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Effect of the timing of corneal suture removal after 
phacoemulsification on post-operative astigmatism
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Abstract
Purpose:  To evaluate the effect of corneal suture removal timing after phacoemulsification on refractive and corneal astigmatism and 
best-corrected visual acuity (BCVA). 
Methods: This prospective, single-center comparative study included 34 patients (34 eyes, aged 40–60 years). All eyes underwent 
uncomplicated phacoemulsification through a 2.75-mm superior corneal incision closed with a single 10-0 nylon suture. Patients 
were randomized into two groups: Suture removal at 1 week (Group 1) or at 1 month (Group 2). Refractive astigmatism, keratometric 
astigmatism, and BCVA were evaluated immediately before suture removal and at 1 h, 1 week, and 1 month afterward. 
Results: Baseline characteristics were similar between groups (p>0.05), and no wound-related complications occurred. In Group 1, 
refractive astigmatism decreased significantly from 2.18±0.87 D to 0.88±0.42 D at 1 month after suture removal (p<0.001), with most 
of the reduction occurring within the first post-operative week. In Group 2, refractive astigmatism showed only a minimal change and 
did not reach statistical significance (1.61±0.68 D to 1.31±0.53 D; p=0.057). Corneal astigmatism reduction was also more pronounced 
in Group 1. At 1 month, Group 1 demonstrated significantly lower refractive astigmatism than Group 2. (p=0.037) Vector analysis further 
supported these findings. The early removal group demonstrated significantly greater surgically induced astigmatism correction (SIA 
1.68±0.51 D vs. 1.43±0.54 D; p=0.041) and a lower difference vector (0.49±0.28 D vs. 0.77±0.31 D; p=0.012), indicating more effective 
reduction of suture-induced astigmatism. 
Conclusion: Early corneal suture removal after cataract surgery provides a faster and greater reduction in post-operative astigmatism 
and accelerates visual rehabilitation. When wound stability is adequate, suture removal at approximately 1 week post-operatively may 
be recommended to optimize early refractive outcomes.
Keywords: Astigmatism, Corneal suture removal timing, Corneal suture, Phacoemulsification

Post-operative astigmatism following cataract surgery is a 
common refractive problem that can significantly impair 

visual quality and patient satisfaction.[1,2] With advances in 
modern phacoemulsification techniques, self-sealing clear 
corneal incisions are widely used, thereby reducing the need 
for sutures in routine cases. Nevertheless, in certain situations – 

such as enlargement of the incision, inadequate wound stability, 

or the occurrence of intraoperative complications – suturing of 

the corneal incision may be required to ensure wound integrity.

The placement of a corneal suture introduces additional 

biomechanical tension to the corneal tissue, which may alter 
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corneal curvature and induce astigmatism. This surgically 
induced astigmatism (SIA) can adversely affect refractive 
outcomes and delay post-operative visual rehabilitation.
[3] Therefore, effective management of suture-related 
SIA remains a critical consideration in cataract surgery, 
particularly when the goal is to achieve optimal visual 
outcomes in the early post-operative period.

The timing of corneal suture removal plays a critical role 
in determining both the magnitude and the duration 
of suture-induced astigmatism. Early suture removal – 
typically performed within several days to 1–2 weeks after 
cataract surgery – may facilitate more rapid normalization 
of corneal shape and minimize permanent astigmatism; 
however, it may carry a potential risk of reduced wound 
stability if performed too early in the post-operative 
period. In contrast, late suture removal – undertaken weeks 
or even months after surgery – allows additional time for 
wound healing, but the corneal deformation caused by the 
suture may persist until removal, thereby prolonging its 
astigmatic effect.[4,5]

Recent studies have emphasized the influence of factors, 
such as suture tension, incision location, and corneal 
biomechanics on post-operative astigmatic outcomes.
[6-8] Despite this growing body of evidence, controlled 
studies directly comparing early versus late suture 
removal in the context of contemporary small-incision 
phacoemulsification surgery remain limited. Many of the 
classical studies addressing suture timing were conducted 
during the era of larger corneal incisions or extracapsular 
cataract extraction, under surgical conditions that differ 
substantially from present techniques.[9-11]

Previous reports have yielded conflicting results: some have 
suggested that early suture removal accelerates astigmatic 
correction without significantly affecting long-term 
astigmatism, whereas others have proposed that delayed 
removal may reduce astigmatism by allowing greater 
wound maturation.[4,11] This lack of consensus indicates 
that surgeons still lack clear guidance on how to balance 
rapid visual rehabilitation against refractive stability when 
determining the optimal timing of corneal suture removal.

This study prospectively evaluates the effect of corneal 
suture removal timing after phacoemulsification surgery 
on refractive and corneal astigmatism as well as visual 
outcomes. Early (post-operative week 1) and late (post-
operative month 1) suture removal strategies were 
compared under standardized surgical conditions. Changes 
in astigmatism were quantitatively assessed using vector 
analysis based on the Alpins method. We hypothesized 

that earlier suture removal would result in a more rapid 
reduction of astigmatism and faster visual recovery. The 
findings of this study aim to provide clinical guidance on 
determining the optimal timing of corneal suture removal 
after cataract surgery, thereby improving post-operative 
refractive outcomes and overall visual rehabilitation.

Materials and Methods

Study Design and Patients
This prospective, comparative clinical study was conducted 
at a tertiary eye care center. The study protocol was 
approved by the Istanbul Cam and Sakura City Hospital 
Clinical Research Ethics Committee (approval number: 
KAEK/2023.05.176, May 2023) and was conducted in 
accordance with the principles of the Declaration of 
Helsinki. Written informed consent was obtained from all 
participants before enrollment. A total of 34 patients (34 
eyes) aged 40–60 years who were scheduled for cataract 
surgery due to senile cataract was included. All eyes 
underwent uncomplicated phacoemulsification, and a 
single 10-0 nylon suture was placed to ensure corneal 
incision stability. Only one eye per patient (the first operated 
eye meeting the inclusion criteria) was included in the 
analysis. Patients with traumatic or complicated cataracts, 
a history of previous ocular surgery, ocular pathologies 
that could influence post-operative astigmatism (such as 
significant corneal degeneration or keratopathy), high 
corneal astigmatism or ectatic disorders (e.g., keratoconus), 
uncontrolled diabetes mellitus (due to its potential effect 
on wound healing), or systemic conditions likely to interfere 
with scheduled follow-up visits were excluded.

Surgical Technique
All surgeries were performed by a single experienced 
surgeon to eliminate inter-surgeon variability. Following 
topical anesthesia (supplemented with peribulbar 
anesthesia when necessary), standard phacoemulsification 
was carried out. A 2.75-mm superior clear corneal 
incision was created at the 12 o’clock position, through 
which phacoemulsification and cortical aspiration were 
performed. In all cases, a foldable intraocular lens was 
implanted in the capsular bag. At the end of surgery, the 
main incision was closed with a single interrupted 10-0 
nylon suture (Ethilon®), tied with standardized tension 
sufficient to maintain wound apposition and prevent 
leakage without inducing excessive corneal deformation; 
the knot was buried within the corneal stroma. Paracentesis 
incisions were left unsutured. All patients received the 
same post-operative medication regimen, consisting of 
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topical antibiotic and steroid eye drops in tapering doses 
for 4 weeks, and were instructed to use a protective eye 
shield at night and to follow standard post-operative care 
instructions.

Randomization, Suture Removal Procedure, and 
Outcome Assessment
Patients were randomly assigned to two groups using 
a computer-generated randomization sequence. 
Randomization was performed using a computer-
generated sequence implemented with sealed opaque 
envelopes opened on the first post-operative day. Group 1 
(17 eyes) underwent early suture removal at post-operative 
week 1, whereas Group 2 (17 eyes) underwent late suture 
removal at post-operative month 1. Patients and outcome 
assessors were not informed of the study hypothesis; 
however, complete masking was not feasible because the 
presence of a corneal suture could be observed during 
follow-up examinations. To minimize measurement bias, 
all post-operative examinations and measurements were 
performed by an ophthalmologist who did not perform 
the surgery and was not involved in group allocation. 
Complete masking was not feasible because the presence 
of a corneal suture could be directly observed during slit-
lamp examination. However, the examiner was unaware of 
the study hypothesis. In addition, all measurements were 
obtained using the same devices, under standardized 
lighting conditions, and by a single experienced examiner 
throughout the study.

Suture removal was performed in the outpatient clinic 
under topical anesthesia with 0.5% proparacaine eye drops. 
In Group 1, sutures were removed at the 1-week post-
operative visit (7±1 days after surgery). In Group 2, sutures 
were removed at the 1-month post-operative visit (30±3 
days), while being inspected and left in place at the 1-week 
visit. In all cases, the procedure was standardized: The 
buried suture knot was gently exposed using fine sterile 
forceps, cut with Vannas scissors, and carefully removed. 
Wound integrity was assessed immediately after removal, 
and a Seidel test was performed to confirm the absence of 
leakage. A prophylactic topical antibiotic drop was instilled 
after the procedure, and patients were advised to continue 
topical antibiotic therapy for 3–5 days.

Patients were followed according to a standardized protocol 
to assess refractive astigmatism, corneal astigmatism, 
and visual acuity at pre-defined time points: İmmediately 
before suture removal and at approximately 1 h, 1 week, 
and 1 month after suture removal. These follow-up intervals 
were defined relative to the time of suture removal. 

Consequently, the corresponding absolute post-operative 
time points differed between groups: approximately post-
operative weeks 1–6 in Group 1 and weeks 4–8 in Group 2.

At each visit, the following measurements were obtained: 
refractive astigmatism was assessed by objective 
autorefraction, with cylindrical power and axis recorded 
and refined by subjective refraction when necessary; 
Corneal astigmatism was evaluated using standard optical 
keratometry and corneal topography with the Tomey TMS-
5 corneal topography system (Tomey Corporation, Nagoya, 
Japan). Refractive astigmatism was measured using 
automated refraction followed by subjective refinement 
when necessary; and best-corrected visual acuity (BCVA) 
was measured using a LogMAR chart (also reported in 
Snellen equivalents). All measurements were performed 
using the same devices under similar lighting conditions 
by a single experienced examiner.

Vector Analysis of Astigmatism
To quantitatively compare the effect of suture removal on 
astigmatism between the two groups, vector analysis based 
on the Alpins method was performed. The following key 
parameters were calculated: Target-induced astigmatism 
(TIA), defined as the astigmatic change required to 
neutralize the suture-induced astigmatism measured 
immediately before suture removal (the magnitude and 
axis of pre-suture removal astigmatism were used as the 
intended correction for each eye); SIA, defined as the 
vectorial change in astigmatism following suture removal, 
calculated as the vector difference between pre-suture 
removal astigmatism and astigmatism measured at 1 
month after removal (analyzed separately for refractive 
and corneal astigmatism); the difference vector (DV), 
representing the residual astigmatism remaining 1 month 
after suture removal; the correction index (CI), calculated 
as the ratio of SIA to TIA (a value of 1.0 indicating complete 
correction, values >1 indicating overcorrection, and values 
<1 indicating undercorrection); and the index of success 
(IOS), defined as the ratio of DV to TIA, with lower values 
indicating less residual astigmatism relative to the intended 
correction. Double-angle plots and centroid analysis were 
not performed in this study. Although these methods 
may provide additional insight into vector distribution, 
the primary aim of the present analysis was to compare 
overall vector parameters between groups using the Alpins 
method.

All vector parameters were calculated using keratometric 
data for corneal astigmatism and refractive data for 
refractive astigmatism obtained before and after suture 
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removal. Mean values were used for group comparisons. 
This vector-based approach allowed a more comprehensive 
evaluation of astigmatic correction by accounting for both 
magnitude and axis changes rather than relying solely on 
scalar differences.

Statistical Analysis
Statistical analyses were performed using the IBM 
Statistical Package for the Social Sciences Statistics version 
26.0 (IBM Corp., Armonk, NY, USA). Data distribution was 
assessed using the Shapiro–Wilk test. Given the small 
sample size and non-normal distribution of some variables, 
non-parametric tests were primarily applied. Continuous 
variables were expressed as mean±standard deviation 
or median (interquartile range), as appropriate. Baseline 
characteristics between groups were compared using 
the independent-samples t-test for normally distributed 
variables and the Mann–Whitney U test for non-normally 
distributed variables, while categorical variables were 
analyzed using the chi-square test. Within-group changes 
over time were evaluated using the Wilcoxon signed-rank 
test. Changes at intermediate time points (1 h and 1 week 
after suture removal) were analyzed relative to baseline 
within each group. A P<0.05 was considered statistically 
significant. Given the focused clinical endpoints and limited 
sample size, formal adjustment for multiple comparisons 
was not applied; instead, emphasis was placed on clinically 
meaningful outcomes, particularly the final reduction in 
astigmatism. Results were presented using tables and 
figures to facilitate interpretation. Due to the relatively low 
frequency of cases requiring corneal suturing after modern 
small-incision phacoemulsification, an a priori sample size 
calculation was not performed. The study was therefore 
designed as an exploratory prospective comparative study, 
including all eligible cases during the study period.

Within-group comparisons relative to baseline (pre–suture 
removal) were not systematically performed for all time points; 
therefore, only between-group comparisons are presented.

Results

Study Population
All 34 patients completed follow-up through 1 month 
after suture removal. Baseline demographic and clinical 
characteristics of Group 1 (early suture removal at post-
operative week 1) and Group 2 (late suture removal at 
post-operative month 1) are summarized in Table 1. 
Refractive and corneal astigmatism values presented in 
Table 1 represent measurements obtained immediately 
before suture removal and therefore reflect the level 
of suture-induced astigmatism rather than true pre-
operative astigmatism. The groups were comparable in 
terms of age (Group 1: 53.2±5.6 years; Group 2: 54.0±6.1 
years; p=0.68) and sex distribution (Group 1: 9 females/8 
males; Group 2: 8 females/9 males; p=0.73). Pre-operative 
corneal astigmatism was similar between groups (Group 
1: 1.45±0.70 D; Group 2: 1.38±0.65 D; p=0.81), as were 
other baseline parameters, including pre-operative 
refractive astigmatism and axial length. Astigmatism 
values measured immediately before suture removal – 
representing the baseline for suture-induced astigmatism 
– were generally comparable between groups. Corneal 
astigmatism was similar (1.69±0.72 D vs. 1.70±0.71 D), 
whereas refractive astigmatism was numerically higher 
in Group 1 than in Group 2 (2.18±0.87 D vs. 1.61±0.68 D), 
with a borderline p-value (p=0.058). No intraoperative or 
post-operative complications occurred. Seidel tests were 
negative at all visits, including immediately after suture 
removal, and no wound leakage, infection, or unexpected 
inflammation was observed. All sutures were removed as 
planned without difficulty.

Table 1. Demographic and pre-suture removal refractive astigmatism/Baseline demographic and clinical characteristics of the two 
groups (Group 1: Early suture removal at 1 week; Group 2: Late suture removal at 1 month). Values are given as mean±standard 
deviation or n (%) as appropriate. There were no significant differences between the groups in age, sex distribution, pre-
operative corneal astigmatism, refractive astigmatism, or axial length (p>0.05 for all comparisons)/

Variable Group 1 (n=17) Group 2 (n=17) p

Age (years), mean±SD 53.4±5.1 54.1±4.9 0.642

Sex (m/f ) 9/8 8/9 0.745

Preoperative Refractive Astigmatism (D), mean±SD 2.18±0.87 1.61±0.68 0.058

Preoperative corneal astigmatism (D), mean±SD 1.69±0.72 1.70±0.71 0.974

Systemic conditions (e.g., DM, HT) None included None included N/A

D: Diopters; SD: Standard deviation; M: Male; F: Female; DM: Diabetes mellitus; HT: Hypertension; N/A: Not applicable
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Astigmatism Outcomes – Refractive Astigmatism
Refractive astigmatism measured immediately before 
suture removal was numerically higher in Group 1 than in 
Group 2 (2.18±0.87 D vs. 1.61±0.68 D), with a borderline 
p-value (p=0.058). In Group 1, refractive astigmatism 
decreased markedly following suture removal, with most of 
the reduction occurring within the 1st post-operative week 
(Fig. 1). In contrast, Group 2 showed only a modest decrease 
from 1.61±0.68 D to 1.31±0.53 D at 1 month, which did not 
reach statistical significance (p=0.057). By the end of the 
early post-operative period (~6–8 weeks after surgery), 
mean refractive astigmatism was significantly lower in 
Group 1 than in Group 2 (0.88 D vs. 1.31 D; p=0.037).

Astigmatism Outcomes – Corneal (Keratometric) 
Astigmatism
A similar pattern was observed for corneal astigmatism. 
In Group 1, keratometric astigmatism decreased markedly 
from 1.69±0.72 D to 0.69±0.35 D at 1 month after suture 

removal (p<0.001). In Group 2, the reduction was smaller 
and not statistically significant (from 1.70±0.71 D to 
1.10±0.45 D; p=0.127). At 1 month after suture removal, 
mean corneal astigmatism was lower in Group 1 than 
in Group 2, although this difference was of borderline 
significance (0.69 D vs. 1.10 D; p=0.057) (Table 2 and Fig.2).

BCVA
BCVA improved in both groups over time; however, visual 
recovery occurred earlier in the early suture removal group. 
At 1 week after suture removal, mean BCVA was 0.08±0.06 
LogMAR in Group 1 and 0.21±0.09 LogMAR in Group 2 
(p<0.05). By 1 month after suture removal, BCVA improved 
further in both groups and became comparable between 
groups (Figure 3).

Vector Analysis of Astigmatism
Vector analysis results (Table 3) further supported the 
greater effectiveness of early suture removal. SIA was 
significantly higher and the DV significantly lower in Group 

Fig. 1.	 Change in refractive astigmatism over time in the two groups. 
The graph illustrates the rapid decline in refractive astigmatism 
in Group 1 after early suture removal, with most of the reduction 
occurring by 1 week post-removal, compared to the more gradu-
al and limited change in Group 2.

Table 2. Changes in refractive and corneal astigmatism over time/Refractive and corneal astigmatism in Group 1 and Group 2 at pre-
defined time points after suture removal. Between-group p values represent comparisons at each time point. Baseline values 
correspond to measurements obtained immediately before suture removal

Time point Group 1 refractive 
astigmatism (D)

Group 2 refractive 
astigmatism (D)

Between-
group p

Group 1 corneal 
astigmatism (D)

Group 2 corneal 
astigmatism (D)

Between-
group p

Pre-suture removal 2.18±0.87 1.61±0.68 0.058 1.69±0.72 1.70±0.71 0.94

1 h post-removal 1.43±0.75 1.40±0.64 0.87 1.10±0.55 1.32±0.60 0.18

1 week post-removal 1.08±0.54 1.38±0.59 0.04 0.93±0.41 1.11±0.50 0.12

1 month post-removal 0.88±0.42 1.31±0.53 0.01 0.69±0.35 1.10±0.45 0.003

D: Diopters; SD: Standard deviation

Fig. 2.	 Change in corneal (keratometric) astigmatism over time in the 
two groups. Group 1 demonstrates a marked decrease in cor-
neal astigmatism soon after suture removal, whereas Group 2 
shows a smaller reduction. Error bars indicate standard devia-
tions at each time point.
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1 compared with Group 2, indicating a more effective 
reduction of suture-induced astigmatism. In addition, the 
IOS was lower in the early removal group, reflecting smaller 
residual astigmatic error after suture removal. Although the 
CI did not differ significantly between groups, the overall 
vector profile suggests that earlier suture removal resulted 
in a more favorable astigmatic correction pattern.

Discussion
In this study, we demonstrated the effects of corneal suture 
removal timing on post-operative astigmatism and visual 
rehabilitation following cataract surgery. Early suture 
removal at post-operative week 1 resulted in a faster and 
greater reduction in astigmatism and more rapid visual 
recovery. Although eyes undergoing late suture removal 
at post-operative month 1 ultimately achieved satisfactory 
visual outcomes, astigmatic blur persisted for a longer 

period during the early post-operative period. Notably, 
refractive astigmatism at 1 month after suture removal was 
significantly lower in the early removal group, and these 
patients reached optimal visual acuity in a shorter time. 
A borderline difference in baseline refractive astigmatism 
between groups was observed (2.18 D in Group 1 vs. 1.61 D 
in Group 2, p=0.058). Although this difference did not reach 
statistical significance, the numerically higher baseline 
astigmatism in the early removal group could theoretically 
influence the magnitude of change observed after suture 
removal. In particular, a regression-to-the-mean effect 
cannot be completely excluded. However, vector analysis 
using the Alpins method was applied to evaluate astigmatic 
changes, which incorporates both magnitude and axis of 
astigmatism and therefore partially accounts for baseline 
differences between groups. It should also be noted that 
although follow-up intervals were standardized relative 
to the time of suture removal (1 h, 1 week, and 1 month 
after removal), the absolute post-operative time differed 
between groups. Specifically, suture removal occurred at 
post-operative week 1 in Group 1 and at post-operative 
month 1 in Group 2. Consequently, eyes in the late removal 
group were at a more advanced stage of wound healing at 
the time of suture removal, which may have influenced the 
magnitude of astigmatic change and should be considered 
when interpreting between-group comparisons.

Our findings are generally consistent with previously 
published literature. Loriaut et al.[4] reported a marked 
immediate reduction in astigmatism following early suture 
removal, whereas late removal was associated with minimal 
astigmatic change. In their classical study, Stanford et 
al.[11] observed that the difference did not reach statistical 
significance in astigmatism at 6 months when sutures were 
removed at 2 versus 12 weeks post-operatively; however, 
they noted that astigmatism resolved more rapidly in the 

Table 3. Vector analysis parameters (alpins method)/Vector analysis of astigmatic changes following suture removal. Key Alpins 
parameters (target-induced astigmatism, surgically induced astigmatism, difference vector, correction index, and index of 
success) are presented for refractive astigmatism and corneal astigmatism in each group. Group 1 had a higher correction 
index and lower index of success, indicating more effective astigmatic correction with early suture removal.

Parameter Group 1 (mean±SD) Group 2 (mean±SD) p Interpretation Unit

TIA 1.95±0.56 1.85±0.61 0.624 Planned correction D

SIA 1.68±0.51 1.43±0.54 0.041 Actual correction D

DV 0.49±0.28 0.77±0.31 0.012 Residual astigmatism D

CI 0.86±0.24 0.77±0.27 0.298 Ratio SIA/TIA -

IOS 0.25±0.14 0.42±0.18 0.007 DV/TIA -

TIA: Target induced astigmatism; SIA: Surgically induced astigmatism; DV: Difference vector; CI: Correction index; IOS: Index of success; D: Diopters

Fig. 3.	 Post-operative best-corrected visual acuity (BCVA) recovery in 
the two groups (in LogMAR units). Group 1 achieved significant-
ly better visual acuity in the early post-operative period, reach-
ing approximately 20/20 vision by 4–6 weeks after surgery. 
Group 2 experienced slower visual recovery, achieving similar 
final acuity only after suture removal at 1 month.
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early removal group. Within the context of modern small-
incision cataract surgery, our results further support the 
notion that early suture removal facilitates faster refractive 
recovery and early stabilization of refraction. In our early 
removal group, the transient refractive fluctuations 
described in the literature were minimal. Consistent with 
this observation, Loriaut et al.[9] also emphasized that 
refraction can be safely and reliably measured shortly after 
early suture removal.

The observation that most of the improvement in 
astigmatism occurs immediately after suture removal is 
consistent with previous reports. Potamitis et al.[10] and 
Churchill and Hillman[12] demonstrated that astigmatism 
improves markedly within minutes following suture 
removal. Our findings in Group 1 similarly indicate that the 
majority of astigmatic reduction occurred within the 1st h 
to days after suture removal.

The theoretical advantage of late suture removal is 
allowing additional time for wound healing. Indeed, no 
wound-related complications were observed in Group 2, 
and previous studies have suggested that very late suture 
removal (8–12 weeks post-operatively) may provide greater 
security in terms of incision integrity.[13] However, in the 
present study, no adverse events were observed in eyes 
that underwent suture removal at post-operative week 1. It 
has been reported that corneal incisions generally achieve 
sufficient tensile strength within 1–2 weeks after surgery.
[14] Consistent with this evidence, all wounds in our early 
suture removal group remained stable, supporting the 
safety of early suture removal in appropriately selected 
cases.

Beyond its refractive benefits, early suture removal may also 
have a positive impact on patient satisfaction. Patients in 
the early removal group experienced clearer vision during 
the initial post-operative weeks, whereas those in the 
late removal group were exposed to longer-lasting visual 
fluctuations related to persistent astigmatism. In a study 
involving absorbable sutures, astigmatism was shown to 
remain relatively high as long as the suture was present 
and to decrease only after suture absorption, typically 
occurring 6–8 weeks post-operatively.[15] This observation 
supports the concept that suture-related astigmatism 
largely persists while the suture remains in place and 
diminishes once it is eliminated, allowing the cornea to 
gradually return toward its natural curvature.

The magnitude of SIA is also influenced by factors, such as 
incision location and suture technique.[3,5] In the present 
study, these variables were minimized by standardizing 

the surgical technique and incision parameters. O’Driscoll 
et al.[16] investigated the use of different suture materials, 
such as flexible polypropylene sutures, to modulate 
astigmatism and demonstrated that appropriate suture 
selection may significantly influence refractive outcomes.

Recent studies on modern small-incision cataract surgery 
have highlighted that incision architecture and wound 
biomechanics play an important role in SIA and post-
operative refractive outcomes.[17,18]

Vector analysis allows a more comprehensive evaluation of 
astigmatic changes by incorporating both the magnitude 
and axis of astigmatism, which cannot be fully captured 
by scalar measurements alone. Vector analysis provided 
additional insight into the mechanism of astigmatic 
correction following suture removal. SIA was significantly 
higher in the early removal group, indicating a greater 
magnitude of astigmatic change after suture removal. 
In addition, the DV and IOS were significantly lower in 
this group, reflecting smaller residual astigmatic error 
relative to the intended correction. Although the CI did 
not differ significantly between groups, CI represents 
the proportional relationship between achieved and 
intended astigmatic correction and may be influenced by 
interindividual variability. Overall, these vector parameters 
support the clinical observation that earlier suture removal 
results in a more effective reduction of suture-induced 
astigmatism.

The lack of a significant difference in CI may reflect variability 
in the magnitude of SIA relative to the target astigmatism. 
However, IOS is generally considered a more direct 
indicator of residual astigmatic error, and the significantly 
lower IOS observed in the early removal group supports the 
clinical effectiveness of early suture removal in reducing 
post-operative astigmatism. It should also be noted that 
the main corneal incision in this study was created at the 
superior 12 o’clock position in all cases. Incision location 
is known to influence the direction and magnitude of SIA, 
and superior incisions are often associated with a tendency 
toward against-the-rule astigmatic changes. However, 
because the incision location and surgical technique were 
standardized across all cases, this factor is unlikely to have 
influenced the comparison between groups.

This study has several limitations. First, the follow-up period 
was limited to 1 month after suture removal, which restricts 
the evaluation of long-term corneal stability and refractive 
predictability. Because corneal remodeling and wound 
healing may continue for several months after cataract 
surgery, longer follow-up periods (e.g., 3–6 months) would 
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provide better insight into long-term refractive stability. 
Second, the tension of the sutures (tight vs. loose) was 
not quantitatively controlled or standardized, which may 
have influenced post-operative astigmatism. Third, the 
relatively small sample size (17 eyes per group) represents 
a methodological limitation that may limit the statistical 
power and generalizability of the study. In addition, 
the absence of a formal a priori sample size calculation 
represents a methodological limitation, and the possibility 
of type II error cannot be excluded.

A borderline difference in baseline refractive astigmatism 
between groups was also observed before suture removal 
(2.18 D in Group 1 vs. 1.61 D in Group 2, p=0.058). Although 
this difference did not reach statistical significance, the 
numerically higher baseline astigmatism in the early 
removal group could have influenced the magnitude of 
change after suture removal, and a regression-to-the-mean 
effect cannot be excluded. However, astigmatic changes 
were evaluated using vector analysis based on the Alpins 
method, which incorporates both the magnitude and axis 
of astigmatism and partially compensates for baseline 
differences. Nevertheless, this baseline imbalance should 
be considered when interpreting the results.

Conclusion
The timing of corneal suture removal should be 
individualized with careful consideration of wound 
stability. In uncomplicated cataract surgery, early suture 
removal (approximately 1 week post-operatively) may 
facilitate faster reduction of post-operative astigmatism 
and earlier refractive stabilization. However, longer follow-
up is required to determine whether similar refractive 
outcomes are maintained over time. In this cohort, no 
wound-related complications were observed following 
early suture removal.
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