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Purpose: To study correlations of crystalline lens anatomy and position parameters obtained 

using intraoperative spectral-domain (SD) optical coherence tomography (OCT) in cataract 

patients.

Methods: This retrospective study evaluated biometry data from 600 eyes of 399 cataract 

patients (mean age: 69±8.4 years) using intraoperative anterior segment SD-OCT during 

femtosecond laser-assisted cataract surgery. Lens anatomy and position parameters (anterior 

chamber depth [ACD] – center of the anterior cornea to the anterior lens capsule, lens thick-

ness [LT] – distance between anterior and posterior lens capsules, and lens meridian position 

[LMP] – distance from center of the anterior cornea to intersection of the anterior and poste-

rior lens) obtained with intraoperative SD-OCT, were correlated among themselves and with 

noncontact axial length (AL). Equatorial plane position (EPP) (distance between the plane of 

the lens equator and anterior capsule) was also studied. Pearson’s coefficients (r-values) were 

determined for all correlation pairs.

Results: There was a moderate correlation between AL and ACD (r=0.451; P,0.001). LMP 

was found to correlate strongly with ACD (r=0.77; P,0.001) but very weakly with AL (r=0.089; 

P=0.04). There was a moderately strong inverse correlation between LT and ACD (r=-0.586; 

P,0.001) but the correlation between LT and AL and LT and LMP was found to be weak 

(r=-0.155; P,0.001 and r=-0.121, P=0.003, respectively). Correlation of the ratio of EPP/LT 

and LT was weakly positive (r=0.267; P,0.001).

Conclusion: LMP correlated strongly with ACD but only minimally with AL. LT correlated 

fairly strongly with ACD but only minimally with LMP. This should stimulate additional 

research into the relationships among ocular and crystalline lens anatomy and IOL position 

after cataract surgery.

Keywords: SD-OCT, femtosecond laser-assisted cataract surgery, Catalys, lens meridian 

position, LMP, equatorial plane position

Introduction
Advancements in refractive cataract surgery in recent years have included improved 

preoperative biometry, introduction of femtosecond laser technology, and devel-

opment of new toric and presbyopia-correcting intraocular lenses (IOLs). These 

technological innovations have improved refractive outcomes and allowed patients 

to achieve greater spectacle independence after surgery. Improved understanding of 

the anatomy of the anterior segment of the eye and crystalline lens is vital to improv-

ing refractive predictability of IOL implantation procedures.1,1 Optical coherence 

tomography (OCT) is a high-resolution advanced imaging technology, capable of 
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providing full quantitative 3-dimensional (3-D) analysis of 

the anterior segment and lenticular biometry in individual 

eyes.1–4 Several crystalline lens geometrical parameters 

have been quantified previously with OCT, such as anterior 

chamber depth (ACD),5 curvature radius and asphericity 

of the anterior and posterior lens surfaces,1 lens thickness6 

(LT), and lens alignment (tilt and decentration).7 Addition-

ally, Martinez-Enriquez et al presented and validated a 

custom-developed quantitative OCT model for accurate 

estimation of the entire lens geometry, including parameters 

like lens volume, equatorial lens diameter, and equatorial 

plane position (EPP) (distance from the anterior lens apex 

to the lens equator).3

Spectral-domain (SD) OCT technology integrated into 

a femtosecond laser provides 3-D imaging of the anterior 

segment and helps to delineate anterior chamber structures. 

In addition to biometry data that can be obtained from devices 

used for preoperative IOL power calculations, it provides 

additional qualitative and quantitative lens anatomy param-

eters, which may have a potential role to play in improving 

IOL power calculations.

The purpose of this study is to determine correlations 

among ocular anatomy, lens position, and lens anatomy 

parameters in cataract patients.

Methods
This retrospective study analyzed biometry data from 

600 eyes of 366 cataract patients (with a mean age of 

69±8.4 years) who underwent femtosecond laser-assisted 

cataract surgery (FLACS) between February 2015 and 

May 2017. The study protocol adhered to the tenets of the 

Declaration of Helsinki and was approved by the Medical 

University of South Carolina institutional review board with 

a waiver of consent because the data were collected as a part 

of normal practice care provision.

Exclusion criteria included corneal scars or any other 

opacity that is a contraindication for femtosecond laser, 

corneal ulcer, diabetic retinopathy, macular degeneration, 

severe glaucoma, and other pathologies.

study variables
Lens anatomy and position parameters obtained with the 

Catalys laser (Johnson & Johnson Vision, Santa Ana, CA, 

USA) included ACD – the center of the anterior cornea to 

the anterior lens capsule, LT – the distance between the ante-

rior and posterior lens capsules, and lens meridian position 

(LMP) – the distance from the center of the anterior cornea to 

the intersection of the anterior and posterior lens (equator or 

meridian of the lens). The EPP, or the distance between the 

plane of the lens equator and anterior capsule (Figure 1), 

and the correlation of the ratio of EPP/LT and LT were 

analyzed. Another study variable was noncontact optical 

axial length (AL) (IOLMaster 500; Carl Zeiss Meditec, 

Dublin, CA, USA).

Optical coherence tomography imaging
The Catalys femtosecond laser system uses OCT to create 

a 3-D model of the anterior portion of the eye to guide the 

laser treatment. The OCT system employs SD central wave-

lengths of 820–930 nm to create 3-D images of anterior ocular 

structures and identify the anterior and posterior surfaces of 

the cornea and the lens, as well as the iris border and limbus 

border. The reported resolution of the OCT system is 15 µm 

or better laterally and 30 µm or better axially.

For lens fragmentation, this software algorithm analyzes 

the backscattered light from the OCT system to identify the 

posterior lens surface and presents that information graphi-

cally for the operating physician’s consideration. Streaming 

X- and Y-axis cross-sectional OCT images are displayed with 

computer modeling of potential laser cut patterns overlaid 

for verification by the operating physician. If the imaging 

system cannot detect the posterior lens surface and the LT 

of the patient is not known, it can default to a conservative 

LT value of 2.5 mm. However, there was no such case in 

the current study.

statistical analysis
Data analysis was performed using SPSS software for 

Windows, version 17.0 (SPSS Inc., Chicago, IL, USA). 

Figure 1 spectral-domain anterior segment optical coherence tomography (OCT) 
imaging can be used to measure anterior chamber depth (aCD), equatorial plane 
position (ePP), lens thickness (lT), and lens meridian position (lMP).

ACD

EPP

LT

LMP
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Pearson’s coefficients (r values) were determined for all 

correlation pairs. The strength of correlation was graded 

as follows: r=0: no correlation; 0,r,0.2: very weak 

correlation; 0.2#r,0.4: weak correlation; 0.4#r,0.6: mod-

erately strong correlation; 0.6#r,0.8: strong correlation; 

0.8#r,1: very strong correlation; r=1: perfect correlation. 

A P-value of ,0.05 was considered statistically significant.

Results
Table 1 provides mean values and ranges for the study vari-

ables. There was wide variation in LT in eyes with normal 

AL, with LT ranging from 3.1 mm to as much as 5.8 mm 

(Figure 2).

The correlation of AL with ACD was found to be moder-

ate (r=0.451; P,0.001) (Figure 3). LMP was found to corre-

late strongly with ACD (r=0.771; P,0.001) (Figure 4A) but 

very weakly with AL (r=0.089; P=0.04) (Figure 4B). When 

eyes were grouped by AL, the correlation with LMP was 

weak in eyes with normal AL (22–25) (r=0.009; P=0.861), 

short AL (,22), and long AL (.25) (r=-0.113; P=0.699 

and r=0.123; P=0.203, respectively) (Table 2).

There was a moderate inverse correlation between LT 

and ACD (r=-0.586; P,0.001) but the correlation between 

LT and AL was weak (r=-0.155; P,0.001) (Figure 5A 

and B, respectively). When eyes were grouped according to 

normal, short, or long AL, the correlation between LT and 

AL was weak in eyes with normal AL (r=-0.166; P=0.001) 

and almost absent in eyes with short AL (r=-0.025; P=0.931) 

and long AL (r=-0.03; P=0.751) (Table 3). The correlation 

of LT and LMP was also very weak (r=-0.121, P=0.003) 

(Figure 5C). While LT was found to correlate moderately 

positively with age (r=0.505; P,0.001) (Figure 6A), 

LMP correlated very weakly with age (r=-0.075; P=0.067) 

(Figure 6B).

EPP, or the distance between the plane of the lens equa-

tor and anterior capsule, provides the relative position of the 

lens equator within the lens. The correlation of the ratio of 

EPP/LT and LT was studied and shown to be weakly positive 

(r=0.267; P,0.001) (Figure 7).

Discussion
Third-generation IOL power formulas estimated postopera-

tive ELP based on keratometry and AL, but this approach 

resulted in suboptimal refractive outcomes. Later, Olsen 

et al8 showed that postoperative ACD correlated signifi-

cantly with preoperative lens anatomy parameters, such 

as ACD and LT (P,0.05). Consequently, in an attempt to 

improve ELP estimation and IOL power calculations, direct 

ACD measurements were incorporated into the IOL power 

calculations.9

The final position of an implanted IOL may be subject 

to a number of variables, including the size and centration 

of the capsulotomy and the size of the IOL relative to the 

capsular bag.10–12 Most commonly, however, we would expect 

the IOL to seat at or near the plane of the lens equator, where 

the anterior and posterior lens capsule meet and are subjected 

to zonular forces. The more 3-D information about the ante-

rior segment of the eye we have, the better we can predict 

the postoperative ELP. A FLACS system with integrated 

SD-OCT enables 3-D imaging of anterior chamber ocular 

structures and provides a new parameter, the LMP, which 

closely approximates the position of the lens equator.

We found that LMP was strongly correlated with ACD 

(r=0.77; P,0.001) but weakly correlated with AL (r=0.09; 

P,0.05), indicating that LMP changes significantly rela-

tive to changes in ACD, but only minimally relative to AL. 

To determine if the correlation between LMP and AL is 

affected by the length of the eye, we studied this correlation 

in different AL groups; LMP was found to correlate weakly 

in normal eye (r=0.009; P=0.861), short eye (r=-0.113; 

P=0.699), and long eye (r=0.123; P=0.203). The finding that 

LMP changes only minimally relative to AL is surprising. 

The poor correlation between AL and ACD or LMP may 

be attributed to the fact that myopia is due to elongation of 

the posterior sclera during puberty, not really affecting the 

anterior segment (cornea and anterior sclera), which serves 

to anchor the zonules and thus the position of the lens.

As such, this finding introduces a new dimension to our 

understanding of ELP and raises questions about the accuracy 

of factors previously thought to have affected ELP. This 

should stimulate additional research into the relationships 

among ocular and crystalline lens anatomy and IOL position 

after cataract surgery. The correlation of preoperative lens 

Table 1 Patient demographics and anterior segment biometry 
parameters

Parameter Eyes (n) Mean±SD Range

age (years) 379 69.5±8.40 19–90

al (mm) 528 24.13±1.49 20.22–31.58

aCD (mm) 600 3.46±0.38 2.40–4.60

lT (mm) 600 4.72±0.41 3.10–5.80

lMP (mm) 600 5.11±0.32 3.80–6.10

Abbreviations: aCD, anterior chamber depth; al, axial length; lMP, lens meridian 
position; lT, lens thickness.
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anatomy parameters with postoperative position of the IOL 

(ACD) will be evaluated in our subsequent publications.

The distance from the plane of the lens equator to the 

anterior capsule or to the anterior/posterior surfaces of the 

cornea has been studied by several investigators who sug-

gest that lens equator or meridian position may have a role to 

play in improving IOL power calculations – although little 

of this has yet appeared in the peer-reviewed literature.3,29–32 

Joo et al30 presented evidence at the 2016 ESCRS annual meet-

ing supporting the role of LMP in improving ELP prediction. 

In that study, LMP from the Catalys OCT was found to fairly 

strongly correlate with postoperative ACD (r=0.67; P,0.01). 

Pyfer et al31 reported that LMP measured by Catalys closely 

approximated the ELP calculated from the Haigis and Sanders, 

Retzlaff and Kraff (theoretical) formulas. These findings indi-

cate that LMP may be an effective parameter to predict ELP.

Olsen et al13 proposed the concept of a C constant (refer-

ring to the fraction of LT by which the center of the IOL will 

locate itself after surgery) to predict the postoperative posi-

tion of an IOL from the preoperative thickness and position 

of the crystalline lens. Hwang et al29 reported that pre-LED 

(lens equator depth), a parameter that seems to be closely 

related to LMP, was positively correlated to postoperative 

ACD (r2=0.47; P,0.001). LED was defined as the depth from 

the back surface of the central cornea to the line connecting 

the intersection points between the anterior and posterior 

lens. Similarly, Martinez et al found that utilizing the EPP 

(or distance from the anterior lens apex to the lens equator) 

in IOL power calculations may lower ELP prediction error, 

potentially leading to improved IOL power calculations.3

In contrast, Tucker et al32 did not find that using LMP 

improved ELP estimation more than using ACD. As such, 

future studies are warranted to gain a better understanding 

of the potential use of LMP in improving the accuracy of 

ELP estimation.

Figure 2 anterior segment optical coherence tomography (OCT) of two eyes representing wide variation in lT in cataract eyes, ranging from as high as 5.8 mm in case 1 
(on the left) to 3.1 mm in case 2 (on the right). The large difference in capsular bag size between these two cases is also evident.

Figure 3 scatter plot showing correlation between axial length (al) and anterior 
chamber depth (aCD) (r=0.45).
Note: The dotted line represents the regression line.
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We studied the correlation between LT and LMP and 

found a weak negative correlation (r=-0.121; P=0.003). 

In contrast, the correlation between LT and ACD was fairly 

strong (r=-0.59; P,0.001), and this corroborates the prior 

literature in eyes with cataract (r=0.57).14 To better under-

stand this, we calculated mathematically the distance from the 

plane of the lens equator to the anterior capsule as LMP-ACD. 

We then determined the correlation between ratio of EPP/

LT with LT and found that with increasing LT, the ratio of 

EPP/LT increases (r=0.267), suggesting that as LT increases, 

the majority of the growth occurs anterior to LMP rather 

than symmetrically (anterior/posteriorly) in relation to LMP 

(Figure 7). This seems to explain the lower r value of LT vs 

LMP compared with LT vs ACD. It is important to note that 

LMP and EPP are based on the extrapolation of OCT image 

of the lens (visible through the dilated pupil) to the rest of 

the lens behind the iris. Hence, LMP and EPP may not per-

fectly determine the true lens equator position because these 

are based on presumed and computer-generated position of 

equator, and not actual localization of the equator of the lens.

The moderately positive correlation we found between 

ACD and AL (r=0.451; P,0.001) seems to corroborate 

prior studies.15,16 Of note, a separate analysis from our 

unpublished data had previously revealed a high degree of 

correlation between ACD measurements obtained with the 

IOLMaster and those obtained with the Catalys (r=0.79; 

P,0.001), indicating good validity and reproducibility of 

the intraoperative SD-OCT measurements. This also suggests 

that the suction induced by the docking procedure does not 

affect the ACD measurements. Also, current study measure-

ments were obtained as a part of routine FLACS procedure; 

therefore, all such measurements were obtained after pupil 

mydriasis. Since pupil mydriasis has been associated with 

increase in ACD17–20 and decrease in LT,17,20 due care should 

be taken for making such comparisons.

We found a weak negative correlation between LT and 

AL in the current study (r=-0.15; P,0.001). Subgroup 

analyses were done to understand if this correlation worked 

differently in short, normal, and long eyes; LT was found 

to correlate weakly in normal eyes (r=-0.16; P=0.001) and 

essentially showed no correlation in short (r=-0.02; P=0.931) 

and long eyes (r=-0.03; P=0.751). Although Mashige et al21 

reported a stronger negative correlation in normal eyes (r=-
0.52) of black South Africans, the correlation has been shown 

to be weak (r=0.06–0.18) in study populations more similar 

to ours, ie, eyes with cataract.14,15,22

While the variability in LT in noncataractous eyes 

(3.69–4.87 mm) was well known,23 an even wider varia-

tion in cataractous eyes with normal AL has been observed 

in the current study (3.1–5.8 mm). Given that IOLs are 

essentially one-size-fits-all, the variability in LT could 

be a potential factor in cases of toric IOL rotation or 

Table 2 Correlation of lMP with al, by al group

Group Eyes 
(n)

r P-value Mean±SD Range

al (,22) (mm) 14 -0.113 0.699 5.05±0.39 4.4–5.6

al (22–25) (mm) 385 0.009 0.861 5.1±0.32 3.8–6.1

al (.25) (mm) 109 0.123 0.203 5.16±0.29 4.4–5.9

Abbreviations: al, axial length; lMP, lens meridian position.
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Figure 4 scatter plots showing the correlation of lens meridian position (lMP) with (A) anterior chamber depth (aCD) (r=0.77) and (B) axial length (al) (r=0.09).
Note: The dotted line represents the regression line.
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 refractive surprise. The size of the IOL relative to the 

capsular bag is an important characteristic affecting post-

operative alignment and rotational stability of toric IOLs.24 

Capsular bag diameter (CBD) has been found to correlate 

positively with AL,25 suggesting a greater chance of toric 

IOL rotation in eyes with larger capsular bags and longer 

AL.24 For this reason, capsular tension ring (CTR) use is 

often guided by AL and is recommended in patients with 

high-axial myopia.26,27 While this has been helpful, direct 

imaging of the size of the capsular bag by SD-OCT could 

potentially be used to more accurately determine the need 

for a CTR to prevent rotation. Visual comparison of the 

OCT images in Figure 2 suggests that eyes with greater 

LT may have a correspondingly larger capsular bag size. 

Previous literature also documents an increase in lens 

equatorial diameter with increase in LT.28 However, the 

Figure 5 scatter plots showing the correlation of lens thickness (lT) with (A) anterior chamber depth (aCD) (r=-0.59); (B) axial length (al) (r=-0.15); and (C) lens 
meridian position (lMP) (r=-0.121).
Note: The dotted line represents the regression line.

Table 3 Correlation of lT with al, by al group

Group Eyes 
(n)

r P-value Mean±SD Range

al (,22) (mm) 14 -0.025 0.931 4.69±0.39 3.9–5.3

al (22–25) (mm) 399 -0.166 0.001 4.73±0.40 3.1–5.8

al (.25) (mm) 114 -0.030 0.751 4.62±0.39 3.6–5.6

Abbreviations: al, axial length; lT, lens thickness.
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correlation between LT and CBD is not fully understood 

and requires further study.

Catalys OCT imaging and the associated parameters of 

LMP and LT provide the surgeon with valuable informa-

tion about lens position and anatomy that may already have 

clinical implications for surgical planning and IOL power 

selection. Further analysis of these OCT imaging parameters 

and their association with ELP may lead to the development 

of custom-sized IOLs for patients with larger capsular bags, 

improved protocols for ensuring the stability of toric IOLs, 

and more robust IOL power calculations that incorporate 

accurate estimates of ELP and improve refractive outcomes 

after cataract surgery.

Conclusion
Our study found that LMP correlates strongly with ACD 

but only minimally with AL and the trend was similar for 

short, normal, or long eyes. LT changes fairly strongly 

with ACD but only minimally with LMP. This should 

stimulate additional research into the relationships among 

ocular and crystalline lens anatomy and IOL position after 

cataract surgery. Of note, the findings of the current study 

are specific to cataractous eyes and may not be applicable 

to eyes undergoing clear lens exchange. Future research 

is warranted to evaluate if the correlation of LMP with 

preoperative parameters holds true for presbyopic but 

clear lenses.
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