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Teresa Ferrer-Blasco . José J. Esteve-Taboada . Daniel Monsálvez-Romı́n .
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Abstract

Purpose To evaluate ocular biometric changes with

different accommodative stimuli using a new swept-

source optical biometer.

Methods Only the right eye was analyzed. Each

subject was measured six times with the IOLMaster

700 swept-source optical biometer (Carl Zeiss Med-

itec, Jena, Germany) with the subject looking at the

stimulus shown by the instrument and with the subject

looking at a target placed outside the instrument at 0D

of vergence. Axial length (AL), anterior chamber

depth (ACD), central corneal thickness (CCT), lens

thickness (LT), white-to-white (WTW), and keratom-

etry readings (K1 and K2) were evaluated in both

cases. To assess if the changes found may affect the

intraocular (IOL) power calculation for surgical

applications, we have applied some formulae, using

the software provided by the optical biometer manu-

facturer, to the ocular parameters found in both

situations for three different types of IOLs.

Results No statistically significant differences were

found for AL, CCT, WTW, K1 and K2 between the

subject looking at the stimulus of the biometer and

looking at the outside target at 0D of vergence

(p[ 0.05). However, the measurement of ACD

revealed a statistically significant reduction of 20

microns (p = 0.03) and, on the contrary, LT increased

significantly 30 microns (p = 0.02). ACD and LT

changes were highly correlated (R2 = 0.91). As for

the IOL power calculation, in all cases, the mean

change was lower than 0.25 D both for IOL power

selection and residual refraction.

Conclusions Although ACD and LT change signif-

icantly with different accommodative stimuli mea-

sured by swept-source optical biometry, these changes

are not clinically relevant.

Keywords Ocular biometry � Accommodation �
Cataract � Optical biometer

Introduction

Optical biometers have replaced ultrasound biometry

due to the good and accurate outcomes reported [1].

Optical biometry employs infrared laser instead of

ultrasound for acquisition of ocular distances. A recent

commercial ocular optical biometric based on swept-

source optical coherence tomography (SS-OCT) tech-

nology has been launched. This equipment generates
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optical B-scans to determine the biometric data of the

eye providing cross-sectional visualization of the eye

(in vivo imaging). This non-contact optical technology

has been proved accurate and repeatable in cataract

patients [2–4]. The equipment measures ocular

parameters while the patient is looking at a point

source inside the equipment. Some ophthalmic instru-

ments in the market use a target to facilitate fixation

and also to avoid accommodation when the patient is

looking at the fixation target. In those patients with

active accommodation, the type of target used to

facilitate fixation may affect the accommodation state

of the patient, affecting then the obtained measure-

ments. This may be important, in the case of signif-

icant changes, for myopia progression control,

intraocular lens (IOL) size calculation, or IOL power

calculation with formulae that use different ocular

parameters (specially fourth generation formulae).

Then, the aim of the present study was to assess the

differences of ocular biometric parameters measured

with the IOLMaster 700 using SS-OCT when the

patient is looking at different visual stimuli. In our

case, we have selected the own stimulus of the optical

biometer (light point source) and compared the results

obtained with it with those obtained using a standard

visual acuity optotype located at infinity (outside the

instrument and at 0D of vergence). A possible

difference between the outcomes reported here may

help clinicians when using these values for IOL power

calculation, control of myopia progression, or any

clinical evaluation/study that requires accurate mea-

surement of ocular parameters. The present study will

show evidences about if these changes should be taken

into account during clinical practice.

Materials and methods

Subjects

Ten subjects with healthy and phakic eyes were

included in this study. Only one eye per participant

was included in order not to artificially reduce the

confidence interval around the limits of agreement [5],

and the patients had all their biometric measurements

taken during the same session. Inclusion criteria were

age between 25 and 40 years and non-pathological

eye. All the subjects had a complete eye examination

Fig. 1 Typical SS-OCT biometry optical B-scan for a subject participating in the study (top); keratometry spots on the cornea (bottom

left) and anterior eye photograph for white-to-white measurements (bottom right)
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1–2 days before taken the biometric measurements,

which included refraction, screening for ocular and

systemic diseases, slit-lamp biomicroscopy, and

examination of the fundus. All the subjects were free

of any ocular pathologic conditions, showed a pho-

topic pupil diameter[ 3.0 mm and had best-corrected

monocular decimal visual acuity of 20/20 (0.0

logMAR). Exclusion criteria included tear film abnor-

mality, amblyopia and/or strabismus, history of ocular

surgery, or inflammation. The study followed the

Declaration of Helsinki and was approved by the

Ethics Committee of the University of Valencia.

Informed consent was obtained from all the subjects

after the nature and possible consequence of the study

had been explained.

Optical biometer

The IOLMaster 700 is an optical biometry device for

measuring different distances in the eye along the

visual axis. It obtains measurements of the axial length

(AL), anterior chamber depth (ACD), central corneal

thickness (CCT), lens thickness (LT), white-to-white

(WTW), and keratometry (K1 and K2) readings.

Figure 1 shows an example of the ocular measure-

ments obtained in one subject. The device acquires

multiple measurements for each of the various eye

parameters in measurement capture process and

presents an average value per triggered measurement.

The axial length measurement is based on SS-OCT

enabling a 44 mm scan depth with 22 microns

resolution in tissue. The speed of the length measure-

ment system allows acquisition of full-eye length

tomograms at 2000 A-scans/s.

Experimental procedure

One skilled operator was involved in the experimental

procedure. Only the right eye of the subjects was used

for the analysis. Measurements were taken for two

conditions: (1) when the subject was looking at the

punctual source of light located inside the instrument

and (2) when the subject was looking at an optotype

target located at infinity. Figure 2 shows the experi-

mental setup for ocular measurements when the

subject was looking at infinity. Measurements were

taken on the right eye of the subject while the left eye

was looking at the target located outside the instru-

ment at 0D of vergence, through a mirror attached to

the optical biometer. Six consecutive measurements

were taken for each subject and each of the two

conditions. Each measurement was taken 4 s after the

subject’s last blink to allow the tear film to spread over

the cornea [6], and blinking was not permitted during

the image acquisition. No other examinations or

measurements of the eye involving contact were

conducted on the same day prior to the start of

measurements with the optical biometer.

Statistical analysis

The measurement results were evaluated using SPSS

software (version 20, IBM). Baseline demographic

observations were summarized by descriptive statis-

tics. A t test was performed to analyze significant

differences between measurements in both conditions.

Statistical significance limit was set to p\ 0.05.

Fig. 2 Experimental setup. Ocular biometric measurements

were taken on the right eye of the subject. When taking the

measurements for the fixation target located at[ 6 m of

distance, left eye looked through a mirror attached to the optical

biometer
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Results

A total of ten eyes of ten subjects (seven male and

three female) were included, whose average age was

32.5±5.3 years (range 25–40 years). All subjects

completed both experiments, and all ocular measure-

ments were taken correctly.

Mean and standard deviation values and ranges

(minimum and maximum) for all parameters

measured in the study (AL, ACD, CCT, LT, WTW,

K1 and K2) are summarized in Table 1. This table also

shows the mean, standard deviation and ranges for the

differences between both situations and the p value

obtained.

No statistically significant differences were found

for AL, CCT,WTW, K1 and K2 (p[ 0.05). However,

the difference in ACD and LT was statistically

significant with p values of 0.03 and 0.02,

Table 1 Mean values and

ranges of the parameters

evaluated for both

conditions, difference

between conditions, and

p values

* represent statistically

significant values

AL axial length, ACD

anterior chamber depth,

CCT central corneal

thickness, LT lens thickness,

WTW white-to-white, K1–

K2 keratometry

Parameter Punctual source of light target Optotype target at 0D Difference p value

AL (mm)

Mean 23.86 23.87 - 0.01 0.14

SD 0.99 0.98 0.02

Min 22.60 22.67 - 0.07

Max 25.24 25.24 0.01

ACD (mm)

Mean 3.49 3.51 - 0.02 0.03*

SD 0.28 0.27 0.03

Min 2.97 3.00 - 0.07

Max 3.93 3.93 0.01

CCT (lm)

Mean 587.20 588.00 - 0.80 0.07

SD 72.74 72.19 1.55

Min 478.00 481.00 - 3.00

Max 729.00 730.00 2.00

LT (mm)

Mean 3.93 3.90 0.03 0.02*

SD 0.33 0.33 0.04

Min 3.40 3.38 - 0.02

Max 4.35 4.29 0.09

WTW (mm)

Mean 12.14 12.20 - 0.06 0.28

SD 0.45 0.56 0.31

Min 11.40 11.30 - 0.90

Max 12.90 13.00 0.20

K1 (mm)

Mean 7.96 7.96 0.00 0.17

SD 0.35 0.34 0.01

Min 7.61 7.62 - 0.03

Max 8.50 8.50 0.03

K2 (mm)

Mean 7.83 7.82 0.00 0.34

SD 0.34 0.35 0.02

Min 7.49 7.45 - 0.03

Max 8.45 8.50 0.03
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respectively. Mean ACD was reduced by 20 microns

and mean LT increased by 30 microns when the

subject was looking at the point source of the

instrument compared to when the subject was looking

at the outside optotype target located at 0D of

vergence. The differences obtained for all the tested

parameters were not dependent on the gender or the

age of the subjects (p[ 0.05; age groups: 25–30 and

31–40 years).

To correlate the significant changes obtained in

both parameters, Fig. 3 shows the LT change versus

the ACD change for the subjects participating in the

study. A simple linear regression model was used to

adjust the values found (y = - 1.119x ? 0.003;

R2 = 0.91).

Discussion

Our results revealed that there are no statistically

significant differences for AL, CCT, WTW, K1 and

K2 (p[ 0.05) between both stimuli (experimental

conditions). In the case of the cornea, this agrees with

previous research that has found that different param-

eters in various zones of the cornea as well as corneal

aberrations were stable during accommodation [7].

The crystalline lens is established to be the ocular

structure that suffers the principal anatomical changes

during accommodation; the cornea is known to be a

very malleable entity whose changes while accom-

modating still remain unsure.

However, the difference in ACD and LT comparing

both conditions was statistically significant

(p\ 0.05). Specifically, ACD decreased and LT

increased when the subject was looking at the light

point source of the optical biometer. The change in

both parameters was highly correlated (see Fig. 3,

R2 = 0.91). Our findings agree with the consideration

that when accommodation is active there is a decrease

of ACD and an increase of LT [8–10]. The classic

theory of Helmholtz and Fincham indicates that,

during accommodation, the anterior surface of the lens

became steeper and moved forward (increasing its

thickness), causing a decrease of ACD. If there is a

change in both parameters during our experiment, this

indicates that accommodation is active when the

subject is looking at the point source of the biometer

and then produces the movement of the lens. There-

fore, when the subject is looking at the light point

source of the biometer, the accommodation may be

active and the measurements of the ocular parameters

taken may be affected. However, the most important

thing is to evaluate if these changes have a clinically

significant impact or not. The changes we have found

in our study are quite small, 20 and 30 microns in

absolute value for ACD and LT, respectively. In

addition, there was no difference when comparing

both conditions for the distance between the posterior

corneal surface and the posterior lens surface

(p[ 0.05; mean value for the punctual source of light

target 6.83 mm; mean value for the optotype target

6.82 mm). These changes seem not to have a clinically

significant impact on current ocular parameters mea-

surement for refractive surgery (i.e., phakic IOL

implantation that requires certain degree of ‘‘safe’’

space for the surgery).

However, in the case of IOL power calculation,

some additional calculations are necessary to be

Fig. 3 Lens thickness (LT) change versus anterior chamber

depth (ACD) change for the different subjects’ evaluation. A

simple linear regression model was used to adjust the values

found (y = - 1.119x ? 0.003; R2 = 0.91)

Table 2 Variables required for IOL power calculation

formulae

Haigis Holladay 2 SRK/T HofferQ

Keratometry X X X X

AL X X X X

ACD X X

LT X

WTW X

AL axial length, ACD anterior chamber depth, LT lens

thickness, WTW white-to-white distance
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properly sure, as complex designs have produced the

development of different methods of controlling the

optical power of the pseudophakic eye. Basically, all

formulae require AL and corneal power, and some

require additional variables such as ACD (before

surgery) and/or LT. In our study, the variables

measured and required in some of the current formulae

used clinically are shown in Table 2. Then, to properly

assess if the changes we have found in our experiment

may affect the IOL power needed, we have applied

these four formulae to the ocular parameters we have

found in both situations. The application was done

using the software that the manufacturer provides in

the IOLMaster 700. Three types of IOLs were selected

for the calculations, one monofocal (Acri.Smart 36A),

one bifocal (Acri-LISA 376D), and one trifocal (AT

LISA tri839MP). The outcomes obtained are shown in

Table 3.We may observe that the changes both in IOL

power and residual refraction between the two condi-

tions are small. In all cases, the mean change was

lower than 0.25D both for IOL power selection and

residual refraction. Differences between lenses are

related to the constants of the lenses used by the

different formulae. This reveals that the changes we

have found in ACD and LT do not produce any

significant change for IOL power selection in this type

of IOLs, and hence a significant change in the residual

refraction of patients implanted with these IOLs (note

that the steps for available IOL power are of 0.50D).

Then, surgeons may use this instrument with the

subject looking at the light point source and obtain

reliable outcomes for IOL power calculation.

The current study measured only healthy eyes, and

therefore, this should not be applied to pathological

eyes, or postoperatively altered corneas, and in

addition in older patients with or without cataract.

Further studies should assess this effect in those

excluded eye groups.

All the ocular parameters measured by non-contact

optical biometry might help researchers to know real

values for the anatomical dimensions of the human eye

on a defined sample. These values could be used to

assess, for instance, some of the elastic properties of

the eye structures, like Young’s modulus and Pois-

son’s ratio, by means of the definition and analysis of

computational human eye models. These simulation

models may help to estimate the eyeball properties

during IOP measuring by non-contact tonometers

[11, 12] or to model retinal behavior in vivo when

forces are applied to detached retina [13]. These

elastic material properties of the human eye might

help quantify details of symptoms of the diseases in

the near future.

In conclusion, our study confirmed, although ACD

and LT change significantly with different accom-

modative stimuli measured by SS-OCT optical biom-

etry, that these changes are not clinically relevant.
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