
the Scheimpflug principle. A rapidly rotating Scheimp-

flug camera and a light source scan the eye, capturing 50 

Scheimpflug images in under two seconds.⁵ Eye move-

ments are automatically corrected using a secondary pupil 

camera.⁶ This imaging system measures CD in standard-

ized grayscale units (GSU) and quantifies it on a 0–100 

scale for various corneal zones and layers.⁷ A value of 0 

corresponds to minimal light scatter (maximum transpar-

ency), whereas a value of 100 indicates maximal light scat-

ter (minimum transparency).⁸

Introduction

The cornea is the primary refractive medium of the hu-
man eye, and its transparency is essential for optimal vi-
sual acuity.¹ Corneal optical density is an index quantify-
ing corneal transparency.² Corneal densitometry (CD) is a 
non-invasive assessment method that provides quantitative 
information on corneal clarity across different regions 
and layers of the cornea.³ Before the advent of this meth-
od, Corneal optical density was predominantly evaluated 
through qualitative analysis, which was highly dependent 
on the clinician’s subjective experience.⁴ CD is based on 
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ABSTRACT

Purpose: This study aimed to evaluate the impact of pars plana vitrectomy (PPV), either alone or combined with cataract surgery, on 
corneal densitometry (CD) in patients with epiretinal membrane (ERM).

Materials and Methods:  This retrospective study included 64 patients who underwent PPV for ERM. Patients were divided into two 
groups: Group 1 (n=30) underwent combined PPV and cataract surgery, while Group 2 (n=34) underwent PPV alone. CD measurements 
in concentric annular zones (0–2 mm, 2–6 mm, 6–10 mm, 10–12 mm) and total values were obtained preoperatively and at the first 
postoperative month using the Pentacam system. Best-corrected visual acuity (BCVA) and CD changes were analyzed.

Results: Significant improvement in BCVA was observed in both groups postoperatively. In Group 1, CD values significantly increased 
in the 0–2 mm and 2–6 mm zones at 1 month (p=0.006 and p=0.028, respectively). No significant CD changes were observed in Group 
2 (p>0.05). Preoperative total CD and 10–12 mm zone values were significantly higher in males (p=0.011 and p=0.012, respectively). 
Patients aged 69 years and older had significantly higher corneal optical density in the 2–6 mm zone and total measurements (p<0.05).

Conclusion: CD significantly increased after combined PPV and cataract surgery, whereas no significant changes were observed after 
PPV alone. As no previous study has reported densitometric outcomes for PPV alone, this study provides valuable preliminary data.
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An increase in CD values has been observed with the use of 
soft contact lenses and orthokeratology lenses.⁹ ¹⁰ Several 
studies have reported elevated CD in patients with kerato-
conus compared to the healthy population.¹¹–¹³ Increased 
CD has also been detected in patients with a history of ker-
atoplasty, and it has been reported that corneal transparency 
decreases and CD increases in infectious keratitis.¹⁴ ¹⁵ Re-
fractive surgery has also been shown to affect CD. Studies 
investigating different refractive surgical techniques have 
demonstrated varying effects on CD¹⁶–²⁰. As such, CD is a 
parameter that can be influenced by a wide range of ocular 
diseases and surgical procedures.

Further studies are required to better elucidate the clinical 
diagnostic value of CD, clarify its relationship with visual 
acuity, and assess its correlation with other ocular surger-
ies. In this context, we compared preoperative and post-
operative first-month CD measurements in patients with 
epiretinal membrane (ERM) who underwent pars plana 
vitrectomy (PPV), either combined with cataract surgery 
(phacoemulsification and intraocular lens implantation) or 
as PPV alone. We aimed to investigate the potential rela-
tionship between PPV and cataract surgery and CD laying 
the groundwork for future research.

Materials and Methods

This retrospective analysis was conducted on patients who 
underwent PPV for ERM between November 2022 and 
June 2023 at the Ophthalmology Department of Istanbul 
Fatih Sultan Mehmet Training and Research Hospital and 
met the inclusion criteria. The study was approved by the 
Clinical Research Ethics Committee of Kırklareli Univer-
sity (approval no. P20250007) and was carried out in ac-
cordance with the principles of the Declaration of Helsinki. 
Written informed consent was obtained from all partici-
pants. Patients who had corneal topography records from 
at least one preoperative and one postoperative first-month 
follow-up visit were included in the study.

Inclusion and Exclusion Criteria

Patients aged between 45 and 85 years who underwent PPV 
due to ERM and experienced no intraoperative or postop-
erative complications were included in the study. Exclu-
sion criteria were as follows: any ocular surgery within the 
previous 6 months, presence of corneal pathologies that 
could affect corneal transparency (such as corneal scarring, 

nebula, leukoma, corneal dystrophies, and degenerations), 
history of refractive surgery, contact lens use, coexisting 
ocular diseases that could lead to vision loss (e.g., macular 
degeneration, mature cataract, amblyopia, diabetic retinop-
athy, hypertensive retinopathy, advanced-stage glaucoma), 
and non-compliance with regular follow-up visits.

Data Collection and Evaluation

Best-corrected visual acuity (BCVA) based on the Snellen 
chart and central densitometry (CD) values were retrospec-
tively obtained from patient records at the preoperative vis-
it and one month postoperatively. CD measurements were 
obtained using the Pentacam® (Oculus Optikgeräte GmbH, 
Germany) under standardized conditions. Only scans with 
acceptable image quality as indicated by the device’s built-
in quality specification (“OK” quality status) were included 
in the analysis. Measurements with poor quality or motion 
artifacts were excluded. All examinations were performed 
using the same device and software version by experienced 
technicians, following the manufacturer’s recommenda-
tions, to ensure measurement consistency. Using the de-
vice’s densitometry module, CD values were measured 
in concentric zones of 0–2 mm, 2–6 mm, 6–10 mm, and 
10–12 mm, as well as across the entire corneal thickness 
to obtain total CD values. Rather than analyzing the anteri-
or, central, and posterior stromal layers separately, the total 
densitometric values representing all corneal layers were 
used for the evaluation.

Pars Plana Vitrectomy

All surgeries were performed by a single surgeon (F.B.K.) 
using a 25-gauge trocar/cannula system and the Constel-
lation combined phacoemulsification and vitrectomy plat-
form (Alcon Vision, USA). In combined procedures, cor-
neal incisions were made before the vitrectomy, followed 
by viscoelastic injection into the anterior chamber to per-
form capsulorhexis. After hydrodissection, the nucleus was 
mobilized, phacoemulsified, and the residual cortex was re-
moved. A foldable intraocular lens was implanted into the 
capsular bag. Combined cataract surgery was performed in 
eyes with clinically significant lens opacity causing visual 
impairment. The indication for cataract surgery was based 
on reduced BCVA and slit-lamp examination findings con-
sistent with age-related cataract. No patient had advanced 
or mature cataract at the time of surgery.
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Following core vitrectomy, posterior hyaloid separation 
was achieved using triamcinolone, and vitreous base shav-
ing was performed. After staining and visualization of the 
ERM, it was peeled. A peripheral retinal examination was 
conducted to check for iatrogenic retinal tears, and the sur-
gery was concluded without the use of an intraocular tam-
ponade.

All patients received the same standardized postoperative 
topical treatment, consisting of antibiotic (moxifloxacin) 
and corticosteroid (prednisolone) eye drops administered 
according to institutional protocol. No additional topical or 
systemic medications that could affect corneal transparen-
cy were used during the follow-up period.

Statistical Analysis

Statistical analysis was performed using the Statistical 
Package for the Social Sciences (SPSS) version 26 (IBM 
Corp., USA). The Shapiro-Wilk test was used to assess the 
normality of the data distribution. Categorical variables 
were compared between groups using the chi-square test. 
The Wilcoxon test was used to compare preoperative and 
postoperative data within groups. Changes in CD from 
baseline to postoperative month 1 (ΔCD = postoperative 
− preoperative) were calculated for each zone and total val-
ues and directly compared between Group 1 and Group 2. 
ΔCD values were compared using the Mann–Whitney U 
test. A p-value of <0.05 was considered statistically signif-
icant for all tests.

Results

A total of 64 eyes from 64 patients with ERM were includ-
ed in the study. Thirty patients who underwent PPV com-
bined with cataract surgery were defined as Group 1, while 
34 patients who underwent PPV alone constituted Group 2. 
All eyes in Group 2 were pseudophakic at the time of pars 

plana vitrectomy. No intraoperative complications such as 
posterior capsule rupture, nucleus drop, vitreous hemor-
rhage, or retinal detachment occurred in either group. Of 
the patients, 36 were male and 28 were female. In preop-
erative densitometric measurements, significantly high-
er values were observed in males in the 10–12 mm zone 
and total densitometric values (p=0.012 and p=0.011, re-
spectively). The mean age of the patients was 69 ± 7 years 
(range: 53–81 years). Patients aged 69 years and older had 
significantly higher preoperative 2–6 mm and total densi-
tometric values than those younger than 69. The data are 
summarized in Table 1.

Preoperative BCVA was 0.34±0.19 in Group 1 and 
0.37±0.23 in Group 2, with no significant difference 
(p=0.565). At postoperative month one, BCVA was mea-
sured as 0.60±0.36 in Group 1 and 0.58±0.20 in Group 2, 
again with no significant difference (p=0.728). However, 
both groups showed a significant improvement in BCVA at 
postoperative month 1 compared to baseline (p<0.001 for 
Group 1, p=0.024 for Group 2).

In Group 1, a statistically significant CD increase was ob-
served in the 0–2 mm and 2–6 mm zones at postoperative 
month 1 (p=0.006 and p=0.028, respectively). In Group 2, 
no significant difference was found between preoperative 
and postoperative CD values in any zone (p>0.05). Preop-
erative and postoperative measurements for both groups 
are summarized in Table 2.

When the magnitude of change in CD (ΔCD) was directly 
compared between groups, a significantly greater increase 
was observed only in the central 0–2 mm zone in Group 1 
compared to Group 2 (p =0.048). No significant intergroup 
differences were detected for ΔCD in the 2–6 mm, 6–10 
mm, or 10–12 mm zones, nor for total CD (all p > 0.05) 
(Table 3).
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Table 1. Comparison of Preoperative Corneal Densitometry Values by Gender and Age

  n 0-2 mm 2-6 mm 6-10 mm 10-12 mm Total

Gender  

Male 36 19.32 ± 3.03 19.51 ± 3.37 32.88 ± 8.61 44.24 ± 11.67 26.84 ± 3.95

Female 28 18.38 ± 1.44 17.6 ± 1.49 28.13 ± 5.51 34.71 ± 8.37 23.43 ± 2.50

p value*   0.63 0.06 0.15 0.01 0.01

Age

≥69 35 19.62 ± 2.74 19.827 ± 3.00 33.14 ± 7.35 43.51 ± 12.35 26.89 ± 3.27

<69 29 18.11 ± 1.95 17.385 ± 2.09 28.192 ± 7.49 36.29 ± 8.84 23.64 ± 3.65

p value*   0.11 0.02 0.09 0.09 0.02
*Chi-square test

Table 2. Comparison of Full-Thickness Concentric Zone Densitometry Values at Preoperative and Postoperative First 
Month Between Groups

Corneal Densitometry Full-
Thickness Concentric Zones

Preoperative Postoperative p value*

Group 1

0-2mm 18.62 ± 2.36 19.45 ± 2.60 0.01

2-6mm 18.13 ± 2.23 18.75 ± 2.22 0.03

6-10mm 29.17 ± 7.57 29.28 ± 7.10 0.58

10-12mm 37.35 ± 10.44 37.07 ± 11.08 0.52

Total 24.46 ± 3.87 24.53 ± 3.68 0.69

Group 2

0-2mm 19.54 ± 2.77 20.44 ± 2.02 0.36

2-6mm 19.89 ± 3.72 21.28 ± 5.26 0.38

6-10mm 34.38 ± 7.10 33.81 ± 9.17 0.49

10-12mm 46.09 ± 11.23 45.23 ± 13.50 0.98

Total 27.32 ± 2.81 27.74 ± 4.83 0.89
*Wilcoxon test
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Discussion

In this study, we quantitatively evaluated the effects of 
PPV and combined PPV with cataract surgery on corne-
al transparency using CD. Our between-group analysis 
demonstrated that the increase in CD after combined sur-
gery was confined to the central 0–2 mm zone, whereas no 
significant intergroup differences were observed in periph-
eral zones or in total CD. It has been observed that ERM 
surgery improves postoperative visual acuity in the first 
month²¹. In a study comparing combined cataract surgery 
and ERM surgery versus vitrectomy alone, an increase in 
visual acuity was observed in both groups; however, the 
difference was not statistically significant compared to pa-
tients who underwent vitrectomy alone²². Similarly, in our 
study, a significant improvement in BCVA values was ob-
served at the first postoperative month, but no significant 
difference was found between the groups.

Various factors, such as age, corneal diseases, and refrac-
tive surgery, have been shown to affect CD.² In a study 
conducted on a healthy population, CD increased with 
age.²³ However, another study conducted in China report-
ed no association between age and CD.²⁰ In our study, we 
observed that the eyes of patients older than the average 
age had higher CD values in all annular zones; however, a 
statistically significant difference was found only in the 2–6 
mm annular zone and in total densitometric values.

Total CD has been reported to be higher in females than 
males.²⁴ However, another study found that gender did 
not significantly affect CD.⁸ In our study, no significant 

difference was observed between genders in preoperative 
densitometric values for the 0–2 mm, 2–6 mm, and 6–10 
mm zones, while significantly higher values were found in 
males in the 10–12 mm zone and total densitometry mea-
surements.

A study conducted in Taiwan in 2021 reported a signifi-
cant increase in total CD values of 0–2 mm and 2–6 mm 
one month after phacoemulsification with intraocular lens 
implantation.⁷ In the study by Krarup et al., significant in-
creases in 0–2 mm and 2–6 mm total densitometry values 
were observed on postoperative day 1 and day 40 follow-
ing femtosecond-assisted cataract surgery in patients with 
Fuchs endothelial dystrophy. The highest values were noted 
on day 1, gradually declining over time.²⁵ Similarly, a 2023 
study investigating changes in CD following phaco vitrec-
tomy reported significantly higher total densitometry val-
ues on postoperative day 1, day 7, at 1 month, and 3 months 
compared to preoperative values. The peak was observed 
on day 1, with a stepwise decrease during follow-up.²⁶ In 
line with these three studies, we also observed a significant 
increase in the 0–2 mm and 2–6 mm total densitometry val-
ues at the 1-month follow-up in the group that underwent 
combined cataract surgery and vitrectomy. In contrast, the 
group that underwent vitrectomy alone showed no signifi-
cant difference in total densitometry values at 1 month.

Only patients who underwent surgery for ERM indication 
were included to ensure homogeneity in our study. As is 
well known, ERM surgery is a relatively short procedure 
compared to other vitreoretinal surgeries. While our find-

Table 3. Between-group comparison of change in corneal densitometry (ΔCD = postoperative – preoperative)

ΔCD = postoperative – 
preoperative

Group 1 
(median (IQR))

Group 2
(median (IQR))

p value*

0-2mm 0.80 (0.20 – 1.40) 0.40 (-1.00 – 1.20) 0.048

2-6mm 0.80 (0.30 – 1.60) 0.40 (-0.75 – 2.00) 0.129

6-10mm 0.20 (-0.60 – 1.10) -1.10 (-4.30 – 1.05) 0.247

10-12mm 0.70 (-2.20 – 1.30) 1.70 (-6.20 – 3.95) 0.330

Total 0.30 (-1.00 – 1.00) 0.40 (-1.25 – 0.8) 0.715
*Mann-Whitney U test
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ings may offer some insight into CD changes in longer pro-
cedures such as tractional retinal detachment or prolifera-
tive vitreoretinopathy surgeries, they do not provide strong 
evidence. One of the main limitations of this study is the 
relatively short follow-up period, with CD assessed only 
at postoperative month 1. However, the first postoperative 
month was deliberately selected, as it represents the period 
during which surgical trauma–related corneal changes are 
most pronounced. Therefore, our results primarily reflect 
the early effect of vitreoretinal surgery and combined pha-
co-vitrectomy on CD rather than long-term corneal remod-
eling. Future prospective studies with longer follow-up pe-
riods, including 3- and 6-month evaluations, are warranted 
to determine the persistence and clinical significance of 
these changes.

Conclusion

While no significant change in CD was observed in pa-
tients who underwent PPV alone for ERM, an increase in 
CD was noted in those who underwent combined surgery. 
There are currently no studies in the literature reporting 
densitometric data following PPV alone, so this result is 
of considerable value. We believe that future studies with 
larger sample sizes, including various surgical indications 
and correlation with corneal cellular measurements, will 
significantly contribute to the literature and the evolving 
role of CD in ophthalmology.
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Summary Statement:

This study found that corneal densitometry significantly 
increased after combined vitrectomy and cataract surgery, 
whereas no significant change occurred following vitrecto-
my alone, highlighting a differential effect of surgical pro-
cedures on corneal transparency.
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