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ABSTRACT
Purpose To determine the relationships between 
lens thickness (LT), lens density and anterior segment 
parameters in patients with mild to moderate cataracts.
Setting Oftalmosalud Instituto de Ojos, Lima, Perú.
Design Prospective, single- centre, cross- sectional study.
Methods 169 eyes with age- related mild to moderate 
cataracts had lens density assessed using the Lens 
Opacification Classification System III, the built- in 
Pentacam HR Nucleus Staging software and ImageJ 
software. LT and axial length (AL) were measured 
with the IOLMaster 700, and angle parameters were 
measured using anterior segment optical coherence 
tomography. Pearson correlation coefficients and 
Kruskal- Wallis tests were used for statistical analyses.
Results Nuclear colour score was the only clinical 
parameter with a weak significant correlation with LT 
(r=0.24, p=0.003) after accounting for age, AL, gender 
and anterior chamber depth (ACD). The maximum 
value of average lens density and the mean nuclear 
density were significantly correlated with LT (r=0.24, 
p=0.003 and −0.17, p=0.03, respectively) after 
controlling for the same factors. Central LT greater 
than 4.48 mm was present in 54.5% of the eyes with a 
nuclear opalescence grade 1.
Conclusions LT is independent of lens density in mild 
to moderate cataracts after accounting for age, AL, ACD 
and gender contrary to previous studies.

SuMMARy
This study objectively analysed lens thickness (LT) 
and lens density in mild to moderate cataracts and 
found that LT is independent of lens density in early 
stages after accounting for age, axial length (AL) 
and anterior chamber depth (ACD).

InTRoDuCTIon
Primary angle closure glaucoma (PACG) is an 
important eye health problem affecting an estimated 
79.6 million people in 2020, of whom 5.3 million 
will be blind.1 In many countries, cataract surgery 
remains one of the most commonly performed 
procedures.2 3 LT impacts both situations: a thick 
crystalline lens has been associated with some forms 
of primary angle closure4 and in cataract surgery, 
LT or parameters related to lens geometry5–7 have 
become strong indicators, in addition to corneal 
curvature, on the effective ACD and subsequent 
intraocular lens (IOL) position calculation.5–10

Historical methods used to measure LT were less 
accurate compared with current technology and 
were for the most part subjective.11–14 The variability 

of LT measurements between individuals has been 
attributed to several factors such as age, gender, body 
habits, body mass index, central corneal thickness, 
ACD, hyperopic refractive error, cigarette smoking 
and diabetes.11–15 The increase in LT in association 
with the severity of a cataract is uncertain; contro-
versial results have been reported analysing different 
types and grades of cataract in relation to LT using 
subjective or poorly reproducible methods such as 
slit- lamp photographs and callipers.11 12

The subjective Lens Opacification Classification 
System III (LOCS III) is a well- established system 
for cataract grading;16 however, it remains a subjec-
tive method. Several objective methods used to 
grade cataracts have been developed among them, 
Scheimpflug imaging which has shown a good 
correlation with LOCS III17–19 as well as ImageJ 
software that allows lens density and dimensions to 
be quantitatively graded.18 To avoid bias for cataract 
grading that used subjective measures, we decided 
to use currently available objective methods, the 
Pentacam Nucleus Staging (PNS) software and 
ImageJ software. We also decided to objectively 
assess LT using swept source optical coherence 
tomography (OCT) based biometry.20

Since LT can influence effective IOL location after 
surgery,8–10 IOL power calculation formulas,10 21 as 
well as affect ACD measurements,22–24 correlations 
between LT and lens density need to be objectively 
determined. The aim of our study was to evaluate 
and quantitatively document correlations between 
LT and lens density using contemporary objective 
and subjective techniques as well as to evaluate and 
define any relationships between anterior segment 
parameters and LT measurements according the 
degree of cataract formation.

MeThoDS
This was a prospective, single- centre, cross- sectional 
study that included 169 eyes of 169 patients with 
mild to moderate cataract who were treated at the 
Instituto de Ojos Oftalmosalud (Lima, Peru) from 
August 2016 to February 2017 and agree to partic-
ipate in the study protocol. All patients underwent 
Optical Biometry (IOLMaster 700, Carl Zeiss 
Meditec AG, Jena, Germany), Scheimpflug analysis 
(Pentacam High Resolution (HR model 1.21r51), 
Oculus, Wetzlar, Germany), time- domain anterior 
segment optical coherence tomography (AS- OCT 
Visante; Carl Zeiss Meditec, Dublin, California, 
USA), slit- lamp examination and lens grading and 
best- corrected visual acuity (BCVA). All examina-
tions were performed by the same researcher. Visual 
acuity was measured at 6 m using standard Snellen 

P
eriodicals. P

rotected by copyright.
 on January 21, 2020 at G

reenfield M
edical Library

http://bjo.bm
j.com

/
B

r J O
phthalm

ol: first published as 10.1136/bjophthalm
ol-2019-314171 on 16 January 2020. D

ow
nloaded from

 

http://bjo.bmj.com
http://orcid.org/0000-0001-9392-5536
http://crossmark.crossref.org/dialog/?doi=10.1136/bjophthalmol-2019-314171&domain=pdf&date_stamp=2020-01-15
http://bjo.bmj.com/


2 Henriquez MA, et al. Br J Ophthalmol 2020;0:1–8. doi:10.1136/bjophthalmol-2019-314171

Clinical science

Figure 1 Pentacam Scheimpflug image exported to ImageJ analysis in a patient with incipient cataract in whom ALDavg was 35.43 pixels and 
NLD avg was 38.52 pixels and lens thickness was 5.01 mm according to the IOL master measurement. The yellow line represents the area of interest 
analysed. ALD avg, average lens density mean; NLD avg, nuclear lens density .

acuity charts. If bilateral cataracts were present, only one eye of 
each patient was selected randomly (random number chart) for 
the analysis. Inclusion criteria were an age- related cataract no 
greater than LOCS IV for nuclear colour, nuclear opalescence, 
cortical and/or subcapsular using LOCS III classification, age 45 
years or older, no previous ocular surgeries or laser treatments, 
no history of diabetes and a no smoking history. The study 
complied with the Declaration of Helsinki. The ethics committee 
and Institutional Review Board of Oftalmosalud approved the 
study. Written informed consent was obtained from all patients.

All participants underwent the following same day measure-
ments in the following order: visual acuity and refraction, slit 
lamp examination, IOL Master, AS- OCT and Scheimpflug 
imaging analysis. To assess cataract density using Scheimplug 
analysis, two drops given 5 min apart of 1% Tropicamide (Midi-
lar- T, Roster Laboratories) was administered to dilate the pupil 
30 min before the test was taken.

Lens density
Lens density was assessed subjectively by using LOCS III and 
objectively by using Scheimpflug imaging analysis with the built- in 
PNS software and ImageJ software V.34 (National Institutes of 
Health, Bethesda, Maryland, USA; available as a free download 
(http:// rsb. info. nih. gov/ ij/ download. html, Accessed 15 January 
2009). For LOCS III, two masked reviewers (MAH and JAM) 
independently assessed slit- lamp and retro- illumination images 
of the cataract; any disagreements were resolved by consensus 
or arbitration by a third party (LI). The scale ranged from 0.1 
(clear or colourless) to 5.9 (very opaque in case of cortical and 
subcapsular posterior) or 6.9 (very opaque and/or brunescent in 
cases of combined nuclear opalescence and nuclear colour). The 
following cataract parameter scores were obtained from LOCS 
III: nuclear opalescence (NO), nuclear colour (NC), cortical (C) 
and subcapsular posterior (P) opacity.

Room lights were switched off for all Scheimpflug image 
examinations (PNS recording) to obtain a reflex- free image. 
Three images were assessed by the same ophthalmologist and 
the image with the highest quality factor was used; only scans 

with a quality of over 95% were included in the study. The PNS 
software has a grading system that is based on the pixel inten-
sity measurement within the nucleus, which provides data on 
the mean density value, the SD and maximum nuclear density 
and is measured in a three- dimensional template volume and 
optical density array that generate a nuclear cataract grade in 
five stages (PNS cataract grading score). Three parameters were 
obtained from each PNS recording: PNS average (mean nuclear 
density), PNS maximum (maximum nuclear density) and PNS 
cataract grading score (from 0 to 4, with 4 indicating highest 
nuclear density).

Scheimpflug images were exported to ImageJ software for anal-
ysis of the region of interest (ROI) according to the procedure 
described by Grewal et al.18 The ImageJ software allowed the 
placement of the ROI standard elliptical mask to be automated 
in all 50 images of each eye. The average lens density (ALD) was 
calculated by marking the edges of the lens using the ImageJ soft-
ware (figure 1). The density of the selected area was measured 
in pixel intensity units on a scale of 0–255. Lens density was 
measured on each of the 50 Scheimpflug images and the mean 
value was obtained to provide a global lens density value for the 
average and nuclear lens density (NLD) measurements. The oper-
ator was also allowed to adjust the ROI if he felt the alignment of 
the image was wrong. The following parameters were obtained 
(in pixels units): average lens density mean (ALD avg), average 
lens density maximum (ALD max), nuclear lens density mean 
(NLD avg) and nuclear lens density maximum (NLD max).

Lens thickness, anterior chamber depth and axial length
LT, ACD and AL were measured by the same ophthalmologist 
(MAH) who also performed measurements with the IOLMaster 
700 (Carl Zeiss Meditec AG, Jena, Germany). ACD was measured 
from the corneal epithelium to the posterior lens surface using 
the calliper software in the instrument.

Anterior segment parameters and chamber angle
The angle opening distance (AOD), the angle recess area (ARA), 
the trabecular- iris space area (TISA) and the lens vault (LV) were 
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Table 1 Baseline patients’ characteristics of lens thickness, axial length and anterior chamber depth according to LOCS III classification

n Age (years) Lens thickness (mm) Axial length (mm) Anterior chamber depth (mm)

Nuclear colour

  NC1 16 65.5±7.1
(50-77)

4.3±0.6
(3.4–5.5)

23.9±1.8
(21.5–26.6)

3.4±0.5
(2.3–4.1)

  NC2 83 64.7±10.9
(40-84)

4.5±±0.4
(3.6–5.2)

24.8±2.5
(21.8–33.2)

3.2±0.4
(2.4–4.1)

  NC3 55 68.1±10.51
(40-87)

4.7±0.3
(3.9–5.4)

24.9±2.1
(21.9–31.4)

3.1±0.4
(2.4–3.9)

  NC4 15 74.0±8.1
(62-87)

4.8±0.3
(4.3–5.2)

24.7±2.1
(22.3–31.3)

3.1±0.5
(2.3–3.9)

Nuclear opalescence

  NO1 11 63.7±4.8
(58-73)

4.4±0.6
(3.4–5.4)

24.7±2.5
(21.5–28.7)

3.3±0.6
(2.3–4.1)

  NO2 89 65.1±10.2
(40-84)

4.5±0.4
(3.6–5.5)

24.7±2.4
(21.8–33.2)

3.2±0.4
(2.4–4.1)

  NO3 52 67.9±10.5
(42-85)

4.6±0.4
(3.8–5.4)

24.8±2.1
(21.9–31.8)

3.2±0.4
(2.4–3.9)

  NO4 17 73.8±12.0
(40-87)

4.9±0.3
(4.3–5.2)

24.5±1.9
(22.3–31.3)

2.9±0.3
(2.3–3.5)

Cortical

  C1 27 62.4±9.9
(40-85)

4.7±0.4
(4.1–5.3)

25±3.0
(22.1–33.2)

2.9±0.4
(2.3–3.9)

  C2 55 65.3±9.9
(42-87)

4.5±0.4
(3.3–5.5)

25.5±2.3
(21.5–31.8)

3.3±0.4
(2.3–3.9)

  C3 58 69.7±10.2
(40-87)

4.6±0.4
(3.4–5.2)

24.3±1.6
(21.8–30.2)

3.2±0.4
(2.2–4.1)

  C4 17 73±9.4
(53-87)

4.6±0.4
(3.6–5.2)

24.1±1.4
(22.0–27.2)

3.2±0.4
(2.4–3.8)

Subcapsular posterior

  P1 78 67.7±9.9
(40-87)

4.6±0.4
(3.6–5.3)

24.1±1.7
(21.8–31.4)

3.1±0.3
(2.4–3.8)

  P2 28 65.4±10.7
(40-85)

4.5±0.4
(3.6–5.3)

25.4±2.6
(21.8–33.1)

3.3±0.5
(2.4–4.1)

  P3 8 70.1±11.8
(58-87)

4.6±0.3
(4.2–5.0)

24.8±2.3
(23.2–30.4)

3.2±0.0
(2.8–3.6)

  P4 4 54±12.6
(40-67)

4.3±0.8
(3.4–5.2)

29.0±5.2
(21.5–33.2)

3.3±0.4
(2.8–3.7)

C, cortical cataract; LOCS III, Lens Opacification Classification System III; NC, nuclear colour;NO, nuclear opalescence; P, Subcapsular posterior cataract.

Table 2 Mean lens thickness and lens density according to the Cataract grading score of the PNS software

PnS Cataract 
grading score n PnS average PnS maximum ALD average ALD maximum nLD average nLD maximum

Lens 
thickness

0 14 10.5±4.1 (8.1–24) 30.1±26.3 (1.8–100) 28.3±3.8 (23.2–37.8) 172.2±73.1 (44–255) 28.9±2.2 (24.5–32.7) 38.8±2.8 (35–44) 4.3±0.5
(3.6–5.5)

1 93 10.8±2.2 (7.6–23.6) 31.3±23.9 (6.5–100) 34.6±5.2 (17.5–47.7) 160.8±74.1 (52–255) 43.2±11.2 (13.3–72.2) 81.1±58.5 (29–255) 4.5±0.4
(3.4–5.4)

2 55 12.2±3.3 (9.1–29.5) 35.5±23.5 (16.1–100) 44.5±6.1 (34.7–67.4) 176.8±54.6 (97–255) 62.5±15.6 (36.3–104) 100.9±44.9 (53–255) 4.7±0.31
(4.1–5.4)

3
4

7
0

11.1±1.4 (9.4–12.9) 38.9±33.5 (15.7–100) 53.0±7.5 (42.7–65.2) 209.3±54.7 (141–255) 79.6±17.9 (54.4–
107.1)

143±79.9 (68–255) 4.7±0.3
(4.1–5.1)

ALD average, average lens density mean given by the ImageJ software;ALD maximum, average lens density maximum given by the ImageJ software; NLD average, nuclear lens density mean given 
by the ImageJ software; NLD maximum, nuclear lens density maximum given by the ImageJ software; PNS, Pentacam Nucleus Staging software; PNS average, mean nuclear density given by the 
PNS; PNS maximum, maximum nuclear density given by the PNS.

measured using anterior segment OCT and the calliper soft-
ware.22 23 25 26 Measurements were assessed at 0° and 180°, and 
the mean between them was recorded. The AOD is the perpen-
dicular distance between a point 500 µm anterior to the scleral 
spur and the opposing iris (expressed in mm). The ARA (ARA 
500 and ARA 750) is the triangular area demarcated by the ante-
rior iris surface, corneal endothelium and a line perpendicular 
to the corneal endothelium drawn from a point 500 or 750 µm 

anterior to the scleral spur to the iris surface (expressed in μm). 
The TISA (TISA 500, TISA 750) is a trapezoidal area measuring 
the filtering area; the defining boundaries are: anteriorly, the 
AOD; posteriorly, a line drawn from the scleral spur perpendic-
ular to the plane of the inner scleral wall to the opposing iris; 
superiorly, the inner corneoscleral wall and, inferiorly, the iris 
surface (expressed in μm).
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Table 3 Correlation between lens thickness and lens density 
measured objective and subjectively

Lens density parameters Rxy P value* Rxy.zw P value**

Objectively assessment 
(Scheimpflug)

  PNS average −0.041 0.616 −0.177 0.032

  PNS max −0.035 0.666 −0.008 0.925

  NLD, mean 0.291 0.000 0.053 0.527

  NLD, maximum 0.372 <0.001 0.122 0.141

  ALD, mean 0.356 <0.001 0.112 0.177

  ALD, max 0.198 0.013 0.241 0.003

Subjective assessment (LOCS III)

  NO 0.333 <0.001 0.159 0.054

  NC 0.360 <0.001 0.240 0.003

  C −0.103 0.201 −0.119 0.152

  P −0.068 0.399 0.093 0.262

P value * for Pearson correlation coefficient without adjusting for age, AL, gender 
and ACD. P value ** for Pearson correlation coefficient adjusting for age, AL, gender 
and ACD.
Bold typeface indicates statistical significance.
ACD, anterior chamber depth; AL, axial length; ALD average, average lens density 
given by the ImageJ software; ALD maximum, average lens density maximum 
given by the ImageJ software; C, cortical cataract; NC, nuclear colour; NLD average, 
nuclear lens density mean given by the ImageJ software; NLD maximum, nuclear 
lens density maximum given by the ImageJ software; NO, nuclear opalescence; 
P, subcapsular posterior cataract; PNS, Pentacam Nucleus Staging software; PNS 
average, mean nuclear density given by the PNS; PNS maximum, maximum nuclear 
density given by the PNS; Rxy, Pearson correlation coefficient without adjusting for 
age, AL, gender and ACD; Rxy.z, Pearson correlation coefficient adjusting for age, AL, 
gender and ACD.

The LV is the perpendicular distance between anterior pole of 
the crystalline lens and the horizontal line joining the two scleral 
spurs (expressed in μm).

Statistical analysis
The R version statistical package 3.4.1 (freely available software 
under the terms of the Free Software Foundation’s General 
Public License [https://www. r- project. org/]) was used for the 
statistical analysis. The linear correlation between the variables 
was evaluated using Spearman’s correlation coefficient. For the 
comparison of independent groups, the Kruskal–Wallis test was 
used. The Dunn test was used for multiple comparison tests after 
the Kruskal–Wallis test. Differences were considered statistically 
significant at a p<0.05. For statistical analysis, we divided LT 
into four groups: 3.5–4.0 mm; 4.1–4.5 mm; 4.6–5.0 mm and 
5.1–5.5 mm.

ReSuLTS
The average patient age was 66.8 years (range, 45–87 years). 
There were 72 males (42.60%), the mean BCVA was 0.28 
LogMAR (SD: 0.415), the mean nuclear opalescence score was 
2.54 (SD: 0.85) and the mean nuclear colour score was 2.49 
(SD: 0.87). The patients’ baseline characteristics of age, LT, AL 
and ACD according to the subjective classification LOCS III are 
given in table 1 according to the objective method used, and the 
Cataract grading scores (PNS software) are given in table 2.

Linear correlations were analysed between lens density and 
LT (table 3). From the subjective analysis, nuclear opalescence 
and nuclear colour from the LOCS III had significant correlation 
with LT, but after controlling for age, AL, gender and ACD, only 
the nuclear colour remained significant but with a weak correla-
tion (r=0.24, p=0.003). From the objective analysis, using the 

Scheimpflug images, only the maximum value of ALD remained 
significant but with a weak correlation after accounting for the 
same factors (r=0.24, p=0.003).

Figure 2 shows the correlation between LT and objective 
measurements for lens density. As an example, grade I for 
nuclear opalescence had a LT that varied from 3.4 to 5.4 mm 
(figure 2A) and incipient cataract, grade I for nuclear colour had 
a LT range from 3.4 to 5.5 (figure 2B). Figure 2A,B shows the 
weak correlation between average and maximum PNS and LT, 
respectively. Figure 2C,D shows the weak correlation between 
mean and maximum NLD assessed with the ImageJ software and 
LT. Figure 2E,F shows a weak correlation between mean and 
maximum ALD assessed by the ImageJ software and LT, respec-
tively, which means that regardless of the increment in the density 
of the cataract (expressed in pixels), whether nuclear or based on 
the pixel average of the entire lens, there is not a proportional 
increase in the thickness of the lens, having controlled for age, 
AL, gender and ACD.

Figure 3 also shows the correlations between the subjective 
cataract grading system and LT. Specifically, figure 3A shows a 
weak correlation between nuclear opalescence and LT. Figure 3B 
shows a weak correlation between nuclear colour and LT, 
figure 3C shows a weak correlation between cortical cataract 
and LT and figure 3D shows a weak correlation between subcap-
sular cataract and LT. These findings suggest that regardless of 
the degree of nuclear, cortical or subcapsular cataract, there is 
not a significant correlation with LT which is more evident in 
cataracts grade 1 and 2, where the range in LT is much wider 
than in grades 3 and 4.

Table 4 compares different variables obtained using OCT in 
eyes stratified by AL. There were statistically significant differ-
ences in the AOD500, TISA 750 and LVs between the groups 
with different LT. Table 5 shows the percentage of eyes for each 
grade and type of cataract that has a higher risk of developing 
primary angle closure or phacomorphic glaucoma according to 
cut- points suggested by previously published literature.4 23 LT 
greater than 4.48 mm was present in 31% of the eyes with a 
nuclear colour grade 1, in 54.5% of the eyes with a nuclear opal-
escence grade 1, in 74.1% of the eyes with cortical cataract grade 
1 and in 65.4% of the eyes with posterior subcapsular cataract 
grade 1.

DISCuSSIon
The demographics from our study (table 1) are in agreement with 
the literature, which assumes cataracts advance with ageing.27 28 
Our objective methods for grading cataract (table 2), using pixel 
density, also agrees with the literature.11–15 These results confirm 
that our study population is representative of the normal cata-
ract population.

Previous studies suggest that there is an association of LT 
with greater age, gender, body stature, body mass index, central 
cornea, ACD, hyperopic refractive error, cigarette smoking and 
diabetes.11–15 There is an assumption that LT is directly associ-
ated with lens density. However, contradictory results have been 
reported when analysing the relationship between LT and lens 
density11–13 27 probably because lens density was assessed subjec-
tively whereas LT was assessed using slit- lamp photographs and 
callipers. LT is important in cataract surgery because when it has 
been included in IOL power calculations, it has been associated 
with lower predicted error prediction and lower absolute error 
postsurgery.21 24 LT is also important in angle closure, because it 
is a risk factor for developing phacomorphic glaucoma23 and for 
incipient angle closure.4 27
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Figure 2 Two- way scatter plots showing the correlation between lens thickness and lens density measured objectively with the Pentacam and 
the ImageJ software. It shows a weak correlation between all objective measurements of cataract density expressed in pixels and LT, meaning that 
regardless of the increment in the density of the cataract, there is not a proportional increase in the thickness of the lens, having controlled for age, 
AL, gender and ACD. (A) Correlation between average PNS and LT. (B) Correlation between maximum PNS and LT. (C) Correlation between mean 
NLD and LT. (D) Correlation between maximum NLD and LT. (E) Correlation between mean ALD and LT. (F) Correlation between maximum ALD and LT. 
*PNS: Pentacam Nucleus Staging (mean nuclear density) assessed directly by the Pentacam, expressed in pixels; ALD: average lens density obtained 
after Scheimpflug images were exported to ImageJ software, expressed in pixels; NLD: nuclear lens density obtained after Scheimpflug images were 
exported to ImageJ software, expressed in pixels. ACD, anterior chamber depth; AL, axial length; LT, lens thickness.

Correlations between LT and lens density measured objectively 
and subjectively are presented in table 3. Our results show that 
there is not a strong correlation between LT and lens density in 
patients with cataract, after accounting for age, gender, ACD and 

AL; therefore, the increase in the LT appears to be independent 
of lens density and the type cataract in mild to moderate cases. 
This finding is more evident at the early stages of cataract forma-
tion where LTs can be greater than expected. This also means 

P
eriodicals. P

rotected by copyright.
 on January 21, 2020 at G

reenfield M
edical Library

http://bjo.bm
j.com

/
B

r J O
phthalm

ol: first published as 10.1136/bjophthalm
ol-2019-314171 on 16 January 2020. D

ow
nloaded from

 

http://bjo.bmj.com/


6 Henriquez MA, et al. Br J Ophthalmol 2020;0:1–8. doi:10.1136/bjophthalmol-2019-314171

Clinical science

Figure 3 Two- way scatter plots showing the correlation between LT and lens density assessed by LOCS III. There is not a significant correlation 
between the degree of nuclear, cortical or subcapsular cataract and LT. (A) Correlation between nuclear opalescence and LT in different grades of 
cataract. (B) Correlation between nuclear colour and LT in different grades of cataract. (C) Correlation between different grades of cortical cataract 
and LT. (D) Correlation between different grades of subcapsular cataract and LT. LOC III, Lens Opacification Classification System III; LT, lens thickness.

Table 4 Angle measurements assessed by anterior segment OCT according to lens thickness

LT (mm) AoD 500 ARA 500 ARA 750 TISA 500 TISA 750 Lens vault ACD

3.5–4 0.4 (0.3) 0.1 (0.1) 0.3 (0.2) 0.1 (0.1) 0.2 (0.1) 0.3 (0.3) 3.2 (0.3)

4.1–4.5 0.4 (0.2) 0.1 (0.1) 0.3 (0.1) 0.1 (0.1) 0.2 (0.1) 0.1 (0.2) 3.1 (0.3)

4.6–5.0 0.3 (0.1) 0.1 (0.1) 0.2 (0.1) 0.1 (0.1) 0.2 (0.1) 0.5 (0.2) 3.0 (0.4)

5.1–5.5 0.3 (0.2) 0.1 (0.1) 0.2 (0.2) 0.1 (0.1) 0.2 (0.2) 0.7 (0.2) 3.0 (0.4)

P value* 0.006 0.26 0.06 0.07 0.007 0.0001 0.144

*P value using Kruskal- Wallis test and the Dunn test.
ACD, anterior chamber depth;AOD, angle opening distance; ARA, angle recess area;LT, lens thickness; OCT, optical coherence tomography; TISA, trabecular- iris space area.

that we do not have to wait for an advanced degree of cataract to 
find an increase in LT. Figure 2 shows that an incipient cataract 
(lower pixel density) has a high variability in measurements of 
LTs that are very similar to advanced cases (higher pixel density). 
Figure 3 shows how LT exceeds 4.5 mm regardless of the type 
(nuclear, cortical, subcapsular) or the degree of cataract (grades 
1 to 4).

The type of cataract has been reported to be associated with 
different LTs, but contradictory information has been published. 
Nuclear cataracts have been associated with a thinner or a thicker 
lens. Jonas et al13 found that LT decreased with a higher degree 
of nuclear cataract, but in contrast, Klein et al11 12 reported that 

LT was positively associated with incipient nuclear cataracts. 
Shammas and Shammas27 reported that nuclear thickness did 
not show a positive correlation with overall LT. In our study, 
after adjustment for age, gender, ACD and AL, objective analyses 
(maximum value of ALD (figure 2F) and subjective analysis (the 
nuclear colour from LOCS III (figure 3B) were the only param-
eters with significant correlations, but both these correlations 
were weak (r=0.24). A cortical cataract has been reported to be 
associated with thinner lens, as described by Wong et al15 and 
Warrier et al.28 We also found a significant negative correlation 
of –0.11 between cortical cataract and LT, but this too had a 
weak correlation (figure 3B).
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Table 5 Percentage of eyes for each grade and type of cataract that has a higher risk of developing primary angular closure or phacomorphic 
glaucoma according to cut- points suggested by previously published articles

n LT>4.48 mm LT>4.72 mm
TISA 500
<0.09 um at 0°

TISA 500
<0.09 um at 180° LT>4.37 mm

Nuclear colour

  NC1 16 31% (5/16) 12.5% (2/16) 37.5% (6/16) 50% (8/16) 50% (8/16)

  NC2 72 55.55% (40/72) 25% (18/72) 29.16% (21/72) 52.8% (38/72) 65.2% (47/72)

  NC3 55 69.1% (38/55) 45.45% (25/5) 29.1% (16/55) 41.8% (23/55) 78.2% (43/55)

  NC4 15 80% (12/15) 53.3% (8/15) 26.7% (4/15) 66.7% (10/15) 80% (12/15)

Nuclear opalescence

  NO1 11 54.5% (6/11) 18.1% (2/11) 45.5% (5/11) 36.4% (4/11) 54.5% (6/11)

  NO2 78 51.2% (40/78) 24.4% (19/78) 28.2% (22/78) 50% (39/78) 64.1% (50/78)

  NO3 52 63.5% (33/52) 40.4% (21/52) 34.6% (18/52 44.2% (23/52) 73.1% (38/52)

  NO4 17 94.1% (16/17) 64.7% (11/17) 11.7% (2/17) 70.6% (12/17) 94.1% (16/17)

Cortical

  C1 27 74.1% (20/27) 44.4% (12/27) 14.8% (4/27) 51.9% (14/27) 77.8% (21/27)

  C2 55 47.2% (26/55) 30.9% (17/55) 43.6% (24/55) 47.2% (26/55) 63.6% (35/55)

  C3 58 65.5% (38/58) 32.8% (19/58) 22.4% (13/58) 50% (29/58) 70.7% (41/58)

  C4 17 64.7% (11/17) 29.4% (5/17) 35.3% (6/17) 47.1% (8/17) 70.6% (12/17)

Subcapsular posterior

  P1 78 65.4% (51/78) 33.3% (26/78) 24.4% (19/78) 48.7% (38/78) 76.9% (60/78)

  P2 28 53.6% (15/28) 42.9% (12/28) 50% (14/28) 50% (14/28) 64.3% (18/28)

  P3 8 62.5% (5/8) 37.5% (3/8) 25% (2/8) 87.5% (7/8) 76% (6/8)

  P4 4 50% (2/4) 25% (1/4) 0 50% (2/4) 50% (2/4)

LT>4.48 and TISA 500<0.009 risk factor for developing phacomorphic angle closure.20

LT>4.72 risk factor for 10- year incidence for any primary angle closure disease.4

LT>4.37 risk factor for 10- year incidence for any primary angle closure glaucoma.4

Grades expressed as numbers.
C, cortical cataract; LT, lens thickness; n, number of eyes in each category; NC, Nuclear colour;; NO, Nuclear opalescence; P, Subcapsular posterior cataract.

Our results could be important under two scenarios. First, 
almost all formulas for estimating IOL power are essentially 
based on a simplified model eye that assumes a thin lens,5 10 29 but 
in recent years, lens geometry is considered to be an important 
factor in newly developed IOL power calculation methods, such 
as the Olsen- C8 9 formula and the new Shammas formula9 10 and 
Holladay formula.24 We think that given the wide range of LT 
in different types and densities of cataract determined by our 
current study, this metrics is highly variable in the early stages of 
cataract formation and therefore could not always be assumed to 
be directly related to the age- related thickening of the crystalline 
lens.

Controversial results have been reported about LT and IOL 
position prediction. Some authors suggested that parameters 
such as anterior and posterior surface depths of crystalline 
lenses,5 crystalline lens equatorial plane6 and intracrystalline 
interphase point7 are better parameters for predicting the post-
operative IOL position than LT. Contrary to these studies, other 
authors have confirmed the importance of LT on IOL power 
calculations. In a comparative study about the accuracy of intra-
ocular lens calculation formulas, Melles et al21 analysed the 
performance across ocular dimensions of the most common IOL 
calculation formulas in the prediction of postoperative refrac-
tion. They found that the Haigis formula was most affected by 
variation in LT between 3 and 6 mm, with a mean prediction 
error of 0.70 Dioptres. Therefore, using the Haigis formula 
including an objective measure of LT should lead to a lower 
predicted error prediction. Lam et al24 also analysed the effect 
of measured LT as compared with age- based LT estimate on IOL 
power calculation. They found that the mean absolute refractive 
error with measured LT was statistically significant lower when 

compared with IOL power prediction based on an age- based 
estimation.

Considering that our results exhibit a great variability in this 
particular measurement independent of age, gender, ACD, AL 
and cataract density (table 3), it seems prudent not to infer, esti-
mate or indirectly calculate LT when today we have the tech-
nology to measure LT or points related to the geometry of the 
lens accurately. Knowing that LT has implications on the predic-
tive refractive error, we cannot ignore the thickness of the lens.

The second reason we suggest measurement of LT in patients 
with cataract is because it is an assumed association between 
LT and primary angle closure suspects, PAC, PACG and phaco-
morphic glaucoma.4 For example, Mansouri et al23 and Wang et 
al4 proposed a risk factor for phacomorphic glaucoma and for 
any PAC disease to be a LT greater than 4.48 mm and 4.72 mm, 
respectively. In our sample size, a LT greater than 4.48 mm was 
present in 54.5% of the eyes with a cataract grade of 1 based on 
nuclear opalescence. This large proportion of patients with such 
a thick lens could suggest that one could miss potential cases at 
risk of developing phacomorphic glaucoma or PACG and/or that 
more eyes are at risk than previously thought. In addition, some 
anterior segment parameters influenced by a thick crystalline 
lens have been suggested as risk factors for phacomorphic glau-
coma and primary angle closure.4 22 23 25 30 Guzman et al,22 for 
example, proposed using a TISA of 500 um less than 0.09 mm2 
as risk factor for phacomorphic glaucoma. Our study found that 
50% of the cataracts with nuclear colour grade 1 had TISA lower 
than 0.09 um (table 5).

Some limitations in our study include that we did not evaluate 
the incidence of open or narrow angle glaucoma in the study 
sample. Also, we did not include advanced cases of cataract 
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(grade V and VI) where the increase in the thickness of the lens 
is more evident in relation to the density of the cataract. In addi-
tion, although ImageJ has been used in several studies for crystal-
line lens density analysis,18 one limitation could be related to the 
limited information about the repeatability of the ImageJ soft-
ware. However, we performed two objective methods to address 
the density of the crystalline lens: The ImageJ software and the 
PNS software which have been reported to have an excellent 
repeatability,17–19 31 in order to avoid bias. Using both methods, 
weak correlations were found between LT and lens density 
(figures 2 and 3, respectively), making our results stronger.

Our study has evaluated the association between LTs and 
crystalline lens density using subjective and objective methods 
in patients with a cataract. Our results have demonstrated that, 
after controlling for age, AL, ACD and gender, quantitatively 
determined crystalline LT is independent of lens density and the 
type of cataract in mild to moderate cases. We also noted a large 
scatter of LT values in early- stages of cataract formation and this 
finding may be taken into account when using IOL formulas 
that estimate LT or when evaluating the angle in patients with 
suspected narrow angle glaucoma.
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