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Aim: Aim of this study was to investigate the relationship between refractive changes in the eye and biometric
changes of the human crystalline lens during accommodation. Furthermore, differences in these relationships
between young, healthy emmetropic and myopic subjects were analyzed.
Methods: Mean relative change in anterior chamber depth (ACD), lens thickness (LT), anterior segment length
(ASL = ACD + LT) and in objective refraction were simultaneously assessed during near-point-induced
accommodation in 10 emmetropic and 10 myopic subjects. Via a beam splitter, measurements were
performed simultaneously using partial coherence interferometry (PCI) and infrared (IR) photorefraction.
Results: On average, for each diopter of accommodation LT increased by 0.063 mm in emmetropic and by
0.072 mm in myopic eyes, and ACD decreased by 0.047 mm and 0.057 mm, respectively. Mean ASL,
indicating the position of the posterior lens pole, increased by 0.009 mm in emmetropic and by 0.013 mm in
myopic eyes. The correlation between refractive and biometric changes was found to be essentially linear in
both subgroups. Differences in ACD between emmetropic and myopic eyes were statistically significant at an
accommodative stimulus of –1 D (p,0.04) and –2 D (p,0.02).
Conclusion: The biometric and refractive changes of the human lens are highly correlated and linear in
function in both emmetropic and myopic eyes.

T
he attempt to restore accommodation in the aging human
eye has gained increasing attention in the past decades.
This is illustrated by the great interest in accommodating

intraocular lenses (IOLs).1 Lens refilling, even though still
experimental, seems a promising attempt to restore accom-
modation. For all these techniques of restoring accommodation,
a detailed knowledge of the physiological behaviour of the
crystalline lens during ciliary muscle contraction is essential.

Feasibility of such in vivo studies on accommodation is often
limited due to the complex physiological mechanisms.
Assessing the relationship between all physical properties, such
as surface curvatures or the gradient refractive index, and
optical properties, such as focal length of the human lens, is
possible by an in vitro setting.2 On the other hand, direct
biometric in vivo examination of the lens of an accommodating
eye is often restricted to animal studies.3–7

Another problem is to find an appropriate way to measure
refractive changes during accommodation without influencing
the accommodative response due to the study setup. Biometric
measurements have frequently been made by utilizing ultra-
sound, Scheimpflug photography or slit lamp examination.5–15

However, these techniques interfere with the natural viewing
conditions. If target driven accommodation is used, the
contralateral eye focuses on the optical target while biometry
is performed. This can partly lead to convergence movements of
the eyes and misalignments between the eye and the
measurement system.16 In pharmacological stimulation, such
as with pilocarpine, the accommodative changes in young
human subjects, as well as in monkeys are slightly different
than when elicited with a near-point target.17–19

Hence, the aim of this study was to simultaneously measure
the refractive and biometric changes of the anterior eye
segment during near-point induced accommodation in young
emmetropic and myopic eyes and to investigate possible
differences in the accommodative biometric lens changes

between the groups. To our knowledge, this study is the first
to attempt to simultaneously measure biometric changes of the
lens with partial coherence interferometry (PCI) and measure
changes in objective refraction with an infrared photorefractor
in the accommodating human eye.

METHODS
The study was performed at the Department of Ophthalmology
of the Medical University of Vienna, followed the tenets of
Helsinki agreement and was approved by the local ethics
committee. Written informed consent was obtained from all
subjects.

Population
Healthy subjects aged 19 to 31 years were recruited. Subjects
were equally divided into two refractive groups: emmetropes
with a spherical equivalent (SE) refractive error of less than +/–
0.5 D and myopes with a SE refraction of more than –2.5 D
(age of onset before 14 years). Age, refraction and gender for
each refractive group are shown in table 1.

All subjects had visual acuities of 1.0 (20/20) or better.
Exclusion criteria were astigmatism of .0.5 D, a history of
ocular disease, refractive or intraocular surgery, laser treatment,
diabetes requiring medical control, glaucoma and retinal
pathology. All subjects underwent a detailed ophthalmic
examination, including subjective non-cycloplegic refraction,
slit lamp examination and fundoscopy. Values of subjective
refraction were verified by objective refraction using the
autorefractometer ‘‘Refractor 597’’ (Carl Zeiss Meditec AG,
Jena, Germany)(CZM AG).

Abbreviations: ACD, anterior chamber depth; ASL, anterior segment
length; IOLs, intraocular lenses; LT, lens thickness; PCI, partial coherence
interferometry; SE, spherical equivalent
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A beam splitter was used to perform the infrared photo-
refraction measurements (870 nm) and the PCI measurements
(780 nm) simultaneously. Measurements were conducted in a
standardized way starting with fixation of a distant target and
then proceeding in 21 D steps of defocus, always using the
integrated accommodative stimulus of the AC Master. A
negative spherical lens moved relatively to an optical target
inducing accommodation from 0 up to 25 D. At each level of
accommodative stimulus, biometric and refractive measure-
ments were obtained by one examiner who assessed biometric
distances during previously started automatic infrared photo-
refraction under mesopic conditions. Generated mean values of
biometric and photorefractive measurements were used for
further data evaluation.

Biometric measurements
Biometry of the anterior segment of the fixating eye was
assessed with the PCI technique.20–25 In this study, a prototype
of the commercially available AC Master (CZM AG) was used.
It allows defocusing of an internal target (a cross presented on
a small LCD screen in the AC Master itself) from 0 up to –5 D,
which was used as the stimulus for accommodation. Thus, in
order to measure refractive and biometric dynamics in myopes,
myopic subjects wore their habitual soft contact lenses for
distance correction throughout the experimental trials. A soft
contact lens did not influence the quality of the biometric
measurements. At least three measurements with a sufficient
signal-to-noise ratio were obtained at each level of accommo-
dation and mean values were generated.

Anterior chamber depth (ACD) and lens thickness (LT) were
measured. Changes in the anterior lens surface position were
determined from measurements of ACD, changes in the
posterior lens surface position were assessed by adding ACD
and LT, resulting in what was named ‘‘anterior segment
length’’(ASL).4

Photorefraction measurements
Change in refraction was measured with an infrared photo-
refractometer (Powerref II, Plusoptics, Nürnberg, Germany)
quantifying refractive error over a range of –8 D to +6 D
continuously at 25 Hz from a distance of 1 meter.26–28 A high
accordance with autorefraction has been reported for this
technique.29 Uncontrolled accommodation is one of the main
factors interfering with its spherical equivalent assessment in
young patients.30 As the assessment of this factor and its
differences between emmetropes and myopes was one of the
aims of this study, it was not prevented by using cycloplegia,
which on the other side would have increased spherical
equivalent accuracy.30

The so-called R-mode was used assessing the level of
refraction and its change over time in continuous, independent
measurements within 10 s. Refractive measurements were
performed at each level of accommodative stimulus. As the
photorefractometer did not provide refraction values of all
single measurements in between the 10 s, a minimum of 50
single consecutive measurements were defined mandatory to

use the mean value (provided by the photorefractometer itself)
for further data evaluation.

Data analysis
For further data evaluation, we used mean values of at least 50
refractive measurements and of at least three biometric
measurements at each level of accommodation. Differences in
change in refraction and lens dimension were statistically
analyzed with the paired t-test, where p,0.05 was the
significance level.

RESULTS
There were no significant differences between objectively and
subjectively assessed refraction values in both groups.

Relative changes in objective refraction for each diopter of
accommodative stimulus are shown in table 2.

The individual biometric responses of the lens found during
accommodation are shown in fig 1 for 10 emmetropic eyes
(upper) and for 10 myopic eyes (lower). The biometric changes
were linearly correlated to the refractive changes in the
emmetropic (ACD:r2 = 0.81; LT:r2 = 0.81) and in the myopic
eyes (ACD:r2 = 0.72; LT:r2 = 0.77).

LT increased on average by 0.057 mm ¡0.008 in emmetropic
and 0.060 mm ¡0.010 in myopic eyes for each diopter of
accommodative stimulus. However, comparing change in
objective refraction with increasing LT we found a difference
between the groups. In the emmetropic eyes, on an average LT
increased by 0.063 mm and ACD decreased by 0.047 mm per
diopter of increasing refraction. The resulting functions for the
relative change in refraction for emmetropic eyes are
D refraction = –0.14–13.586D LT
D refraction = –0.25+15.976D ACD
with ‘‘Drefraction’’ meaning relative change in objective

refraction in D, ‘‘D LT’’ relative change in LT in mm and ‘‘D
ACD’’ relative change in ACD in mm.

In myopic eyes, on an average LT increased by 0.072 mm and
ACD decreased by 0.057 mm per diopter of increasing refrac-
tion. The resulting functions for change in refraction for myopic
eyes are
D refraction = 0.00–13.936D LT
D refraction = –0.10+15.726D ACD
(abbreviations as explained above).
Mean absolute values of ACD, LT and ASL at an accom-

modative stimulus of 0 D up to –5 D are shown in table 3 for
emmetropic and myopic eyes.

The relative change of the anterior lens surface position
compared to that of the posterior pole is shown in fig 2 for the
emmetropic and the myopic eyes, respectively. In emmetropic
eyes, the lens change was primarily induced by a change in
posterior pole position during accommodation from 0 to –1 D
(see fig 2). In the myopic eyes, the lens change was primarily
caused by a change in the anterior lens pole during
accommodation from 0 to –2 D. Accordingly, there was a
significant difference in ACD between emmetropic and myopic
eyes at an accommodative stimulus of –1 D (p,0.04) and –2 D
(p,0.02). Differences in posterior lens surface positions
between emmetropic and myopic eyes did not reach statistical

Table 1 Subjects: gender, age (mean ¡ SD) and subjectively assessed SE refraction for each
refractive group

n sex age
subj. refraction
(mean¡SD)

Range (subj.
refraction)

Emmetropes 10 9f, 1 m 23.0¡2.4 –0.03 D ¡0.08 –0.25/0
Myopes 10 6f, 4 m 24.7¡3.9 –4.7 D ¡1.5 –2.75/–7.25

Linear relationship of refractive and biometric lenticular changes during accommodation in emmetropic and myopic eyes 361

www.bjophthalmol.com



significance at an accommodation of 1 D (p = 0.24) or 2 D
(p = 0.27), neither did changes in LT (1 D: p = 0.24, 2 D:
p = 0.15). Percentages of movement of the anterior and the
posterior lens pole in emmetropic and myopic eyes during
accommodation and p values of the differences in anterior lens
surface position are shown in table 4.

Between emmetropes and myopes, there was neither a
significant difference in change in objective refraction at each
level of defocus (–1 D: p = 0.93; –2 D: p = 0.16; –3 D: p = 0.8; –
4 D: p = 0.59; –5 D: p = 0.61), nor in accommodative amplitude
(emmetropes: 4.61 D¡0.84; myopes: 4.19 D¡1.53; p = 0.53).

To examine intraobserver reproducibility, two emmetropic
and two myopic subjects were investigated on a second study
day using the identical protocol. In all four subjects mean SD
between individually assessed values were 0.028 mm for
changes in ACD, 0.02 mm for changes in LT and 0.26 D for

changes in objective refraction. Hence, there was a high
intraobserver reproducibility.

DISCUSSION
One interesting finding of this study was that there seems to be
a slight difference in the initial biometric changes of the lens
with accommodation between emmetropes and myopes.
Furthermore, a linear relationship between refractive and
biometric changes of the human eye during accommodation
could be shown. This study is based on a previous study
published by Drexler and coworkers, who investigated lenti-
cular changes during target driven accommodation, and
provides new information, as additionaly refractive changes
were assessed simultaneously.20

The differences in accommodative changes between both
groups, the emmetropic and the myopic, were distinct at an

Table 2 Relative changes in objective refraction for each diopter of accommodative stimulus
for each refractive group (mean ¡ SD)

accommodative stimulus

relative change in objective refraction (in D)

emmetropes myopes

–1 D –0.42¡0.31 –0.43¡0.24
–2 D –1.00¡0.42 –1.61¡1.08
–3 D –2.22¡1.03 –2.36¡1.01
–4 D –3.07¡0.70 –3.40¡1.33
–5 D –4.61¡0.84 –4.19¡1.53
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Figure 1 Relative change in ACD and LT
(mm) versus relative change in objective
refraction (D) during accommodation for 10
emmetropic eyes (upper) and 10 myopic
eyes (lower). The regression line including
95% confidence interval is depicted. Each
symbol represents the correlation between
accommodative and biometric changes in
one patient depending on the
accommodative stimulus.
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accommodative stimulus of –1 D and –2 D (see table 3). In the
emmetropic group, there was an initial posterior shift at the
posterior lens pole up to about 1 D of accommodation. With
increasing accommodative effort, lens thickening was then
dominated by changes of the anterior lens surface as expected.
However, in the myopic group, the lens thickening was initially
induced by a forward shift of the anterior lens surface with an
essentially stationary posterior pole. Accordingly, there was a
statistically significant difference in ACD between emmetropic
and myopic eyes at an accommodative stimulus of –1 D and –
2 D.

These results indicate that there are differences in the
accommodative changes of the lens between emmetropes and

myopes, which have not been described previously. In a chicken
eye model Choh showed that the lenticular accommodative
apparatus is affected by ametropia.31 Inducing myopia in
chicken eyes for 7 days led to statistically significantly shorter
focal lengths of the crystalline lenses and smaller accommoda-
tive amplitudes. Hence, even if this was observed in an animal
study, it could suggest that myopia can have effects not only on
eye growth, but also on the accommodative biometric changes
of the human crystalline lens. These effects on accommodative
mechanisms could be due to differences in zonule fibre
insertion or in the relative position of the ciliary muscle to
the lens equator.32 However, as only changes in LT and ACD and
in refraction were assessed this reasoning is entirely hypothe-
tical, and it has to be emphasized that the sample size in both
groups was rather small.

In comparison to other biometry techniques such as
ultrasound, slitlamp pachymetry or Scheimpflug photography,
this study’s test setup showed several advantages. PCI is a very
precise no-contact method for ocular biometric measurements
with a high precision (,10 mm) and resolution (,12 mm).20–25

During a measurement, the examined eye fixates on an optical
target, hence convergence eye movements due to presentation
of the target to the contralateral eye can be avoided.16

Furthermore, accommodation is stimulated with negative trial
lenses, a principle reported to result in even more consistent
and reliable results than pilocarpine stimulation.18 33 On the
other hand, differences in accommodative response to minus-
lens-induced blur between emmetropes and myopes have also
been reported previously.34

Vilupuru and coworkers, who investigated Edinger Westphal
stimulated accommodation in rhesus monkeys, found results
that were similar to those of this study.4 Measurements were
performed dynamically, however, not simultaneously, but in 2
sessions, once refraction and once biometry, with the help of
the ultrasound technique. Interestingly, the values for mean
increase in LT per diopter accommodated in rhesus monkeys
are identical to ours for emmetropic human subjects
(0.063 mm/D). In monkeys, ACD decreased on average by
0.046 mm/D compared to 0.047 mm/D in our emmetropic
group. They also found the relationship between refractive
and biometric changes during accommodation to be linear,
which is in good standing with our results.

In a previous study published by Drexler and coworkers
correlations between biometric and refractive changes during
accommodation were not found to be as linear as in this
study.20 But Drexler investigated biometric changes of the
anterior eye segment for the whole accommodative amplitude
and accommodation was induced by offering a moveable
fixation target, and not by presetting negative spherical lenses.
Values of mean change in ACD and LT per D were smaller than
in this study. This could be in part because biometric changes
were measured as function of stimulus amplitude and not
accommodative response altitude, as it was performed in this

Table 3 Absolute values (mean ¡ SD) in mm of anterior chamber depth (ACD), lens thickness (LT) and anterior segment length
(ASL) at an accommodative stimulus level of 0 up to –5 D in 10 emmetropic and 10 myopic eyes

emmetropes myopes

ACD LT ASL ACD LT ASL

0 D 3.795¡0.167 3.598¡0.230 7.393¡0.231 4.127¡0.178 3.661¡0.133 7.789¡0.216
–1 D 3.787¡0.156 3.622¡0.222 7.410¡0.225 4.094¡0.174 3.687¡0.128 7.739¡0.114
–2 D 3.747¡0.138 3.665¡0.222 7.412¡0.230 4.072¡0.178 3.747¡0.138 7.777¡0.094
–3 D 3.673¡0.148 3.738¡0.228 7.436¡0.239 3.987¡0.182 3.831¡0.149 7.818¡0.212
–4 D 3.608¡0.153 3.830¡0.248 7.439¡0.250 3.912¡0.183 3.889¡0.121 7.814¡0.233
–5 D 3.524¡0.127 3.954¡0.199 7.474¡0.264 3.881¡0.189 3.959¡0.143 7.841¡0.234
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Figure 2 Mean relative change in anterior (ACD) and posterior (ASL) lens
surface position versus mean relative change in objective refraction in 10
emmetropic eyes (upper) and 10 myopic eyes (lower) during
accommodation for an accommodative stimulus of 0 D to –5 D. Error bars
indicate standard deviations, asterisks indicate statistically significant
differences in anterior lens surface position between emmetropes and
myopes.
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study. To visualize the difference between these two methods,
the differences between accommodative stimulus and accom-
modative response of this study’s subgroups are shown in fig 3.

Until now it has not been cleared to what extent the posterior
lens pole position changes during accommodation. Helmholtz
supposed the posterior lens pole position to remain stable during
accommodation, Koretz and coworkers found similar results
using Scheimpflug technique in humans and using ultrasound in
monkeys.35 36 Even recently, Strenk and coworkers reported that
the posterior lens pole does not move during accommodation
using magnetic resonance imaging.37 As opposed to this, other
authors measured a change in posterior lens pole position during
accommodation in monkeys and in humans.4 17 20 Results of this
study provide evidence that there is a definite backward move-
ment of the posterior lens surface also in humans. Furthermore,
differences in the extent of movement were found between the
emmetropic and the myopic group at different levels of defocus
(see fig 2) that did not reach statistical significance.

To conclude, even if accommodative refractive changes in the
eye are primarily due to changes in lens surface curvature, it is
important to know that there are linear relationships between
refractive and axial biometric changes of the human anterior
eye segment during accommodation. As the study population
was small, it is not clear in how far accommodative differences
between emmetropes and myopes need to be considered for the
development of new techniques for restoring accommodation
such as accommodative IOLs and lens refilling.
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