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Purpose: To evaluate the hard nuclear cataract surgery outcomes by comparing the combined burst mode and continuous torsional
mode conducted of Centurion Vision System.

Methods: Prospective comparative cohort study. Based on the Emery-Little classification, this study assigned cataract patients with
nuclear density grade III to V into two groups: the combined mode group (Group A) and the torsional mode group (Group B).
Endothelial cell density (ECD), central corneal thickness (CCT), and best-corrected distance visual acuity (BCVA) were evaluated at
different time intervals, including 1 day, 1 week, 1 month, and 3 months.

Results: 207 patients: 100 in the group A and 107 in the group B. Patients in group A with severe nuclei experienced lower
cumulative dissipated energy (p = 0.007) and shorter ultrasound time (p < 0.001). Both groups exhibited a decrease in ECD after
surgery, but the decrease was comparatively lower among group A patients with severe nuclei (p < 0.05). There was a notable increase
in the CCT in both groups at the 1-day and 1-week time points compared to the baseline values (p < 0.001). Changes in CCT were
significantly greater in group B at 1-day (p < 0.001), 1-week (p = 0.002), and 1-month (p = 0.004) intervals among patients with severe
nuclei.

Conclusion: Burst torsional combined with longitudinal ultrasound can be more effective for harder nuclei phacoemulsification than
the continuous torsional ultrasound.

Trial Registration: This study was conducted in accordance with the Declaration of Helsinki and was approved by the Institutional
Review Board of Fudan University’s Eye & ENT Hospital. This study was registered as a clinical trial (number: NCT06991374).
Keywords: hard nuclear cataract, burst mode, torsional mode, phacoemulsification

Introduction
Phacoemulsification, a widely acknowledged surgical procedure for cataract extraction, has significantly enhanced the
safety and efficacy of the operation.' > Nevertheless, during the surgical process of hard nucleus cataract removal, the
utilization of higher-intensity ultrasound energy in phacoemulsification poses a potential risk of tissue damage and
elevates the surgical risk for patients with hard nucleus cataracts, including those with corneal endothelial dysfunction
postsurgery.*

With a primary emphasis on enhancing efficiency and safety, phacoemulsification equipment has undergone numer-
ous technological advancements. These include the transition from conventional longitudinal ultrasound to the
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introduction of burst or pulse mode ultrasound, and presently, the adoption of torsional mode and combined burst mode.
All these technological enhancements have been devised with the objective of diminishing the utilization of ultrasound
energy and mitigating the extent of surgical harm inflicted upon the cornea. The burst mode has been acknowledged as
a means to decrease the mean ultrasound time (UST) and cumulative dissipated energy (CDE).> Compared to the
conventional continuous mode, the burst mode is deemed more appropriate for the treatment of hard nuclear cataracts.>*
Furthermore, the NeoSoniX ultrasound and torsional modes have been reported to exhibit greater efficacy in the
management of hard nuclear cataracts than the traditional phacoemulsification mode.”® Currently, the use of the torsional
ultrasound mode in phacoemulsification is extensive. The advent of the torsional mode has resulted in the neglect of the
burst mode. Nevertheless, in the realms of clinical practice, the combination of torsional ultrasound with traditional
ultrasound in burst mode may prove to be more effective than relying solely on the torsional mode, particularly when
treating hard nuclear cataracts. However, direct comparative data on combined burst mode versus continuous torsional
mode specifically for hard nuclear cataracts remain limited. This study aimed to address this gap.

Hence, a prospective comparative cohort study was conducted to assess the clinical efficacy, safety, and postoperative
outcomes of torsional ultrasound combined with traditional ultrasound in burst mode and continuous torsional mode
phacoemulsification for patients undergoing hard nuclear cataract surgery.

Materials and Methods

Patient Selection

Patients who underwent cataract surgery at the Eye, Ear, Nose, and Throat Hospital at Fudan University between
August 2024 and August 2025 were enrolled in this prospective study. This study was conducted in accordance with the
Declaration of Helsinki and was approved by the Institutional Review Board of Fudan University’s Eye & ENT Hospital.
This study was registered as a clinical trial (number: NCT06991374). Informed consent was obtained from all patients.

The study recruited patients with age-related cataracts who were classified as nuclear hardness grade III-V only by
Emery Little.' Patients with white cataracts, a history of eye surgery, or eye diseases such as corneal pathology, uveitis,
Fuchs’ dystrophy, or glaucoma were excluded. Additional inclusion criteria included a minimum dilated pupil diameter
of 7 mm or above and a corneal endothelial cell count exceeding 1200/mm?. Patients were assigned to either the
combined burst mode group (Group A) or the torsional mode group (Group B) based on the operating surgeon’s clinical
preference. The surgeon (J.Y.H.) selected the phacoemulsification mode for each eligible patient according to routine
practice, without any predefined randomization scheme. All consecutive patients meeting the inclusion criteria during the
study period were enrolled. According to the nuclear grade, each group was divided into two subgroups: patients with
grade III moderate nuclear cataract and patients with grade IV to V severe nuclear cataract.

Preoperative and postoperative measurements were taken by a single ophthalmologist. Comprehensive ophthalmic
examination included the evaluation of corrected distance visual acuity (BCVA) and the assessment of corneal clarity
through slit-lamp examination, which involved determining the presence of either a clear cornea or stromal edema/
Descemet membrane folds.!' The central corneal thickness (CCT) and the anterior chamber depth (ACD) was measured
using Scheimpflug imaging technology provided by Oculus Optikgerate GmbH. For baseline and postoperative imaging,
all patients were examined with an EM-3000 autofocus specular microscope (Tomey Corp).

Surgical Procedure
In accordance with the standard protocol, all surgeries were performed by the same experienced surgeon (J.Y.H). Prior to
the surgical procedure, all patients were administered topical levofloxacin (0.5%) at a frequency of four times daily over
a duration of three days. One percent tropicamide eye drops were used to dilate the pupils before surgery.
Subsequently, all individuals scheduled for surgery were allocated to either the combined mode group (Burst Tor+
Burst US, Group A) or the torsional mode group (Linear Tor, Group B).
In both groups, 2.2-mm corneal incisions and 0.8-mm side-port incisions were made, and a viscoelastics of sodium
hyaluronate 3.0% and chondroitin sulfate 4.0% (Viscoat, Alcon) was used in the surgery. Continuous curvilinear
capsulorhexis ranging from 5.5 to 6.0 mm was performed using capsule forceps. Phacoemulsification was conducted
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Table | Parameters for the Combined Mode Group (Burst Tor+
Burst US, Group A) and the Torsional Mode Group (Linear Tor,

Group B)
Combined Mode Torsional Mode
Group (Group A) | Group (Group B)
Phacoemulsification mode Brust mode Continuous mode
Torsional amplitude 0-90% 0-90%
Longitudinal power 40% 0
Infusion system Gravity fed Gravity fed
Bottle height 50-80 cm 50-80 cm
Vacuum 360 mmHg 360 mmHg
Aspiration flow rate 30 cm®/min 30 cm®/min
Burst duration 70 ms -
Off time 50 ms -

on both groups utilizing Centurion Vision Systems (Centurion, Alcon) using divide and conquer technique. Group
A patients underwent phacoemulsification in combined burst mode, while group B patients underwent phacoemulsifica-
tion in continuous torsional mode. The anterior chamber was then injected with a cefuroxime solution of 1 mg/0.1 mL.
The phacoemulsification parameters are presented in Table 1.

The postoperative regimen consisted of topical steroids (1% prednisolone acetate), topical nonsteroidal anti-
inflammatory drugs (0.1% pranoprofen), and antibiotic eye drops (0.5% levofloxacin) for 4 weeks.

Measurements

During the surgical procedure, the following intraoperative parameters were documented: CDE, UST, and occlusion time.
Preoperative ECD, CCT, corneal edema, and BCVA were obtained, as well as measurements at 1 day, 1 week, 1 month,
and 3 months postsurgery. Both intraoperative and postoperative complications were recorded. All conditions were

maintained for all eyes undergoing surgery by a technician who was not aware of the patient groupings.

Sample Size

The difference in CCT between group A and group B was assumed to be 15 um on the first day after surgery. The power
was estimated to be 80%, with a p value of 0.05. A sample size of 86 eyes in each group was needed. After allowing for
20% patient dropout, 207 patients were enrolled.

Statistical Analysis

We used SPSS 25 to conduct all the statistical analyses. All primary endpoints and subgroup analyses (by nuclear grade)
were predefined in the study protocol. The normality of the data was assessed using the Kolmogorov—Smirnov test, and
the appropriate statistical methods were used. Using Mann—Whitney U-tests and ¢ tests, disparities in CDE and UST
among the two groups were compared, as were postoperative changes in ECD and CCT. The categorical data are
presented as percentages and numbers, and chi-square or continuity-corrected chi-square tests were used to analyze the

results. A p value less than 0.05 indicated statistical significance.

Results

The study included a total of 207 eyes, 100 in Group A (combined mode group) and 107 in Group B (torsional mode
group). Figure 1 illustrates the patient inclusion and follow-up process. The groups did not show any statistically
significant differences in preoperative ECD, CCT, BCVA, anterior chamber depth or nuclear grading, as shown in
Table 2.
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Figure | Flow diagram depicting patient inclusion and follow-up. Bold text indicates follow-up time points and the number of patients analyzed at each time point.
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Table 2 Baseline Demographics in Both Groups

Parameter Group A (n=100) | Group B (n=107) | P value
Age (y) 70.1 £ 9.1 70.8 + 8.8 0.770
Sex (F), n (%) | 52 (52.0) 63 (58.9) 0.320
ACD 2.39+ 0.16 2.35+ 0.14 0.860
Nuclear grade 0.901

11l 40 46

v 41 41

\% 19 20
Pre-op BCVA | 0.91+0.49 0.95+0.45 0.380
Pre-op ECD 2625.6+255.6 2661.3+262.1 0.323
Pre-op CCT 532.7+35.8 531.3£374 0.778

Abbreviations: CCT, central corneal thickness; ECD, endothelial cell density; BCVA,
best-corrected visual acuity; pre-op, pre-operation; ACD, anterior chamber depth; F,
female.

Cumulative Dissipated Energy and Ultrasound Time

The mean CDE values were 9.37 £ 4.90 and 10.90 £ 7.46 in group A and group B, respectively, with no statistically
significant differences observed (p = 0.469). Among Grade Il moderate nuclear cataracts, group A and B did not differ
significantly in terms of CDE grade. However, group A demonstrated a lower CDE for severe nuclei (grade IV-V) than
did Group B (group A:11.50+5.04; group B:15.05+7.47; p = 0.007). Additionally, group A had significantly shorter USTs
than did group B in patients with moderate (group A:28.82+9.44; group B:34.77£10.64; p = 0.008) or severe (group
A:36.84+15.61; group B:63.82+25.64; p < 0.001) nuclear cataracts. The observed trend indicates a consistent increase in
UST and CDE measurements in eyes exhibiting higher grades of nuclear density (Table 3).

Postoperative ECD and CCT
The mean preoperative CCT values were 532.7 + 35.8 um and 531.3 £+ 37.4 um in Group A and Group B, respectively (p

= 0.778). After surgery, there was a statistically significant increase in the CCT compared to the baseline at 1 day and
1 week in both groups (p < 0.001). Additionally, the changes in CCT between the preoperative data and postoperative
follow-up time points were significantly greater in Group B than in Group A at 1 day (p < 0.001), 1 week (p = 0.002),
and 1 month (p = 0.004) among patients with severe nuclei after surgery. There were no statistically significant
differences observed in the changes in CCT at any time point between group A and group B, specifically in relation
to moderate nuclear cataracts of Grade IlII, as indicated in Table 4 and Figure 2.

Prior to the surgical procedure, the average ECD was 2625.6 £ 255.6 cells/mm?2 in group A and 2661.3 +262.1 cells/mm?2
in group B (p = 0.323). The objective of this study was to compare the changes in ECD between two groups at various time
intervals. In patients with Grade III nuclear cataracts, Group B showed significantly greater ECD loss than Group A at 1 day
postoperatively (p = 0.031), but no significant differences were observed at later time points. In patients with severe nuclear
cataracts (Grade IV-V), Group B consistently showed greater ECD loss than Group A at all postoperative time points: 1 day (p

Table 3 Cumulative Dissipated Energy (CDE) and Mean Ultrasound Time (UST) in the
2 Groups During Surgery

CDE UST
1 Iv-v P value | 1l IV-v P value
Group A | 6.1942.25 | 11.504£5.04 | <0.001* | 28.82 + 9.44 36.84 + 15.61 | 0.022*
Group B | 5.41£1.59 | 15.05£7.47 | <0.001* | 34.77 £ 10.64 | 63.82 + 25.64 | <0.001*
P value 0.074 0.007* 0.008" <0.001*

Notes: Data are represented as mean * standard deviation. *Mann-Whitney U-test, #independent samples
t-test. * and *: Statistically significant.
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Table 4 Changes of Central Corneal Thickness (CCT, um) and Endothelial Cell Density (ECD, Cells/mm?) in the Two Groups After

Surgery
CCT ECD
Group A Group B P value | Group A Group B P value
Pre-operation n 531.55+25.10 | 525.93+33.41 | 0.387 2707.25+242.28 | 2665.59+261.62 | 0.448
IV-V | 533.53+41.65 | 535.34+39.95 | 0.808 2571.23+139.98 | 2658.08+264.65 | 0.067
Changes (compared with pre-operation)
Post-op | day n 32.74+18.78 36.43+26.70 0414 —98.18+129.23 —124.45+139.81 | 0.031 *
IV-V | 51.40+26.20 74.51£29.09 <0.001* | —171.40+111.86 | —265.23+201.02 | 0.015 *
Post-op | week n 17.53£14.21 18.90+19.74 0.874 —135.90+135.26 | —180.55+175.52 | 0.063
IV-V | 23.82+17.18 36.49+21.61 0.002* —233.18+174.02 | —357.78+.267.26 | 0.021 *
Post-op | month 11l 4.07+7.32 3.41£7.64 0.412 —206.00+167.29 | —242.56+229.28 | 0.368
IV-V | 3.2245.11 8.72£11.95 0.004* —299.37+233.67 | —425.39+316.52 | 0.020 *
Post-op 3 months n 2.90+7.64 1.62+5.24 0.742 —185.67+203.19 | —243.64+255.69 | 0.304
IV-V | 3.31£7.39 3.82+6.46 0.118 —326.10+297.95 | —450.25+344.94 | 0.009 *

Notes: Data are represented as mean # standard deviation. Independent samples t-test and Mann—Whitney U-test. *Statistically significant.
Abbreviation: Post-op, post-operation.

=0.015), 1 week (p=0.021), 1 month (p =0.020), and 3 months (p = 0.009). These findings were observed specifically among
patients with Grade IV to V nuclear cataracts, as shown in Table 4.

Visual and Refractive Outcomes

The average BCVA before surgery was 0.91 + 0.49 in group A and 0.95 + 0.45 in group B, with no significant difference
between the two groups (p = 0.380). Both groups showed significant improvements in BCVA after surgery (p < 0.001).
Among patients with Grade III and Grade IV-V nuclear cataracts, there were no statistically significant differences in
BCVA between the two groups postoperatively (p > 0.05) (Supplemental Table 1a and 1b).

Intraoperative and Postoperative Complications
Supplemental Table 2 presents the occurrence of occlusion within the infusion system during the phacoemulsification

procedure, with 2 instances of more than 2 occlusions recorded. Notably, a significant disparity in occlusion frequency
was observed between the two groups of patients with Grade IV-V nuclear cataracts (p = 0.020), with Group A exhibiting
a lower incidence of occlusions than Group B.

Neither of the two study groups experienced posterior capsular rupture. Over the short-term follow-up period, no
postoperative complications, such as fibrin formation, synechiae, macrophages on IOL optics, or endophthalmitis, were

observed.
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Figure 2 CCT changes in moderate nuclear cataract (grade Ill) and severe nuclear cataract (grade IV-V) patients. **P < 0.01.
Abbreviation: CCT, central corneal thickness.
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Supplemental Table 3 presents the corneal edema observed in the two groups 1 day and 1 week after the surgical

procedure. Among patients with Grade III nuclear cataracts, no statistically significant difference was found between the
two groups at either time point (p > 0.05). However, among patients with Grade IV-V nuclear cataracts, the proportion of
corneal edema was greater in Group B than in Group A at 1 day post surgery. This difference between the two groups
was found to be statistically significant (p = 0.033). Notably, at 1 month after the procedure, no instances of corneal
edema were observed in either group.

Discussion

Phacoemulsification IOL implantation is presently the prevailing surgical technique for cataract treatment. Nevertheless,
the utilization of ultrasound energy during phacoemulsification poses a substantial risk for surgical trauma, particularly in
terms of corneal endothelial cell impairment or dysfunction.'> This impairment is particularly pronounced in patients
with hard nuclear cataracts, as it leads to a more substantial decrease in endothelial cell density. Over the years, multiple
advancements and enhancements have been made to phacoemulsification surgical equipment to minimize both ultrasound
energy and duration.

In traditional phacoemulsification procedures, the cutting action primarily results from the longitudinal movement of
the phacoemulsification tip. However, this longitudinal motion often leads to displacement of the nucleus, necessitating
a pause to reposition the nucleus back toward the tip.'*> The introduction of torsional ultrasound has enhanced the surgical
procedure by minimizing the repulsive force exerted on the nucleus during the lateral movement of the tip. Additionally,
the phacoemulsification tip maintains continuous contact with the nucleus, thereby enhancing safety in heat transfer,
eliminating nuclear repulsion, and facilitating a larger area of phacoemulsification with nuclei.”'"* This advancement
significantly improved the efficiency of phacoemulsification. In their prior study, Liu et al established that the utilization
of the torsional mode in ultrasound procedures leads to a reduction in energy consumption and a decrease in the duration
of ultrasound sessions when compared to the conventional ultrasound mode.’

In addition to the torsional technique, phacoemulsification devices have incorporated novel ultrasound modes to
enhance the safeguarding of endothelial cells. Among these techniques, the burst mode stands out for mitigating the
transfer of energy to the eye. This is achieved through intermittent activation, enabling the phaco tip to cool between
energy pulses, thereby reducing the overall ultrasound time and power employed during the phacoemulsification
procedure.'® In circumstances necessitating higher energy levels, such as the emulsification of dense nucleus cataracts,
the overall energy consumption can be mitigated by discontinuing the utilization of ultrasound energy.'® The adoption of
the burst mode has been demonstrated to substantially decrease energy consumption, resulting in advantageous outcomes
such as diminished ocular harm.*'

Currently, the utilization of continuous mode torsional ultrasound has increased in prevalence in cataract surgery. This
study aimed to assess the outcomes of two distinct surgical approaches, namely, the combination of torsional and
conventional ultrasound in burst mode versus torsional ultrasound in continuous mode, using the Centurion system in
patients with hard nuclear cataracts.

The impact of cataract surgery on corneal endothelial cell damage was evaluated through the assessment of corneal
edema, ECD, and CCT. Various factors, including mechanical damage from surgical instruments, contact of lens
fragments with endothelial cells, ultrasonic damage caused by energy transfer near endothelial cells, and turbulence
resulting from anterior chamber flushing fluid, can contribute to corneal damage following phacoemulsification. To
minimize variations in surgical technique, all procedures were performed by the same experienced surgeon using
identical techniques and settings as those employed in our study.

In this study, we conducted a comparison between intraoperative USTs and CDEs. Our findings indicate that in Grade
IV-V hard nuclear cataract surgery, the use of the burst mode combined with the torsional approach leads to a reduction
in the mean UST and CDE compared to those of the continuous torsional mode. Conversely, for Grade III hard nuclear
cataract surgeries, there was no significant difference in the mean CDE between the two groups. However, the burst mode
with the combined torsional mode still resulted in a decrease in the mean UST when compared to the continuous torsional
mode. Hence, it was determined that employing the burst mode in conjunction with the combined torsional mode yields
a reduction in overall ultrasound energy consumption when compared to the continuous torsional ultrasound mode during
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nuclear cataract surgeries with higher levels of cataract hardness. The use of lower energy levels and shorter ultrasound
durations in this approach may contribute to the mitigation of corneal endothelial cell damage.'”'® This finding aligns
with previous studies that have established a correlation between the application of ultrasound energy and the loss of
endothelial cells.®’

In patients diagnosed with Grade III moderate nuclear cataracts, a notable disparity in the changes in the ECD was
observed on the first day after surgery. Specifically, the group treated with continuous torsional ultrasound exhibited
a greater loss of corneal endothelial cells. However, no statistically significant differences were found between the two
groups in terms of corneal edema, CCT, or changes in these parameters or in endothelial cells or changes in these
parameters during subsequent follow-up periods. In the subgroup of Grade IV-V hard nuclear cataracts, the continuous
torsional ultrasound group exhibited a greater increase in CCT and more endothelial cell loss in the postoperative period
than did the combined group at up to 3 months of follow-up. Additionally, the occurrence of corneal edema was
comparatively more pronounced on the first day following surgery. This suggests that the statistical difference in the ECD
changes is manifested in the postoperative corneal edema.

At the 1-week follow-up after surgery, the corneal edema had nearly resolved, and there was no notable difference
between the two cohorts. Both groups demonstrated a substantial improvement in BCVA from the preoperative baseline
on day 1 and day 7; nevertheless, no statistically significant difference was detected between the groups. The BCVA
remained stable without significant alterations at the 1- and 3-month postoperative assessments.

During the phacoemulsification procedure for Grade IV-V hard nuclear cataracts, our observations revealed a greater
occurrence of infusion system occlusion in the continuous torsional mode group than in the combined burst mode group.
We hypothesized that the utilization of the burst mode combined with torsional ultrasound could enhance the efficiency
of managing relatively harder nucleated cataracts. This approach may reduce the duration of unnecessary infusion and
expedite the procedure, thereby minimizing endothelial cell loss resulting from other contributing factors.

The superior performance of combined burst mode in hard nuclear cataracts may be explained by two synergistic
mechanisms: First, reduced nuclear chatter and improved purchase. Torsional ultrasound alone can struggle to engage
dense nuclear fragments, causing repulsion (“chatter”) away from the tip."* The addition of intermittent longitudinal
bursts in combined mode helps “grab” and hold fragments, improving followability and reducing the need for repetitive
passes—a critical advantage in hard cataracts where fragments are more rigid. Second, superior thermal management.
Hard cataracts require longer ultrasound times, increasing the risk of thermal injury.'* The burst component delivers
longitudinal energy intermittently, allowing tip cooling between pulses. This intermittent energy delivery reduces heat
accumulation, potentially minimizing thermal damage to corneal endothelial cells. In contrast, continuous torsional
mode, while cooler than continuous longitudinal ultrasound, still produces sustained energy delivery during prolonged

131417 and warrant further

emulsification. These mechanisms are consistent with previous biomechanical studies
investigation.

Currently, several new technologies, such as femtosecond-assisted phacoemulsification, can help reduce the energy
used in phacoemulsification; these methods have been shown in several studies to be more effective than phacoemulsi-
fication alone in reducing energy use and achieving a better surgical prognosis.'®** Additionally, newer devices such as
miLoop have exhibited enhanced effectiveness in managing challenging cases of nuclear cataract surgery.”'*> However,
all of these require additional equipment to perform the surgery. Our study showed that it is possible to provide more
cost-effective and better prognostic surgery for patients with hard cataracts by setting individual surgical parameters
based on existing devices.

This study is subject to certain limitations. First, The duration of the follow-up period, which spanned 3 months, was
relatively brief, preventing the evaluation of long-term outcomes and complications. However, previous studies have
shown that endothelial cell loss at 1-3 months post-surgery is strongly correlated with loss at 1 year and beyond,****
suggesting that our findings are likely predictive of longer-term outcomes. Nevertheless, future studies with extended
follow-up (eg, 1-2 years) are warranted to confirm the durability of the benefits observed with combined burst mode
phacoemulsification. Second, as a non-randomized cohort study, it is subject to potential selection bias, as group
assignment was based on surgeon preference rather than random allocation. Although the surgeon was masked to patient
enrollment and preoperative data to minimize bias, unmeasured confounders may still exist. However, baseline
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characteristics were well-balanced between groups (Table 2), suggesting that any bias may be limited. Future randomized
controlled trials are warranted to confirm our findings. Third, all surgeries were performed by a single experienced
surgeon (J.Y.H). While this eliminates inter-surgeon variability and enhances internal validity, it may limit the general-
izability of our findings to other surgeons or clinical settings with different levels of experience or surgical techniques.

Conclusion

In summary, we found that combined burst-torsional mode phacoemulsification resulted in lower cumulative dissipated
energy, shorter ultrasound time, and less corneal endothelial cell damage compared to continuous torsional mode. These
benefits were most pronounced in patients with severe nuclear cataracts (Grade IV-V), including reduced postoperative
corneal edema and endothelial cell loss at 3 months. In contrast, for moderate nuclear cataracts (Grade III), the
advantages of combined mode were less pronounced, with only transient differences in early postoperative endothelial
cell loss. These findings support a tailored approach to phacoemulsification mode selection based on nuclear density, with
combined burst-torsional mode offering particular advantages for challenging hard cataracts.
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