75 -0.25 72 -1.88 -1.9761 0.1039 -1.7739
23 M 7 -1.62 -0.62 49 -1.93 -1.9731  0.434] -1.8869
24 M 6 -2 -0.62 171 . =231 -2.0152  -0.1355 -2.6048
25 E 5| -025 -05 103 -0.50  -0.7247  -0.1550 -0.2753
26 E g -2.25 -0.87 170 -2.69 -2.2762  -0.2104  -3.0938
27 E 7| -t62 -0.12 126 -1.68  -1.6985 -0.0807 -1.6615
28 . E 8 -0.37 -0.37 iz -0.56  -0.4739 0.2352 -0.6361
2% E & | -025 -037 126 -0.44 - -0.4922 -0.2488 -0.3778
30 E - 5| -1.25 -237 109 -244 33688 -1.0318 -1.5012
31 E 5| -050 -037 6 -0.69  -0.5040 0.0544  -0.8660
32 E- 7 0.00 -0.50 170 -0.25. -0.0151 -0.1209  -0.4849
33 E 7 0.00 -0.62 160 -0.31 -0.0725 -0.2818  -0.5475
34 E 49§ -1.75 -0.50 119 -2.00  -2.1325  -0.2998  -1.8675
35 E 5 -0.50 -0.75 93 -0.88 -1.2479  -0.0554 ~-0.5021
36 E 7 -1.00  -2.00 17 -2.00 -1.1710  0.7908 -2.8290
37 E . 6 -1.5 -1.12 67 . -2.06 -2.4490 0.5697 -1.6710
38 E 6 -1.25 -0.75 10 -1.63  --1.2726 0.1814  -1.9774
39 E 7| -012 -0.50 119 -0.37  -0.5025 -0.2998  -0.2375
40 E 5 -1.00 © -0.62 10 131 -1.0187  0.1499 -1.6013
41 B 6| -037 -0.62 5 -0.68  -03747 0.0761  -0.9853
42 E 5| -05 -1.00 125 -1.00 - -1.1710  -0.6645  -0.8290
43 'H 5 -025 -0.50 12 -0.50 -0.2716  0.1438 -0.7284
44 H 6 -1.12 -0.5 171 -1.37 -1.1322  -0.1093 -1.6078
45 H 7 -0.25 -0.37 176 -0.44 -0.2518 -0.0364 -0.6182
46 H 7] -050 -037 5 065  -0.5028 0.0454 . -0.8672
47 H 8] -300 -0.87 103 -3.44 238260 -0.2697  -3.0440
48 H 7 -1.12 -0.37 144 -1.31 . -1.2478  -0.2488  -1.3622
49 H 5 -1 -0.37 100 -1.19  -1.3588 -0.0895 -1.0112
50 H 6| -1.37 -0.62 179 -1.68  -1.3702 -0.0153  -1.9898
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Dark autoréfraction (1)

Appendix 8 Raw data

Subject No. Rx gp Age Fs Fc¢ Axis SE - h, h, h,
51 H 5 -050 -0.37 20 -0.69 -0.5433  0.1682  -0.8267
52 H 4| -050. -062 13 -0.81 -0.5314 01922 -1.0886
53 H 5] -012 -0.5 34 -0.37  -02763 - 03278  -0.4637
54 H 5 075  -0.62 k! 0.44 0.7483  0.0458 0.1317
55 H 4 025 -0.62° 178 -0.06 0.2492 -0.0306 -0.3692
56 H 54§ 025 -0.50 99 0.00 -0.2378  -0.1093  0.2378
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Appendix 8 Raw data

Dark autorefraction (2)
Subject No. Rx gp Age| Fs Fc Axis SE - by h, hy

1 M 8| -412 -1.50 178 487  -4.1218 -0.0740 -5.6182

o2 M 8 -487 -1.12 168 -5.43 -4.9184 -0.3221 -5.9416
3 M 8| -350 -125 179 -4.13 -3.5004  -0.0308  -4.7496
4 M "8 -475 . -0.75 175 -5.13 -4.7557  -0.0921 -5.4943
5 M 7] -325 <062 110 -3.56 -3.7975  -0.2818  -3.3225
6 M 7§ -3.00 -0.62 148 -3.31 -3.1741  -0.3940  -3.4459
7 M 8 -237 -162 170 -3.18  -2.4188 -0.3918  -3.9412
‘8 M 7| -387 312 14 -5.43 40526 1.0357  -6.8074
9. M T || <250 -0.75 174 -2.88 - -2.5082 -0.1103 -3.2418
10 M 8 -275 -037 142 -294  -2.8%02 -0.2539 . -2.9798
11 M 8| -225 -0.62 126 -2.56  -2.6558 -0.4169  -2.4642
12 M 35 -0.62 -2.37 2 -1.81 -0.6229  0.1169  -2.9871
13 M 6. .-212 .075 57 -2.50 -2.6475 04845  -2.3425
14 M 4] -050 -512 178 -3.06 -0.5062 -0.2525 -5.6138
15 M 8| -225 -037 72 -244 . -25847  0.1538  -2.2853
16 M- 8| -250 -037 129 2269 27235 -0.2559  -2.6465
17- M 7 -le62 -050 8 -1.87  -1.6297 0.0975  -2.1103
18 M 8 -212 -075 4 -2.50 - -2.1236  0.0738  -2.8664
19 M 7 -212 037 17 -2.31  -21516  0.1463  -2.4584
20 M 5] <162 .062 171 -1.93  -1.6352 -0.1355  -2.2248
21 M B -1.62 -037 135 -1.81 ° -1.8050 -0.2616  -1.8050
22. M 7] -t12 -037 125 . -1.31 -1.3683 - -0.2459  -1.2417°
23 M 7 =212 -087 49 -2.56 ° -2.6155 0.6092  -2.4945
24 M 6 -2 -0.5 163 -2.25 0 -2.0427  -0.1977  -2.4573
25 .E 5 -0.12 -0.75 92 -0.50 -0.8651 -0.0370  -0.1209
26 E 8| -2.75 -0.5 29 23,00 -2.8675  0.2998  -3.1325
27 E 74 -1.62 -037 75 -1.81 -1.5652  0.1308  -1.6448
28 E 8] -025 -0.62 32 -0.56  -0.4241 03940  -0.6959
29 E 8 -025 -037 174 =044 -0.2540  -0.0544  -0.6160
30 E 5 -1.25 -1.62 94 -2.06  -2.8621 -0.1594  -1.2579
31 E 5 -062 -0.50 13 -0.87  -0.6453  0.1550  -1.0947
32 E 74 -037 -075 2 -0.75 -0.3709  0.0370  -1.1191
33 E 7 -0.50 -0.50 161 -0.75 -0.5530  -02177  -0.9470
34 E 41 -l162 -137 174 2.3 -1.6350  -0.2014 29750
35 E 5 -0.50  -0.50 101 -0.75 -0.9818  -0.1324  -0.5182
36 E 7 -1.50 -187 15 -2.44  -1.6253  0.6611 -3.2447
37 E 6 { -075° -0.62 72 -1.06  -1.3108 02577  -0.8092
38 E 6 i --1.37 - -0.75 175 -1.75 -1.3757  -0.0921 -2.1143
39 E 714 -087. -025 99 - 100  -1.1139 -0.0546 -0.8761
40 E 51 -112 -0.350 19 -137  -11730 02177 -1.5670
41 - E 6 || -0.50. -0.62 163 -0.81 -0.5530 -0.2452  -1.0670
42 E 51 -062 -0.87 120 -1.06  -1.2725 -0.5328  -0.8375
43 H 5( -012 -0.50 10 -0.37  -0.1351  0.1209  -0.6049
44 H 6| -1.37 -037 34 -1.56  -1.4857 02426  -1.6243
45 H 7| -062 ° -037 4 -0.81 -0.62i8  0.0364  -0.9882
45 H 7| -062 -025 156 -0.75 -0.6614 -0.1314  -0.8286
47 H 8| -325 -062 109 2356 -3.8043 -0.2699  -3.3157
48 H 71 -162 -062 105 -1.93 -2.1985 -02192 -1.6615
49 H 5 -125 -050 67 -1.50  -1.6737 (.2543  -1.3263
50 H 6 -162 -075 174 -2.00  -1.6282 -0.1103  -2.3618
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_ Subject No

Rx gp Age

Dark autorefraction (2)

Appendix 8 Raw data

. Fs  Fc_  Axis SE h, h, __hy
51 - H 51 -050 -037 60 069 -0.7775 0.2266 . -0.5925
52 H 44 -062 -075 173 -1.00 -0.6311 -0.1283  -1.3589
53 H 5| -037 -05 88 -0.62  -0.8654 00247 -0.3706
54 H .5 037 -05 163 0.12 03273 -0.1977  -0.0873
55 “H - 4| -025- -062 6 -0.56  «D.2568  0.0911  -0.83632
56 H 5 087 111 -0.44  -0.7583 -04116 -0.1117

- 0.00
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TA ‘
Subject No. Rx gp Age|l SE b, b, h,

1 M 8| -0.07 01014 -0.2009 -0.2314
2 M 8 193 1.7781  -0.1691  2.0819
3 M 8 082 04976  -0.4117  1.1424
4 M 8 120 1.0632  -0.1897  1.3268
5 M 7{ 050 04282 02512 05718
6 M 7 013 0.0276  0.1381  0.2224
7 M 8| 050 04540 -0.1460  0.5460
8 M 71 213 1.1697 -0.8869  3.0803
9 M 7| 044 04953 -0.038 03847
10 M 8| 038 05147 01906  0.2453
11 M 8| 038 0.0526 02474  0.6974
12 M 5 0.06  -0.1568 02252  0.2668
13 M 6] 019 0.1593  -0.4481  0.2207
14 M 4 1.12 0.8411  -0.3147 13989
15 M 8| 0.9 0.5845  -0.1414  -0.2145
16 M 8| o094 0.9215 06017  0.9485
17 M 7 032 0.2316  0.0412  0.3984
18 M 8| 050 0.3444  -0.2398  0.6456
19 M 7 1.06 0.6194 -0.4872  1.5006
20 "M 5 || 037 03805 00593  0.3595
21 M 8| 069 06850 02616 06850
22 M 7| 031 03683  0.2459  0.2417
23 M 7 143 1.8655  -0.6092  0.9945
24 M 6 032 02909 01613  0.339]
25 E 5| 019 02583 01431 0.1117
26 E 8§ 220 22340 -0.3978  2.1560
27 E 7 1.37 23332 -0.0509  0.3968
28 E 8| 075 0.5581 -0.1425  0.9319
29 E 8| o056 03740  0.0544  0.7360
30 E 5| 225 28529 -0.1764  1.6471
31 E 5 1.19 1.0051  -0.4088 - 1.3649
32 E 7| 094 08662 00391  1.0038°
33 E 7 os 0.5004  0.0534 07196
34 E 4 23 1.7957 04722  2.8143
35 E 5[ osi 1.0623  0.0527  0.5577
36 E 7| 237 2450 -02967 22810
37 E 6 100 1.4208  -0.2303  0.5602
38 E 6| 137 16253 - 0.0612  1.1147
39 E 7] 119 1.2622  -0.0064  1.1078
40 E 5 1.37 1.4230  -0.2177 13170
41 E 6 069 04666 04133  0.9034
42 E 5 1.37 1.3318  0.0351  1.4082
43 H 5] 081 0.7550  -0.1118  0.8550
44 H 6 1.68 1.8435  -0.1333  1.5065
45 H 7| 074 06078 -02879 08722
46 E 70 137 1.4052  0.0767  1.3348
47 H 8| 375 41608 01719 = 3.3292-
48 H 71 237 2.6844  0.1647  2.0556
49 H. 5 1.75 1.8175  -0.3582  1.6725
50 H 6] 219 2.1274 00797  2.2426

Appendix 8 Raw data
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TA
Subject No. Rx gp AgJ’ SE hy h, h,

51 H 5 069 0969 0.0007 0.4010
52 H 473 137 11308 0.1160 1.6092
53 H 5| 106 1.1185 0.3208 1.0015
54 H 5| 070 06717 0.2251 0.7183
55 H 4} 087 08738 -0.1522 0.8662
56 H 5] 0%

0.7586

04363 1.1114

Appendix 8 Raw data
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J] Repeatability
Subject No. Rx gp Apgel SE hy h, h, VDD
1 M 8| -032 -0.378 0.1078 -0.2514 0.47
2 ‘M 8| -0.19 00411 0.1745 -0.4211 0.46
3 M 8| -0.56 -0.8157 -0.2952 -0.3043 0.92
4 M 8| 0.82 07243 02843 09057 1.19
5 M 71 -012 -0.1700 0.1176 -0.0700 0.22
6 M 7 -0.19 -0.3340 -0.1360 -0.0360 0.36
7 M 8| 012 0.1610 02324 0.0790 0.29
8 M 7] 088 01809 -0.9682 1.5691  1.85
9 M 7| 000 0.1333 00119 -0.1233 (.18
10 M 8] -038 03985 00080 03615 0.54
11 M 8§ 013 00028 01124 02572 0.28
12 M 51 -076 -0.8932 0.1434 -0.6168 1.09
13 M 6| -013 -0.2730 -0:1580 0.0130 032
14 M 4| 025 -0.0162 02021 05162 0.55
15 M 8| 013 0398 -0.3542 -0.138 0.55
16 M 8| 03t 04698 02131 0.1502  0.54
17 M 7[ 013 -0.0142 -0.2014 02642  0.33
18 M 8| 032 02536 -0.0738 03764 046
19 M 7| 062 03004 -0.2610 09396  1.02
20 M 5| -0.13 -0.0679 -0.2261 -0.1821 0.30 .
21 M 8| 006 -0.0589 03163 0.1789 037
22 M 7| -057 -0.6079 03498 -0.5321 0.8
23 M 7 063 06424 -0.1751 0.6076 0.90 .
24 M 6| -0.06 00276 00622 -0.1476 - 0.16
25 E 5| -001 01444 .0.1180 -0.1544 (.24
26 E 8| 032 05913 -05102 0.0387 078
27 E 7 013 02667 -02115 -0.0167 0.34
28 E 8§ 001 -0.0498 -0.1589 0.0598 0.18
29 E 8 000 -0.238t -0.1944 0.2381  0.39
30 E 5| -038 -0.5067 -0.8723 -0.2433 1.04
3 E 5| 019 01413 -0.1006 02287 0.29
32 E 7| 050 03558 -0.1579 0.6342 0.74
33 E 7| 044 04805 -0.0641 03995 0.63
34 E 4| 031 -04975 -0.0984 11075 1.22
35 E 5| -0.13 -0.2661 0.0770 0.0161. (.28
36 E 710 044 04543 0.1297 04157 0.63
37 E 6 -1.00 -1.1382 0.3120 -0.8618 1.46
38 E 6 012 01031 02735 0.1369 (.32
39 E 7| 063 06114 .0.2452 0.638 = 0.92
40 E 5| 006 0.1543 .0.0677 -0.0343 0.17
41 E 6 013 0178 03213 00817 - 0.38
42 E 5| 005 01015 -0.1317 00085 0.17°
43 H 5| -013 -0.1365 0.0229 -0.1235 0.19
44 H 6 019 03535 -0.3518 0.0165 0.50
45 H 7] 037 03700 -0.0728 03700 0.53
46 H 7| 006 01585 0.1768 -0.0385 0.24
47 H 8| 013 -0.0217 0.0002 02717 0.27
48 H 71 063 -1.62 09506 -0.0296 0.2994
49 H 5] 032 -134 03148 -0.3438 0.3152
50 H 6] 032 -1.84 0.0950 0.3720

0.2580

Appendix 8 Raw data
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Repeatability
Subject No. Rx gp Agel SE h, h, hy vDD
51 H 5] 000 02342 -0.0584 -0.2342 (.34
52 H 4] 019 00998 03205 02702 0.43
53 H 5| 025 05930 03031 -0.0930 0.67
54 H 5| 032 04210 02435 0.2190 0.53
55 H 4| 050 0.5060 -0.1217 04940 0.72
56 H 5| 044 035205 03024 03495 0.70

Appendix 8 Raw data
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A8.3 Data collected in Study 3

Appendix 8 Raw data

S Pupil Diameter Subjective Rx
Subject No. Gender Age Rx gp] AD AN B Fs Fc Axis SE
1 F 8 M | 567 500 333 325 -L00 170 375
2 F 8 M | 667 58 400 -225 -050 165 -250
3 M 8 M | 467 300 217 -250 000 0 -2.50
4 F 8 M {517 467 300 -1.00 -1.00 S5  -150
5 F 7 M| 58 550 400 -100 -050 180 -1.25
6 F 6 M| 58 3500 417 075 -050 170 -1.00
7 F 8 M| 667 500 333 030 -050 170 -0.75
8 F 8 M| 717 58 467 -025 050 170 -0.50
9 M 8 B | 58 533 38 -025 000 0 -0.25
10 M 6 E | 717 583 450 000 -0.50 90 -0.25
i1 M 6 E | 583 467 383 025 -050 175 0.00
12 F 7 E 667 533 417 050 -075 180 0.3
13 - F 6 E 5.83 4.67 3.33 025 -0.25 180 0.13
14 M 5 E 550 500 450 050 -050 180 025
15 F 6 E | 667 58 500 025 000 0 0.25
16 F 7 E 7.17 6.67 5.33 0.25 .00 0.25
17 M 7 E 4.67 4.67 3.83 0.50 -025 S 0.38
18 M ‘&8 E | 700 58 38} 050 -025 15 0.38
19 M 8 E | 667 500 333 050 -025 30 0.38
20 F 8 E |58 467 38 050 -025 10 038
21 F 7 H |55 500 300 05 000 0 0.50
2 F 8 H | 633 583 467 050 000 0 0.50
23 F 6 H {633 500 350 050 0400 0 0.50
24 F 7 H {58 500 400 100 -075 170 063
25 F 5 H 7.17 5.83 3.83 075 -0.25 170 0.63
26 M 6 . H | 633 500 467 100 -050 110 075
27 F 6 Y| 700 633 417 075 000 0 0.75
28 F S5 H | 700 500 417 075 0.00 0 0.75
29 M 6 H | 633 550 350 100 -025 180 0.88
30 M 5 H 7.00 5.83 4.67 1.00 " 0.00 0 1.00
31 F 4 H | 667 633 483 125 .0.00 0 1.25
32 F 8 H |63 550 350 130 000 0 1.50
33 F. 6 H | 667 533 ‘417 250 -1.00 10 200
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Appendix 8 Raw data

N . Autorefraction

Subject No. Gender Age Rxgp{ Fs Fe Axis SE h, h, h,
1 F 8 M | 317  -1.34 16% -3.85 -3.2232 -0.3561 -4.4688
2 F 8 M || -256 -0.35 -14 =273 -2.5778 -0.1160 -2.8892
3 M 3 M | -2.80 037 99 -1.08 -3.2501 -0.0782 -2.9009
4 F 8§ M || -166 -0.73 6 -2.04 -1.6699% 0.1025 -2.4081
3 F. 7 M | -L71 036 -7 -1.89  -1.7126 -0.0608 -2.0649
6 F 6 M (| -1.25 067 169 -1.58  -1.2752 -0.1795 -1.8908
7 F 8 M | -056 -0.64 166 -0.88 -0.5959 -0.211t -1.1581
8 F § M | -066 -0.33 165 -092 -0.6928 -0.1870¢ -1.1515
9 -M 8 E -0.74 023 -18 -0.86 -0.7655 -0.0934 -0.9515
10 M 6 E -0.01  -0.46 80 -0.24  -0.4594 0.1102 -0.0236
11 M 6 E 0.28 -0.54 -19 0.01 - 02272 -0.2340 -0.2052
12 F' 7 E 035 074 -3 -0.02 03511 -0.0497 -0.3836
13 F 6 E 0.54 -0.36 2 036 05378 0.0162 0.1788
14 M 5 E 022 -0.35 12 0.04 02042 0.0972 -0.1162
15 F 6 E -1.25  -0.67 169 -1.58 -1.2752 -0.1795 -1.8908
16 F 7 E 0.14  -0.49 170 -0.11 0.1263 -0.1142 -0.3383
17 M 7 E 0.34  -0.59 0 -0.04 03379 0.0069 -0.2529
18 M 8 E 0.08  -0.39 175 -0.12  0.0744 -0.0464 -0.3134
19 M 8 E -0.06  -0.20 2 - -0.16 -0.0623 0.0120 -0.2587
20 F 8§ E 0.28  -0.22 26 017  0.238% 0.1239 0.1011
21 F 7 H g 029 -033 8 _0.13  0.2873 0.0659 -0.0263
22 F 8 H 0.38 0.3 -1 031 03779 -0.0026 0.2461
23 " F 6 H 0.42  -0.29 60 0.27 0.1985 0.1784 0.3475
24 F 7 H 0.79 070 170 044 0.7728 -0.1692 0.1112
25 F 5 H 0.54 -0.30 -25 0.39  0.4856 -0.1633 0.2874
26 M 6 H 122 -0.80 117~ 0.82 05780 -0.4512 1.0560
27 F ¢ H 066 -0.22 7 0.55° 0.6578 0.0375 0.4484
28 F 5 H 0.50 -0.48 86 0.26 00278 0.0504 0.4982

‘ 29 M 6 H | 040 -008. -68 0.36 03322 -0.0403 0.3928
30 M. 5 H 093  -0.12 2 087 09265 0.0066 0.8085
31 F 4 H 052 055 2 - 024 05148 0.0275 -0.0340
3 F § H 038  -0.16 -9 030 03777 -0.0359 0.2223
33 F 6 H 1.58  -0.84 17 1.16  1.5086 03326 0.3L14
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Appendix 8 Raw data

Over Rx . )

Subject No. Gender Age Rxgpll Fs Fe Axis SE h, h, h,
1 F 8 M -0.08 -0.31 148 -0.24 -0.1689 -0.2006 -0.3051
-2 F 8 M -0.55  -0.21 97 -0.65 -0.7575 -0.0359 -0.5525
3 M 8 M -0.22 -046 135 -0.45 -0.3023 -0.2489 -0.6027
4 F -8 M -0.32 0.2 96 -0.43  -0.5273 -0.0301 -0.3267
5 F 7 M -0.26  -0.31 135 -0.41 -0.4128 -0.2170 -0.4139
6 F 6 M -0.29 046 150 -0.52  -0.4062 -0.2829 -0.6368
7 F 8 M -0.10  -0.10 1 -0.15  -0.1007 0.0026 -0.2053
8 . F 8 M -0.48  -0.05 15 -0.50 -0.4797 0.0193 -0.5253
9 -M 8 E -0.23  -0.25 167 -0.35 -0.2399 -0.0785 -0.4634
10 M 6 E -0.43 -0.27 50 -0.56 -0.5880 0.1898 -0.5380
DY M 6 E 0.04 -0.67 165 -0.29  -0.0011 -0.2376 -0.5749
12 F .7 E | -05 -006 158 -0.59 -0.5725 -0.0306 -0.6175
13 F 6 -E -0.15  -0.21 1 -0.26 -0.1509 0.0050 -0.3602
14 M 5 E -0.29 -0.46 150 -0.52  -0.4062 -0.2829 -0.6368
15 - F 6 E 0,12 -0.47 174 -0.36  -0.1274 -0.0654 -0.5866
16 F 7 E 0.10 -0.24 177 -0.02  0.0954 -0.0177 -0.1434
17 M 7 E -0.07  -0.30 145 - -0.22 -0.1680 -0.2000 -0.2670
18 M 8 E 0.03 -0.03 4 0.01 0.0274 0.0032 -0.0024
19 M 8 E 0.07 -0.04 58 0.05 0.0389 0.0255 0.0571
20 F 8 E -0.29  -0.20 177 -0.3% -0.2925 -0.0126 -0.4958
21 F 7 H -0.28  -0.28 180 -0.42 -0.2782 0.0000 -0.5629
22 F 8§ H -0.07  -0.17 168  -0.15 -0.0760 -0.0430 -0.2300
23 F 6 H -0.32  -0.07 76 -0.35 -0.3828  0.0224 -0.3242
24 F 7 H 0.40 -0.31 175 0.24 03979 -0.0348 0.0871
25 F 5 H -0.01 -0.26 157 -0.14 -0.0486 -0.1351 -0.2303
26 M 6 H -0.25  -0.20 116 -0.35 -0.4061 -0.1122 -0.2850
27 F 6 H 0.16 -0.32 7 0.01.  0.1599 0.0526 -0.1465
28 F 5 H 0.26 -0.05 51 0.23 0.2285 (.0334 0.2378
29 M 6 H 015 -048 113 -0.39  -0.5581 -0.2427 -(.2229
30 M 5 H 0.4 -0.74 175 -0.41  -0.0426 -0.0901 -0.7707
31 "F 4 H 0.00 -0.70 174 -0.35  -0.0084 -0.0976 -0.6916
32 F 8 H -0.68 -0.32 2 -0.83 -0.6756 0.0183 -0.9934
" F 6 H 0.28 -0.22 131 0.17 0.1527 -0.1541 0.1813

33
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Appendix 8 Raw data

Near Rx (DD1)
Subject No. Gender -Age Rxpgp|l Fs Fc¢ Axis SE hy h, ky
1 F 8 M {-087 -039 164 - -1.06 -0.8969 -0.1475 -1.2292
2 F 8 M | -081 -044 102 -1.03 -1.2336 -0.1315 -0.8334
3 M 8 M f-114 007 150 -1.18 -1.1578 .-0.0424 -1.1933
4 F 8 M ] -1:33 010 125 -1.38 -1.4005 -0.0682 -1.3653
5 F 7 M. | 115 042 117 -1.36 -1.4832 -0.2378 -1.2358
6 F 6 M | -098 -060 138 -1.28 -1.2533 -0.4225 -1.3100
7 F 8 M | -123 022 18  -1.34 -1.2516 0.0925 -1.4257
8 - F 8 M | -08 -004 6  -086 -0.8425 0.0053 -0.8775
9 M 8 E |[-1.09 -023 32 .20 -1.1531 0.1467 -1.2529
10 M 6 E [ -096 -026 55 -1.09 -1.1400 0.1725 -1.0473
11 M 6 E | -105 -062 165 -1.36 -1.0906 -0.2167 -1.6238
12 F 7 E |-070 -033 156 -0.87 -0.7582 -0.1729 -0.9838
13 F 6 E |-145 -055 176 -1.73 -1.4535 .0.0557 -2.0015
14 ‘M 5 E {-113 040 8  -1.33 -1.5314 0.0740 -1.1356
15 F 6 E fl-127 -044 175  -1.50 -1.2764 -0.0543 -1.7146
16 F 7 E [ -1.72 -020 .38 -1.82 -1.7915 0.1357 -1.8425
17 M 7 E || -1.02 -047 143  -126 -1.1975 -0.3229 -1.3215
18 M & E [ -143 -0.14 147 -1.50 -1.4715 -0.0925 -1.5325
19 M - 8 E || -1L1I0 -030 161 -1.26 -1.1345 -0.1304 -1.3772
20 F 8 E | -1.02 -026 103 -1.15 -1.2701 -0.0840 -1.0362
21 F 7 H | -130 -035 32 -148 -1.4011 02254 -1.5549
22 F 8 H [ -134 007 26 -1.37 -1.3498 0.0363 -1.3912
X F 6 H | -137 -0.50 2 -1.62  -1.3732 0.0275 -1.8682
24 F 7 H [|-029 -026 170 -0.42 -0.2953 -0.0611 -0.5397
25 F S H [f-099 -042 140 -1.20 -1.1664 -0.2915 -1.2422
26 M 6 H [[-199 -030 16 -213 -2.0072 0.1086 -2.2618
27 F 6 H [ -14% -014 112 -1.57 -1.6167 -0.0694 -1.5143
28 F S H || -074 -092 133 -120 -1.238 -0.6520 -1.1657
29 M 6 H |f-1.63 -047 . 100 -1.87 -2.0927 -0.1196 -1.6493
30 M 5 H [|-09 -048 165 -1.20 -0.9873 -0.1693 -1.4082
31 F 4 H | -L11 . -045 1 -1.33 -1.1061 0.0056 -1.5589
3 F. 8 H [-159 -025 7 -1.71 -1.5933. 0.0453 -1.8324
33 F 6 H || -1.38 -046 - 129 -1.6578 -0.3161 -1.5592

-1.61
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Appendix 8 Rﬁw data

Near Rx (DD2)
Subject No. Gender Age Rxgpf Fs Fc Axis SE h, h, h,
1 F 8 M -1.55 -0.30 165 -1.70  -1.5646 -0.1051 -1.8289
2 F 8 M -0.72 035 96 -0.89 -1.0662 -0.0537 -0.7229
3 M 8 M -0.94  -0.34 164 111 -0.9703 -0.1266 -1.2560
4 F 2 M -1.20  -0.11 84 -1.25  -1.3088 0.0159 -1.2002
5 F 7 M | -1.22  -0.33 105 -1.38  -1.5260 -0.1174 -1.2410
[ F 6 M -0.94 -0.32 136 -E. 11 -1.0990 -0.2285 -1.1135
7 F 8§ M -1.34 012 29 -1.40 -1.3664 0.0691 -1.4296
8 F R M -1.17 -0.11 46 -1.23 -1.2281 0.0767 -1.2239
9 M 8 E -1.16  -0.18 18 2125 -1.1799 0.0777 -1.3256
10 M 6 E -0.70  -0.27 a1 -0.83  -0.9677 -0.0080 -0.7013
11 M 6 E -0.80 -0.67 162 -1.13  -0.8649 -0.2760 -1.4041
12 F 7 E || -0.80 -0.37 149 -0.98 -0.8930 -0.2280 -1.0692
13 F 6 E || -1.32 -0.42 165 -1.53  -1.3520 -0.1464 -1.7170
14 M 5 E -1.08 -0.36 60 -1.26 -1.3538 0.2200 -1.1742
15 F 6 E -1.38  -0.52 9 -1.64  -1.3950 0.1088 -1.8905
16 F 7 E -1.48 -0.23 17 -1.59 -1.4958 0.0903 -1.6842
17 M 7 E -1.45  -0.39 176 -1.65 -1.4539 -0.0430 -1.8427
18 M 8 E -1.40 -0.15 42 -1.48 * -1.4705 0.1080 -1.4845
19 M 3 E -1.59  -0.29 148 -1.74  -1.6750 -0.1843 -1.8050
20 F 8 E -1.19 -0.35 170 -1.36  -1.1983 -0.0832 -1.5234
21 F 7 H -1.52 -0.60 36 -1.82  -1.7337 0.4076 -1.9113
22 F 8 H -1.49 -0.13 178 -1.55 -1.4857 -0.0066 -1.6103
23 F 6 H -1.36 -0.25 180 -1.48  -1.3562 0.0008 -1.6088
24 "F 7 H || -095 -040 164 ~1.15  -0.9825 -0.1479 -1.3205
25 F 5 H -1.04 -0.34 98 -1.20  -1.3666 -0.0678 -1.0423
26 M 6 H -2.05 -0.27 148 -2.18  -2.1230 -0.1742 -2.2440
27 F 6 H -1.49 001 141 -1.50 -1.4949 -0.0092 -1.4978
28 F 5 H [-077 -078 132 -1.16 -1.1984 -0.5498 -1.1266
29 M 6 H -1.41 -0.28 o8 -1.55 -1.6807 -0.0523 -1.4133
30 M 5 H -1.15 -0.538 8 144 -1.1609 0.1104 -1.7213
31 - F 4 H -1.22 -0.37 4 -1.40 -1.2238 0.0383 -1.5857
32 F 8 H -1.31 -0.12 170 -1.37 -1.3147 -0.0289 -1.4289
33 F 6 H -1.43  -0.19 131 -1.52  -1.5364 -0.1344 -1.5076

211



Appendix 8 Raw data

Near Rx (LDI)
Subject No. Gender Age Rxgpll Fs Fc Axis SE h, h, h,
1 F 8 M -164 -0.19 139 -1.73 -1.7174 -0.1331 -1.7426
2 F 8 M || -095 -0.16 85 -1.03  -1.1036 0.0200 -0.949%4
3 M 8 M || -1.06 -024 158 -1.18  -1.0934 -0.1184 -1.2626
4 F 8 M || -1.48 -0.18 89 -1.57  -1.6544 0.0031 -1.4756
5 F 7 M (| -1.23 -032 120 -1.39- -1.4747 -0.1945 -1.3095 -
6 F 6 M || -093 -0.13 132 -1.06  -1.0037 -0.0913 --0.9907
7 F 8 M || -1.35 -0.08 29 -1.39  -1.3670 0.0457 -1.4090
8 . F 3 M -1.30 -0.04 102 -1.32 .1.3417 -0.0131 -1.3013
9 M 3 E -1.24  -0.14 11 -E31 -1.2433 0.0355 -1.3694
10 M 6 E -0.82  -0.21 63 -0.93  -0.9903 0.1229 -0.8667
11 M 6 E -1.04  -0.63 162 -1.35  -1.1004 .0.2668 -1.6036
12 F .7 E -1.03  -0.10 171 -1.08 -1.0304 -0.0221 -1.1236
13 F 6 E -1.58 -0.32 179 . -1.74 -1.5798 -0.0086 -1.8952
14 M 5 E -1.37  -0.14 70 -1.43 -1.4858 0.0621 -1.3812
15 F 6 E -1.38  -0.65 175 -1.70  -1.3837 -0.0725 -2.0223
16 F 7 E -1.86  -0.11 109 -1.92  -1.9628 -0.0480 -1.8734
17 M 7 E -1.45  -0.30 154 -1.60  -1.5094 -0.1678 -1.6906
18 M 8 E -1.71  -0.18 62 -1.80 -1.8513 0Q.1045 -1.7517
19 M 8§ E -1.29  -0.56 113 -1.57 -1.7639 -0.2803 -1.3683
20 F 8 E -0.97  -0.13 108 -1.03  -1.0837 -0.0530 -0.9774
21 F 7 H -l46  -041 35.  -166 -1.5956 0.2698 -1.7324
22 F g8 H | -134 -0.07 26 -1.37  -1.3498 0.0363 -1.3912
23 F 6 H -l44 011 9 -1.50  -1.4456 0.0232 -1.5504
24 F 7 H -1.27  -0.13 131 - -1.33 -1.3366 -0.0881 -1.3204
25 F 5 H -1.08  -0.50 104 -1.33  -1.5466 -0.1688 -1.1123
26 M 6 H -1.58  -0.22 134 -1.69 -1.6967 -0.1580 -1.6853
27 F 6 H -1.73 023 115 -1.84 -1.9198 -0.1260 -1.7688
28 F 5 H -1.15  -0.69 121 -1.50 -1.6581 -0.4307 -1.3359
29 M 6 H -1.32 -0.28 101 -1.46  -1.5892 -0.0709 -1.3288
30 M 5 H -1.01 -0.90 171 -1.46  -1.0306 -0.1936 -1.8894
3 F 4 H -1.36 -0.12 1 -1.42  -1.3553 0.0040 -1.4747
32 " F 8 H -1.59¢  -0.19 165 -1.68 -1.5991 -0.0679 -1.7687
33 F 6 H -1.26  -0.58 132 -1.55 -1.5863 -0.4103 -1.5181
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Appendix 8 Raw data

_ Near Rx (LD2)
Subject No. Gender Age Rxgp/l Fs Fc¢ Axis SE h, h, h,
1 F -8 M| -143 -026 154 -1.56 -1.4796 -0.1448 -1.6375
2 F § M -1.01  -0.44 102 -1.23  -1.4294 -0.1249 -1.0266
3 M 8. M | -133 007 164 -1.37  -1.3369 -0.0242 -1.3931
4 F. § M| -1.28 017 97 -1.36  -1.4469 -0.0275 -1.2821
5 F 7 M [ -1.08 -0.39 112 -1.28 -1.4179 -0.1913 -1.1371
6 F 6 M| -1.23 -058 110 -1.52 -1.7430 -0.2628 -1.3030
7 F 8§ M| -1.09 -0.18 35 -1.18 -1.1528 0.1202 -1.2142
8 F § M | -132 -003 100 -1.34  -1.3562 -0.0087 -1.3238
9 M 8 E -1.35  -032 25 -1.51 -1.4084 0.1728 -1.6116
10 M 6 E -1.34  -0.11 71 -1.39  -1.4347 0.0487 -1.3473
11 M 6 E -1.00  -0.66 168 -1.33  -1.0315 -0.1983 -1.6345
12 F 7 E -1.02  -0.11 145 -1.08 -1.0591 -0.0760 -1.0989
13 F. 6 E -1.75  -0.28 167 -1.90 -1.7672 -0.0859 -2.0248
14 M 5 E -1.53 -0.08 175 -1.57 -1.5330 -0.0103 -1.6145
15 F 6 E -1.32 -0.78 176 -1.70  -1.3218 -0.0842 -2.0882
16 F 7 E -1.47  -0.14 115 -1.53 -1.5779 -0.0745 -1.4910
17 M 7 E -1.49  -031 123 -1.64 -1.7055 -0.i989 -1.5785
13 M. B E -1.47  -0.28 156 -1.61 -1.5158 -0.1499 -1.7012
19 M 8 E -1.51 -0.44 110 -1.74  -1.9042 -0.2043 -1.5668
20 F 3 E -1.41  -0.19 107 -1.51 -1.5886 -0.0760 -1.4314
21 F 7 H -1.58 . -0.20 26 -1.68 -1.6143 0.1109 -1.7367
22 F 8 H -1.55  -0.20 15 -1.65 -1.5616 0.0732 -1.7362
23 F 6 H -1.63 -0.02 142 . -1.64 -1.6380 -0.0160 -1.6434
24 F 7 H -1.30  -032 145 -1.46 -1.4031 -0.2113 -1.5119
25 F " 5 H -1.33 042 133 -1.54 -1.5514 -0.2965 -1.5253
26 M 6 H -1.58 0.4 108 -1.80 -1.9816 -0.1829 -1.6224
27 F 6 H -1.57  -0.31 90 -1.73 -1.8811 0.0032 -1.5729
28 F .5 H -1.04  -0.70 133 -1.40 -1.4215 -0.4965 -1.3694
29 M 6 H -1.44 027 75 -1.57 -1.6902 0.0977 -1.4548
30 M 5- H -1.19  -0.81 172 -1.60 -1.2075 -0.1490 -1.9879
k) | F. 4 H -1.02  -0.40 180 -1.22 -1.0218 -0.00t1 -1.4207
32 F § H -1.52 -0.07 171 -1.56 -1.5266 -0.0153 -1.5924
33 F & H -1.29  -0.63 122 -1.60 -1.7427 -0.3963 -1.4613
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Appendix 8 Raw data

Near Rx (LL1)

Subject No. Gender Age Rxgp|l Fs Fc Axis SE h, h, hy
1 - F § M || -1.77 -044 141 -1.99 -1.9434 -0.3022 -2.0354
2 F 8 M [ -147 -019 97 -1.57 -1.6595 -0.0315 -1.4705
3 M 8 M| -1.03 -028 59 117 °-1.2328 01717 -1.1022
4 FF '8 M || -146 -0.05 114  -1.48 -1.4997 -0.0242 -1.4693
5 F 7 M| -116 -0.42 98 -1.37  -1.5762 -0.0791 -1.1666
6 F 6. M | -139 -047 116  -1.62 -1.7678 -0.2607 -1.4797
7 F g M| -147 -009 23 -1.52  -1.4835 .0.0489 -1.5485
8 F 8 M | -135 -0.09 75 -1.40 -1.4358 0.0312 -1.3592
9 M 8 E {-142 -023 30 -1.54  -1.4807  0.1416 -1.5923
10 M 6 E | -L09 -022 83 -1.20 -1.3106 0.0379 -1.0934
11 M 6 E [ -1.13 -038 167 -132 -1.1460 -0.1220 -1.4850
12 .F 7 E || -078 -030 143  -1.03 -0.9554 -0.3378 -1.0986
13 F 6 E | -203 -030 173  -2.18 -2.0311 -0.0497 -2.3214
14 M 5 E | -139 -047 116 - -1.62 -1.7678 -0.2607 -1.4797
15 F 6 E | -133 -030 15 -1.48  -1.3538 0.1048 -1.6117
16 F .7 E || -1.44 D13 170 - -1.51 -1.4462 -0.0306 -1.5705
17 M 7 E [ -1.68 -0.30 21 -1.82 -1.7141 0.1400 -1.9334
18 M 8 E |[-179 -025 131 192 -1.9357 -0.1770 -1.9043
19 M 8 E | -147 047 125  -1.70 . -1.7848 -0.3112 -1.6182
20 F 8 E [ -1.48 -0.06 35 . -1.51 -1.5001 0.0398 -1.5200
21 " F 7 H | -15 -030 44 -1.71 -1.6984 0.2108 -1.7127
22 F 8 H {120 -033 26 . -146 -1.3552 0.1814 -1.5584
23 F 6 H | -1.50 -0.18 158  -1.59 -1.5264 -0.0869 -1.6552
24 F 7 H { -140 -0.19 148  -1.50 -1.4548 -0.1182 -1.5364
25 F 5 H || -165 -009 123 -1.70 -1.7169 -0.0564 -1.6806
26 M 6 H |-157 -037 67 -1.75  -1.8791 0.1868 -1.6249
27 F 6 H | -169 -029 116 -1.84 -1.9285 -0.1621 -1.7495
28 F 5 H | -124 -07 128  -1.59 -1.6804 -0.4841 -1.5096
29 M 6 H | -137 -031 94 -1.52 -1.6782 -0.0334 -1.3674
30 M 5 H | -119 -054 174 -1.46 -1.1970 -0.0780 -1.7230
3i F 4 H | -118 -03 172 -1.34 -1.1880 -0.0577 -1.4845
32 F 8 H | -1.70 -036 4 -1.88  -1.7030 0.0330 -2.0650
33. F 6 H | -137 -145 155  -2.00 .0.7811 -2.5602

-1.6208
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Appendix 8 Raw data _

. . Near Rx (LL2)
Subject No. Gender Age Rxgp|| Fs Fe Axis SE h; h, h,
1 F 8 M -1.94 . -0.38 143 -2.13  -2.0733 -0.2565 -2.1797
2 F 8§ M |.-152 013 66 -1.58  -1.6275 0.0685 -1.5405
3 M 3§ M -1.22 -0.13 100 -1.29  -1.3474 -0.0303 -1.2271
4 F" .8 M -1.58  -0.08 117 -1.61  -1.6364 -0.0433 -1.5916
5 F 7 M -1.30  -0.33 114 -1.46  -1.5727 -0.1719 -1.3540
6 F 6 M -1.07  -0.38 145 -1.26  -1.1963 ' -0.2513 -1.3248
7 F § M -1.92  .0.26 14 -2.05 -1.9404 0.0873 -2.1682
8 F 8§ M -144 -0.22 88 -1.55. -1.6637 0.0107 -1.4423
9 M 8 E -1.89  -0.26 19 -2.02 -1.9176 0.1129 -2.1254
10 M. 6 E -1.22  -0.14 20 -1.29 -1.3589 -0.0012 -1.2201
11 M 6 E -1.25  -0.35 159  -1.52 -1.3191 -0.2652 -1.7239
12 F 7 E -0.80 -047 139 -1.04 -1.0106 -0.3309 -1.0684
13 F 6 E =212 -0.51 160 -2.37 221767 -0.2301 -2.5647
14 M 5 E -1.07  -0.38 145 -1.26  -1.1963 -0.2513 -1.3248
15 F 6 E -1.57  -0.08 20 -1.61 -1.5768 0.0367 -1.6372
16 F 7 E -1.12 -0.24 108 -1.24  -1.3364 -0.1032 -1.1424
17 M 7 E -1.34  -0.32 167 -1.50  -1.3520 -0.0962 -1.6430
18 M 8 E -1.68  -0.22 107 -1.79  -1.8824 -0.0882 -1.6996
19 M 8 E -1.44 070 119 -L.79  -1.9800 -0.4231 -1.6087
20 F 8 E -1.59  -041 139 -1.79  -1.7593 -0.2843 -1.8222
21 F 7 H -1.51  -0.25 44 -1.64 -1.6317 0.1798 -1.6447
22 F 8 H -1.5s1 -0.12 96 -1.57 -1.6303 -0.0160 -1.5147
23 F 6 H | -1.60 -0.18 160 -1.69 -1.6220 -0.0834 -1.7590
24 F 7 H -142  -0.32 136 -1.58  -1.5710 -0.2268 -1.5834
25 F 5 H -1.53  -0.39 151 -1.73  -1.6233 -0.2344 -1.8267
26 M 6 H -1.63  -0.32 86 - -1.79 -1.9508 0.0297 -1.6342
27 F 6 H -1.62  -0.28 119 -1.76  -1.8391 -0.1676 -1.6856
28 F 5 H || -1.15 .0.74 124 -1.52  -1.6531 -0.4835 -1.3779
29 M 6 H -1.70 -0.48 100 -1.94 -2.1696 -0.1115 -1.7161 -
30 M 5" H -1.27  -0.19 . 164 -1.37  -1.2893 -0.0724 -1.4537
31 F 4 H -1.37 022 180 -1.48 -1.3741 -0.0013 -1.5514
32 F 8 H -1.65  -0.30 6 -1.80 -1.6536 0.0406 -1.9449
33 F 6 H -1.27  -0.60 141 -1.57 -1.5068 -0.4125 -1.6242
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Appendix 8 Raw data

Repeatability (DD) Repeatability (D)
Subject No. GenderAgeRxgp| SE hy h, h; SE hy h, h,
1 F. 8§ M| 063 06678 -00424 05997 -0.17 -0.2377 0.0117 -0.1052
2 F 8 M | -0.06 -0.i876¢ 0.0842 (.0627 0.19 (.2435 -0.0943 0.1305
3 M 8 M -0.14  -0.1674 -0.0778 -0.1105 0.20 03258 0.144% 0.0772
4 F § M -0.13  -0.0917 -0.0841 -0.1653 -020 -0.2074 0.0306 -0.1936
5 F 7 M| 002 00428 -0.1204 00052 -0.11 -0.0568 -0.0032 -0.1724
6 F 6§ M [ -0.18 -0.1544 -0.1940 -0.1965 0.53 0.7393 0.1716 0.3123
7 F 8 M| 006 0.1148 0.0234 0.0039 -020 -0.2142 -0.0744 -0.1943
8 F 8 M 0.37 03856 -0.0714 03464 0.02 0.0145 -0.0044 0.0225
9 - M 8§ E 0.05 0.0268 0.0690 0.0727 020 0.1651 -0.1373 0.2422
10 M 6 E | -026 -0.1723 0.1805 -0.3460 0.46 0.4444 0.0742 0.4806
11 M 6 - E | -022 -0.2257 0.0593 -0.2198 -0.02 -0.0689 -0.0685 0.0309
12 F 7 E 0.11 0.1348 0.0551 0.0855 0.00 0.0287 0.0539 -0.0247
13 F 6 E | -0.19 -0.1015 0.097 -0.2845 0.16 0.1874 0.0773 0.1256
14 M- 5 E | -0.23 -0.2957 0.0454 -0.1583 -0.38 -0.3849 0.0264 -0.3825
15 F 6 E [ -0.07 -0.1776 -0.1460 0.0386 0.14 0.0472 0.0724 0.2333
16 F 7 E 0.15 01186 -0.1631 0.1759 0.00 -0.0620 0.0118 0.0660
17 M 7 E 0.39 02564 -0.2799 0.5212 0.04 0.1961 0.0311 -0.1121
13 ‘M 8§ E [ -0.02 -0.0010 -0.2005 -0.0430 -0.19 -0.3355 0.2544 -.0.0505
19 M 8 E 0.21 -0.0718 -0.0008 04872 048 05049 0.0230 0.4540
20 F 8 E 048 0.5405 0.0539 04279 0.17 0.1402 -0.0760 0.1985
21 F 7 H 0.34 . 03326 -0.1822 03564 0.01 .0.0187 0.1589 0.0043
22 F 8 H 0.18 0.1358 0.0429 02191 (.28 02118 -0.0369 0.3450
23 F~ 6 H -0.14 -0.0170 0.0268 -0.2594 0.14 (0.1925 0.0392 0.0930
24 F 7 H 0.73 0.6872 0.0869 0.7808 0.13 0.0666 0.1232 0.1914
25 F 5 H | 0.00 02001 -0.2237 -0.1998 0.21 0.0048 0.1277 04130
26 M 6 H || -0.04 -0.0402 -0.1023 -0.0391 -0.10 -0.2367 0.0658 0.0336
27 F 6 H -0.07 -0.1218 -0.0602 -0.0166 -0.12 -0.0387 -0.1292 -0.1959
28 F 5 'H 0.05 0.1158 02828 -0.0178 * 0.11 0.2849 0.0249 -0.0629
29 - M 6 H || -032 -0.4120 -0.0673 -0.2360 0.11 0.1010 -0.1686 0.1260
30 M 5 H 024  0.1735 -0.2797 03131 0.14 0.176%9 -0.0446 0.0985
31 F 4 H 0.07 0.1177 -0.0326 0.0268 -0.19 -0.3335 0.0051 -0.0540
32 F 8 H | -034 -02786 0.0742 -0.4034 -0.12 -0.0725 -0.0526 -0.1763
33 F 6 H | -009 -0.1214 -0.1816 -0.0516 0.05 0.1563 -0.0140 -0.0568
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Appendix 8 Raw data

J’ ) Repeatability (LL)
Subject No. Gender Age Rx g SE h, h, h,

1 F § M 0.14 0.1289  -0.0457 0.1444
2 F g8 M 0.12 0.1146  0.2020 0.1249 -
3 M § M 0.02 -0.0320  -0.1000° 0.0700
4 F § M 0.13 0.1367 0.0191  0.1223
5 F 7 M 0.09 -0.0036 0.0929 0.1874
6 F 6 M -0.36  -0.5714  -0.0094 -0.1549
7 F 3 M 0.54 0.4569 -0.0384 .0.6197
8 F 8§ M 0.16 0.2279  0.0205  0.0831
9 M 38 E 0.43 0.4369  0.0287 0.5331
10 M 6 E 0.09 0.0483  0.0391  0.1267
11 M 6§ E 0.21 01731 0.1431 - 0.2389
12 - F 7 E 0.01 0.0552 -0.0068 -0.0302

13 F 6 E 0.19 0.1457  0.1804  0.2433
14 M 5 E -0.27  -0.1098 0.0726  -0.4281
15 F 6 E -0.36  -0.5714 -0.0094 -0.1549
16 F 7 E 0.12 0.2230  0.0681 ~ 0.0255
17 M 7 E -0.33  -03621 0.2362  -0.2904
18 M § E -0.13 -0.0533  -0.0887 -0.2047
19 M 8§ E 0.28 - 0.2592 0.3241 03022
20 F 8§ E 0.09 0.1952 - 0.1120  -0.0095
21 F 7 H -0.07  -0.0667 0.0310 '-0.0680
22 F 8 H 0.12 - 0.2750 - 0.1974 - -0.0437
23 F 6 H 0.10 0.0956 -0.0035 0.1038
24 F 7 H 0.08 01162  0.1086  0.0470
25 F 5 H 0.03 -0.0936 0.1780  0.1462
26 M 6 H -0.08  -0.0273 -0.0006 -0.1317
27 F 6 H -0.08  -0.0894 (0.0055 -0.0640
28 F 5 H 0.04 0.0717  0.15701  0.0093
29 M 6 H 0.42 0.4914  0.0781  0.3487
30 M 5 H | -0.09 0.0924 -0.0055 -0.2694
31 F 4 H 0.15 0.1861 -0.0565 0.1069
32 -F- 8 H -0.08  -0.0495 -0.0077 . -0.1200
3 F 6 H -0.52  -0.1139  -0.3685 -0.9361
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- Appendix 8 Raw data

Ocular accommodative response DD

. Subject No. Gender Age Rxgpll Fs Fe  Axis SE hy h, h;,
1 F g M 1.58 -0.19 113 14858 1.4255 -0.0953 1.5534
2 F 8 M 031 -0.14 5 02402 0.309% 0.0179 0.1707
3 M g M 075 -0.18 137 0.6659 0.6735 -0.1243 0.6585
4 F g8 M 0.8 -0.11 108 0.8358 0.7889 -0.0469 (.8828
5 F 7 M 1.15  -0.33 167 09816 1.1283 -0.1019 0.8355
6 F 6 ‘M 0.7t -0.23 170 0.5839 0.6986 -0.0552 0.47%4
7 " F 8 M 132 -0.11 147  1.2639 - 1.2852 -0.0685  1.2427
8 F- 8 M 0.78 -0.10 151 0.7298 0.7553 -0.0584 0.7045
9 - M 8 E .03 -0.24 145 09109 09508 -0.1596 0.8714
10 M 6 E || 045 -036 26 02724 03817 0.1991 0.1639
11 M 6 E 0.8 -0.07 29 0.8552 -0.8729 0.0392 0.8375
12 F 7 E 054 -031 58 03879 03220 0.1992 0.4544
13 F 6 E 144 ..0.27 63 12989 1.2188 0.1561 1.3794
14 M 5 E 1.17  -0.84 150 0.7492 0.9601 -0.5120 0.5424
15 F 6 E 1.43  -0.26 131 13059 1.2874 -0.1798 1.3248
16 F 7 E 1.68 -0.17 144 15960 -1.6222 -0.1122 1.5700
17 M 7 E 1.65 -0.38 109 14558 13062 -0.1625 1.6063
18 M 8 E 1.59 -0.15 138 15171 1.5253 -0.1086 1.5091
19 M 8 E 200 -035 58 1.8272 17501 0.2191  1.5050

20 F 8 E §. 106 -0.16 70 09780 09157 00723 1.0404
21 F 7 H 1.73  -0.61 140 14259 14824 -04217 1.3716
22 F g H 1.45 -0.07 1483 1.4188 1.4340 -0.0429 1.4036
23 F 6 H 1.31 -032 87 1.1445 0.9850 0.0222 13047
24 F 7 H 1.50  -0.17 50 1.4177 14037 01170 14319
25 F 5 H | 134 -0.53 175 1.0788 1.3392 -0.0650 0.8200
26 M 6 H 201 -0.27 - 80 - 1.B794 1.7531 0.0648 2.0061
27 F 6 H. | 169 -033 8 1.5306 1.6883 0.0640 1.3735
28 F 5 H 1.85 -086 43 14194 14539 0.6032 1.3892
29 M 6 H 132 -0.29 128 1.1728 1.1382 -0.1958 1.2079
30 M 5 H [ .22 -034 150 1.0474 1.1338 -0.2055 0.9618
31 F 4 H 1.26  -0.39 165 1.0693 1.2356 -0.1394 0.9039
32 F 8 H { 065 -0.22 9 (5408 0.6441 0.0478 04378
33 F 6 H .74 -0.03 135 -1.723% 17241 -0.0205 1.7238
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Appendix 8 Raw data

Ocular accommedative response LD

Subject No. Gender Age Rxgp| Fs Fe¢ Axis SE h, h; h,

. F 8 M .39 -0.08 127 134 1.3317 -0.0576 1.3541
2 F 8 M 070 - -0.24 16 058 0.6775 0.0902 04768
3 M 8§ M .13 -041 154 092 1.0479 -0.2297 (.7983
4 F 8 M 097 -0.04 93 095 09298 -0.0026 0.9665
5 F 7 M .02 -0.29 176 087 1.0174 -0.0262 0.7296
6 F 6 M .36  -0.69 179 1.02  1.3586 -0.0206 0.6715
7 F- 8 M .13 -0.18 142 1.04 1.0656 -0.1205 1.0214
8 F g8 M 0.89 -0.09 13 0.85 0.8858 0.0286 0.8062
9 ‘M 8 E || 136 -037 137 1.18  1.1854 -0.2584 1.1647
10 M 6 E 094 -0.21 40 0.84 0.8555 0.143% 0.8174

1 M 6 E 1.09  -0.06 121 106 1.0434 -0.0404 1.0732
12 F 7 E 0.52 -0.07 43 0.49  0.4895 0.0459 04842
13 F 6 E .74  -0.14 55 1.67 1.6483 0.0946 1.6986
14 M 5 E 128 -042 146 1.07 1.1427 -0.2796 (0.9898
15 F 6 E .53  -0.32 88 1.37 12117 0Q.0194 1.5292
16 F 7 E 171 -0.35 7 1.54 1.7076 0.0589 1.3698
17 M 7 E 1.57 -0.23 0 ©1.45 1.5663 -0.0011 13325
13 M. B E 1.79 -0.28 63 1.65 . 1.5724 0.1592 1.7344
19 M B E 2.06 -~ -048 23 1.82  1.9898 0.2399 1.6566
20 F 8 E 132 038 7 113 13165 0.0651 0.9463
21 F 7 H 139 -0.23 158 1.27  1.3579 -0.1143  1.1906
22 F § H 1.6t -0.18 132 1.52 1.5127 -0.1257 1.5340
23 F 6 H 135 -0.09 70 1.31  1.2745 0.0396  1.3404
24 F 7 H | 19 -0.33 26 1.74 - 1.8410 0.1839 1.6304
25 F 5 H 1.58 -0.32 24 142  1.5305 0.1669 13156
26 M 6 H .62 -0.27 11 1.48 16060 0.0732 1.3592
27 F 6 H 2.09  -0.65 3 1.77  2.0922 0.0515 14512
28 F 5 H 205 -0.78 43 1.66 1.6851 05512 1.6406
29 M 6 H 1.45 -0.51 129 .20 1.1484 -0.33503 1.2511
30 M 5 H | L26 -0.10 61 1.21 1.1815 0.0606 1.2353
3 F 4 H .04  -032 167 0.88 1.0280 -0.0986 0.7355
32 F § H 086 -0.26 5 0.73  0.8598 0.0342 .0.6033
33 F 6 H 203 -0.44 27 1.81 19398 0.2528 1.6760
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Subject No. Gender Age Rx gp» Fs Fe

Appendix 8 Raw data

Ocular accommodative response LL

Axis SE h, - hy h,
1 F. 8 M| 198 -009 35 1.93 19489 0.0585 1.9178
2 F 8§ M || 1.04 -019 116 094 0.8793 -0.1069 0.9999
3 M 8 M| L1l -053 162 084 1.0587 -0.2230 0.6293
4 F 8 M | 129 -016 87 1.20  1.1240 0.0136  1.2845
5 F. 7 M {118 -023 172 106 11762 -0.0462 0.9509
6 F 6 M || 0.80. -0.11 168 075 0.7977 -0.0322 0.6937
7 F 8 M || 204 -0.18 112 195 18812 -0.0886 2.0103
8 F 8 M || 120 -027 1 1.06 12011  0.0088  0.9272
9 ‘M 8 E || 1.85 -028 137 170 - 17123 -0.1993  1.6961
10 M 6 E |08 -029 3 073 0778 0.1944  0.6880
11 M 6 E |134 -018 ¢ 1.25 13392  0.0284  1.1651
12 F 7 E [|066 -043 46 045 04410 03035 0.4538
13 F 6 E [|237 -040 59 217 20766 02475 2.2648
14 M § E [|os -011 168 075 07977 -0.0322 0.6937
15 'F 6 E || 149 -044 170 1.27 14752 -0.1053 1.0640
16 F 7 E || 147 -046 8 123 14568 0.0880 1.0112
17 M 7 E [ 142 -025 109 130 12011 -0.1071 1.3992
18 M 8 E | 197 -026 16 1.84 19546 0.0955 1.7326
19 M 8 E | 227 -076 30 189 20704 04691 17011
20 F 8 E || 163 -042 35 1.42 14935 0.2811  1.3483
21 F 7 H |14 -038 158 124 13760 -0.1851 1.0963
22 F 8 H |.159 -028 175 144 15838 -0.0331 1.3048
23 F 6 H || 149 -025 71 1.36  1.2580  0.1093  1.4600
24 F 7 H [[207 -042 21 186 20168 02007 1.7049
25 F 5 H | 169 -015 49- 162 16050 01032 1.6277
26 M 6 H || 162 -0.29 157 147 15740 -0.1470 13715
27 F 6 H |210 -058 17 181 20484 02299 1.5683
28 F s H |219 -081 35 1.79  1.9268 0.5392  1.6493
29 M 6 H | 170 -023 151 158 1.6434 -0.1363 1.5206
30 M 5 H | 127 -058 179 098 12656 -0.0181 0.6886
31 F 4 H | 140 -050 172 115  1.3906 -0.0990  0.9097
32 F 8§ H | 100 -004 155 098 0089% -0.0228 0.9625
33 F 6 H | 197 -041 1.77 16937 0.2695  1.8459
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Subject No. Gender Age Rx gp|

1

o~ o oh W

1
S12
13
14
15
16
17
18
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28
29
30
3
n
33

T mmEZmmaa R mEaa M onEam

8

I I T rIII I I I oI IImmmomnmmoommohmELIZEIZLZLEE

SE
0.74
2.05

1.62 .

1.51
1.38
1.78
1.12
1.67
1.50
2.14
1.57
2.05
1.14
1.69
i.14
0.85
0.99
0.93
0.62
1.47
1.03

"1.04

1.31
1.05
1.38

0.59 -

0.94
1.05
1.3t
1.44
1.43
1.97
0.82

Ocular lag (DD}
b h,
0.8238 0.0831
1.9799  -0.0179
1.6278 0.1150
1.5815  0.0536
1.2425 0.1019 ~
1.6852 0.0485 -
1.4127  0.0617
1.6568  0.0516
1.4621 0.1596 .
20171 -0.1991
1.5685  -0.0427
2,134t -0.1992
-1.2228  -0.1561
1.4815  0.5120
1.1542 0.1798
0.8340 0.1122
1.1498 0.1643
0.5298 0.1138.
0.7056  -0:2135
£.5368 -0.0634
0.9737 0.4217 .
1.0222  0.0429
1.4712 -0.0222
1.0806 -0.1276
1.1312  0.0655
07177  -0.0648
0.7825  -0.0640
1.0057  -0.6166
1.3474 0.1958
1.3519  0.2055
1.2650  0.i394
1.8716  -0.0478
0.8514  0.0354

h;
0.6486
21191
1.6200
1.4339
1.5078

-1.8784

1.1290
1.6811
1.5415
2.2633

'1.5756

1.9585
1.0477
1.8992
1.1168

0.8572

0.8354
0.9335
0.5370
1.4048
1.0845
1.0526
1.1515
1.0110
1.6365

-0.4647

1.0973
1.0930
1.2630
1.5238
1.5967
2.0778
0.7937

Appendix 8 Raw data
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Subject No. Gender Age

1

0~ bW

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
- 26
27
28
29
30
3
32
a3

F

-nm-ﬁgg-n-nz-n'-n-n*n-n-ng'gg-n%_g'-n'-nggz"-n'n-n-n-nz—n

8

N 00 e tn O L T Y WA S ON B0 -] 000000 =] NN OO 00 0000 OO0

Rxegp| SE

TN NI I I NN NI ImomomommmommmEEEEEETE

0.88
1.71
1.37
1.40
1.48
1.36
1.34
1.55
1.24
1.58
1.37
1.95
0.76
1.38
1.07
0.90
1.00
0.80
0.63
1.32
1.18

'0.93

1.15
0.73
1.04
0.99
0.70
0.81
1.28
1.28
1.62
1.78
0.74

Ocular lag (LD)

hy h,
0.9177  0.0454
1.6123  -0.0902

C 12533 0.2204
1.4405  0.0093
1.3534  0.0262
1.0252  0.0139
1.3323  0.1137
1.5262  -0.0354
1.2275  0.2584
1.5433  -0.1439
13980  0.0368
1.9666  -0.0459
0.7933  -0.0946
1.2989  0.2796
1.2299  -0.0194
0.7485  -0.0589
0.8897 0.0029
0.8828  -0.1541
0.4659 -0.2364
1.1360  -0.0562
1.0982  0.1143
0.9434  0.1257
1.1817 -0.0396
0.6433  -0.1946
0.9399 -0.1705
0.8649 -0.0732
0.3786  -0.0515
0.7745  -0.5646
1.3372  0.3503
1.3042  -0.0606
1.4725  0.0986
1.6558  -0.0342
0.6356 -0.2378

hs
0.8479
1.8130

"1.4802
- 1.3502

1.6137

- 1.6863

1.3502
1.5793
1.2482
1.6098
1.3399
1.9287
0.7285
1.4518
0.9124
1.0574
1.1092
0.7082
0.7855
1.4990
1.2655
0.6222
1.1157
0.8125
1.1410
L1117
1.0196
0.8416
1.2197
1.2504
1.7650
1.9123
0.8415

Appendix 8 Raw data
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Appendix 8 Raw data

JI Ocular lag (LL)
Subject No. Gender Age Rx g SE h, h, hs
1 F 8§ M 0.29 0.3004  -0.0707  (.2841
2 F 8 M 1.35 1.4105  0.1069 . 1.2899
3 .M 3 M 1.45 1.2426 0.2137 1.6491
4 F 38 M 1.14 1.2464  -0.0069 1.0323
5 F 7 M 1.29 1.1946  0.0462  1.3924
6 F 6 M 1.63 1.5861  0.0255 1.6641
7 F 8 M 0.44 05167  0.0819  0.3613
8 F 8 M 1.33 1.2106  -0.0157 14534
9 M 8 E 0.71 0.7006 0.1993  0.7168
10 M 6 E 1.68 1.6205  -0.1944  1.7392
11 M 6 E 1.18 1.1022  -0.0319 1.2481
12 F 7 E 1.99 2.0151 -0.3035  1.9591
13 F 6 E 0.26 0.3650  -0.2475 0.1624
14 M 5 E 1.70 1.6439  0.0322  1.7479
15 F 6 E 1.17 0.9664  0.1053 13776
16 F 7 E 1.21 0.9993  -0.0880 1.4160 -
17 M 7 E 1.15 1.2549  0.1089  1.0425
18 M 8 E 0.61 0.5006 -0.0904 0.7100
19 M 8 E 0.56 0.3854  -0.4656 0.7410
20 . F 8 E 1.03 0.9590 -0.2722 1.0970
21 F 7 H 1.22 1.0802 - 0.1851 1.3599
22 F '8 H 1.01 08723 0.0331 1.1513
23 I3 6 H 1.10 11981 -0.1093  0.9962
24 F 7 H 0.60 04675 -0.2113  0.7380
25 F 5 H 0.85 - 0.8653 -0.1067 0.8289
26 M 6 H 1.00 0.8968  0.1470  1.0993
27 F 6 H 0.66 0.4224  -0.2299 0.9025
28 F 5 H 0.68 0.5328 -0.5526 0.8329
29 M 6 H 0.90 0.8423  0.1363  0.5502
30 M 5 H 1.51 1.2200  0.0181 1.7970
k)| F 4 H 1.35 1.1100  .0.0990  1.5508
K.Y F 8 H 1.54 1.5260 0.0228 1.5532
33 F 6 H 0.78 0.8818 -0.2546 0.6716
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