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Abstract

Purpose:  To compare the short -term visual and opt ical performance of sil icone hydrogel contact  

lenses for myopia ≥ —3.00D.

Met hods: This was a short -term, non-dispense, double-masked, randomized study invest igat ing 

Night&Day (ND), PureVision (PV), O2 Opt ix (O2), BioÞ nity (BF), Acuvue Advance (AA) and Acuvue 

OASYS for myopia ≥ —3.00D. Test ing was conducted under scotopic condit ions. Measures (one eye 

only) included: high- and low-cont rast  visual acuity (HCVA/ LCVA), cont rast  sensit ivity, subj ect ive 

clarit y of vision rat ings (0-100 scale using reference images, with test  image represent ing grade 

50) and ocular aberrat ions (up to the 4th order, analyzed across individual scotopic pupil sizes).

Result s: Three males and 27 females part icipated, with a mean (± SD) age of 24.9 ± 7.7 yrs (range 

19 to 53 yrs), sphere of —5.30 ± 1.73D (range —3.00 to —10.75D) and cylinder —0.36 ± 0.23D (range 

0 to —0.75D). Mean (± SEM) logMAR HCVA ranged from 0.06 (PV) to 0.10 (AA) (± 0.02), LCVA from 

0.33 (BF) t o 0.40 (AA) (± 0.02) and cont rast  sensit ivi t y f rom 2.33 (BF) t o 2.53 (ND) (± 0.15) 

(dif ferences not  stat ist ically signiÞ cant ; all p > 0.05). Subj ect ive rat ings for the test  image ranged 

from 59 (PV) to 64 (ND) (± 4) and 56 (AA) to 65 (ND) (± 4), for monochromat ic and polychromat ic 

reference images, respect ively (all p > 0.05). There was a stat ist ically signiÞ cant  impact  on ocular 

aberrat ions with all study lenses compared to no lens. Between-lens dif ferences were stat ist ically 

signiÞ cant  for defocus (Z0
2), horizontal coma (Z 13) and spherical aberrat ion (Z0

4).

Conclusions: Despite some differences in ocular aberrat ions, there were no signiÞ cant  dif ferences 

in HCVA, LCVA, cont rast  sensit ivity or subj ect ive rat ings across lenses.

© 2010 Spanish General Council of Optometry. Published by Elsevier España, S.L. All rights reserved.
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Introduction

The corneal and internal opt ics of  the eye are balanced in 
such a way t o opt imize visual performance.  1 SpeciÞ cal ly, 
i t  has been shown t hat  t he cryst al l ine lens has posit ive 
spherical aberrat ion, which is part ially compensated for by 
the cornea having negat ive spherical aberrat ion due in part  
to its prolate shape. 1,2 When a contact  lens is placed on the 
eye, there is the potent ial for a disrupt ion of this balanced 
syst em.  Sof t  cont act  l enses are a popular  opt ion f or 
refract ive error correct ion, 3 and there have been reports of 
reduced opt ical quality with soft  contact  lenses compared to 
spectacle lenses and rigid gas permeable contact  lenses. 4-8

Previous invest igat ions measuring the opt ical performance 
of  sof t  contact  lenses,  specif ical ly longit udinal spherical 
aberrat ion, concentrated on theoret ical ray t racing methods 
and corneal models. 9,10 Using these methods, higher amounts 
of spherical aberrat ion were reported for lens powers greater 
than + 3.00D and —6.00D and for spherical versus aspheric lens 
designs. 9 Unfortunately, these previous methods are indirect  
and do not  capture the interact ion of the contact  lens with 
the cornea, which is inf luenced by many factors including 
lens design, lens modulus, lens Þ t  and corneal curvature, or 
include the contribut ion from the internal opt ics of the eye. 
Consequent ly,  t his l imit s t he cl inical applicat ion of  t hese 
results. Wavefront  aberrometry, however, provides a clinical 
measure of opt ical quality for the whole eye, which includes 

Rendimiento visual y óptico de las lentes de contacto de hidrogel de silicona 

para miopía moderada

Resumen

Obj et ivos: Comparar el rendimiento visual y ópt ico a corto plazo de la lentes de contacto de hi-

drogel de silicona (HS) para miopía ≥ —3,00 D.

Mét odos:  Se t rata de un estudio a corto plazo con doble enmascaramiento,  aleatorizado y sin 

prescripción facultat iva que invest iga las lentes para miopía ≥ —3,00D Night&Day (ND), PureVision 

(PV), O2 Opt ix (O2), BioÞ nity (BF), Acuvue Advance (AA) y Acuvue OASYS (AO). La prueba se reali-

zó en condiciones escotópicas. Las medidas (un oj o sólo) incluyeron: agudeza visual de alto y baj o 

cont raste (AVAC/ AVBC), sensibilidad al cont raste, claridad subj et iva de visión (escalas 0-100 con 

imágenes de referencia, imágenes de prueba que representan grado 50) y deformaciones oculares 

(hasta orden 4, analizadas en tamaños de pupilas individuales en condiciones escotópicas).

Result ados: Part iciparon 3 hombres y 27 muj eres, con una edad media (± DS) de 24,9 ± 7,7 años 

(int ervalo 19 a 53 años),  esfera de —5,30 ± 1,73D (int ervalo de —3,00 a —10,75D) y ci l indro 

—0,36 ± 0,23D (intervalo de 0 a —0,75D). La logMAR AVAC media (± EEM) osciló de 0,06 (PV) a 0,10 

(AA) (± 0,02), la AVBC de 0,33 (BF) a 0,40 (AA) (± 0,02) y la sensibilidad al cont raste de 2,33 (BF) a 

2,53 (ND) (± 0,15) (diferencias sin signiÞ cación estadíst ica; p > 0,05). Las puntuaciones subj et ivas 

para la imagen de prueba variaron ent re 59 (PV) y 64 (ND) (± 4) y ent re 56 (AA) y 65 (ND) (± 4),  

para imágenes de referencia monocromát icas y policromát icas, respect ivamente (p > 0,05).  Se 

observó un efecto estadíst icamente signiÞ cat ivo sobre las deformaciones oculares con todas las 

lentes del estudio al comparar con la ausencia de lente. Las diferencias ent re lentes fueron esta-

díst icamente signiÞ cat ivas para deformaciones fuera de foco (Z02), coma horizontal (Z 13) y defor-

mación esférica (Z04).

Conclusiones: A pesar de algunas diferencias de las deformaciones oculares, no hubo diferencias 

signiÞ cat ivas en AVAC, AVBC, sensibilidad al cont raste o puntuaciones subj et ivas ent re las lentes.

© 2010 Spanish General Council of  Optomet ry. Publicado por Elsevier España, S.L. Todos los derechos 

reservados.

informat ion regarding both lower-order and higher-order 
aberrat ions and has been shown t o provide a way of 
understanding the opt ical effects of contact lenses in situ. 5

López-Gi l  et  al .  11 invest igat ed cust om designed sof t  
lenses wi t h aspher ic and asymmet r ic sur f aces using a 
Shack-Hart mann aberromet er.  They measured a smal l 
amount  of  residual  aberrat ion wi t h an aberrat ion-f ree 
contact  lens sample in sit u,  highlight ing the importance of 
the interact ion of aberrat ions between the contact  lens and 
whole eye.  11 Jiang et  al.  4 invest igated the opt ical qualit y 
of eyes wearing dif ferent  types of soft  contact  lenses using 
aberrometry. This report  suggests that  wavefront  aberrat ions 
vary depending on lens t ype,  possibly due t o dif ferences 
in manufact uring t echniques.  4 In 2006,  Robert s et  al .  12 
evaluated changes in wavefront  aberrat ions with and without  
soft  contact  lens wear in 15 subj ects. The results from this 
study showed that  sof t  contact  lenses for myopia induced 
a signif icant  increase in t ot al  higher order aberrat ions.  12 
Using 20 subj ects and various powers of a part icular silicone 
hydrogel contact  lens,  Awwad et  al.  13 report  t hat  the lens 
inherent ly demonst rated posit ive spherical aberrat ion and 
coma and that  negat ive spherical aberrat ion increased as 
the negat ive power of the lens increased. 13 Finally, Efron et  
al.  14 have invest igated the opt ical and visual performance 
between an aspheric and spherical sof t  contact  lens: they 
report  no stat ist ically signiÞ cant  dif ference in aberrat ions 
or vision between lens designs. 14
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Despite these previous reports of  changes in aberrat ions 
as a result  of  contact  lens wear,  4,5,11-14 t he impact  of  these 
changes on visual performance is st i l l  unclear.  Therefore, 
t he purpose of  our study was to provide a comprehensive 
invest igat ion of  t he visual  and opt ical  performance of 
dif ferent  silicone hydrogel lenses.

Subjects and methods

A prospect ive, randomized, double-masked, non-dispensing 
experiment  was conducted at  the Cent re for Contact  Lens 
Research.  The st udy received et hics clearance f rom t he 
Universit y’s Et hics Review Board,  and informed consent  
was obt ained f rom each subj ect  pr ior  t o st udy ent ry. 
Al l  procedures fol lowed t he t enet s of  t he Declarat ion of 
Helsinki.  Thirt y adapt ed sof t  cont act  lens wearers were 
recruited for this study and six current ly marketed spherical 
sil icone hydrogel contact  lenses were tested (lens details 
are provided in Table 1).  Subj ect s were screened and 
enrolled only if  they sat isÞ ed all inclusion criteria, including 
no ocular disease, prior ocular surgery,  corneal opacit ies, 
syst emic disease,  or medicat ion t hat  could pot ent ial ly 
af fect  vision.  Three males and 27 females were enrol led, 
with a mean (± SD) age of 24.9 ± 7.7 yrs (range 19 to 53 yrs), 
sphere of  —5.30 ± 1.73D (range —3.00 t o —10.75D) and 
cylinder —0.36 ± 0.23D (range 0 to —0.75D). Subj ects with a 
scotopic pupil size less than 5.0 mm were excluded.

Test ing was conducted under scotopic condit ions with a 
chart  background luminance of  0.1-0.3 cd/ m 2 measured 
wit h a Minol t a CS-100 phot omet er (Minol t a Canada,  Inc. 
Mississauga, ON). Low luminance (scotopic) condit ions were 
used because total higher order ocular aberrat ions increase 
with a larger pupil size, which can negat ively impact  visual 
performance. 15 All part icipants had approximately the same 
amount  of  l ight  adaptat ion prior t o dark adaptat ion.  High 
cont rast  visual acuity (HCVA), 10 % low cont rast  visual acuity 
(LCVA) and Weber cont rast  sensit ivity were measured using 
t he Freiburg Visual  Acui t y and Cont rast  Test  (FrACT).  16 
The FrACT i s a program t hat  enables aut omat i c and 
observer-independent  determinat ion of  visual acuit y at  a 
deÞ ned optotype cont rast  or cont rast  sensit ivity at  a speciÞ c 
optotype size.  The FrACT uses an eight -alternat ive forced 
choice and t he best  paramet er est imat ion by sequent ial 
t est ing (PEST) algori t hm for t hreshold det erminat ion.  16 
Subj ects indicated the posit ions of  the perceived gap of  a 

Landolt  C on a computer keyboard. A learning session was 
completed viewing through the best  sphere t rial lens in a 
t rial frame at  the screening visit .

Subj ect ive clarity of vision with each lens was rated for a 
digitally proj ected monochromat ic and polychromat ic image 
on a 0 t o 100 scale.  Prior t o each rat ing,  t wo reference 
images were shown. The Þ rst  was a perfect ly clear image 
(i .e.  grade 100) and t he second was a highly aberrat ed 
image (i.e.  grade 0).  Subj ects were then asked to rate an 
image that  was aberrated by 1/ 2 the amount  of  the highly 
aberrated image. Therefore, it  was ant icipated that  rat ings 
would be around 50 out  of  a 100.  Simulated images were 
produced by VOL-CT sof tware (Sarver and Associates,  Inc. 
Carbondale, IL), as described elsewhere. 17

Lenses were Þ t t ed at  a screening visit  where el igibil i t y 
was conÞ rmed and opt imal base curve and lens power were 
determined. Fit t ing criteria included movement  not  greater 
than 0.2 mm and decent rat ion not  greater than 0.2 mm in 
any direct ion. During the study visit s, lenses were inserted 
st raight  from their blister packs, which were over-labelled 
t o conceal everything on t he package,  including t he lens 
name and manufacturer,  and were worn for approximately 
45 minutes for the test ing. To minimize visual fat igue, there 
were two study visit s completed on separate days.  Three 
study lenses were randomly tested at  each visit  fol lowing 
a Þ ve-minute period of  lens set t l ing and dark adaptat ion. 
Addit ionally,  there was a 10-minute break period between 
lenses.  Scot opic pupi l  size was measured fol lowing t his 
period of  dark adapt at ion using a Colvard pupi l lomet er 
(OASIS Medical ,  Inc. ,  Glendora,  CA).  The order of  vision 
measurements and subj ect ive rat ings were randomized for 
each lens, however aberrometry was always measured last , 
prior to lens removal, due to inst rument  locat ion.

Wavef ront  measurement s were t aken in a dark room 
using a Shack-Hartmann aberrometer (LADARWave;  Alcon 
Laboratories,  Inc. ,  Fort  Worth,  TX),  which uses a dynamic 
fogging method to relax accommodat ion. It  has been found 
that  tear break-up can increase the higher order aberrat ions 
measured by a Shack-Hartmann aberrometer,  18 t herefore 
subj ect s were asked t o bl ink t hree t imes prior t o each 
measurement  t o ensure proper wet t ing of  t he cornea or 
contact  lens and by carefully assessing the wavefront  image 
qualit y prior to saving the data. If  t he lenslet  pat tern was 
blurred in any way, the measurement  was rej ected and then 
repeated. Five measurements were taken and the averages 
of the best  three were used for the analyses.

Table 1 Lens details

 Night  & Day 

(ND)

PureVision 

(PV)

O2 Opt ix 

(O2)

BioÞ nity 

(BF)

Acuvue Advance 

(AA)

Acuvue OASYS 

(AO)

Manufacturer CIBA VISION Bausch + Lomb CIBA VISION CooperVision Johnson & Johnson 

 Vision Care

Johnson & Johnson 

 Vision Care

Material Lot raÞ lcon A BalaÞ lcon A Lot raÞ lcon B ComÞ lcon A GalyÞ lcon A SenoÞ lcon A

Init ial modulus (MPa) 1.4 1.1 1.2 0.8 0.4 0.6

Water content  (%) 24 36 33 48 47 38

Back opt ic zone 

 radius (mm) 8.4, 8.6 8.3, 8.6 8.6 8.6 8.3, 8.7 8.4, 8.8

Diameter (mm) 13.8 14.0 14.2 14.0 14.0 14.0
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Ocular aberrat ions have been described using Zernike 
polynomials.  The unit s are micromet res (mm) and posit ive 
values indicate that  the reà ected wavefront  emerging from 
t he eye is phase-advanced relat ive t o t he wavef ront  at  
t he center of  t he pupil.  Negat ive values indicate that  t he 
reà ected wavefront  emerging from the eye is phase-retarded 
relat ive t o t he wavef ront  at  t he cent er of  t he pupi l .  As 
recommended by t he Vision Science and It s Appl icat ions 
(VSIA) taskforce, 19 a right -hand coordinate system and the 
double-index naming convent ion (Zm

n) was used. Aberrat ions 
have been analyzed across the individual scotopic pupil size 
for each subj ect . Lower (2nd order) and higher (3rd through 
4th order) aberrat ions have been reported.

A sample size of 30 was based on a previous invest igat ion 
measuring higher-order aberrat ions induced by soft  contact  
lenses using wavef ront  aberromet ry.  12 Normal i t y of  t he 
outcome variables was checked using Kolmogorov-Smirnov 
t est s in St at ist ica 7 st at ist ical  sof t ware (St at Sof t  Inc. , 
Tulsa, OK).  The maj orit y of  the variables were normal but  
a small  number were not .  We examined t he dist ribut ions 

for symmet ry and t he presence of  out l iers — t here were 
no out l iers in t he non-normal  dat a set s and t hey were 
approximat el y symmet r i cal .  Because t he design was 
balanced with a relat ively large sample size, we chose to use 
more powerful and versat ile paramet ric analyses that  have 
been reported to be robust  under these circumstances 20,21 
Repeated Measures analyses of  variance and Tukey’s HSD 
(Honest ly SigniÞ cant  Difference) test  were used to determine 
signiÞ cance, which was set  at  p ≤ 0.05. Exploratory analyses 
were done using R: A Language and Environment for Stat ist ical 
Comput ing stat ist ical software (R Foundat ion for Stat ist ical 
Comput ing, Vienna, Aust ria). 22 Addit ional details relat ing to 
the exploratory analyses are described in the discussion. All 
analyses included the right  eye only.

Results

The mean (± st andard error of  t he mean [SEM]) scot opic 
pupil size was 6.7 mm (± 0.18 mm) and ranged from 5.0 mm 
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Figure 1 Plot  for Z0
4 (spherical aberrat ion), baseline (no lens) 

and experimental (with lens) across lens types.

 AA:  Acuvue Advance;  AO:  Acuvue OASYS;  BF:  Biof i ni t y; 

ND: Night&Day, O2: O2 Opt ix; PV: PureVision.
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Figure 2 Plot  for Z 13 (horizontal coma), baseline (no lens) and 

experimental (with lens) across lens types.

 AA:  Acuvue Advance;  AO:  Acuvue OASYS;  BF:  Biof ini t y;  ND: 

Night&Day, O2: O2 Opt ix; PV: PureVision.

Table 2 Dif ference in Z0
2 (defocus) between lenses

Lens Mean 

(mm)

SEM 

(mm)

—95.00 % 

(mm)

+95.00 % 

(mm)

Stat ist ically signiÞ cant  dif ferences in Z0
2 

between lenses (all p < 0.05)

ND 0.61 0.12 0.38 0.85 ND vs. PV, O2, BF, AA, AO

PV 0.36 0.10 0.16 0.56 PV vs. ND, BF, AO

O2 0.37 0.13 0.11 0.63 O2 vs. ND, BF, AO

BF —0.07 —0.30 —0.30 0.15 BF vs. ND, PV, O2, AA

AA 0.19 —0.03 —0.03 0.40 AA vs. ND, BF, AO

AO —0.05 —0.29 —0.29 0.18 AO vs. ND, PV, O2, AA

Mean, standard error of the mean (SEM), and ± 95 % conÞ dence intervals are shown.

AA: Acuvue Advance; AO: Acuvue OASYS; BF: BioÞ nity; ND: Night&Day, O2: O2 Opt ix; PV: PureVision.



Visual and opt ical performance of silicone hydrogel contact  lenses for moderate myopia 153

to 8.1 mm. There was no stat ist ically signiÞ cant  difference in 
maximum scotopic pupil size between any of the lens types 
or between the various lens types and no lens (all p > 0.05). 
The average of the standard deviat ion of pupil size between 
lenses was 0.22 mm.  Compared t o no lens,  t here was a 
stat ist ically signiÞ cant  change in higher-order aberrat ions 
with all study lenses. SpeciÞ cally, Z—1

3 and Z 13 increased with 
ND (0.04 mm no lens vs.  0.17 mm ND and 0.03 mm no lens 
vs. 0.24 mm ND for Z—1

3 and Z 13,  respect ively, both p < 0.05) 
and there was a stat ist ically signiÞ cant  change in Z0

4 with all 
lenses except  ND (0.12 mm no lens vs. 0.01 mm PV, —0.01 mm 
O2, —0.05 mm BF, —0.03 mm AA, —0.05 mm AO (all p < 0.05) 
and 0.14 mm ND (p > 0.05).

Bet ween si l i cone hydr ogel  l enses,  t he f ol l owi ng 
dif ferences existed:  Z0

2 dif fered between lenses as shown 
in Table 2. With respect  to higher order aberrat ions, ND was 
dif ferent  f rom al l  lenses for Z 13 (0.24 mm ND vs.  0.09 mm 
PV, 0.04 mm O2, 0.09 mm BF, 0.04 mm AA, 0.03 mm AO; all 
p < 0.05) and Z0

4 (0.14 mm ND vs. 0.01 mm PV, —0.01 mm O2, 
—0.05 mm BF, —0.03 mm AA and —0.05 mm AO; all p < 0.05). 
Figures 1 and 2 are plot s showing t he dif ferences across 
all lenses for Z0

4 (spherical aberrat ion) and Z 13 (horizontal 
coma), respect ively. There were no stat ist ically signiÞ cant  
dif ferences in higher order aberrat ions between PV, O2, BF, 
AA and OA (all p > 0.05).

Figure 3 i l lust rat es t he relat ionship bet ween modulus 
and defocus.  Although the Pearson correlat ion coefÞ cient  
was high (r = 0.7),  t his associat ion was not  st at ist ical ly 
signiÞ cant  (p > 0.05).

Mean (± SEM) logMAR HCVA ranged from 0.06 (PV) to 0.10 
(AA) (± 0.02) and LCVA from 0.33 (BF) to 0.40 (AA) (± 0.02) 
(see Figure 4). Weber cont rast  sensit ivity ranged from 2.33 % 
(BF) to 2.53 % (ND) (± 0.15). Subj ect ive rat ings ranged from 
59 (PV) to 64 (ND) (± 4) and from 56 (AA) to 65 (ND) (± 4) for 
the monochromat ic and polychromat ic image, respect ively 
(see Figure 5). These dif ferences between lenses for HCVA, 
LCVA, cont rast  sensit ivit y and subj ect ive rat ings were not  
stat ist ically signiÞ cant  (all p > 0.05).

Discussion

The Þ ndings of our study are in agreement with the literature 
that  soft  contact  lens wear has an impact  on stat ic, distance 
ocular higher order aberrat ions. 4,5,11-13 Our results speciÞ cally 
show that  spherical aberrat ion and coma are most  affected, 
however not to the same degree for all lenses. ND was the only 
lens not to signiÞ cant ly impact spherical aberrat ion compared 
to no lens and it  was the only lens to signiÞ cant ly increase 
both horizontal and vert ical coma compared to no lens wear.
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Lens design can have an impact  on spherical aberrat ion. 
If  not  addressed,  negat ive spher ical  aberrat ion would 
inherent ly increase with increasing minus lens power. Papas 
et  al .  23 have shown t hat  power prof i les di f f er bet ween 
silicone hydrogel lenses, with ND having more minus power 
in t he periphery as negat ive lens powers increase.  23 This 
resul t s in less inherent  negat ive spherical  aberrat ion in 
a minus ND lens.  This corresponds t o our Þ ndings,  where 
there was a signiÞ cant  change in spherical aberrat ion with 
all lenses compared to no lens, with the except ion of ND.

The increase in horizont al  and vert ical  coma wit h ND 
compared to no lens and the dif ference in horizontal coma 
between ND and the rest  of  the lenses is more dif f icult  t o 
account  for.  Coma is thought  to be due to misalignment  or 
decent rat ion of  an opt ical  syst em. Guirao et  al .  24 report  
that  decentering a higher-order aberrat ion primarily results 
in induced aberrat ions with a radial order that  is one less 
(i.e. n —1). For example, decentering spherical aberrat ion 
(a 4th order aberrat ion,  n = 4) would t heoret ical ly result  
in induced coma (a 3rd order aberrat ion,  n = 3).  24 Buhren 
et  al .  25 have shown using a cat  model  t hat  opt ical  zone 
decent rat ion with photorefract ive keratectomy resulted in 
under-correct ion of  sphere and induced ast igmat ism and 
coma. Precise measurements were not  performed, however 
all lenses in this study had clinically acceptable cent rat ion 
(decent rat ion not  greater than 0.2 mm). These changes in 
aberrat ions could also be related to the speciÞ c design of 
the lens, which could be invest igated by measuring “ off-eye”  
higher-order aberrat ions of the lens. Awwad et  al. 13 suggest  
that  ND induces coma independent  of lens power, however 
they do not  indicate whether the induced coma is vert ical or 
horizontal. Another possibility for the difference in horizontal 
coma with ND compared to the other lenses could be due 
to an asymmetrical lens Þ t ,  possibly as a result  of its higher 
modulus.  Fut ure st udies on t he impact  of  al ignment  or 
cent rat ion errors on higher order aberrat ions with speciÞ c 
contact  lens designs may be useful. One method could be to 
systemat ically decenter various contact  lenses and measure 
the resultant  aberrat ions. Subt le topographical changes with 
and without  a lens could also be explored.

The inclusion criteria of  ≥ —3.00D of myopia was chosen 
because spherical  aberrat ion has been associat ed wi t h 
increasing minus lens power 10,13 and it  was our intent ion to see 
whether there were dif ferences between sil icone hydrogel 
lenses for moderat e myopia.  Despit e t he di f ferences in 
opt ical performance between study lenses, we did not  Þ nd 
any signiÞ cant  dif ference in short -term visual performance. 
One possibilit y could be due to insufÞ cient  power to detect  
dif ferences in an effect  size that  is small.

When someone accommodates the aberrat ion st ructure of 
the eye changes, as well as pupil size. Pupil const rict ion at  
near reduces the visual impact  of higher order aberrat ions; 
t heref ore t he great est  visual  impact  of  higher  order 
aberrat ions would be expected for distance viewing.  The 
paper ment ioned previously 23 in which lens power prof iles 
are reported, also presented the short -term, distance visual 
performance of 28 subjects who wore four different  silicone 
hydrogel lenses and one tradit ional hydrogel lens. There were 
stat ist ically signiÞ cant  differences in power proÞ les between 
lenses, but  there were no dif ferences in HCVA, LCVA or low 
il luminat ion HCVA. 23 Our study is in agreement  with these 
results in that  there were differences in opt ical performance 

between lenses, but  no stat ist ically signiÞ cant  difference in 
visual performance. Cox and Holden 10 reported that  added 
negat ive spherical aberrat ion in t radit ional hydrogel contact  
lenses had a lesser detrimental effect  on contrast  sensit ivity 
t han added posit ive spherical  aberrat ion at  mid-spat ial 
frequencies. Wearing ND resulted in the most posit ive spherical 
aberrat ion compared to the other study lenses, but  this did 
not  correspond to a decrease in vision, possibly because the 
amount of posit ive spherical aberrat ion was small and similar 
to the amount  with no lens. Applegate et  al.  17 showed that  
as root-mean-square (RMS) error increases by 0.05 mm, HCVA 
and LCVA decrease linearly for a single Zernike mode. They 
also reported that  absolute levels of aberrat ions equivalent  
to 0.07 D and 0.12 D defocus reduced the number of let ters 
read on a Þ ve-let ter logMAR chart  by 1.5-2.7 let ters (about  
0.03 to 0.05 logMAR). 17 As an approximat ion, the largest mean 
dif ference in total RMS error (low order and high order) in 
our st udy was bet ween ND (0.75 mm) and AO (0.30 mm). 
The absolut e magni t ude of  t his di f f erence is 0.45 mm, 
corresponding to an equivalent  defocus of  approximately 
0.35D, if  calculated over a 6.0 mm pupil.  17 Possible reasons 
this dif ference was not  detected using the vision measures 
in t his st udy could be due t o t he int eract ion bet ween 
aberrat ions, which may have improved vision, 26,27 and/ or the 
variabil it y in visual acuit y and cont rast  sensit ivit y test ing. 
Test-retest variability of visual acuity measurements in normal 
subj ects has been reported to be between ± 0.07 logMAR 28 
and ± 0.16 logMAR, 29 and to be greater in the presence of 
small amounts of opt ical defocus. 30,31

In addit ion to the hypothesis driven analysis conducted, 
because of the relat ively large number of outcome variables 
collected and the lack of  clarit y about  how they might  be 
related to each, exploratory data analysis was also conducted 32 
using graphical methods, factor analysis,  cluster analysis, 
l inear discriminant  analysis and regression t ree methods. 33

Although there were numerous signiÞ cant  outcomes, few 
result s were i l luminat ing.  However,  wit h lens t ype as t he 
out come variable,  t wo Zernike polynomials were able t o 
signiÞ cant ly part it ion the lens group outcome.

The regression t ree is shown in Figure 6 and illust rates that  
there were dif ferences in (scotopic pupil) aberrat ions that  
could be used to separate the lens t ypes.  In this analysis, 
t he out come was lens t ype and t he exploratory quest ion 
was “ can the aberrat ion predictor variables separate lens 
t ype in a signif icant  way?” .  As is il lust rated in this f igure, 
with the BF lenses on, approximately 40 % of  subj ects had 
defocus ≤ —0.37 mm and when defocus was > —0.37 mm, 
spherical aberrat ion was import ant .  For example,  in t he 
lower right  sect ion of  the graph, 40 % of subj ects using ND 
had Z0

2 > —0.37 mm and Z0
4 > 0.01 mm. This type of analysis 

points to the combinat ion being stat ist ically able to separate 
the lenses and is not  revealed in the scalar analyses carried 
out  when t est ing hypot heses in t he earl ier “ t radit ional”  
methods. Regression t ree analysis revealed that  the rat ings 
could also be part it ioned based on aberrat ion st ruct ure, 
although this result  was simpler. The regression t ree explored 
whether the outcome could be predicted from a collect ion of 
predictor variables. The t ree, however, only includes a small 
subset  of the predictors. The predictors not  included in the 
t ree are of no value at  any level in predict ing the outcome 
and so, therefore, are excluded. Figure 7 shows that  subject  
rat ings t hat  t ended t o be lower occurred in t hose wit h 
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smaller measured Z0
4 (spherical aberrat ion) components. This 

relat ionship is not  clear when the two variables are plot ted 
against  each other (as in the scat terplot  matrix in the upper 
left  inset  in Figure 7). Because of the large overlap in rat ings, 
however, the separat ion of the two groups by the aberrat ion 
is relat ively poor. Large classiÞ cat ion error rates were also 
produced when l inear and quadrat ic discriminant  analysis 
was used to group the six lenses.

An interest ing Þ nding was the relat ionship between lens 
modulus and defocus across lenses. Although not  stat ist ically 
signiÞ cant ,  t his does suggest  that  perhaps with more than 
the six lenses used in this experiment , this relat ionship could 
be demonst rably st at ist ical ly signiÞ cant .  If  t his were t he 
case, it  would il lust rate that  physical,  non-opt ical contact  
lens material characterist ics do have (perhaps ant icipated) 
opt ical effects as well.

There was no int ent ional  gender sampl ing bias for our 
sample, however twenty-seven out  of the thirty subj ects in 
this study were female. Regardless, we do not  feel that  this 
impacted our results since dif ferences between lenses were 
assessed within an individual, rather than across individuals. 
Addit ionally, within the mean age of subj ects in this study, 
gender has not  been associated wit h ocular aberrat ions 34 
or refract ive error. 35 There have been conà ict ing reports as 
to whether gender has an impact  on corneal curvature. 36,37 
Dout hwait e et  al .  report  t hat  males have sl ight ly f lat t er 
apical cornea compared to females. 37

A limitat ion of this study could be that  vision test ing was 
conduct ed under sct ot opic condit ions.  The rat ionale for 
t his was t o maximize t he pupil  size for each individual in 
order to explore the relat ionship between vision and higher 
order aberrat ions. However, scotopic vision is dominated by 
rod photoreceptors, which may be impacted dif ferent ly by 
ocular aberrat ions compared to photopic (cone-mediated) 
or mesopic (rod and cone-mediated) vision. 38 However, the 
acuity results suggest  that  even though luminance was low, 
vision was dominated by cone funct ion.

Anot her l imit at ion of  t his st udy was t hat  lenses were 
assessed af t er  a shor t  ( f i ve-minut e) set t l i ng per iod. 
Dumblet on et  al .  39 invest igat ed comfort  and adapt at ion 
of  various sil icone hydrogel lenses and report  that  all lens 
types were reported by the subj ects to have set t led within 
30 t o 45 sec of  insert ion.  Addit ional ly,  Brennan et  al .  40 
report  t hat  opt imal predict abil i t y of  lens f i t t ing at  eight  
hours was achieved Þ ve minutes after lens insert ion, which 
has also been used as a set t ling t ime by others. 41 Therefore, 
while some lens designs,  such as t oric or mult ifocals may 
take longer to set t le,  it  is believed that  Þ ve-minutes is an 
adequate set t ling t ime for spherical lenses worn by adapted 
cont act  lens wearers our st udy.  Ot her fact ors t hat  could 
potent ial ly af fect  visual and opt ical performance, such as 
lens wet tabil it y 18,42 and surface roughness,  should also be 
considered. Minimal deposit ion would have been expected 
af t er such short  periods of  lens wear,  however t here is 
evidence t hat  wet t abi l i t y wit h si l icone hydrogel  lenses 
can vary between materials. 43 While an at tempt  was made 
during waverfront  aberromet ry to minimize the ef fects of 
poor tear stability on the results, it  cannot  be ruled out  that  
these factors did not  play a role.

In summary, despite some differences in ocular aberrat ions, 
there were no stat ist ically signiÞ cant  dif ferences in HCVA, 
LCVA, cont rast  sensit ivity or subj ect ive vision rat ings across 

lens types. More precise vision measurements or new metrics 
relat ed t o visual  performance,  including informat ion on 
neural t ransfer funct ions, 44-46 may further our understanding 
of  t he cl inical  signi f icance of  changes in higher order 
aberrat ions with soft  contact  lens wear. 17
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