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Abstract

Purpose

To compare the axial length (AL), anterior chamber depth (ACD) and intraocular lens power

(IOLP) of IOLMaster and Ultrasound in normal, long and short eyes.

Methods

Seventy-four normal eyes (� 22 mm and� 25 mm), 74 long eyes (> 25 mm) and 78 short

eyes (< 22 mm) underwent AL and ACD measurements with both devices in the order of

IOLMaster followed by Ultrasound. The IOLP were calculated using a free online LADAS

IOL formula calculator.

Results

The difference in AL and IOLP between IOLMaster and Ultrasound was statistically signifi-

cant when all three groups were combined. The difference in ACD between IOLMaster and

Ultrasound was statistically significant in the normal group (P<0.001) and short eye group

(P<0.001) but not the long eye group (P = 0.465). For the IOLP difference between IOLMas-

ter and Ultrasound in the normal group, the percentage of IOLP differences <|0.5|D,�|0.5|

D<|0.75|D,�|0.75|D<|1.0|D, and�|1.0|D were 90.5%, 8.1%, 1.4% and 0%, respectively.

For the long eye group, they were 90.5%, 5.4%, 4.1% and 0%, respectively. For the short

eye group, they were 61.5%, 23.1%, 10.3%, and 5.1%, respectively.

Conclusions

IOLMaster and Ultrasound have statistically significant differences in AL measurements

and IOLP (using LADAS formula) for normal, long eye and short eye. The two instruments

agree regarding ACD measurements for the long eye group, but differ for the normal and
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short eye groups. Moreover, the high percentage of IOLP differences greater than |0.5|D in

the short eye group is noteworthy.

Introduction

It is well known that accurate axial length (AL), keratometric value and anterior chamber depth

(ACD) measurements are of essential importance for intraocular lens power (IOLP) calculation.

There are two common types of biometry based on different working principles. The first type

is noncontact optical biometry, which is designed using partial coherence interferometry to pro-

vide ACD, AL and keratometry with a single measurement. The second type is contact ultra-

sound biometry using 10-MHz ultrasound waves to measure AL, ACD, and lens thickness [1].

The IOLMaster (Carl Zeiss Meditec, Germany), as a partial coherence interferometer, pro-

vides highly repeatable and reproducible corneal parameters, ACD and AL values [1]. It mea-

sures the optical path length from the corneal anterior surface to the retinal pigment

epithelium as AL [2]. Moreover, it can provide different IOLP calculation formulas even for

different IOL models, which is of great help when planning IOL implantation in the clinic [1].

However, ocular biometric parameters cannot be successfully captured for patients with sub-

capsular and dense cataracts. Therefore, ultrasound biometry cannot be replaced by optical

biometry in all cases.

Ultrasound biometry can provide ACD, lens thickness, vitreous body length and AL (from

the corneal vertex to the internal limiting membrane) and is performed by immersion of the

ultrasound probe in a saline-filled shell or by applanation of the probe to the cornea after surface

aneasthesia [2]. Generally, the immersion technique is considered much more accurate and

provides longer measurements than the contact technique [3]. A recent study of 36 subjects

with repeated measurements by both the contact and immersion techniques showed that they

were comparable, with no clinically significant differences in the mean AL measurements [4].

The accurate calculation of IOLP is a critical factor for optimizing patients’ outcomes, espe-

cially for different AL eyes. Several modern mathematical formulas, such as Hoffer Q, Holla-

day I, Holladay I with Koch adjustment, Haigis, and SRK/T, have been used in the clinic to

improve the accuracy under some specific conditions. A recent study showed that an IOL

super formula (LADAS formula) is capable of providing the most accurate calculations and

determining the ideal IOLP calculation for an individual eye under all situations [5]. Most of

previous research about IOLMaster and Ultrasound were small sample size studies with no AL

sub-group comparisons [2]. Based on clinical surgeons experience, IOLP calculation formulas

choice were commonly divided by the AL boundary of 22 mm and 25 mm. We make the

hypothesis that different AL sub-groups may influence the measurement consistency and

IOLP between them. Based on the assumption that the same individual optical ACD and K

readings from the IOLMaster were used for each eye’s IOLP calculation, we only want to

check whether the potential AL measurement difference resulted in a clinically significant

IOLP difference. Therefore, the purpose of this study was to investigate the AL, ACD, and

IOLP (using LADAS formula) differences with IOLMaster and Ultrasound in normal, short

and long eyes with a relatively large sample size.

Materials and methods

This study was performed at Shanxi Eye Hospital between February, 2017 to June, 2017 and

only pre-operation cataract eyes were included in this study. The research protocols were

Comparison of the measured parameters of IOLMaster and ultrasound
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approved by the institutional review boards of Shanxi Eye Hospital and carried out in accor-

dance with the tenets of the Declaration of Helsinki. Written informed consent was obtained

from each subject after he or she was given an explanation of the nature of the study.

Subjects

We chose to study only Han Chinese subjects to eliminate the possible influences of different

ethnic groups. The inclusion criteria for the studied group included: a best-corrected visual

acuity (BCVA) less than 8/20, normal slit-lamp and fundoscopy examinations, an intraocular

pressure (IOP) < 21 mmHg, central fixation sufficiently stable to perform image capture and

no history of ocular or systemic corticosteroid use. Subjects with keratoconus, previous cor-

neal lesions and prior surgery in the cornea, glaucoma or posterior abnormalities, such as cho-

roidal neovascularization, retinoschisis, retinal detachment or macular holes, and those with

missing data (failed to cooperate with IOLMaster or Ultrasound examination, severe cataracts

failed IOLMaster examination, IOLMaster signal-to-noise ratio less than 2.0) were excluded.

Eyes were divided into 3 sub-groups based on IOLMaster AL values: normal group (AL� 22

mm and� 25 mm), short eye group (AL less than 22 mm), and long eye group (AL more than

25 mm).

Data acquisition

The ACD and AL were measured via IOLMaster then Ultrasound with no pupil dilation. Each

measurement was repeated ten times in each eye, and the averaged value was used in the analy-

sis. The software was version 7.5 for IOLMaster. The subject was asked to place his chin on the

chin rest and press his forehead against the forehead strap. The subject’s eye was aligned to the

visual axis by a central fixation light or target. A single trained operator performed all of the

examinations using both devices. The keratometry index was 1.3375, and the ACD value was

the distance from the corneal epithelium to the anterior lens surface. All 10 readings with a sig-

nal-to-noise ratio greater than 2.0 were acceptable for final data analysis (individual partici-

pants’ data are presented in S1 Dataset).

A handheld A-scan ultrasound biometry device (ECHOGRAPH–Model: AXIS–II PR,

QUANTEL MEDICAL, FRANCE) with a 10-MHz A-scan biometry probe was used for the

contact AL measurements. Ultrasound velocities of 1532 millisecond-1 for the anterior cham-

ber and vitreous and 1641 milliseconds-1 for the lens were used. One drop of topical anesthetic

(0.4% oxybuprocaine hydrochloride eye drops) was instilled into the eye 3 minutes before

ultrasound biometry was performed. For each device, a single trained operator performed all

of the examinations.

Intraocular lens power calculation

The free online LADAS super formula (http://www.iolcalc.com/) was used for IOLP calcula-

tion in each group (version 1.0b). We assume that each eye would use the same A constant

(118.0), K index (1.3375), IOLMaster individual optical ACD and keratometric readings to

observe the potential effect of AL measurement on IOLP calculation. Moreover, we set the tar-

get refraction to zero for all the IOLP calculations.

Statistical analysis

Statistical analysis was performed with SPSS ver. 13.0. The statistical significance of the inter-

device differences in ACD, AL and IOLP was evaluated with the paired two-tailed t-test. The

inter-device agreement was evaluated using Bland-Altman analysis. The inter-device differences

Comparison of the measured parameters of IOLMaster and ultrasound
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were plotted against their means, and the 95% limits of agreement (LoA) were determined

using this method. The significance level for all of the tests was set at 5%.

Results

According to IOLMaster AL values, a total of 74 eyes (� 22 mm and� 25 mm), 74 eyes (> 25

mm) and 78 eyes (< 22 mm) were included in the normal group, long eye group and short eye

group, respectively (Table 1).

The difference in AL and IOLP between IOLMaster and Ultrasound was statistically signifi-

cant for the combination of all three groups. The difference in ACD between IOLMaster and

Ultrasound was statistically significant in the normal group and short eye group but not in the

long eye group (Table 2).

For the IOLP difference between IOLMaster and Ultrasound in the normal group, the per-

centages of IOLP differences <|0.5|D,�|0.5|D<|0.75|D,�|0.75|D<|1.0|D, and�|1.0|D was

90.5% (67/74), 8.1% (6/74), 1.4% (1/74) and 0% (0/74), respectively. For the long eye group,

they were 90.5% (67/74), 5.4% (4/74), 4.1% (3/74) and 0% (0/74), respectively. For the short

eye group, they were 61.5% (48/78), 23.1% (18/78), 10.3% (8/78), and 5.1% (4/78), respectively

(Fig 1). The percentages of subjects with IOLP in different ranges (IOLMaster—Ultrasound)

are summarized in Table 3.

Table 1. Characteristics of the study groups.

Normal Group Long Eye Group Short Eye Group

Patients, n 74 74 78

Eyes, n 74 74 78

Age (yrs) 71 ± 13 60 ± 12 67 ± 10

Flat K (D, by IOLMaster) 44.21 ± 1.40 43.84 ± 1.77 45.52 ± 1.57

Steep K (D, by IOLMaster) 45.21 ± 1.58 44.99 ± 1.93 46.65 ± 1.51

D = Diopter; K = keratometry.

https://doi.org/10.1371/journal.pone.0194273.t001

Table 2. Axial length, anterior chamber depth and intraocular lens power data comparison between IOLMaster and Ultrasound in each group.

IOLMaster Ultrasound I—U P�

Normal Group (n = 74)

AL (mm) 23.09 ± 0.72 23.14 ± 0.71 -0.05 ± 0.08 <0.001

ACD (mm) 2.84± 0.46 3.02 ± 0.46 -0.18 ± 0.23 <0.001

IOLP (D) 20.12 ± 2.24 19.96 ± 2.26 0.17 ± 0.26 <0.001

Long Eye Group (n = 74)

AL (mm) 28.27 ± 2.57 28.23 ± 2.52 0.04 ± 0.12 0.006

ACD (mm) 3.54 ± 0.37 3.56 ± 0.42 -0.02 ± 0.24 0.465

IOLP (D) 6.37 ± 6.51 6.45 ± 6.42 -0.08 ± 0.29 0.015

Short Eye Group (n = 78)

AL (mm) 21.44 ± 0.50 21.54 ± 0.50 -0.10 ± 0.08 <0.001

ACD (mm) 2.42 ± 0.34 2.56 ± 0.39 -0.14 ± 0.21 <0.001

IOLP (D) 24.40 ± 2.51 23.97 ± 2.42 0.42 ± 0.32 <0.001

ACD = anterior chamber depth; AL = axial length; IOLP = intraocular lens power; I = IOLMaster; n = number of eye; U = ultrasound.

Note

�Paired two-tailed t-test; Values were displayed as mean ± standard deviation.

https://doi.org/10.1371/journal.pone.0194273.t002
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For the normal group, the width of the LoA intervals for the AL, ACD, and IOLP were 0.30

mm, 0.88 mm, and 1.0 D, respectively; for the long eye group, the width of the LoA intervals

for the AL, ACD, and IOLP were 0.48 mm, 0.94 mm, and 1.12 D, respectively; for the short eye

group, the width of the LoA intervals for the AL, ACD, and IOLP were 0.31 mm, 0.83 mm,

and 1.26 D, respectively (Fig 2). Moreover, the LoA mean differences, lower and upper limits

values for the AL, ACD, and IOLP in each group were displayed in Fig 2.

Discussion

With the increasing demands concerning more exact postoperative refractive error and higher

patient expectations, there has been more of a focus in the field of refractive cataract surgery,

especially for long and short eyes, on accurate ocular biometry measurement and predictable

IOLP calculation of the eye, such as AL, ACD, anterior and posterior keratometry, lens thick-

ness, and all types of improved IOLP formulas. We compared optical and ultrasound biometry

parameters, such as AL, ACD and IOLP, in normal, long and short eyes in this study. The

results demonstrated that IOLMaster and Ultrasound have statistically significant differences

in AL measurements and IOLP calculations for normal, long and short eyes. The two instru-

ments agree on ACD measurements for the long eye group but differ in the normal and short

eye groups. Moreover, a relatively higher percentage of IOLP differences greater than |0.5|D

should be noticed in the short eye group.

Previous studies have shown that IOLMaster and contact Ultrasound have acceptable

repeatability of AL and ACD measurements for the clinic [6–8]. Compared to IOLMaster, sig-

nificantly higher AL values were observed via Ultrasound for the normal and short eye groups.

Inversely, significantly lower AL values were found via Ultrasound in the long eye group. The

AL differences between optical biometry and ultrasound biometry could mainly be explained

Fig 1. Intraocular lens power difference of different ranges between IOLMaster and Ultrasound in each group.

https://doi.org/10.1371/journal.pone.0194273.g001

Table 3. Percentages and case numbers of intraocular lens power in different ranges of the two devices in each

group.

IOLP (I—U)

-1.0 D ~ 0 D 0 D D ~1.0 D �1.0 D

Normal Group 24.3% (18/74) 2.7% (2/74) 73.0% (54/74) 0% (0/74)

Long Eye Group 56.8% (42/74) 6.8% (5/74) 36.4% (27/74) 0% (0/74)

Short Eye Group 7.7% (6/78) 1.3% (1/78) 85.9% (67/78) 5.1% (4/78)

D = diopter; IOLP = intraocular lens power; I = IOLMaster; U = ultrasound

https://doi.org/10.1371/journal.pone.0194273.t003
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by several potential reasons. Firstly, different imaging modalities have different resolutions.

For ultrasound, the accuracy of AL measurement was approximately 0.12 mm, which is less

than the 0.012 mm from the optical AL measurement [9]. Secondly, there is a different mea-

surement boundary between IOLMaster and Ultrasound biometry. Compared to Ultrasound,

IOLMaster should generally provide approximately 200 μm longer values, which is approxi-

mately the average retinal thickness [10]. However, IOLMaster demonstrated approximately

0.04 ± 0.12 mm higher AL values than Ultrasound in the long eye group but demonstrated

approximately 0.05 ± 0.08 mm and 0.10 ± 0.08 mm lower AL values than Ultrasound in the

normal and short eye groups in this study. This measurement inconsistency has been reported

in some previous studies [9,11,12]. Thirdly, Ultrasound measures the anatomic axis of the eye,

Fig 2. Bland-Altman plots for the axial length (AL), anterior chamber depth (ACD), and intraocular lens power (IOLP) comparing the IOLMaster (I) with the

Ultrasound (U). In each panel, the 95% limits of agreement (LoA) mean difference, lower and upper limits were demonstrated as blue solid line and brown dotted line,

respectively. Moreover, the corresponding values of LoA mean differnence, lower and upper limits were also demonstrated in each panel. Panel A, B, and C for the

normal group, Panel D, E, and F for the long eye group and Panel G, H, and I for the short eye group.

https://doi.org/10.1371/journal.pone.0194273.g002
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which is different from the optical AL along the visual axis (tilted approximately 5˚ horizon-

tally and 1˚ vertically relative to the anatomic axis) [9,13].

The ACD measurements of the IOLMaster were higher than Ultrasound in each group, and

a statistically significant differences were found in the normal and short eye group in this

study (the width of the LoA intervals being 0.88 mm, 0.94 mm and 0.83 mm for the normal,

long eye and short eye groups, respectively). This result was similar to that from the study by

Elbaz et al.: Ultrasound measured a significantly higher ACD compared to IOLMaster (the

width of the LoA interval being 0.65 mm) [14]. However, the result was the opposite of that

from the study by Hashemi et al.: Ultrasound measured a significantly lower ACD compared

to IOLMaster (the width of the LoA interval being 0.54 mm) [15]. The contradictory results

may be attributed to: 1) the measurement method difference: Ultrasound biometry relies on

ultrasound, while IOLMaster is based on partial coherence interferometry; 2) the potentially

different accommodation states during each measurement [16]; and 3) the possibility that

operator experience influences the measurement performance, especially for Ultrasound

biometry [17].

A study by Ladas et al. demonstrated that the LADAS IOL super formula incorporates the

ideal segments from each of the existing formulas, such as Hoffer Q, Holladay I, Holladay I

with Koch adjustment, Haigis and SRK/T, and it uses the ideal IOL formula for each individual

eye [5]. Therefore, we used the LADAS IOL super formula for IOLP calculation in our study.

Using the LADAS formula, the IOLP was essentially comparable between the two devices for

the normal and long eye groups. For the normal and long eye groups, the mean IOLP differ-

ence between the two devices was less than |0.5|D in approximately 90% of cases, and no case

was more than |1.0|D. These findings indicate that the differences are clinically negligible for

most subjects having cataract surgery with normal and long eye AL. Hence, the AL measure-

ments with the two devices can be interchangeable using the same keratometry, optical ACD

and A-constant for IOLP calculation for AL more than 22 mm. However, the mean IOLP dif-

ference less than |0.5|D between the two devices was 61.5%, and 5.1% of the eyes demonstrated

an IOLP difference greater than |1.0|D for the short eye group. The outcomes indicate that the

differences between the two devices are clinically noticeable for a large proportion of short eye

cataract patients.

A few limitations of this study should be noted. First, only the LADAS IOL super formula

was used for the IOLP calculation comparison between the two devices in each group, which

should be considered when using the results. Therefore, we will compare more formulas in a

future study. Second, this study included only Chinese subjects and therefore cannot be

directly generalized to different ethnic backgrounds. Third, we performed all of the AL and

ACD measurements on undilated pupils, which allowed the subjects to more easily fixate on

the fixation target in the examination. However, without cycloplegia, the potential influences

of accommodation on consecutive AL, ACD measurements cannot be excluded [18,19].

Despite these limitations, this prospective study to investigate the interchangeability of AL,

ACD and IOLP between IOLMaster and Ultrasound in different AL eyes provides useful infor-

mation for clinical practice.

In conclusion, The IOLMaster and Ultrasound have statistically significant differences in

their AL measurements and in IOLP (using LADAS formula) for normal, long and short eyes.

The difference between the two devices in the normal and long eye groups were clinically neg-

ligible. The two instruments agree on ACD measurement for the long eye group but differ in

the normal and short eye groups. Moreover, the high percentage of IOLP differences more

than |0.5|D in the short eye group should be noted.

Comparison of the measured parameters of IOLMaster and ultrasound

PLOS ONE | https://doi.org/10.1371/journal.pone.0194273 March 15, 2018 7 / 9

https://doi.org/10.1371/journal.pone.0194273


Supporting information

S1 Dataset. Submission data reduction.

(XLSX)

Author Contributions

Conceptualization: Jing Dong, Yaqin Zhang, Suhua Zhang, Xiaogang Wang.

Data curation: Yaqin Zhang, Haining Zhang, Zhijie Jia, Xiaogang Wang.

Formal analysis: Jing Dong, Xiaogang Wang.

Funding acquisition: Xiaogang Wang.

Investigation: Suhua Zhang, Xiaogang Wang.

Methodology: Yaqin Zhang, Haining Zhang, Zhijie Jia, Suhua Zhang, Xiaogang Wang.

Project administration: Xiaogang Wang.

Supervision: Yaqin Zhang, Suhua Zhang, Xiaogang Wang.

Writing – original draft: Jing Dong, Xiaogang Wang.

Writing – review & editing: Yaqin Zhang, Haining Zhang, Zhijie Jia, Suhua Zhang, Xiaogang

Wang.

References
1. Drexler W, Findl O, Menapace R, Rainer G, Vass C, Hitzenberger CK, et al. Partial coherence interfer-

ometry: a novel approach to biometry in cataract surgery. Am J Ophthalmol 1998; 126(4):524–534.

PMID: 9780097

2. Haigis W, Lege B, Miller N, Schneider B. Comparison of immersion ultrasound biometry and partial

coherence interferometry for intraocular lens calculation according to Haigis. Graefes Arch Clin Exp

Ophthalmol 2000; 238(9):765–773. PMID: 11045345

3. Olsen T, Nielsen PJ. Immersion versus contact technique in the measurement of axial length by ultra-

sound. Acta Ophthalmol (Copenh) 1989; 67(1):101–102.

4. Hennessy MP, Franzco, Chan DG. Contact versus immersion biometry of axial length before cataract

surgery. J Cataract Refract Surg 2003; 29(11):2195–2198. PMID: 14670431

5. Ladas JG, Siddiqui AA, Devgan U, Jun AS. A 3-D "Super Surface" Combining Modern Intraocular Lens

Formulas to Generate a "Super Formula" and Maximize Accuracy. JAMA Ophthalmol 2015; 133

(12):1431–1436. https://doi.org/10.1001/jamaophthalmol.2015.3832 PMID: 26469147

6. Carkeet A, Saw SM, Gazzard G, Tang W, Tan DT. Repeatability of IOLMaster biometry in children.

Optom Vis Sci 2004; 81(11):829–834. PMID: 15545808

7. Lam AK, Chan R, Pang PC. The repeatability and accuracy of axial length and anterior chamber depth

measurements from the IOLMaster. Ophthalmic Physiol Opt 2001; 21(6):477–483. PMID: 11727876

8. Cass K, Thompson CM, Tromans C, Wood IC. Evaluation of the validity and reliability of A-scan ultra-

sound biometry with a single use disposable cover. Br J Ophthalmol 2002; 86(3):344–349. PMID:

11864896

9. Nakhli FR. Comparison of optical biometry and applanation ultrasound measurements of the axial

length of the eye. Saudi J Ophthalmol 2014; 28(4):287–291. https://doi.org/10.1016/j.sjopt.2014.04.003

PMID: 25473345

10. Chan A, Duker JS, Ko TH, Fujimoto JG, Schuman JS. Normal macular thickness measurements in

healthy eyes using Stratus optical coherence tomography. Arch Ophthalmol 2006; 124(2):193–198.

https://doi.org/10.1001/archopht.124.2.193 PMID: 16476888

11. Rose LT, Moshegov CN. Comparison of the Zeiss IOLMaster and applanation A-scan ultrasound: biom-

etry for intraocular lens calculation. Clin Exp Ophthalmol 2003; 31(2):121–124. PMID: 12648044

12. Zaldivar R, Shultz MC, Davidorf JM, Holladay JT. Intraocular lens power calculations in patients with

extreme myopia. J Cataract Refract Surg 2000; 26(5):668–674. PMID: 10831895

Comparison of the measured parameters of IOLMaster and ultrasound

PLOS ONE | https://doi.org/10.1371/journal.pone.0194273 March 15, 2018 8 / 9

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0194273.s001
http://www.ncbi.nlm.nih.gov/pubmed/9780097
http://www.ncbi.nlm.nih.gov/pubmed/11045345
http://www.ncbi.nlm.nih.gov/pubmed/14670431
https://doi.org/10.1001/jamaophthalmol.2015.3832
http://www.ncbi.nlm.nih.gov/pubmed/26469147
http://www.ncbi.nlm.nih.gov/pubmed/15545808
http://www.ncbi.nlm.nih.gov/pubmed/11727876
http://www.ncbi.nlm.nih.gov/pubmed/11864896
https://doi.org/10.1016/j.sjopt.2014.04.003
http://www.ncbi.nlm.nih.gov/pubmed/25473345
https://doi.org/10.1001/archopht.124.2.193
http://www.ncbi.nlm.nih.gov/pubmed/16476888
http://www.ncbi.nlm.nih.gov/pubmed/12648044
http://www.ncbi.nlm.nih.gov/pubmed/10831895
https://doi.org/10.1371/journal.pone.0194273


13. Harris WF. Optical axes of eyes and other optical systems. Optom Vis Sci 2009; 86(5):537–541. https://

doi.org/10.1097/OPX.0b013e31819fa8d8 PMID: 19342976

14. Elbaz U, Barkana Y, Gerber Y, Avni I, Zadok D. Comparison of different techniques of anterior chamber

depth and keratometric measurements. Am J Ophthalmol 2007; 143(1):48–53. https://doi.org/10.1016/

j.ajo.2006.08.031 PMID: 17101110

15. Hashemi H, Yazdani K, Mehravaran S, Fotouhi A. Anterior chamber depth measurement with a-scan

ultrasonography, Orbscan II, and IOLMaster. Optom Vis Sci 2005; 82(10):900–904. PMID: 16276322

16. Drexler W, Baumgartner A, Findl O, Hitzenberger CK, Fercher AF. Biometric investigation of changes in

the anterior eye segment during accommodation. Vision Res 1997; 37(19):2789–2800. PMID: 9373677

17. Findl O, Kriechbaum K, Sacu S, Kiss B, Polak K, Nepp J, et al. Influence of operator experience on the

performance of ultrasound biometry compared to optical biometry before cataract surgery. J Cataract

Refract Surg 2003; 29(10):1950–1955. PMID: 14604716

18. Read SA, Collins MJ, Woodman EC, Cheong SH. Axial length changes during accommodation in

myopes and emmetropes. Optom Vis Sci 2010; 87(9):656–662. https://doi.org/10.1097/OPX.

0b013e3181e87dd3 PMID: 20562668

19. Woodman EC, Read SA, Collins MJ. Axial length and choroidal thickness changes accompanying pro-

longed accommodation in myopes and emmetropes. Vision Res 2012; 72:34–41. https://doi.org/10.

1016/j.visres.2012.09.009 PMID: 23017772

Comparison of the measured parameters of IOLMaster and ultrasound

PLOS ONE | https://doi.org/10.1371/journal.pone.0194273 March 15, 2018 9 / 9

https://doi.org/10.1097/OPX.0b013e31819fa8d8
https://doi.org/10.1097/OPX.0b013e31819fa8d8
http://www.ncbi.nlm.nih.gov/pubmed/19342976
https://doi.org/10.1016/j.ajo.2006.08.031
https://doi.org/10.1016/j.ajo.2006.08.031
http://www.ncbi.nlm.nih.gov/pubmed/17101110
http://www.ncbi.nlm.nih.gov/pubmed/16276322
http://www.ncbi.nlm.nih.gov/pubmed/9373677
http://www.ncbi.nlm.nih.gov/pubmed/14604716
https://doi.org/10.1097/OPX.0b013e3181e87dd3
https://doi.org/10.1097/OPX.0b013e3181e87dd3
http://www.ncbi.nlm.nih.gov/pubmed/20562668
https://doi.org/10.1016/j.visres.2012.09.009
https://doi.org/10.1016/j.visres.2012.09.009
http://www.ncbi.nlm.nih.gov/pubmed/23017772
https://doi.org/10.1371/journal.pone.0194273

