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Abstract 1 

Purpose: To characterise the changes occurring in choroidal thickness (ChT) across 2 

the posterior pole during accommodation using enhanced-depth imaging optical 3 

coherence tomography (OCT). 4 

Methods: Forty participants (mean age 21 ± 2 years) had measures of ChT and 5 

ocular biometry taken during accommodation to 0, 3 and 6 dioptre (D) stimuli, with 6 

the Spectralis OCT and Lenstar biometer.  A Badal optometer and cold mirror 7 

system was mounted on both instruments, allowing measurement collection while 8 

subjects viewed an external fixation target at varying accommodative demands.   9 

Results: The choroid exhibited significant thinning during accommodation to the 6 D 10 

stimulus in both subfoveal (mean change −5 ± 7 μm) and parafoveal regions (p < 11 

0.001).  The magnitude of these changes varied by parafoveal meridian, with the 12 

largest changes seen in the temporal (−9 ± 12 μm) and inferotemporal (−8 ± 8 μm) 13 

meridians (p < 0.001).  Axial length increased with accommodation (mean change +5 14 

± 11 μm at 3 D, +14 ± 13 μm at 6 D) and these changes were weakly negatively 15 

associated with the choroidal changes (r 2= 0.114, p < 0.05).   16 

Conclusions: A small, but significant thinning of the choroid was observed at the 6 D 17 

accommodation demand, which was greatest in the temporal and inferotemporal 18 

parafoveal choroid, and increased with increasing eccentricity from the fovea.  The 19 

regional variation in the parafoveal thinning corresponds to the distribution of the 20 

nonvascular smooth muscle within the uvea, which may implicate these cells as the 21 

potential mechanism by which the choroid thins during accommodation. 22 
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Introduction 23 

Alterations in axial length are the major structural change underlying the 24 

development and progression of refractive error,1-3 however there is also evidence 25 

supporting an involvement of the choroid in refractive error development.4-9  Animal 26 

studies experimentally inducing refractive error, show that rapid changes in choroidal 27 

thickness (ChT) appear to precede the longer term eye growth changes associated 28 

with the development of myopia and hyperopia.6, 7  When myopia development is 29 

induced it is characterised by a rapid choroidal thinning, followed by longer term 30 

increases in eye growth, whereas when hyperopia is induced choroidal thickening, 31 

followed by a slowing of eye growth occurs.  Recent cross-sectional human studies 32 

in both adults8-11 and children5 indicate that longer term ChT changes also appear to 33 

accompany refractive error development in humans, with a thinner choroid 34 

associated with increased axial length and myopia.  Collectively, these data suggest 35 

that changes in ChT may reflect one of the early signals associated with changes in 36 

ocular growth and refractive error development. 37 

Due to the proposed link between near work and myopia,12-17 numerous studies 38 

have examined the way in which various ocular parameters change during 39 

accommodation.18-24  Along with the well documented changes in anterior eye 40 

biometrics,18 a number of recent studies have reported significant increases in axial 41 

length to accompany accommodation.19-24  Using optical low coherence 42 

reflectometry (OLCR) we have previously reported some evidence of a small but 43 

significant thinning of the subfoveal choroid during accommodation, that was weakly 44 

negatively associated with the observed axial elongation.23   45 
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However, the use of OLCR to assess ChT in our previous study was a limitation, 46 

since the determination of ChT requires subjective judgement, and was only possible 47 

in 63% of subjects with this technique.  Additionally, these measurements only 48 

represented ChT at the subfoveal location at a single accommodation demand (4 D), 49 

which provided no information about the regional variations in ChT with 50 

accommodation, or the relationship between the magnitude of choroidal response 51 

and the accommodation demand.   52 

In this study we use the higher resolution technique of optical coherence tomography 53 

(OCT) to provide a better understanding of the ChT changes associated with 54 

accommodation at 0, 3 and 6 D demands.  Furthermore, OCT also allows measures 55 

of regional changes in ChT across the posterior pole that may provide greater insight 56 

into the mechanism underlying the change, rather than examining just a single 57 

subfoveal location.  This experiment therefore aimed to comprehensively 58 

characterise the regional ChT response to a range of accommodation demands 59 

using OCT in a population of young adult myopes and emmetropes. 60 

 61 

Methods 62 

Subjects 63 

Forty healthy young adult participants, aged 18-25 years (mean 21 ± 2 years), were 64 

recruited from the students of the Queensland University of Technology.  Approval 65 

from the University Human Research Ethics Committee was obtained before 66 

commencement of the study, and subjects gave written informed consent to 67 



5 
 

participate.  All subjects were treated in accordance with the tenets of the 68 

Declaration of Helsinki.   69 

Prior to testing, subjects were screened to identify and exclude those with any 70 

history of significant systemic or ocular disease, injury or surgery.  Any subject who 71 

identified as a cigarette smoker was also excluded from the study, due to the 72 

reported choroidal thinning associated with cigarette smoking.25  Subjects initially 73 

underwent an eye examination to determine their refractive, visual and binocular 74 

vision status.  All subjects were required to have best corrected visual acuity of 75 

logMAR 0.00 or better and amplitudes of accommodation in excess of 6 D.  Those 76 

who routinely used soft contact lenses refrained from lens wear for at least 24 hours 77 

prior to testing (n = 16), and no rigid contact lens wearers were included in the study.   78 

Subjects were classified according to their subjective non-cycloplegic spherical 79 

equivalent refraction (SER) as either emmetropic (n = 20, SER −0.25 - +0.75 D, 80 

cylinder ≤ 1 DC; mean SER +0.38 ± 0.22 D, mean cylinder −0.25 ± 0.2 DC) or 81 

myopic (n = 20, SER −0.75 - −6.00 D, cylinder ≤ 1 DC; mean SER −2.83 ± 1.50 D, 82 

mean cylinder −0.35 ± 0.3 DC).  These groups were well matched in terms of age 83 

(emmetropes 21 ± 1 years, myopes 22 ± 2 years), gender (each group comprised of 84 

50% female, 50% male) and monocular amplitude of accommodation (emmetropes 85 

11 ± 1 D, myopes 11 ± 2 D).   86 

 87 

Instrumentation 88 

Following the screening and classification of participants, each subject had 89 

measures of the ChT, retinal thickness (RT), and axial ocular dimensions of their left 90 
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eye collected, during various levels of accommodation.  Cross-sectional chorio-91 

retinal images allowing determination of ChT and RT were obtained with the 92 

Heidelberg Spectralis (Heidelberg Engineering, Heidelberg, Germany) spectral 93 

domain OCT (SD-OCT) using the enhanced depth imaging mode to optimise the 94 

visibility of the choroid.26  Axial ocular dimensions were acquired using the Lenstar 95 

LS900 optical biometer (Haag-Streit AG, Koeniz, Switzerland) which provides 96 

measures of central corneal thickness (CCT), anterior chamber depth (ACD), lens 97 

thickness (LT), and axial length (AL).  A Badal optometer and cold mirror system that 98 

could be mounted on both the OCT and optical biometer was custom built in order to 99 

allow measurements to be collected while an external fixation target (an LCD screen 100 

from an iPhone 4S, Apple Inc., California, USA) was viewed simultaneously with 101 

varying accommodation demands (Figure 1).  The Badal optometer was used to 102 

correct any spherical ametropia (best sphere correction) for each subject, and to 103 

provide a 0, 3 or 6 D accommodation stimulus.  The subjects’ right eyes were 104 

occluded for the duration of the experiment to eliminate the potential confounding 105 

effects of convergence in the eye being measured. 106 

To ensure measurements obtained with the biometer and OCT were not affected by 107 

the presence of the cold mirror, five subjects had measurements taken with and 108 

without the mirror in place with both instruments.  The mean difference values 109 

between the repeated measures of axial biometry, subfoveal ChT and foveal RT 110 

were 1 micron or less, indicating excellent agreement between the measurements 111 

with and without the cold mirror for all parameters.  No significant change in the 112 

average OCT image quality index (QI) score was found with the cold mirror in place.   113 

 114 
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Procedure 115 

Prior to any measurements, participants were required to watch a movie on the LCD 116 

screen (screen resolution 326 ppi, screen luminance approximately 20 cd/m2) 117 

imaged at infinity through the Badal system for 10 minutes to wash out any effects of 118 

previous near work.  The movie was then paused and a 49 x 49 mm, high-contrast 119 

Maltese cross target was presented on the screen.  The subject was instructed to 120 

fixate with their left eye on the centre of the Maltese cross target adjacent to the 121 

instrument’s fixation light and to keep it in sharp focus for the duration of the 122 

measurement.  Two measurements were taken on the left eye of each subject with 123 

the OCT at each accommodation level, with each measurement consisting of a high 124 

resolution (1536 x 496 pixels per B-scan) six-line radial “star” scan centred on the 125 

fovea.  Each line scan was 30° wide and consisted of the average of 30 B-scans.  All 126 

collected scans had a QI score of ≥ 25 dB (mean QI of all scans was 34.1 ± 4.7 dB).  127 

The extra-long (“XL”) eye length setting was used for all subjects, regardless of axial 128 

length to allow enough space between the instrument and the subject’s fixating eye 129 

for the cold mirror.  The initial baseline measurement (0 D stimulus) was set as the 130 

reference scan, and all subsequent scans were registered to the same retinal 131 

location using the instrument’s “auto-rescan” feature.     132 

After the baseline images were obtained, the fixation target was reverted back to the 133 

movie on the LCD screen, but this time the screen was positioned to provide a 3 D 134 

stimulus to accommodation.  The subjects continued this accommodation task for 10 135 

minutes before the movie was again paused, the Maltese cross fixation target was 136 

presented, and measurements were taken.  The subjects then returned to their 137 

movie viewing for another 10 minute wash out period with the Badal system imaged 138 

at infinity.  The LCD screen was then moved to provide a 6 D stimulus for 10 139 
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minutes, and measurements were once again taken.  The same protocol was also 140 

carried out with the Badal system mounted on the Lenstar biometer and five 141 

measurements were taken on the left eye of each subject and averaged at each 142 

accommodation stimulus level.   143 

The task duration was determined from our previous findings that changes in ChT 144 

were at a maximum about 10 minutes after commencing accommodation, and that 145 

both AL and ChT had returned to baseline levels within 10 minutes of task 146 

completion.22  To reduce the potential confounding influence of diurnal variation in 147 

ocular parameters,27-29 measurement sessions were restricted to 0800-1200 hours 148 

each day.  The order of instrument measurements was randomised for each subject 149 

to eliminate any order effects, and data from both the instruments was collected on 150 

the same day.   151 

 152 

Data Analysis 153 

The OCT images were exported and analysed using custom written software.  Each 154 

scan was initially segmented using an automated algorithm, delineating the inner 155 

limiting membrane (ILM) and the outer surface of the retinal pigmented epithelium 156 

(RPE) to determine RT, and the RPE and the inner surface of the chorio-scleral 157 

interface to determine the ChT, across the full 30° width of the scan.30  One 158 

experienced observer, masked to the subjects’ refractive error and accommodation 159 

level then checked the integrity of the automated segmentation, and manually 160 

corrected any errors.  The two segmented scans taken at each accommodation level 161 

were then averaged to provide the mean RT and ChT across the six radial scans at 162 

the 0, 3 and 6 D demands for each subject. 163 



9 
 

To account for the influence of ocular magnification in OCT imaging (associated with 164 

AL and ocular refraction for each accommodation level), the transverse scale of the 165 

scans were adjusted using each subject’s refractive data and ocular parameters 166 

obtained with the biometer at each accommodation level, using methods previously 167 

described.5  The segmented OCT data were used to derive subfoveal choroidal 168 

thickness (SFChT) and foveal RT, along with parafoveal choroidal and retinal 169 

thickness maps over a 5 mm diameter.  170 

Repeatability of the imaging and measurement procedures were assessed through 171 

Bland-Altman31 analysis of the two repeated measures at each session, which 172 

revealed a mean difference of −0.5 ± 3.9 μm between the two measures of SFChT 173 

per accommodation level, and −0.3 ± 1.9 μm between the two foveal RT measures 174 

per accommodation level.  Based on the observed within-session repeatability, for 175 

our sample size of 40 subjects it was calculated that our study had 80% power to 176 

detect a 3 μm change in ChT (and 2 μm change in RT) at the 0.05 level.  The mean 177 

absolute error (± SD) between the manually corrected and fully automatic 178 

segmentation was also calculated for each OCT scan, indicating that the ILM (0.3 ± 179 

1 μm) and RPE (0.9 ± 3 μm) rarely needed manual correction, whereas correction of 180 

the chorio-scleral boundary (17 ± 30 μm) was more often required. 181 

To account for the error induced in the AL measurements associated with the 182 

increased optical path length of the accommodating eye,32 each subject’s AL 183 

measures were adjusted based on their individual biometric measurements obtained 184 

with the Lenstar, by methods previously described.21, 23   185 

Of the 40 subjects examined, five were excluded from analysis of the parafoveal 186 

choroid and retina (4 emmetropes, 1 myope).  Two subjects had peripheral portions 187 
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of the image of the outer choroidal boundary cut off posteriorly, two subjects were 188 

unable to fixate steadily enough to have all six scans captured for all conditions, and 189 

one subject had a large portion of their images obscured by the shadow cast on the 190 

retina by the edge of the cold mirror.  For all other parameters, including foveal RT 191 

and SFChT, all 40 subjects were included in the analysis. 192 

 193 

Statistical Analysis 194 

A repeated measures ANOVA was performed to examine the changes in SFChT, 195 

foveal RT and ocular biometry (CCT, ACD, LT, AL) with accommodation to 0, 3 and 196 

6 D stimuli (within-subject factor), and to observe any differences between refractive 197 

groups (between-subject factor).  The average parafoveal ChT and RT was 198 

calculated for 8 meridians: superior, inferior, nasal, temporal, superonasal, 199 

superotemporal, inferonasal and inferotemporal, within three concentric annuli of 200 

eccentricities of 1, 3 and 5 mm centred on the fovea (Figure 2).  A repeated 201 

measures ANOVA was performed for the parafoveal ChT and RT changes, with 202 

accommodation level, meridian and eccentricity as within subject factors; and a 203 

between subject factor of refractive error group.  If significant differences were 204 

identified in the main ANOVA (p < 0.05), post-hoc testing with Bonferroni correction 205 

was performed.  ANCOVA was also used to find any associations between the 206 

changes in ocular parameters with accommodation, using the methods of Bland and 207 

Altman for the analysis of repeated measures.33     208 

 209 

 210 
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Results 211 

SFChT decreased significantly (p < 0.001) during accommodation (Figure 3).  The 212 

mean change in SFChT for all subjects (n = 40) was −2 ± 6 μm for the 3 D demand, 213 

and −5 ± 7 μm for the 6 D demand, however only the change with 6 D was 214 

significantly different from baseline (p < 0.001).  The myopic subjects on average 215 

thinned by −1 ± 6 μm at the 3 D demand and −4 ± 8 μm at the 6 D demand, which 216 

was not significantly different to the changes seen in the emmetropes at 3 D (−2 ± 7 217 

μm) or 6 D (−5 ± 6 μm) (p = 0.614).  However, the average baseline SFChT was 218 

significantly thinner in the myopes (303 ± 58 μm) compared to the emmetropes (373 219 

± 77 μm) (p < 0.05). 220 

For all subjects with complete parafoveal data (n = 35) the mean ChT across the full 221 

5 mm exhibited a highly significant within-subjects main effect of accommodation (p 222 

< 0.001).  Pairwise comparisons showed that it was only at the higher 223 

accommodation demand (6 D) that the parafoveal change was significantly different 224 

from baseline values (mean change across all meridians and eccentricities −5 ± 12 225 

μm, p < 0.001) (Figure 4).  A significant main effect of meridian was found (p < 0.05), 226 

and the accommodation-meridian interaction approached significance (p = 0.079), 227 

with the greatest changes seen within the temporal (−9 ± 12 μm), inferotemporal (−8 228 

± 8 μm) and inferior (−6 ± 8 μm) meridians with accommodation to the 6 D demand 229 

(Table 1, all p < 0.001).  Smaller statistically significant changes were also seen 230 

within the nasal (−4 ± 9 μm) and superonasal (−4 ± 8 μm) meridians (p < 0.05) at 6 231 

D.  Although there was no main effect of eccentricity (p = 0.857), the 232 

accommodation-meridian-eccentricity interaction approached significance (p = 233 

0.068).  When the meridians were examined based on their annulus eccentricity, the 234 

temporal, inferotemporal and inferior meridians were the only ones to change 235 
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significantly across the entire 2.5 mm radius, and the magnitude of thinning in these 236 

meridians increased with greater eccentricity from the fovea (temporal meridian −6 ± 237 

10 μm (1 mm annulus), −9 ± 13 μm (3 mm annulus), −13 ± 18 μm (5 mm annulus); 238 

inferotemporal meridian −5 ± 7 μm (1 mm), −7 ± 11 μm (3 mm), −10 ± 12 μm (5 239 

mm); inferior meridian −5 ± 8 μm (1 mm), −7 ± 10 μm (3 mm), −7 ± 12 μm (5 mm)).  240 

Similar to the SFChT, the mean baseline parafoveal ChT across the full 5 mm was 241 

significantly different between refractive groups (p < 0.05), however when the 242 

change in parafoveal ChT with accommodation was examined, there was no 243 

significant effect of refractive group (p = 0.352).  244 

Foveal RT was also found to decrease by a small but statistically significant degree 245 

with accommodation, with an average thinning of −0.7 ± 2 μm at the 3 D demand (p 246 

< 0.05) and −1.0 ± 2 μm at the 6 D demand (p < 0.05).  There was no significant 247 

effect of refractive group on foveal RT, and there was no accommodation by 248 

refractive group interaction (p > 0.05).  For all subjects with complete parafoveal data 249 

(n = 35) the mean RT also exhibited significant changes with accommodation (p < 250 

0.05), with an average thinning of −1.0 ± 3 μm at 3 D, and −0.7 ± 3 μm at 6 D (Figure 251 

5).  However, only the change to the 3 D demand was significant (p < 0.05).   252 

Analysis of the ocular biometry data for all subjects (n = 40) revealed a significant 253 

increase in corrected AL with accommodation (p < 0.001), with a mean elongation of 254 

+5 ± 11 μm during accommodation to the 3 D stimulus (p < 0.05), and +14 ± 13 μm 255 

for the 6 D stimulus (p < 0.001) (Figure 3, Table 2).  The changes in AL with 256 

accommodation were not significantly different between myopes and emmetropes.  257 

As expected, the mean baseline AL for the myopes (24.89 ± 1 mm) was significantly 258 

greater than that of the emmetropic group (23.62 ± 0.8 mm) (p < 0.05).  All subjects 259 

exhibited significant shallowing of the ACD and increase in the LT with 260 
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accommodation (p < 0.001), confirming the accommodative response.  There were 261 

no significant differences in baseline ACD and LT between the emmetropic and 262 

myopic groups, and no significant differences in their change with accommodation.  263 

CCT was not affected by accommodation, and did not differ significantly between the 264 

refractive groups. 265 

The OCT instrument’s fine focus dial was used to focus the en-face retinal image to 266 

compensate for subject’s refraction and accommodation, and could be used as a 267 

crude measure of the extent of accommodation.  Using these values, the average 268 

accommodation response was 1.6 ± 0.5 D for the 3 D stimulus, and 4 ± 1 D for the 6 269 

D stimulus.  This estimate of accommodation response was significantly (p < 0.001) 270 

positively correlated with the change in ACD (r = 0.781) and significantly (p < 0.001) 271 

negatively correlated with the change in LT (r = −0.798), confirming that the 272 

accommodative response seen during biometry was consistent with the response 273 

seen during OCT measurements. 274 

ANCOVA revealed that the changes in AL and SFChT exhibited a significant weak 275 

negative association (p < 0.05, r2 = 0.114, slope β = −0.155) (Figure 3).  The change 276 

in SFChT was positively correlated with the change in ACD (p < 0.001, r2 = 0.181, 277 

slope β = 0.015) and negatively correlated with change in LT (p < 0.001, r2 = 0.183, 278 

slope β = −0.014).   279 

 280 

Discussion 281 

This study provides the first assessment of the regional variations in the choroidal 282 

thinning response that accompanies accommodation in young adult myopes and 283 
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emmetropes.  Using high resolution OCT imaging, we have shown that the most 284 

prominent choroidal thinning occurs within the temporal meridian of the parafoveal 285 

choroid, followed by the inferotemporal and then inferior meridians, with the 286 

magnitude of thinning increasing with greater eccentricity from the fovea within this 287 

quadrant.  The magnitude of thinning observed in the temporal parafoveal choroid 288 

with accommodation was ~200% greater than the subfoveal choroidal thinning.  Both 289 

the subfoveal and parafoveal choroidal thinning reached statistical significance only 290 

at the highest levels of accommodation demand tested (6 D), indicating that the 291 

choroidal thickness appears relatively stable during accommodation to demands of 3 292 

D and less.  A significant increase in AL was also observed, which was greatest at 293 

the highest level of accommodation.  These AL changes were significantly negatively 294 

associated with the changes in the subfoveal choroid, but were of a greater 295 

magnitude and in the opposite direction, with the magnitude of subfoveal choroidal 296 

thinning on average accounting for 34% of the mean magnitude of axial elongation.  297 

Despite using a different measurement method, the current results agree closely with 298 

our previous findings using OLCR, which attributed 38% of the measured AL change 299 

to thinning of the subfoveal choroid.23  Although our previously reported changes in 300 

ChT were slightly larger than those reported in this study, considering the axial 301 

resolution of the different measurement techniques used (SD-OCT – 3.9 µm, and 302 

OLCR23 – 10-20 µm), the changes are comparable.   303 

The asymmetry in the parafoveal choroidal thinning found in this study may provide 304 

an insight into the potential mechanisms which underlie the change in choroidal 305 

thickness during accommodation.  While it has previously been suggested that the 306 

centripetal force of ciliary muscle contraction during accommodation may cause a 307 

mechanical stretching of the globe and subsequent axial elongation,19-20 this seems 308 
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untenable as an explanation for our observed choroidal thinning.  The connections 309 

between the anterior choroid and ciliary muscle tendons, coupled with the anterior 310 

movement of the ciliary muscle during contraction would be expected to cause a 311 

forward movement of the elastic fibres of the choriocapillaris at the posterior pole,34-
312 

35 potentially thickening (rather than thinning) the posterior choroid. 313 

Change in the autonomic tone of the eye associated with accommodation is a more 314 

likely mechanism to explain the regional choroidal thinning seen in this study.  Since 315 

the ciliary body receives increased parasympathetic input during accommodation, it 316 

is possible that structures within the choroid that also receive autonomic input, such 317 

as the non-vascular smooth muscle (NVSM), may also receive this signal.  This 318 

subpopulation of contractile cells within the choroid have been shown to contract in 319 

response to increased parasympathetic input, resulting in a subsequent thinning of 320 

the choroid,34-36 leading to speculation that the NVSM plays a role in stabilising the 321 

fovea against any anterior movement caused by contraction of the ciliary muscle 322 

during accommodation.37 The NVSM cells are most numerous in species with well-323 

defined foveae,38 and in humans are most often densely concentrated within the 324 

choroid in a 5-10 mm area extending from the temporal margin of the optic nerve, 325 

under the fovea, into the temporal retina.37  The contraction of the NVSM network 326 

during accommodation may serve to counteract any forward movement of the 327 

choroidal elastic net, keeping the fovea in place and maintaining a clear image.  328 

Since these cells are reported to be most numerous within the temporal quadrant of 329 

the posterior pole, it follows that their contraction and resultant choroidal thinning 330 

during accommodation would be most pronounced within this region, as was found 331 

in this study.  332 
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Although the exact role of the intrinsic choroidal neurons (ICNs) remains unknown, 333 

like NVSM, they are most numerous in eyes with well-developed foveae and 334 

accommodation systems39 and their distribution is skewed towards the central-335 

temporal quadrant of the choroid.40  Since the ICNs are found to be in close contact 336 

with the contractile NVSM cells, and receive a copy of the signal sent to the ciliary 337 

body during accommodation, it has been hypothesised that they are involved in the 338 

modulation of choroidal thickness to stabilise the foveal position during 339 

accommodation.41  340 

Changes in the optics of the eye during accommodation could also potentially lead to 341 

fluctuations in ChT.  Evidence from both animals6, 7, 42 and humans43-45 shows the 342 

choroid can rapidly modulate its thickness in response to retinal defocus.  The 343 

estimate obtained from the OCT instrument’s fine-focus dial indicated that on 344 

average our subjects probably exhibited an accommodative lag during the fixation 345 

task.  This small hyperopic defocus could potentially trigger a thinning of the choroid, 346 

in the same manner reported in animal models.  However, the relative asymmetry of 347 

the parafoveal choroidal thinning in this study is not consistent with the optical 348 

changes that typically accompany accommodation, the majority of which are 349 

rotationally symmetrical.46-48  It should be noted though, that the exact pattern of 350 

defocus experienced by our subjects is not known since ocular aberrations were not 351 

measured in our study. 352 

We observed a significant increase in AL after 10 minutes of accommodation in our 353 

young adult subjects, which was not significantly different between emmetropes and 354 

myopes.  These findings show general agreement with previously published 355 

studies,21, 23, 24 which reported increases in AL with accommodation, but no 356 

significant differences between the refractive groups.  The increase we found in AL 357 
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was also of a much smaller magnitude than studies which did not take into account 358 

the accommodation induced error related to optical path length and refractive index 359 

that is present in commercial partial coherence interferometry instruments.20  The 360 

changes in AL were negatively correlated with the changes in ChT, providing 361 

evidence that the changes in ChT and AL during accommodation may be mediated 362 

by the same mechanism.  363 

The eye is reported to undergo a number of structural and functional changes as it 364 

ages, most notably through a progressive decline and loss of ability to 365 

accommodate.49-50  The ciliary muscle reportedly thickens and adopts a more 366 

anterior-inward position51-55 but appears to retain its contractile ability well into 367 

presbyopia,52, 56-58 implicating that the age-related decline in accommodative ability is 368 

more likely lenticular in origin.  The choroid is also known to undergo changes, with a 369 

decrease in thickness9-10, 59-60 and a potential stiffening with age reported.61  These 370 

involutional changes in the choroid and ciliary body structure may impact the 371 

distribution and magnitude of parafoveal choroidal thickness changes seen during 372 

accommodation in older age groups.  Although our current study investigated these 373 

changes in young adults, it will be of interest for future research to examine pre-374 

presbyopic or early-presbyopic individuals to observe how ageing changes to the 375 

uvea influence the accommodation induced choroidal thickness changes. 376 

Although there was no significant difference in the magnitude of choroidal thinning 377 

with accommodation observed between the myopes and emmetropes in our study, 378 

the finding of short-term choroidal thinning associated with accommodation could still 379 

potentially have implications for human myopia and the role of near work in the 380 

development of myopia.  In eyes that perform larger amounts of near work, the 381 

choroid will be thinned more frequently and for a greater period of time, which may 382 
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predispose the eye to longer term eye growth changes.  From a clinical perspective, 383 

our findings provide an insight into the relative importance of accommodation control 384 

during fixation of internal instrument lights during OCT or biometry measurements of 385 

choroidal thickness.  Given that our data shows that the subfoveal choroid does not 386 

thin significantly with up to 3 D of accommodation, small amounts of accommodation 387 

during fixation with OCT measurements will be unlikely to confound clinical choroidal 388 

measurements. 389 

In conclusion, this study demonstrates that significant thinning of the choroid across 390 

the posterior pole, accompanies accommodation in a population of young adult 391 

myopes and emmetropes, with the largest magnitude changes occurring in the 392 

temporal and inferotemporal parafoveal choroidal regions. The regional distribution 393 

of the parafoveal choroidal thinning potentially provides an insight into the 394 

mechanisms underlying this change, as it overlaps with the documented distribution 395 

of the NVSM within the choroid.     396 

 397 

 398 
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Figures 561 

 562 

Figure 1. A) Aerial schematic of the Badal optometer and cold mirror system 563 

mounted before the Spectralis SD-OCT and Lenstar biometer.  The subject’s left eye 564 

was measured while they viewed a Maltese cross displayed on an LCD screen 565 

through a cold mirror imaged through a +13 D Badal optometer.  This allowed for the 566 

correction of the subject’s ametropia, and to provide accommodation stimuli of 0, 3 567 

and 6 D.  The right eye was occluded. B) Aerial image of Badal optometer/cold 568 

mirror system mounted before the Spectralis SD-OCT.  569 
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 570 

Figure 2. A) An example of a typical en-face image obtained from the OCT with the 571 

cold mirror in place, overlayed with the meridians (S – superior, I – inferior, N – 572 

nasal, T – temporal, SN – superonasal, ST – superotemporal, IN – inferonasal, IT – 573 

inferotemporal) and concentric annuli (diameter of 1, 3 and 5 mm, centred on the 574 

fovea) used for analysis of the parafoveal ChT and RT data.  The shadow cast on 575 

the nasal retina and optic nerve head is from the edge of the cold mirror.  B) An 576 

example of a typical averaged B-scan from the OCT with the cold mirror in place. 577 
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 578 

Figure 3. Change in AL and SFChT (mean ± SEM μm) from baseline with 579 

accommodation in all subjects (n = 40).  The asterisks (*) indicate a highly significant 580 

change from baseline (p < 0.001), and the cross (†) indicates a significant change 581 

from baseline (p < 0.05). 582 
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 583 

Figure 4. Maps illustrating the mean change in ChT (μm) with accommodation 584 

demand (3 and 6 D) from baseline (0 D) across the central 5 mm of the macula for 585 

all subjects with valid parafoveal data (n = 35).  Negative values indicate a thinning 586 

of the choroid with accommodation.  Circles illustrate the 3 concentric annuli (of 1, 3 587 

and 5 mm diameter) used in the analysis. 588 
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 589 

Figure 5. Maps of the mean change in RT (μm) with accommodation demand (3 and 590 

6 D) from baseline (0 D) across the central 5 mm of the macular for all subjects (n = 591 

35).  Negative values indicate a thinning of the retina with accommodation.  Circles 592 

illustrate the 3 concentric annuli (of 1, 3 and 5 mm diameter) used in the analysis. 593 

 594 
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Tables 595 

Table 1. Mean (± SD) baseline (BL), and changes in parafoveal ChT from baseline 596 

with accommodation to 3 D and 6 D stimuli for each meridian.  For ∆ 3 D and ∆ 6 D, 597 

a positive change indicates a thickening of the choroid, and a negative change 598 

indicates a thinning of the choroid.  599 

Meridian BL (μm) ∆ 3 D (μm) ∆ 6 D (μm) 

Superior 335 ± 69 −2 ± 13 −3 ± 11 

Superotemporal 333 ± 66 1 ± 13 −3 ± 9 

Temporal 330 ± 70 −3 ± 9 −9 ± 12* 

Inferotemporal 328 ± 73 −2 ± 8 −8 ± 8* 

Inferior 326 ± 75 −2 ± 9 −6 ± 8* 

Inferonasal 300 ± 75 1 ± 12 −3 ± 12 

Nasal 281 ± 86 0 ± 6 −4 ± 9† 

Superonasal 307 ± 74 −1 ± 8 −4 ± 8† 

*Indicates a highly significant change from baseline (p < 0.001) 600 

†Indicates a significant change from baseline (p < 0.05) 601 

 602 

  603 
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Table 2. Mean (± SD) ocular biometric data at baseline (BL, 0 D) and their changes 604 

with accommodation to 3 D and 6 D stimuli.  For ∆ 3 D and ∆ 6 D, a positive change 605 

indicates a thickening and a negative change indicates a thinning. 606 

  
CCT  

(μm) 

ACD  

(mm) 

LT  

(mm) 

AL  

(mm/∆ μm) 

All Subjects 

(n = 40) 

BL 542 ± 33 3.22 ± 0.3 3.47 ± 0.2 24.25 ± 1 

∆ 3 D −0.7 ± 2 −0.09 ± 0.05* 0.10 ± 0.05* 5 ± 11† 

∆ 6 D −0.2 ± 2 −0.28 ± 0.06* 0.29 ± 0.07* 14 ± 13* 

Emmetropes 

(n = 20) 

BL 544 ± 29 3.18 ± 0.3 3.47 ± 0.2 23.62 ± 0.8 

∆ 3 D −0.5 ± 2 −0.10 ± 0.05* 0.11 ± 0.05* 3 ± 11 

∆ 6 D 0.2 ± 2 −0.29 ± 0.06* 0.30 ± 0.07* 13 ± 15 

Myopes 

(n = 20) 

BL 539 ± 38 3.26 ± 0.3 3.47 ± 0.2 24.89 ± 1 

∆ 3 D −0.9 ± 3 −0.08 ± 0.04* 0.09 ± 0.05* 7 ± 12 

∆ 6 D 0 ± 2 −0.27 ± 0.06* 0.28 ± 0.07* 15 ± 12 

*Indicates a highly significant change from baseline (p < 0.001) 607 

†Indicates a significant change from baseline (p < 0.05) 608 

 609 

 610 

 611 

 612 

 613 


