
Published by Universitas Diponegoro. 

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/) 
Available online at: https://ejournal2.undip.ac.id/index.php/dimj 
 

 

Diponegoro International Medical Journal 2024 July, Vol 5, No.1: 7-12 

e-ISSN: 2745-5815 

7 

 

ORIGINAL RESEARCH ARTICLE 

 
A systematic review of single-handed coaxial 

phacoemulsification technique for cataract surgery 

Yunani Setyandriana1*, Nurul Attikah Zain2 

1Department of Ophthalmology, Universitas Muhammadiyah Yogyakarta, Indonesia 
2General Practitioner, Universitas Muhammadiyah Yogyakarta, Indonesia 

 
 

Keywords: 

 
Cataract surgery 
Phacoemulsification 
Review 
Single-handed coaxial 

 
 

*) Correspondence to:  
dr.nana.spm@gmail.com  

    

Article history: 

Received 29-12-2023 
Accepted 04-07-2024 
Available online 29-07-2024 

ABSTRACT 
 
Background: Currently, cataract surgery is categorized into two main techniques: 

phacoemulsification and femtosecond-laser-assisted-cataract-surgery (FLACS). 

Objective: The objective of this study was to present a comprehensive review of the existing 

literature on the single-handed coaxial phacoemulsification technique used in cataract 

surgery. 

Methods: The study conducted a systematic review of PubMed, EMBASE, and Scopus 

databases. The participants included in our study were individuals diagnosed with simple 

cataract. These individuals had treatment using either single-handed or two-handed 

phacoemulsification or FLACS techniques. Publications predating the year 2000 were 

omitted from consideration. The abstracts of the publications were analyzed utilizing the 

PRISMA diagram, and those deemed to be somewhat and highly pertinent were 

incorporated. In total, a comprehensive analysis was conducted on six research, consisting 

of two randomized controlled trials (RCTs) and four non-randomized controlled trials 

(nonRCTs). 

Results: The visual acuity (VA) showed a statistically significant improvement in the 

single-handed group compared to the two-handed group at the one-week postoperative 

assessment. However, this difference was not observed at the one-month and three-month 

postoperative assessments.  The single-handed group had a smaller angle of error (AE) 

compared to the two-handed group. Additionally, another study observed an improvement 

in visual acuity (VA) in individuals who underwent single-handed, two-handed group, and 

femtosecond laser-assisted cataract surgery (FLACS). However, the study did not identify 

any statistically significant variations in VA improvement across the three groups. There 

was no statistically significant difference observed among the three groups concerning ECL 

and CCT. The intraoperative phacoparameter exhibited a statistically significant decrease 

in the single-handed group compared to the two-handed group, while it did not differ 

substantially from the femtosecond laser-assisted cataract surgery (FLACS) group. 

Conclusion: When comparing the two-handed phacoemulsification technique to FLACS, it 

was observed that a single-handed method exhibited a reduced angle of error, minimized 

corneal damage, and exhibited early visual outcomes. Further study should be performed to 

explore potential technological improvements or modifications to FLACS that could lower 

costs and enhance its economic viability. 
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1. Introduction 

A cataract1 is defined as any level of opacity in the lens, 

which is also a major contributor to preventable blindness2 

worldwide. Cataract surgery has continued to develop over 

the past 50 years. Since the 1960s when 

phacoemulsification was invented, phacoemulsification 

using a clear corneal incision (CCI) has become the gold 

standard3. In coaxial phacoemulsification, the smaller 

incision (2.2–2.4mm) offers rapid wound healing4, better 

anterior chamber stabilization5, less risk of endophthalmitis 
6, and less surgically induced astigmatism (SIA)7. Presently, 

coaxial phacoemulsification is divided into single-handed 

phacoemulsification which is performed through the main 

incision only, and two-handed phacoemulsification which is 

performed through the main incision with the help of a 

chopper through a corneal side port8.  

In 2008, femtosecond laser-assisted cataract surgery 

(FLACS) was introduced as a new method in cataract 

surgery, that showed promising treatment outcomes9. There 

have been several studies comparing the efficacy and safety 

of FLACS and phacoemulsification as cataract surgery. A 

perspective literature review by Soong et al 10 and Conrad-

Hengerer et al 11, demonstrated better surgical safety, 

efficiency, speed, and versatility of FLACS thus leading to 

a safer surgery with lower corneal endothelial cell loss 
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(ECL) and corneal edema in the early postoperative period 

when compared to conventional (two-handed) 

phacoemulsifcation. However, other studies reported 

FLACS has a higher cost and did not provide an additional 

benefit over phacoemulsification for patients or healthcare 

systems 12, 13. 

The previous study conducted by Gigliola et al 14 also 

compared FLACS with single-handed and two-handed 

phacoemulsification. They found that the single-handed 

technique had the advantage of less trauma to the cornea and 

less time-consuming compared with two-handed 

phacoemulsification or FLACS. Based on previous 

research, we aim to review single-handed coaxial 

phacoemulsification techniques for cataract surgery. 

 

2. Methods 

This systematic review is based on conducted studies 

from PubMed, Embase, and Scopus according to the 

Preferred Reporting for Systematic Reviews and Meta-

Analyses (PRISMA) guidelines15. We included 

comparative studies, such as prospective randomized 

controlled trials (RCTs), prospective non-RCTs, and 

retrospective comparative studies, using the following 

keywords: femtosecond or femtolaser, one-handed, two-

handed or conventional, phacoemulsification, cataract, or a 

combination of those. The exclusion criteria are articles 

with two conditions such as 1) Combined surgery data such 

as cataract and glaucoma surgery, or Combined cataract and 

vitreoretinal surgery, and 2) Publication before the year 

2000. We looked at studies in which uncomplicated cataract 

patients older than 18 years were treated with single-handed 

or two-handed phacoemulsification, or FLACS. We 

considered the intraoperative outcome, such as Ultrasound 

time (USt), Effective phaco-time (EPt); and the clinical 

outcomes including visual acuity (VA), endothelial cell loss 

(ECL), central corneal thickness (CCT) central macular 

thickness (CMT), and corneal endothelial cell density 

(ECD). The flow chart for the search selection and 

identification process is illustrated in Figure 1. Initially, a 

total of 248 studies were identified. Duplicates were 

rejected and the remaining studies were screened by title 

and abstract.  Of these studies, 62 were excluded because 

their titles or abstracts did not meet the inclusion criteria.  A 

full-text review was performed when necessary. From these 

32 citations, 26 studies were excluded for the following 

reasons, duplication, not fulfilling inclusion criteria, and not 

providing primary outcomes.  

Table 1. Characteristics of studies included in the systematic review. 

Outcome indicator: 1. Effective phacoemulsification time (Ept 

(s)); 2. Phaco-power (%); 3 Uncorrected distance visual acuities 

(UDVA (logMAR)); 4. Corrected distance visual acuities (CDVA 

(logMAR)); 5. Corneal Central Thickness (CCT(μm)); 6. 

Endothelial Cell Density (ECD(/mm2)); 7. Endothelial Cell Loss 

(ECL(%)) 

 
Figure 1. Flow Diagram of the Study Selection Process 

 

We reviewed the effectiveness of single-handed, and 

two-handed phacoemulsification techniques, as well as 

FLACS for cataract surgery by systematically reviewing 

related studies as described in Table 1. We also reviewed 

two RCTs16, 17 and four non-RCT 14, 18–20. The risk of bias 

and applicability were assessed using the QUADAS-2 tool 

but not for the systematic reviews. Two authors 

independently extracted the eligible studies retrieved from 

the study selection process (Figure 1). 

3. Result 

Three studies that compared FLACS with the two-

handed phacoemulsification technique 10,14,15 showed that 

Uncorrected Distance Visual Activity (UDVA) and 

Corrected Distance Visual; Acuity (CDVA) were similar 

between the two groups over the follow-up period (table 2). 

We found that Chen et al18 and Dzahaber et al17 reported a 

different outcome in the UDVA and CDVA at 1 month and 

also at 3 months postoperatively.  

Compared with the baseline, UDVA and CDVA were 

better at all follow-up points in both single-handed and two-

handed phacoemulsification groups (table 3). At 1 week and 

1 month postoperatively, there were UDVA and CDVA 

improvements compared with those in the two-handed 

group. However, there were limited data outcomes at 3 

months postoperatively 19, 20. Gigliola et al14 also reported 

the improvement of visual acuity in single-handed, two-

handed, and FLACS groups.  

The surgical parameters among the three groups  
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are presented in Table 4. Two studies showed that the 

ultrasound total time (U/S total time), Cumulative 

Dissipated Energy (CDE), and total surgical time were 

slightly higher in single-handed than in the two-handed 

group 19,20. However, Gigliola et al14  reported the U/S total 

time and CDE in the single-handed group was significantly 

shorter than that in the two-handed group, but significantly 

longer compared with FLACS. Yet, the total surgical time 

in the single-handed group was shorter than in the other two 

groups. 

The mean ECD was decreased postoperatively in all 

three groups at any follow-up points. All studies reported 

the ECL was lower in the single-handed group than that in 

the two-handed group at all follow-up points 14, 19, 20. 

However, it was reported that the ECL in the FLACS group 

was the lowest compared with the single-handed group.  

 
Table 2. Postoperative Visual Outcome LogMar (mean ± SD) 

UDVA = Uncorrected distance visual acuities; CDVA = Corrected 

distance visual acuities; NE = Not Evaluated 

 

As shown in Table 5, the mean CCT was significantly 

thicker in both single-handed and two-handed groups at 1 

week and 1 month postoperatively 14, 19. There was also a 

slightly better outcome of CCT in the FLACS group 

compared with both single-handed and two-handed groups,  

yet there was no reported data about CCT outcome at 3 

months postoperatively in the FLACS and single-handed 

group 14.  

A Meta-analysis study conducted by Marko P et al24 

comparing manual surgery and FLACS showed no 

significant differences in terms of surgery time (manual 

surgery, ranged from 6 to 53.6 minutes; FLACS ranged 

from 6.2 to 50.4 minutes) probably due to the differences in 

surgical equipment, surgeon skill, and patient selection. 

However, the EPt was longer in the conventional approach 

(two-handed phacoemulsification) than FLACS without a 

difference in CDE.  
 

Table 3. Postoperative Visual Outcome LogMar (mean ± SD) 

UDVA = Uncorrected distance visual acuities; CDVA = Corrected 

distance visual acuities; NE = Not Evaluated 

 

Among various surgical techniques for cataract 

management, the innovative bimanual approaches called 

“Phaco-rolling technique” for soft and medium-hard 

nuclear cataract was defined to reduce phacoemulsification 

time and energy during cataract extraction, maintaining 

constant irrigation or aspiration, minimizing instrument 

movement within the eye and decreasing corneal distortion 
19. Management of hard cataract is difficult, even with the 

phacoemulsification technique. Most cataract techniques 

focus on how well the surgeon divides the hard nucleus. The 

majority of techniques use a chopper to divide or rotate the 

lens through a corneal side port 20.   

A bimanual cataract extraction using the endocapsular 

carousel technique in the posterior chamber was dependent 

on the newly designed tip with a 3-port irrigation system. 

Its technique also used a chopper through a corneal side port 
20. 
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Table 4. Intraoperative phaco parameters and total surgical 

time 

 
U/S total time = ultra sound total time; CDE = Cumulative dissipated 

energy; NE = Not Evaluated 

4. Discussion 

The use of a chopper has some advantages, such as an 

increase in the risk of anterior or posterior capsule tear, 

causing zonulysis or lens drop, an increase in the risk of 

transient postoperative corneal edema, endophthalmitis 

related to the potential leakage from the incision, and also 

the creation of a corneal side port can rotate the axis of 

astigmatism 21,22. Therefore, if the use of a chopper is not 

mandatory, to avoid a side-port incision, reduce surgical 

manipulations, and minimize ultrasound energy, a single-

hand phacoemulsification technique can be the option23.  

A Meta-analysis study conducted by Marko P et al 24 

comparing manual surgery and FLACS showed no 

statistically significant differences in terms of surgery time 

(manual surgery, ranged from 6 to 53.6min; FLACS ranged 

from 6.2 to 50.4min) probably due to the differences in 

surgical equipment, surgeon skill, and patient selection. 

However, the EPt was longer in the conventional approach 

(two-handed phacoemulsification) than FLACS without a 

difference in CDE.  

Marko P et al 24 also summarized no significant 

difference in visual outcomes between two-handed 

phacoemulsification and FLACS. Another Meta-analysis of 

989 eyes from 9 randomized controlled trials also reported 

no significant difference in visual improvement between 

FLACS and two-handed phacoemulsification at 1-3 months 

postoperatively 23. 

Gigliola et al 14 reported the 1-month visual acuity was 

improved without significant differences between single-

handed, two-handed, and FLACS. Similar to Gigliola et al 
14, the study by Panpan Li et al19, 20 showed better visual 

acuity at all follow-up points in both single-handed and two-

handed groups. At 1 week postoperatively, visual outcomes 

in the single-handed group were better than those in the two-

handed group. The improvement of early visual acuity is 

associated with corneal trauma.  

 

Table 5. Central corneal thickness and corneal endothelial cell 

counts/size 

 

 
CCT= Central corneal thickness; ECD = Endothelial cell density; ECL 
= Endothelial cell loss; NE = Not evaluated 

 

A Single-handed rotational technique takes shorter EPt 

(effective phacotime) and lower phacopower, and therefore 

lower CDE than two-handed phacoemulsification, but 

seems not different to FLACS regarding EPt and CDE 14, 25. 

The prospective study by Panpan Li et al 18 also reported the 

angle of error (AE) was significantly smaller in the steep-

axis one-handed group than in the steep-axis two-handed 

group. 

The single-handed technique was performed in the 

endocapsular region and has less trauma also the angle of 

error. Hydrodissection plays a significant role in this 

technique, due to a single instrument rotating the nucleus 

(figure 2). 

Figure 2. Single-handed coaxial phacoemulsification technique 
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A single-handed technique mitigates leakage through 

the corneal side incisions compared with the two-incision 

technique, which could improve anterior chamber stability. 

The main disadvantage of the technique is the decreased 

controllability of the nucleus without the help of a chopper, 

especially in cases of hard or large nuclei, in patients with 

small pupils or a shallow anterior chamber 19. 

Corneal endothelial injury after phacoemulsifcation is 

generally assessed by specular microscopy in terms of 

changes in corneal endothelial cells. In our study, no 

significant difference in ECD was noted between the single-

handed and two-handed group at any follow-up point, but 

the mean ECL in the single-handed group was decreased 

compared with that in the two-handed group 19, 20. 

There were some limitations in our study such as few 

studies about the single-handed phacoemulsification 

technique, and the difficulty in collecting study that 

compares the single-handed technique with FLACS. 

5. Conclusion 

Compared with the two-handed 

phacoemulsification technique and FLACS, a single-

handed method demonstrated a lower angle of error, 

less trauma to the cornea, and revealed early visual 

outcomes. However, it was noted that the outcomes 

also depend on surgical equipment and surgeon skills. 

Furthermore, improvements or modifications of 

FLACS still need to be developed to enhance its 

economic viability while maintaining high standards of 

patient care. Further study should be performed to 

explore potential technological improvements or 

modifications to FLACS that could lower costs and 

enhance its economic viability. 
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