
Citation: Ciorba, A.L.; Teusdea, A.;

Roiu, G.; Cavalu, D.S. Particularities

of Cataract Surgery in Elderly

Patients: Corneal Structure and

Endothelial Morphological Changes

after Phacoemulsification. Geriatrics

2024, 9, 77. https://doi.org/10.3390/

geriatrics9030077

Academic Editors: Gérard Lizard,

Pierre Jouanny and Sonia Hammami

Received: 15 April 2024

Revised: 2 June 2024

Accepted: 6 June 2024

Published: 8 June 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

geriatrics

Article

Particularities of Cataract Surgery in Elderly Patients:
Corneal Structure and Endothelial Morphological Changes
after Phacoemulsification
Adela Laura Ciorba 1 , Alin Teusdea 2,* , George Roiu 3,* and Daniela Simona Cavalu 1,3

1 Doctoral School of Biomedical Sciences, Faculty of Medicine and Pharmacy, University of Oradea,
P-ta 1 Decembrie 10, 410087 Oradea, Romania; adela.ciorba@yahoo.com (A.L.C.);
daniela.cavalu@didactic.uoradea.ro (D.S.C.)

2 Faculty of Environmental Protection, University of Oradea, 26 Gen. Magheru Street, 410048 Oradea, Romania
3 Faculty of Medicine and Pharmacy, University of Oradea, P-ta 1 Decembrie 10, 410087 Oradea, Romania
* Correspondence: ateusdea@gmail.com (A.T.); roiug70@yahoo.com (G.R.)

Abstract: The aim of this study was to evaluate the influence of ultrasounds used in phacoemulsifica-
tion during cataract surgery on the corneal structure and morphology in patients over 65 years. We
compared the outcomes of phacoemulsification techniques in terms of corneal cell morphology in
77 patients over 65 years old and 43 patients under 65 years old. Corneal cell density, central corneal
thickness and hexagonality were measured preoperatively and post-surgery (at 1 and 4 weeks) by
specular microscopy. The effect of gender, axial length and anterior chamber depth on the parameters
of corneal endothelium were evaluated. In both groups, a progressive decrease in endothelial cells
was observed, starting from the first week post-surgery until the fourth postoperative week. The cen-
tral corneal thickness increased in both groups with maximum values at the first week postoperatively,
while their initial values were restored in the fourth week post-surgery, with no statistical difference
between groups. Statistically significant differences were noticed in terms of cell hexagonality in
the group over 65, showing smaller hexagonality at all preoperative and postoperative time points
compared to group under 65. Our result highlights the importance of routine specular microscopy
performed before surgery, regardless the age of the patients, with caution and careful attention
to the phaco power intensity, ultrasound energy consumption and intraoperative manipulation of
instruments, as well as proper use of viscoelastic substances to reduce corneal endothelium damage,
especially in elderly patients.

Keywords: phacoemulsification; specular microscopy; cell density; corneal endothelial morphology;
central corneal thickness; cataract

1. Introduction

According to a recent meta-analysis of population-based surveys of eye disease, the
leading cause of blindness in people over 50 is cataract, followed by glaucoma, uncorrected
refractive error, aged-related macular degeneration and diabetic retinopathy [1]. Cataract
is considered a multifactorial eye disease, due to the opacification of the lens, that leads
to visual impairment when is located in the visual axis. The main cause for cataract
development is ageing together with oxidative stress. However, ageing is not a homogenous
process and so the crystalline lens responds asymmetrically to its effects generating different
degrees of lens opacification in patients of the same age category [2]. In developing
countries, the incidence of cataract is high among the young generation, mainly due to
malnutrition, but environmental and genetic factors are also explanatory factors [3]. On
the other hand, in developed countries, age-related cataract affecting the population over
65 years old is a major concern [4]. Risk factors associated with cataract are known to be
educational and income status [5], smoking [6], diabetes [7–9], ultraviolet radiation [10–12],
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body mass index [13,14], estrogen replacement therapy [15,16], drug use (non-steroidal anti-
inflammatory drugs) [17,18], traumatic injuries, chemicals and local diseases like uveitis or
retinal detachment [19,20].

The corneal endothelium consists of a monolayer of cells on the corneal posterior
surface having the main role in the transport of water from the stroma into the anterior
chamber. Corneal endothelial cells are indispensable for maintaining corneal stromal hy-
dration and tissue transparency through their ionic pump function. Unfortunately, they
cannot regenerate, but they have a compensatory mechanism of repair through cellular
enlargement and migration [21]. The density of endothelial cells decreases naturally with
age, and a rapid cell loss occurs in the first year of life, from a cell density of approximately
6000 cells/mm2 during the first month of life, to 3500 cells/mm2 by age 5 and a range of
approximately 2250–2500 cells/mm2 in adult life, while a minimum of 700 cells/mm2 are
required to maintain transparency [22,23]. The remaining healthy cells gradually increase
in size, which results in increased cellular pleomorphism and a decrease in the percentage
of hexagonal cells with age [24]. Any traumatism and intraocular surgery cause damage
in the corneal endothelium, threatening the vision. Possible damage may occur during
phacoemulsification procedure, using ultrasound energy that elevates localized tempera-
ture when an excessive amount of energy is required, especially in hypermature cataracts,
or if there is a longer time of phaco energy needed. The surgical technique, the anterior
chamber depth and the use of ophthalmic viscoelastic devices are other factors that can
influence the damage degree of the endothelium [25], as well as the type of IOLs implanted
(toric versus non-toric), especially in patients with corneal degeneration or dystrophies.
Studies report endothelial cell loss rates from 4% to 25% after phacoemulsification [26,27].
If cell density drops critically, corneal edema may develop, which can lead to bullous
keratopathy (300–500 cells/mm2) [28]. Additionally, certain specific age-associated ocular
diseases are considered to be correlated with recurring fall events and fracture incidence as
a consequence of impaired visual acuity (cataract being the most prevalent), with significant
socio-economic impact.

In this context, the aim of our study was to investigate the main outcomes of cataract
surgery in terms of corneal cell density (CD), central corneal thickness (CCT) and hexag-
onality (HEX) of the endothelial cells in patients over 65 years of age compared to those
under 65.

2. Materials and Methods

This study was conducted according to the principles of the Declaration of Helsinki
and was approved by the Institutional Review Board of the Emergency County Hospital
Oradea, Bihor County, Romania (Nr. 4238/11.02.2021). A cross-sectional, retrospective
study was conducted on 120 eyes from 120 patients, out of which 77 were >65 years
old (group A) and 43 were ≤65 (group B) in order to compare the corneal structure and
endothelial morphological changes in terms of corneal cell density (CD), central corneal
thickness (CCT) and hexagonality (HEX) of the cells after uneventful phacoemulsification
cataract surgery in the Ophthalmology Department of Emergency County Hospital Oradea,
Bihor County, Romania.

2.1. Pre-, Intra- and Postoperatively Ophthalmological Evaluation

All patients underwent a rigorous ophthalmological examination that included vi-
sual acuity, slit-lamp examination of the anterior and posterior segment, dilated fundus
examination using a non-contact wide-field lens and intraocular pressure using Goldman
applanation tonometry. Specular microscopy images were obtained prior to surgery, at
1 week and 4 weeks after surgery, for all study subjects. A representative photograph
recorded with the specular microscope showing comparatively the main features of a
cornea 1 week after surgery, in patients from groups A and B, is displayed in Figure 1. Spec-
ular microscopy was performed using a non-contact Topcon Specular Microscope (Topcon
Corporation Itabashi-ku, Tokyo, Japan 2017) by recording the values of corneal endothelial
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cell density (CD), central corneal thickness (CCT) and percentage of hexagonality (HEX).
The axial length (AXL) and anterior chamber depth (ACD) were measured before surgery
with an ultrasound A-scan biometry. The ultrasound energy consumption (U/S) of the
phaco machine and the effective phaco time (EPT) were observed intraoperatively (Stellaris
PC, Bausch & Lomb, Rochester, NY, USA, 2016). The Stellaris phaco machine is capable
of vacuum settings of up to 600 mm Hg and still maintains the chamber stability due to
its ability to simultaneously monitor the flow rate and vacuum levels. Moreover, it will
create feedback through the computer to control pump functions, while intraoperatively,
the vacuum settings are adjusted according to individual lens hardness.
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Figure 1. Representative images of endothelial cell layer (colored dots) 1 week after surgery per-
formed with specular microscopy for (a) patient from group B (≤65 years old) and (b) patient from
group A (>65 years old). Legend: CCT—corneal central thickness; CD—cell density; CV—coefficient
of variation; HEX—cell hexagonality; N—normal value; MIN—minimum value; MAX—maximum
value; AVG—average value; SD—standard deviation of specular image; Pleomorphism—percentage
of cells with variation from normal hexagonal shape; Polymegathism—size variation in the endothe-
lial monolayer.
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2.2. Inclusion and Exclusion Criteria

The inclusion criteria of the study group consisted of patients who underwent cataract
surgery by phacoemulsification technique, performed by the same surgeon (in order
to minimize bias), while the exclusion criteria were patients with pathological or trau-
matic cataracts, pachymetry greater than 0.70 mm and an endothelial cell count less than
1200 cells/mm2. The study design is presented in Figure 2.
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Figure 2. Study design chart.

2.3. Surgical Procedure

The first step preoperatively was pupillary dilatation using tropicamide 1% and
phenylephrine 10% followed by a peribulbar anesthesia. Two side-port incisions of 1.2 mm
at the limbus and the main temporal incision of 2.2 mm were made. Viscoelastic substances
were injected in the anterior chamber for space maintenance and for corneal endothelium
protection. A curvilinear capsulorhexis using a coaxial capsulorhexis forceps and hydro
dissection were performed by the surgeon. Emulsification of the lens using ultrasound
energy and removal of the residual cortex while irrigation–aspiration was applied. The
final step was IOL (non-toric monofocal intraocular lens) implantation in the capsular bag
just before the excess of viscoelastic material was washed out and the corneal incisions
were hydro-sealed. Application of topical ointment antibiotic–steroid combination and
sterile eye patch until next day was also performed.

2.4. Statistical Analysis

All the statistical analyses were performed using the Stata 17.0 SE-Standard Edition
(StataCorp LLC, StataCorp 4905 Lakeway Drive, College Station, Texas 77845 USA. Uni-
variate statistical analysis was performed by applying Pearson correlation matrices and
two-way ANOVA (p = 0.05). The factors involved in two-way ANOVA were gender with
two levels, respectively F (female) and M (male), and AgeGRP with two levels, respec-
tively ≤65 and >65. The multiple linear regression with predictions were performed for
post-operative evaluation at 1 week.
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3. Results

This study involved 120 eyes of 120 patients undergoing cataract surgery (phacoemul-
sification), divided in to the following two groups: group A > 65-years old (77 patients) and
group B ≤ 65-years old (43 patients). In group A, 49.4% of the patients were female and
50.6% male, while in group B, 48.8% were represented by females and 51.2% by males. The
anterior chamber depth (ACD) was over 3 mm in about 60% patients from both groups. In
group A, 32.5% of the patients presented values of the axial length (AXL) under 22 mm and
16.9% over 25 mm, while in group B, 37.2% of the patients had AXL values over 25 mm
and 14% of them under 22 mm. In both groups, right eye was predominant (51.9% in
group A and 60.5% in group B). There was no statistically significant difference between
the two groups in terms of gender. The socio-demographic characteristics are presented in
Figure 3.
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Figure 3. Combined socio-demographic and clinical characteristics of group A (>65 y) and B (≤65 y).
Legend: LE—left eye; RE—right eye; AXL—axial length; ACD—anterior chamber depth.

3.1. Anterior Chamber Depth (ACD) and Axial Length (AXL)

The mean values for the anterior chamber depth in both groups A and B were about
3 mm, with no statistical difference between them. The mean value of the axial length in
group A was 23.327 mm, while in group B was 25.040 mm, with a statistically significant
difference (Table 1). When taking into consideration the factor gender–age, we noticed that
females over 65 years had a mean value AXL 22.524 mm, while those under 65 years had
a mean value of 26.232 mmm, but no statistical difference was noticed in males. Females
over 65 years presented a mean ACD 3.064 mm, while the ones under 65 years 3.481 mm
(Table 2).
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Table 1. Descriptive statistics of AXL, ACD, US and EPT parameters, as means with standard
deviations calculated for AgeGrp factor levels. Means were compared within two-way ANOVA
(p = 0.05), in a post hoc pairwise comparison Dunn–Sidak test (p = 0.05). Different letters denote
statistically significant different means.

No. Patients AgeGrp AXL ACD U/S EPT

77 >65 23.327 b ± 2.588 3.146 a ± 0.582 11.974 a ± 4.193 10.329 a ± 5.670
43 ≤65 25.040 a ± 3.409 3.314 a ± 0.518 9.674 b ± 4.648 6.927 b ± 5.839

Legend: AgeGrp (age group); AXL—axial length; ACD—anterior chamber depth; U/S—ultrasound energy
consumption; EPT—effective phaco time.

Table 2. Descriptive statistics of AXL, ACD, US and EPT parameters, as means with standard
deviations calculated for Gender_AgeGrp factor levels. Means were compared within two-way
ANOVA (p = 0.05), in a post hoc pairwise comparison Dunn–Sidak test (p = 0.05). Different letters
denote statistically significant different means.

No. Patients Gender_AgeGrp AXL ACD U/S EPT

38 Female_ > 65 22.524 b ± 2.174 3.064 b ± 0.573 12.211 a ± 4.140 10.258 a ± 5.678
21 Female_ ≤ 65 26.232 a ± 3.525 3.481 a ± 0.468 10.619 a,b ± 5.296 7.610 a ± 7.127
39 Male_ > 65 24.111 b ± 2.742 3.225 a,b ± 0.587 11.744 a,b ± 4.284 10.397 a ± 5.735
22 Male_ ≤ 65 23.902 b ± 2.938 3.154 a,b ± 0.523 8.773 b ± 3.841 6.275 a ± 4.348

Legend: Gender_AgeGrp (gender age group); AXL—axial length; ACD—anterior chamber depth;
U/S—ultrasound energy consumption; EPT—effective phaco time. Different letters denote statistically significant
different means.

3.2. Ultrasound Energy (US) and Effective Phaco Time (EPT)

There was a greater percentage of ultrasound energy consumption as well as a longer
effective phaco time in group A, compared to group B—a mean of 11.974% of US in group
A and a mean of 10.329 EPT (seconds) in group A versus their counterparts in group B
of 6.927 EPT (Table 1). There was no statistically significant difference between females
over and under 65 years old, nor between males over and under 65 years old in terms of
ultrasound energy consumption and effective phaco time (Table 2).

3.3. Endothelial Cell Density (CD)

The mean preoperative cell density in group A was 2353.649 cells/mm2 and
2567.860 cells/mm2 in group B. As can be seen, the group B (with younger subjects) had
a significantly higher preoperative value of cell density compared to the elderly subjects
from group A (Table 3). In both groups, a progressive decrease in the endothelial cells
was observed, starting from the first week post-surgical examination until the fourth post-
operative week. It is also important to note that the patients from group A presented a
higher loss of the endothelial cells throughout the postoperative follow-up compared to
group B, which is statistically significant (Figure 4). Regarding the postoperative cell loss
in group A versus group B, a significantly higher endothelial cell loss was noted in the
group B after the first-week postoperative measurements (Table 4). More precisely, one
week after the surgery the mean value of endothelial cell loss was 318.0519 cells/mm2 in
group B compared to 212.6977 cells/mm2. Males over 65 years old had lower mean values
of CD preoperatively, also postoperatively at week 1 and 4, compared to the males under
65 years old. There were no differences when taking into consideration the factor gender
for females regardless of age (Table 5). The overall endothelial cell loss percentage was
13.358% in group A and 8.532% in group B.
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Table 3. Descriptive statistics of CD_pre, CD_post1w, CD_post4w, CCT_pre, CCT_post1w,
CCT_post4w, HEX_pre, HEX_post1w and HEX_post4w parameters, as means with standard devia-
tions calculated for AgeGrp factor levels. Means were compared within two-way ANOVA (p = 0.05),
in a post hoc pairwise comparison Dunn–Sidak test (p = 0.05)–different letters denote statistically
significant different means.

No. Patients AgeGrp CD_pre CD_post1w CD_post4w

77 >65 2353.649 b ± 458.247 2036.169 b ± 517.853 1916.143 b ± 501.560
43 ≤65 2567.860 a ± 426.972 2372.581 a ± 544.728 2274.581 a ± 572.560

No. patients AgeGrp CCT_pre CCT_post1w CCT_post4w
77 >65 530.156 a ± 28.807 543.494 a ± 29.625 542.364 a ± 32.693
43 ≤65 533.558 a ± 30.726 550.651 a ± 27.498 541.488 a ± 27.812

No. patients AgeGrp HEX_pre HEX_post1w HEX_post4w
77 >65 54.688 b ± 7.212 44.416 b ± 10.710 38.442 b ± 12.052
43 ≤65 60.535 a ± 9.349 50.860 a ± 10.426 45.977 a ± 11.903

Legend: AgeGrp—age group; CD_PRE—cell density preoperative; CD_post1w—cell density 1 week post-
operative; CD_post4w-cell density 4 weeks postoperative; CCT_pre—central corneal thickness preopera-
tive; CCT_post1w—central corneal thickness 1 week postoperative; CCT_post4w—central corneal thickness
4 weeks postoperative; HEX_pre—hexagonality preoperative; HEX_post1w—hexagonality 1 week postop-
erative; HEX_post4w—hexagonality 4 weeks postoperative. Different letters denote statistically significant
different means.
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Figure 4. Graphical comparison means of (a) CD_pre, (b) CD_post1w and (c) CD_post4w parameters,
with confidence intervals as error-bars, calculated for AgeGrp factor levels.
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Table 4. Endothelial cell loss (cell/mm2) (mean ± SD).

Group A (>65) Group B (≤65)
p Value

(Group A > 65 vs. Group B ≤
65)

CD_pre 2353.649 b ± 458.247 2567.860 a ± 426.972 0.013
CD_post1w 2036.169 b ± 517.853 2372.581 a ± 544.728 0.001

Endothelial cell loss (n) 318.0519 a ± 212.6977 212.6977 a ± 261.7497 0.1460
Endothelial Cell loss % 13.358 a ± 8.5320 8.532 b ± 9.5452 0.0428

Legend: CD_pre—cell density preoperative; CD_post1w—cell density 1 week postoperative.

Table 5. Descriptive statistics of CD_pre, CD_post1w, CD_post4w, CCT_pre, CCT_post1w,
CCT_post4w, HEX_pre, HEX_post1w and HEX_post4w parameters, as means with standard devia-
tions calculated for Gender_AgeGrp factor levels. Means were compared within two-way ANOVA
(p = 0.05), in a post hoc pairwise comparison Dunn–Sidak test (p = 0.05)–different letters denote
statistically significant different means.

No. patients Gender_AgeGrp CD_pre CD_post1w CD_post4w

38 Female_ > 65 2435.553 a,b ± 524.287 2091.026 b ± 621.578 1955.763 b ± 581.763
21 Female_ ≤ 65 2507.714 a,b ± 441.443 2256.571 a,b ± 622.338 2151.571 a,b ± 627.473
39 Male_ > 65 2273.846 b ± 372.953 1982.718 b ± 392.695 1877.538 b ± 412.896
22 Male_ ≤ 65 2625.273 a ± 414.665 2483.318 a ± 445.299 2392.000 a ± 501.099

No. patients Gender_AgeGrp CCT_pre CCT_post1w CCT_post4w

38 Female_ > 65 533.132 a ± 30.521 547.184 a ± 33.706 544.105 a ± 37.429
21 Female_ ≤ 65 535.429 a ± 33.345 549.571 a ± 25.443 540.381 a ± 26.352
39 Male_ > 65 527.256 a ± 27.114 539.897 a ± 24.943 540.667 a ± 27.706
22 Male_ ≤ 65 531.773 a ± 28.679 551.682 a ± 29.891 542.545 a ± 29.719

No. patients Gender_AgeGrp HEX_pre HEX_post1w HEX_post4w

38 Female_ > 65 54.632 b ± 7.492 45.395 a,b ± 11.081 39.184 b ± 12.781
21 Female_ ≤ 65 61.524 a ± 9.169 52.905 a ± 9.823 49.714 a ± 10.311
39 Male_ > 65 54.744 b ± 7.025 43.462 b ± 10.389 37.718 b ± 11.418
22 Male_ ≤ 65 59.591 a,b ± 9.635 48.909 a,b ± 10.832 42.409 a,b ± 12.443

Legend: Gender_AgeGrp—gender age group; CD_pre—cell density preoperative; CD_post1w—cell density
1 week postoperative; CD_post4w-cell density 4 weeks postoperative; CCT_pre—central corneal thickness
preoperative; CCT_post1w—central corneal thickness 1 week postoperative; CCT_post4w—central corneal
thickness 4 weeks postoperative; HEX_pre—hexagonality preoperative; HEX_post1w—hexagonality 1 week
postoperative; HEX_post4w—hexagonality 4 weeks postoperative. Different letters denote statistically significant
different means.

3.4. Central Corneal Thickness (CCT)

After phacoemulsification, the central corneal thickness (CCT) increased in both
groups, being at its maximum at the first week postoperatively, then gradually decreased
until the fourth week post-surgery, when the values of CCT came back almost to the
initial values (prior to surgery). In the fourth week, the mean value of CCT in group A
was 542.364 µm and 541.488 µm in group B (Table 3). There was no statistical difference
between the values of CCT of the group A and group B. The graphical comparisons of the
means of CCT can be seen in Figure 5.

3.5. Hexagonal Cell Percentage (HEX)

The hexagonal cell percentage decreased progressively in both groups after phacoemul-
sification (Figure 6). The mean preoperative hexagonal cell percentage was 54.688 in group
A and 60.535 in group B. It was found that group A (with older subjects) had a significantly
smaller HEX at preoperative and all postoperative time points, which was statistically
significant (Table 3). Referring to the gender–age factor, the hexagonal cell percentage
was higher in females under 65 y compared to the ones over 65 at the preoperative mea-
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surement and at the fourth week postoperatively, but with no differences at the first week
postoperatively measurement (Table 4).

Geriatrics 2024, 9, x FOR PEER REVIEW 9 of 18 
 

  
(a) (b) 

(c) 

Figure 5. Graphical comparison means of (a) CCT_pre, (b) CCT_post1w and (c) CCT_post4w pa-
rameters, with confidence intervals as error-bars, calculated for AgeGrp factor levels. 

3.5. Hexagonal Cell Percentage (HEX) 
The hexagonal cell percentage decreased progressively in both groups after 

phacoemulsification (Figure 6). The mean preoperative hexagonal cell percentage was 
54.688 in group A and 60.535 in group B. It was found that group A (with older subjects) 
had a significantly smaller HEX at preoperative and all postoperative time points, which 
was statistically significant (Table 3). Referring to the gender–age factor, the hexagonal cell 
percentage was higher in females under 65 y compared to the ones over 65 at the preoper-
ative measurement and at the fourth week postoperatively, but with no differences at the 
first week postoperatively measurement (Table 4). 

  
(a) (b) 

≤ 65> 65

540

530

520

510

500

490

480

470

460

450

AgeGrp

C
C

T_
pr

e

≤ 65> 65

575

550

525

500

475

450

AgeGrp

C
C

T_
po

st
1w

≤ 65> 65

550

525

500

475

450

AgeGrp

C
C

T_
po

st
4w

≤ 65> 65

65

60

55

50

45

40

35

30

25

AgeGrp

H
EX

_p
re

≤ 65> 65

55

50

45

40

35

30

25

AgeGrp

H
EX

_p
os

t1
w

Figure 5. Graphical comparison means of (a) CCT_pre, (b) CCT_post1w and (c) CCT_post4w
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3.6. Correlation Matrix

The correlation matrix between different variables reveals that in group A (>65 y),
there was a moderate correlation between CD loss and U/S and also a moderate correlation
between U/S and EPT. A moderate negative correlation was observed between ACD and
EPT. In group B (≤65), a moderate positive correlation was observed between CD loss, AXL
and U/S, while a very strong correlation between EPT and U/S was noticed. Additionally,
a moderate negative correlation was observed between CD and U/S. In both groups, a very
strong positive correlation between AXL and ACD was observed (Figure 7).
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3.7. Multiple Regression

The prediction of the CD_post1w values by the measured parameters (AXL, ACD,
U/S, EPT, CD_pre, CCT_pre, HEX_pre and Gender_f) was performed with a multiple
regression model (without constant calculation option) for group A (Age > 65 y) and group
B (Age ≤ 65 y) cases (Table 6). Both models are statistically significant at 0.01% level with
an adjusted statistical accuracy of 96.37% and 97.50%, respectively. In group A, the U/S
and CD_pre parameters have statistically significant positive coefficients, due the fact
that their statistical significances are less than the 0.05 threshold. In group B, the CD_pre
parameter has statistically significant positive coefficient. Despite the rest of the parameters
presenting coefficients with no statistical significance at the 0.05 threshold, some of them
were considered in the prediction calculations by the final multiple regression models
(Table 7). This choice is a common one in classification algorithms due the fact that there
can be latent independent variables interaction that can generate a higher accuracy for the
experiment. In fact, the main goal in the prediction process is to gain an accuracy over 95%.

Table 6. Univariate association of the measured variables with the cell density loss.

Group A (>65 y) Group B (≤65 y)

Correlation
Coefficient

(R)
p Value

Correlation
Coefficient

(R)
p Value

AXL 0.2038 0.2197 0.3405 0.1309
ACD 0.1289 0.4406 0.2078 0.3660
U/S 0.2720 0.0985 0.2987 0.1885
EPT 0.2265 0.1714 0.3518 0.1179

CCT_pre 0.2325 0.1600 0.1872 0.4165
CD_pre 0.1384 0.4073 −0.0424 0.8552

HEX_pre 0.0589 0.7253 −0.1466 0.5260
Legend: AXL—axial length; ACD—anterior chamber depth; CCT_pre—central corneal thickness preoperative;
CD_pre—cell density preoperative; HEX_pre—hexagonality preoperative; U/S—ultrasound energy consumption;
EPT—effective phase time.

Table 7. Multiple regression FINAL model of the selected variables with the post-operative
(CD_Post1W) cell density.

Group A (>65 y) Group B (≤65 y)

Factor Coefficient Standard
error p Value Factor Coefficient Standard

Error p Value

U/S −24.2216 9.136519 0.0100 * AXL −24.9617 12.48921 0.0530 *

CD_pre 0.827274 0.083201 0.0000 * U/S −12.3783 9.477861 0.1990

CCT_pre 0.71207 0.45167 0.1190 * CD_pre 1.059313 0.099469 0.0000 *

HEX_pre 6.503726 4.942817 0.1960

Legend: AXL, axial length; ACD, Anterior chamber depth; U/S, ultrasound energy consumption; EPT, effective
phaco time. * p < 0.05.

The quality of the prediction (i.e., the predicted CD_post1w values) was tested
with linear regression between the CD_post1w values and the predicted ones (predicted
CD_post1w). There linear regressions were analyzed without constant calculation. How-
ever, the predicted values resulted in statistically significant values (p < 0.0001) of 1.019773 for
the Group A (Age > 65) and 0.9709181 for the Group B (Age ≤ 65), both very close to
unity value; thus, the correlation between the calculated and predicted CD_post1w values
are positive and strong (Tables 8 and 9). These results also had an adjusted accuracy of
97.97% for the group A and 97.89% for the group B, both higher than the 95% proposed
accuracy (Tables 8 and 9).
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Table 8. Prediction of the post-operative (CD_Post1W) cell density with the multiple regression
FINAL model, AGE ≤ 65 case.

Prob > F = 0.0000

R-squared = 0.9791

Adj R-squared = 0.9789

CD_post1w Coefficient Std. err. t p > |t|

pred_CD_1w, Age ≤ 65 0.9709181 0.013 74.69 0.0000

Table 9. Prediction of the post-operative (CD_Post1W) cell density with the multiple regression
FINAL model, AGE > 65 case.

Prob > F = 0.0000
R-squared = 0.9798
Adj R-squared = 0.9797

CD_post1w Coefficient Std. err. t p > |t|

pred_CD_1w_Age > 65 1.019773 0.013408 76.06 0.0000

With all this, in both cases, there are six points with high residuals (Figures 8 and 9) that
consist as outliers for the prediction linear regression. The reason is a rise an experimental
limitation due to the small number of patients (N = 77 in group A and N = 43 in group
B). Therefore, for future experiments, it is recommended to increase the sampling number
above N = 120.
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4. Discussion

In our study, we evaluated the impact of the phacoemulsification cataract surgery
on the corneal endothelium in two age groups of patients, under 65 years old and over
65 years old. We decided to investigate these two categories due to the life expectancy in
our country (Romania), which is 75.6 years [28]. Cataract is one of the main causes of vision
loss all over the world, especially as life expectancy has increased in developed countries.
Phacoemulsification cataract surgery is accepted to be the first-line treatment for cataract,
with great visual recovery outcome, but we must take into consideration that the use of high-
intensity ultrasound energy power for nucleus removal during surgery can lead to corneal
endothelium damage [29–32]. The appearance of cataract at an early age is believed to be
due to smoking, vitamin D deficiency, diabetes mellitus and high myopia. Other factors
can be involved, including trauma, and endocrine, metabolic or systemic diseases [3,33–35].
Features of age-related cataract include ocular and/or systemic comorbidities, higher grade
cataract, higher ultrasound energy consumption requirements for nucleus removal and
overall, longer effective phaco time and corneal edema development.

Our results showed a decreased in the endothelial cell count in both groups, indepen-
dently of the patients age, attesting that phcoemulsification cataract surgery has traumatic
effects on the corneal endothelium and this is unavoidable. Age is an independent risk
factor for reduced vison after cataract surgery due to ocular tissue degeneration that com-
bines with physiological decrease in the corneal cell density [36]. Central corneal thickness
is a reliable parameter of transient corneal edema that occurs after surgical trauma. In our
study, CCT increased in both groups, statistically significant in the first week post-surgery,
but with values that came back to their initial measurement by week 4 post-surgery, similar
with data found in other studies [37]. Hexagonality is the percentage of regular hexagonal
cells to the total number of cells with different morphologies. The enlargement of the
endothelial cells and the reduction of their hexagonality is a mechanism of self-repair
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secondary to CD loss [38]. The hexagonality of healthy cornea is about 60–70% [39]. Our
results showed a dropped percentage of hexagonal cells in both groups after surgery, with
a greater difference observed at week 4. Group A had a significantly smaller HEX at
preoperative and all postoperative time points, compared to group B.

Many studies claim that ACD influences the CD loss, while others states that ACD
has no influence on the corneal endothelium damage [26,40]. Hypothetically, if ACD is
shallow, damage of the corneal endothelium may occur during cataract surgery, as all
surgical maneuvers take place closer to the endothelium. Walkow et al. [40] showed that a
shallow ACD associates with a higher rate of endothelial cell loss. Also, McCarey et al. [41]
concluded that endothelial cells were affected in different degrees by the manipulation of in-
traoperative surgical instruments in eyes with shallow ACDs. Hyung Bin Hwang et al. [42]
emphasized in their study that eyes with shallow ACDs, especially when associated with
hard cataract, are prone to more corneal endothelial cell loss, and they found a mean
endothelial cell count of 12.94 ± 3.16%. On the other hand, neither O’Brien et al. [26], nor
Reuschel et al. [43] found a relationship between ACD or AXL and the endothelial cell
loss. In our study, the mean value of ACD in both of our groups was about 3 mm, and we
did not identify ACD as a risk factor of postoperative endothelial cell loss. Regarding the
length of the eye, we report a mean value of 25.040 mm in group B versus 23.327 mm in
group A. An axial length > 25 mm correlates with myopia (high myopia > 26 mm AXL).
One of the complications of myopia is the early onset of cataract (presenile cataract) [44],
and this may be an explication for the predominance of a higher axial length among the
patients under 65 years (group B) and hypothetically possessing a larger room for surgical
instruments manipulation during phacoemulsification could be responsible for a lower
endothelial cell loss.

It is known that phacoemulsification cataract surgery comes with a 5–20% loss of
corneal endothelial cells [23]. The percentage of endothelial cell loss in our study falls
within the limits of the existing studies, 13% in group A and 8% in group B. Higher cell
loss after phaco was found to be correlated with older age [45], confirmed also by the
results of our study. Gogate et al. demonstrated higher rates of endothelial cell loss in
mature cataracts and white cataracts, with values of about 18% [46]. In this context, greater
attention should be paid to elderly patients, who, by default, present lower values of
cell density and changes in the corneal endothelium as well as harder nucleus, which
requires higher phaco values and longer phaco time to remove the cataractogenous lens.
Specular microscopy is indispensable in the case of corneal degenerations or dystrophies or
suspicions of them. Additionally, cataract surgery in elderly patients should be also related
to their functional vision assessment, daily needs and individual priorities [47].

The IOLs implanted in the current study were non-toric monofocals. However, com-
paring the different types of IOLs, some authors found that there is a significant loss of
ECD in eyes implanted with a toric IOL during live surgery [48]. They also highlighted
the importance and the benefits of live view in terms of medical education and the low
risk of complications. Yamauchi et al. found that toric IOLs are able to reduce spectacle
dependency more than non-toric ones [49]. A further study will be dedicated to investi-
gate the differences between the outcomes of cataract surgery using toric versus non-toric
IOL implantation.

This study has few limitations. First, it was conducted on a small sample. Larger sam-
ple size can provide much more credibility to the results. The second limitation of our study
was the retrospective nature based on data from a single hospital. Relatively short follow-
up duration might be another limitation, while extended follow-up might have clarified
more post-surgical complications including posterior capsule opacity and lens dislocation.
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5. Conclusions

Our study evaluated the influence of phacoemulsification cataract surgery technique
on corneal cell density, central corneal thickness and hexagonality preoperatively and
postoperatively at 1 and 4 weeks using the specular microscope. The effect of gender, axial
length and anterior chamber depth on the parameters of corneal endothelium in the two
groups, under and over 65 years of age were evaluated. There were significant differences
between the preoperative and postoperative cell density values in both groups, with a
progressive loss of cells until the fourth week of evaluation. A significant increase in the
CCT was observed in both groups after the first week, while the initial values were restored
to almost normal by the fourth week post-surgery, with no statistical difference between
group A and B. The cell hexagonality suffered a progressive drop in both groups, with
significantly lower HEX values at all preoperative and postoperative times in group A
(>65 y). Although the cell density loss was significant in both groups, but more advanced in
older patients, accompanied with increased central corneal thickness and reduced values of
hexagonality, we had no cases of endothelial decompensation secondary to surgical trauma,
characterized by epithelial and subepithelial bullae and stromal edema (also known as
bullous keratopathy) that is directly responsible for vision loss following cataract surgery.
This outcome can be associated to a good preoperative assessment of the patient, together
with the surgeon’s experience and the application of viscoelastic substances with protective
role on the corneal endothelium.

Phacoemulsification can and truly does improve the visual function of all patients,
under and over 65 years old with senile or presenile cataracts, giving them fully indepen-
dence for daily activities, improving their life quality. The use of specular microscopy in
all patients undergoing phacoemulsification and intraoperative proper use of viscoelastic
substances for endothelium protection, as well as making adjustments of intraoperative
parameters used for nucleus removal according to preoperative cell density values and
caution in terms of phaco power intensity and ultrasound energy, for a successful cataract
surgery are all strongly recommended.

Author Contributions: Conceptualization, A.L.C. and D.S.C.; methodology, A.L.C.; software, A.T.; vali-
dation, A.T. and A.L.C.; investigation, G.R. and A.L.C.; data curation, G.R. and A.L.C.; writing—original
draft preparation, A.L.C. and A.T.; writing—review and editing, D.S.C., A.T., G.R. and A.L.C.; visu-
alization, A.T.; supervision, D.S.C.; project administration, A.L.C.; funding acquisition, A.L.C. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by University of Oradea.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Faculty of Medicine and Pharmacy
Oradea (Nr. CEFMF/02 on 28 November 2022) and the Ethics Committee of Oradea County Hospital
(Nr. 4238/11 February 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data supporting the reported results are available in the medical
archive of Emergency County Hospital Oradea, Bihor, Romania.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Bourne, R.; Steinmetz, J.D.; Flaxman, S. GBD 2019 Blindness and Vision Impairment Collaborators, Vision Loss Expert Group of

the Global Burden of Disease Study. Causes of blindness and vision impairment in 2020 and trends over 30 years, and prevalence
of avoidable blindness in relation to VISION 2020: The Right to Sight: An analysis for the Global Burden of Disease Study.
Lancet Glob. Health 2021, 9, e144–e160. [CrossRef] [PubMed]

2. Michael, R.; Bron, A.J. The ageing lens and cataract: A model of normal and pathological ageing. Philos. Trans. R. Soc. Lond. B Biol.
Sci. 2011, 366, 1278–1292. [CrossRef] [PubMed]

3. Das, G.K.; Boriwal, K.; Chhabra, P.; Sahu, P.K.; Kumar, S.; Kumar, N. Presenile cataract and its risk factors: A case control study.
J. Fam. Med. Prim. Care 2019, 8, 2120–2123. [CrossRef] [PubMed]

https://doi.org/10.1016/S2214-109X(20)30489-7
https://www.ncbi.nlm.nih.gov/pubmed/33275949
https://doi.org/10.1098/rstb.2010.0300
https://www.ncbi.nlm.nih.gov/pubmed/21402586
https://doi.org/10.4103/jfmpc.jfmpc_267_19
https://www.ncbi.nlm.nih.gov/pubmed/31334190


Geriatrics 2024, 9, 77 16 of 17

4. Shichi, H. Cataract formation and prevention. Expert Opin. Investig. Drugs 2004, 13, 691–701. [CrossRef] [PubMed]
5. The Relation of Socioeconomic Factors to Age-Related Cataract, Maculopathy, and Impaired Vision: The Beaver Dam Eye

Study—ScienceDirect. Available online: https://www.sciencedirect.com/science/article/abs/pii/S016164201331077X (accessed
on 28 November 2023).

6. Hiller, R.; Sperduto, R.D.; Podgor, M.J.; Wilson, P.W.; Ferris, F.L.; Colton, T.; Milton, R.C. Cigarette smoking and the risk of
development of lens opacities: The Framingham studies. Arch. Ophthalmol. 1997, 115, 1113–1118. [CrossRef] [PubMed]

7. Hennis, A.; Wu, S.Y.; Nemesure, B.; Leske, M.C.; Barbados Eye Studies Group. Risk factors for incident cortical and posterior
subcapsular lens opacities in the Barbados Eye Studies. Arch. Ophthalmol. 2004, 122, 525–530. [CrossRef] [PubMed]

8. Richter, G.M.; Choudhury, F.; Torres, M.; Azen, S.P.; Varma, R.; Los Angeles Latino Eye Study Group. Risk factors for incident
cortical, nuclear, posterior subcapsular, and mixed lens opacities: The Los Angeles Latino eye study. Ophthalmology 2012, 119,
2040–2047. [CrossRef]

9. Li, L.; Wan, X.H.; Zhao, G.H. Meta-analysis of the risk of cataract in type 2 diabetes. BMC Ophthalmol. 2014, 14, 94. [CrossRef]
10. Goldmann, H.; Chrenková, A.; Cornaro, S. Retinal visual acuity in cataractous eyes: Determination with interference fringes.

Arch. Ophthalmol. 1980, 98, 1778–1781. [CrossRef]
11. Li, X.; Cao, X.; Yu, Y.; Bao, Y. Correlation of Sunlight Exposure and Different Morphological Types of Age-Related Cataract.

Biomed. Res. Int. 2021, 2021, 8748463. [CrossRef]
12. Cruickshanks, K.J.; Klein, B.E.; Klein, R. Ultraviolet light exposure and lens opacities: The Beaver Dam Eye Study. Am. J. Public

Health 1992, 82, 1658–1662. [CrossRef] [PubMed]
13. Hiller, R.; Podgor, M.J.; Sperduto, R.D.; Nowroozi, L.; Wilson, P.W.; D’Agostino, R.B.; Colton, T.; The Framingham Eye Studies

Group. A longitudinal study of body mass index and lens opacities: The Framingham Studies. Ophthalmology 1998, 105, 1244–1250.
[CrossRef] [PubMed]

14. Ng Yin Ling, C.; Lim, S.C.; Jonas, J.B.; Sabanayagam, C. Obesity and risk of age-related eye diseases: A systematic review of
prospective population-based studies. Int. J. Obes. 2021, 45, 1863–1885. [CrossRef] [PubMed]

15. Kanthan, G.L.; Wang, J.J.; Burlutsky, G.; Rochtchina, E.; Cumming, R.G.; Mitchell, P. Exogenous oestrogen exposure, female
reproductive factors and the long-term incidence of cataract: The Blue Mountains Eye Study. Acta Ophthalmol. 2010, 88, 773–778.
[CrossRef] [PubMed]

16. Cumming, R.G.; Mitchell, P. Hormone Replacement Therapy, Reproductive Factors, and Cataract the Blue Mountains Eye Study.
Am. J. Epidemiol. 1997, 145, 242–249. [CrossRef] [PubMed]

17. Wang, J.J.; Rochtchina, E.; Tan, A.G.; Cumming, R.G.; Leeder, S.R.; Mitchell, P. Use of inhaled and oral corticosteroids and the
long-term risk of cataract. Ophthalmology 2009, 116, 652–657. [CrossRef] [PubMed]

18. Cumming, R.G.; Mitchell, P. Inhaled corticosteroids and cataract: Prevalence, prevention and management. Drug Saf. 1999, 20,
77–84. [CrossRef] [PubMed]

19. Abrahamson, I.A. Cataract update. Am. Fam. Physician 1981, 24, 111–119. [PubMed]
20. Trevor-Roper, P.D. Cataracts. Br. Med. J. 1970, 3, 33–35. [CrossRef]
21. Gupta, P.K.; Berdahl, J.P.; Chan, C.C.; Rocha, K.M.; Yeu, E.; Ayres, B.; Farid, M.; Lee, W.B.; Beckman, K.A.; Kim, T.; et al. The

corneal endothelium: Clinical review of endothelial cell health and function. J. Cataract. Refract. Surg. 2021, 47, 1218–1226.
[CrossRef]

22. Bourne, W.M. Biology of the corneal endothelium in health and disease. Eye 2003, 17, 912–918. [CrossRef] [PubMed]
23. Vital, M.C.; Jong, K.Y.; Trinh, C.E.; Starck, T.; Sretavan, D. Endothelial Cell Loss Following Cataract Surgery Using Continuous

Curvilinear Capsulorhexis or Precision Pulse Capsulotomy. Clin. Ophthalmol. 2023, 17, 1701–1708. [CrossRef] [PubMed]
24. Bourne, W.M. Corneal endothelium--past, present, and future. Eye Contact Lens. 2010, 36, 310–314. [CrossRef] [PubMed]
25. Ho, J.W.; Afshari, N.A. Advances in cataract surgery: Preserving the corneal endothelium. Curr. Opin. Ophthalmol. 2015, 26, 22–27.

[CrossRef] [PubMed]
26. O’Brien, P.D.; Fitzpatrick, P.; Kilmartin, D.J.; Beatty, S. Risk factors for endothelial cell loss after phacoemulsification surgery by a

junior resident. J. Cataract. Refract. Surg. 2004, 30, 839–843. [CrossRef] [PubMed]
27. Gurnani, B.; Kaur, K. Pseudophakic Bullous Keratopathy. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2023.

Available online: http://www.ncbi.nlm.nih.gov/books/NBK574505/ (accessed on 28 November 2023).
28. Romania Life Expectancy 1950–2023. Available online: https://www.macrotrends.net/countries/ROU/romania/life-expectancy

(accessed on 28 November 2023).
29. Takahashi, H. Corneal Endothelium and Phacoemulsification. Cornea 2016, 35 (Suppl. S1), S3–S7. [CrossRef]
30. Dewan, T.; Malik, P.K.; Tomar, P. Comparison of effective phacoemulsification time and corneal endothelial cell loss using three

different ultrasound frequencies: A randomized controlled trial. Indian J. Ophthalmol. 2022, 70, 1180–1185. [CrossRef] [PubMed]
31. Sorensen, T.; Chan, C.C.; Bradley, M.; Braga-Mele, R.; Olson, R.J. Ultrasound-induced corneal incision contracture survey in the

United States and Canada. J. Cataract. Refract. Surg. 2012, 38, 227–233. [CrossRef]
32. Bradley, M.J.; Olson, R.J. A Survey About Phacoemulsification Incision Thermal Contraction Incidence and Causal Relationships.

Am. J. Ophthalmol. 2006, 141, 222–224. [CrossRef]
33. Klein, B.E.; Klein, R.; Lee, K.E. Diabetes, cardiovascular disease, selected cardiovascular disease risk factors, and the 5-year

incidence of age-related cataract and progression of lens opacities: The Beaver Dam Eye Study. Am. J. Ophthalmol. 1998, 126,
782–790. [CrossRef]

https://doi.org/10.1517/13543784.13.6.691
https://www.ncbi.nlm.nih.gov/pubmed/15174955
https://www.sciencedirect.com/science/article/abs/pii/S016164201331077X
https://doi.org/10.1001/archopht.1997.01100160283003
https://www.ncbi.nlm.nih.gov/pubmed/9298050
https://doi.org/10.1001/archopht.122.4.525
https://www.ncbi.nlm.nih.gov/pubmed/15078670
https://doi.org/10.1016/j.ophtha.2012.05.001
https://doi.org/10.1186/1471-2415-14-94
https://doi.org/10.1001/archopht.1980.01020040630008
https://doi.org/10.1155/2021/8748463
https://doi.org/10.2105/AJPH.82.12.1658
https://www.ncbi.nlm.nih.gov/pubmed/1456342
https://doi.org/10.1016/s0161-6420(98)97029-4
https://www.ncbi.nlm.nih.gov/pubmed/9663229
https://doi.org/10.1038/s41366-021-00829-y
https://www.ncbi.nlm.nih.gov/pubmed/33963292
https://doi.org/10.1111/j.1755-3768.2009.01565.x
https://www.ncbi.nlm.nih.gov/pubmed/19489760
https://doi.org/10.1093/oxfordjournals.aje.a009097
https://www.ncbi.nlm.nih.gov/pubmed/9012597
https://doi.org/10.1016/j.ophtha.2008.12.001
https://www.ncbi.nlm.nih.gov/pubmed/19243828
https://doi.org/10.2165/00002018-199920010-00007
https://www.ncbi.nlm.nih.gov/pubmed/9935278
https://www.ncbi.nlm.nih.gov/pubmed/7282506
https://doi.org/10.1136/bmj.3.5713.33
https://doi.org/10.1097/j.jcrs.0000000000000650
https://doi.org/10.1038/sj.eye.6700559
https://www.ncbi.nlm.nih.gov/pubmed/14631396
https://doi.org/10.2147/OPTH.S411454
https://www.ncbi.nlm.nih.gov/pubmed/37346471
https://doi.org/10.1097/ICL.0b013e3181ee1450
https://www.ncbi.nlm.nih.gov/pubmed/20724858
https://doi.org/10.1097/ICU.0000000000000121
https://www.ncbi.nlm.nih.gov/pubmed/25415300
https://doi.org/10.1016/S0886-3350(03)00648-5
https://www.ncbi.nlm.nih.gov/pubmed/15093647
http://www.ncbi.nlm.nih.gov/books/NBK574505/
https://www.macrotrends.net/countries/ROU/romania/life-expectancy
https://doi.org/10.1097/ICO.0000000000000990
https://doi.org/10.4103/ijo.IJO_2163_21
https://www.ncbi.nlm.nih.gov/pubmed/35326010
https://doi.org/10.1016/j.jcrs.2011.08.039
https://doi.org/10.1016/j.ajo.2005.08.018
https://doi.org/10.1016/s0002-9394(98)00280-3


Geriatrics 2024, 9, 77 17 of 17

34. Cumming, R.G.; Mitchell, P. Alcohol, smoking, and cataracts: The Blue Mountains Eye Study. Arch. Ophthalmol. 1997, 115,
1296–1303. [CrossRef] [PubMed]

35. Brown, C.J.; Akaichi, F. Vitamin D deficiency and posterior subcapsular cataract. Clin. Ophthalmol. 2015, 9, 1093–1098. [CrossRef]
[PubMed]

36. He, L.; Cui, Y.; Tang, X.; He, S.; Yao, X.; Huang, Q.; Lei, H.; Li, H.; Liao, X. Changes in visual function and quality of life in patients
with senile cataract following phacoemulsification. Ann. Palliat. Med. 2020, 9, 3802–3809. [CrossRef] [PubMed]

37. Salvi, S.M.; Soong, T.K.; Kumar, B.V.; Hawksworth, N.R. Central corneal thickness changes after phacoemulsification cataract
surgery. J. Cataract. Refract. Surg. 2007, 33, 1426–1428. [CrossRef] [PubMed]
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