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Abstract 
● AIM: To describe a novel suture approach for transscleral 
fixation of C-loop intraocular lenses (IOL) and to compare 
the surgical outcomes with the four-haptics posterior 
chamber (PC)-IOL technique.
● METHODS: We retrospectively analyzed 16 eyes of 16 
patients who underwent transscleral fixation of C-loop PC-
IOLs using a flapless one-knot suture technique, which 
were followed up for longer than 17mo. In this technique, 
the capsulorless IOL was suspended using a single suture 
for transscleral fixation of four feet. Then we compared its 
surgical outcomes and complications with the four-haptics 
PC-IOLs using the Student’s t test and Chi-square test.
● RESULTS: Sixteen patients of 16 eyes with a mean age 
of 58.3±10.1y (42-76y) who received transscleral C-loop 
IOL implantation due to trauma, vitrectomy, or cataract 
surgery with inadequate capsule support showed improved 
visual acuity. The difference was not significant between 
two IOLs except the surgery time (P>0.05). The mean 
operation times of C-loop IOL surgery was 24.1±1.83min 
and 31.3±4.47min of the four-haptics PC-IOL method 
(P<0.0001). In the C-loop IOLs group, there was statistical 
difference between the preoperative and the postoperative 
UCVA (logMAR, 1.20±0.50 vs 0.57±0.32, P=0.0003). There 
was no statistical difference between the preoperative and 
the postoperative BCVA (logMAR, 0.66±0.46 vs 0.40±0.23, 
P=0.056). However, there was no statistically significant 
difference in postoperative UCVA and BCVA between the 
two IOLs (P>0.05). We did not detect any optic capture, 
IOL decentration or dislocation, suture exposed, or cystoid 
macular edema in patients underwent C-loop IOLs surgery. 

● CONCLUSION: The novel flapless one-knot suture 
technique for transscleral fixation of C-loop IOL is a simple, 
reliable, and stable technique.
● KEYWORDS: C-loop; intraocular lens implantation; lens 
dislocation; transscleral fixation; four-haptics intraocular 
lens
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INTRODUCTION

T he implantation of intraocular lenses (IOLs) during 
cataract removal is a widely performed surgical procedure, 

ranking among the most commonly executed operations 
globally[1]. The IOLs can be placed in anterior or posterior 
chamber (PC). Many studies have analyzed the outcomes of 
anterior chamber or PC implantation and the results indicate 
that PC may be the most suitable anatomical location, 
especially since this technique allows more flexibility 
to manage unpredictable intraoperative complications[2]. 
Currently, the most prevalent surgical techniques include 
transscleral fixation, suture-less scleral tunnel, and iris-
fixated IOLs[3]. The suture-less technique may present with 
complications such as hypotony, haptic slippage, and optic-
haptic junction disconnection[4-6]. Transscleral fixation has 
been commonly used in implanting IOLs that have limited 
capsular supporters or as a treatment option for dislocated 
PC-IOL. Multiple studies have reported on the significant 
advantages in terms of prevention of various complications 
in transscleral fixated PC-IOLs over other implantation 
techniques, including pupillary block glaucoma, damage to 
the iris or cornea, pseudophakodonesis, hyphemia, uveitis, 
and IOL dislocation[7-8]. However, a common complication 
in transscleral fixation is postoperative tilt and decentration 
of PC-IOLs. Moreover, several conditions including macular 
edema, elevated intraocular pressure (IOP), and suture erosion 
may lead to breaking nurture knots, subsequently causing IOL 
dislocation[9-10].
Nonetheless, the technique of transscleral suture fixation is a 
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versatile surgical approach that finds its application not only 
in the transscleral fixation of PC-IOLs but also in a plethora 
of other clinical situations, including the fixation of capsular 
tension rings or segments, artificial iris prostheses, and the 
repositioning of in-the-bag or out-of-the-bag dislocated IOLs[11-16]. 
The scleral bed under the scleral flap or the scleral pocket/
groove is where most commonly used sutures are tied during 
surgical procedures. Furthermore, transscleral sutures using 
PC-IOLs in the ciliary sulcus or ciliary body plane have been 
performed many years ago[17].
Since the technique of transscleral suture fixation was first 
introduced more than three decades ago by Malbran et al[18], 
many surgeons have made various modifications to surgical 
procedures and materials to improve the procedure in 
different ways[18-20]. However, the most superior combination 
of materials and surgical technique has not been identified 
yet. The optimal technique for transscleral fixation should be 
quick and easy, not invasive, effective, and safe. Additionally, 
it should also provide opportunities for uncomplicated 
management of potential surgical complications. Zhao et al[21] 
described a suture technique for transscleral fixation based 
on the foundation of a buckle-slide device, which provided 
reliable suture stability and easy adjustments in optimizing IOL 
placement. Mete et al[22] proposed a novel “knot ball scleral 
fixation technique” as an effective alternative technique, which 
has the advantages of simplicity, quickness, and minimal 
invasiveness. Moreover, we reported a technique regarding 
a four-haptics PC-IOL with a single suture in 2020, which 
simplifies the procedure while reducing the overall surgical 
time significantly as well as minimizing the complexity and 
complications[23].
Apart from the surgery technique, other factors also contribute 
greatly to the optical performance and clinical outcomes 
postoperatively, such as positioning and haptic design of the 
IOL. The most common designs are different in shape and 
are categorized as plate-haptic or open-loop IOLs (C-loop, 
J-loop, and L-loop)[24]. The open-loop design is the most 
widely applied and studies have indicated they may have better 
performance than plate-like haptic IOLs[25-27]. However, the 
overall amount of research on open-loop IOLs are limited but 
studies that have been published mainly involve the C-loop 
designs. Therefore, here we present a novel approach for 
flapless single-knot suture transscleral fixation of C-loop PC-
IOLs and compare patients’ results with those of the four-
haptics PC-IOL technique.
SUBJECTS AND METHODS
Ethical Approval  This study adhered to the principles of 
the Declaration of Helsinki and was granted approval by 
the Institutional Review Board of the Gongli Hospital of 
Pudong New Area in Shanghai (approval number: 2022-N-

30). Informed consent forms were collected from all patients 
enrolled in this study.
Patient Selection  A retrospective study design was adopted 
for this study. Sixteen eyes of 16 patients who received 
transscleral C-loop IOL implantation through the flapless one-
knot suture technique in a public tertiary general hospital 
between July 2018 and October 2020 were included. Each 
patient who participated in this study was followed up for a 
minimum of 17mo after the surgery. Their clinical data was 
compared with 15 patients who underwent transscleral four-
haptics PC-IOL implantation through the flapless one-knot 
suture technique between February 2017 and December 2019 
and were followed up for more than 18mo. The following 
inclusion criteria were applied: inadequate capsule support 
due to trauma, vitrectomy, or cataract surgery as main reasons 
for surgery and complete medical records with follow-
up. The exclusion criteria included a history of open globe 
injury, preoperative inflammatory conditions (i.e., keratitis, 
conjunctivitis, uveitis, and endophthalmitis), preoperative 
severe ocular diseases (i.e., glaucoma, corneal opacity, retinal 
detachment etc.), and incomplete medical records without 
follow-up data.
Clinical Data  Each patient’s medical records were reviewed 
to collect relevant clinical data, including: age, gender, duration 
of follow-up, efficacy, pre- and post-operative uncorrected 
visual acuity (UCVA) and best-corrected visual acuity (BCVA), 
postoperative mean sphere and mean cylinder, operative time, 
and most common complications.
Surgical Technique C-loop Posterior Chamber Intraocular 
Lens  The surgeries in this study were all conducted by the 
same chief surgeon, who has over a decade of experience in 
cataract surgery and has performed more than 30 000 cataract 
operations. The C-loop foldable PC-IOL (Tecnis ZCB00, 
Johnson and Johnson vision, USA) was used for implantation 
in the eyes of patients. The IOL used in this technique had 
a 6.0 mm optic and a total length of maximum 13 mm, and 
was fixated with one 10-0 polypropylene suture. The surgical 
method is described below and can be viewed as supplemental 
material (Supplement online Video 1). 
During the procedure, retrobulbar anesthesia was administered 
to the patients, and the conjunctiva was cut from the corneal 
limbus in 2 to 4 and 8 to 10 o’clock direction; and ophthalmic 
visco-surgical device (OVD) was then injected into the 
anterior chamber to protect the corneal endothelium. A 10-0 
polypropylene suture (with a straight needle and a curved 
needle on either end) was used. The curved needle was 
discarded and the straight needle was then pointed vertically 
in a downward direction to penetrate the sclera at the 8 o’clock 
position (Figure 1A). Next, we inserted the straight needle 
into the lumen of a 27-gauge hypodermic needle to externalize 
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the suture, which was subsequently removed through the 
main incision (Figure 1B). Next, the left C-loop’s root was 
punctured with the suture from top to bottom after positioning 
the PC-IOL horizontally outside the eyeball, followed by 
making a horizontal suture over the optic of IOL (Figure 1C). 
Another paracentesis was made at the 4 o’clock position with a 
27-gauge hypodermic needle. The straight needle was inserted 
into the eye via the main incision and externalized by placing 
it into the lumen of the 27-gauge needle. After retracting the 
27-gauge needle, we used the suture to grasped the straight 
needle to pulled it through the sclera, and then pulled it out of 
the eye at the 4 o’clock position (Figure 1D).
The same straight needle was used to perform a vertical 
puncture going through the sclera at the 2 o’clock position, 
which was docked into a 27-gauge needle and externalized 
through the main incision (Figure 2A). Another puncture 
was made by the straight needle via the middle of the right 

C-loop’s root through the top down. The suture was then 
positioned horizontally over the optic of IOL (Figure 2B). 
These two paracentral sutures were positioned anterior to the 
IOL horizontally, leaving a 4 mm vertical distance between 
upper and lower puncture points. The docking method was 
applied again to withdraw that straight needle at the 10 o’clock 
position (Figure 2C). Each puncture was made 4.0 mm apart 
and 3.0 mm to limbus. With help of folding forceps, the 
IOL was folded first and then it was inserted and unfolded 
in the PC. The suture was looped out of the eye. While the 
two paracentral sutures were positioned in front of the IOL 
and behind the iris, the suture was tightened and fine-tuned 
to achieve optimal IOL centration, followed by making a 
firm knot to tie the suture (Figure 2D). The IOL position 
was verified again and the single knot was buried in sclera. 
The wound was hydrated after the OVD was aspirated. The 
conjunctiva was repositioned and closed after confirming there 
was no leakage from the wound.
Surgical Technique Four-haptics Posterior Chamber 
Intraocular Lens  A simplified technique was used in which 

Figure 1 Surgical technique C-loop PC-IOL  A: A double-armed 10-0 

polypropylene suture was used with a straight needle and a curved 

needle on either end and the curved needle was cut from the suture. 

Next, the straight needle was pointed vertically downward to puncture 

the full thickness of the sclera at the 8:00 o’clock position. B: The 

straight needle was placed into the lumen of a 27-gauge hypodermic 

needle to externalize the suture, and then the needle was removed 

from the eye through the main incision. C: The PC-IOL was positioned 

horizontally outside the eyeball, and a puncture was made with 

the suture through the middle of the left C-loop’s root from top to 

bottom, followed by making the suture above the IOL optic horizontally. 

D: Another paracentesis was made at the 4 o’clock position using a 

27-gauge hypodermic needle. The straight needle was inserted into 

the eye via the main incision, and then it was externalized by placing 

it into the lumen of the 27-gauge needle. Then the 27-gauge needle 

was retracted and the straight needle was first grasped with the 

suture, pulled through the sclera, and lastly out of the eye at the 4 

o’clock position. PC: Posterior chamber; IOP: Intraocular lens.

Figure 2 Surgical technique C-loop PC-IOL   A: A vertical puncture 

was made through the sclera at the 2 o’clock position using the 

same straight needle, which was docked into a 27-gauge needle and 

externalized through the main incision using the same method. B: 

Another puncture was made by the straight needle with the suture 

via the middle of the right C-loop’s root through the top down. The 

suture was then positioned horizontally above the IOL optic. C: 

Next, the two paracentral sutures were localized anterior to the IOL 

horizontally, and the distance between upper and lower puncture 

points on the haptic was 4 mm in the vertical direction. The docking 

method was applied again to withdraw the same straight needle at 

the 10 o’clock position. D: A folding forceps was used to fold the IOL 

first, then it was inserted, and unfolded in the posterior chamber. The 

suture was looped out of the eye. While the two paracentral sutures 

were localized anterior to the IOL and posterior to the iris, the 

suture was tightened and adjusted to optimize centration of the IOL, 

followed by making a firm knot to tie the suture. PC: Posterior chamber; 

IOL: Intraocular lens.

Transscleral fixation of C-loop IOL
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a foldable PC-IOL (Akreos MI60, Bausch & Lomb, USA) 
was implanted with a stable four-point transscleral fixation, 
as described previously[23]. In brief, we embedded a one-piece 
foldable PC-IOL into patient’s eye and fixated it by using a 
single 10-0 polypropylene suture. This particular type of IOL 
has a 6.0 mm optic and an overall length of maximum 10.7 mm. 
Despite of the four haptics, there is no closed-loop eyelet on 
distal end of the haptic.
Statistical Analysis  Before performing statistical analysis, 
we modified pre- and post-operative UCVA and BCVA data 
to logarithm of the minimum angle of resolution (logMAR). 
Statistical analysis was conducted with SPSS software (version 
24.0, IBM, SPSS Inc., Chicago, IL, USA). Student’s t test 
was carried out to compare the demographical statistics and 
visual outcomes between the two groups of patients, either 
before or after the surgery. Chi-square test was conducted 
to analyze the statistical difference in the occurrence of 
postoperative complications. All data are reported in the 
format of mean±standard deviation, statistical significance was 
determined with P-value of <0.05.
RESULTS
Demographic data of all patients enrolled in current study 
are summarized in Table 1. There is no significant difference 
regarding age, gender, follow-up time, axial length, or IOP 
before surgery (P>0.05).
Patients (n=16) with C-loop IOL implantation using the 
flapless one-knot suture technique consisted of 11 males and 
5 females, the average age for this group was 58.3±10.1y (42-
76y), and follow-up time was 17.2±3.9mo (range 12-22mo). 
The mean of BCVA of C-Loop IOLs group before surgery 
was 0.66±0.46, which improved to 0.40±0.23 at the end of the 
follow-up period (P<0.0001). Their clinical outcomes after 
surgery were compared with those in the four-haptics PC-IOLs 
group.
The postoperative outcomes of patients from both groups 
are summarized in Table 2. The mean postoperative BCVAs 
(logMAR) were 0.40±0.23 and 0.42±0.32 in the C-loop IOLs 
group and the four-haptics PC-IOLs group, respectively. In the 
C-loop IOLs group, there was statistical difference between 
the preoperative and the postoperative UCVA (logMAR, 
(1.20±0.50 vs 0.57±0.32, P=0.0003). There was no statistical 
difference between the preoperative and the postoperative 
BCVA (logMAR, 0.66±0.46 vs 0.40±0.23, P=0.056). In 
addition, the mean sphere in the C-Loop IOLs group was 
-0.84±1.25 diopters, while it was -0.44±2.03 diopters in the 
four-haptics PC-IOLs group. The mean cylinder (postoperative) 
was reduced in the C-loop IOLs group when compared 
to four-haptics PC-IOLs group (-1.26±0.68 vs -1.80±1.78 
diopters; P=0.30), although there no statistical significance 
was indicated. Moreover, the C-loop IOL surgery required 

substantially less time to perform in comparison to the four-
haptics PC-IOL method, with mean operation times of 
24.1±1.83min and 31.3±4.47min (P<0.0001), respectively.
In terms of safety outcomes, there were fewer cases of surgical 
complications in the C-loop IOLs group, although it was not 
statistically different (Table 3). 
All patients exhibited improved visual acuity without 
noticeable difference between the two groups. No optic 
capture, IOL dislocation or decentration, suture exposure, or 
cystoid macular edema was observed in the C-loop IOLs group 
(Figure 3). Only one patient manifested moderate hyphema 
and one patient of the C-loop IOLs group showed temporary 
low IOP. In contrast, temporary IOP elevation occurred in two 
cases (13.3%) after the four-haptics PC-IOL surgery, however 

Table 1 Demographic characteristics of patients

Parameters C-loop IOL Four-haptics IOL P
No. of patients (eyes) 16 15
Age (y) 58.3±10.1 52.1±21.0 0.30
Gender (male/female) 11/5 8/7 0.42
Mean follow-up (mo) 17.2±3.9 18.1±4.1 0.54
Eye (left/right) 7/9 8/7 0.57
Axial length (mm) 26.66±1.88 25.05±2.11 0.08
IOP (mm Hg) 12.07±3.31 13.15±2.76 0.19

IOL: Intraocular lenses; IOP: Intraocular pressure.

Table 2 Visual outcomes following transscleral fixation of IOL

Parameters C-loop IOL Four-haptics IOL P
Preoperative UCVA (logMAR) 1.20±0.50 1.41±0.52 0.26
Preoperative BCVA (logMAR) 0.66±0.46 0.73±0.50 0.72
Postoperative UCVA (logMAR) 0.57±0.32 0.68±0.41 0.44
Postoperative BCVA (logMAR) 0.40±0.23 0.42±0.32 0.87
Postoperative mean sphere (D) -0.84±1.25 -0.44±2.03 0.51
Postoperative mean cylinder (D) -1.26±0.68 -1.80±1.78 0.30
Operation time (min) 24.1±1.83 31.3±4.47 <0.0001

IOL: Intraocular lenses; UCVA: Uncorrected visual acuity; BCVA: Best-

corrected visual acuity; logMAR: Logarithm of the minimum angle of 

resolution.

Table 3 Complications after transscleral fixation of IOL

Parameters C-loop IOL Four-haptics IOL
Optic capture 0/16 0/15
IOL decentration (>1 mm) 0/16 0/15
IOL dislocation 0/16 0/15
Cystoid macular edema 0/16 1/15 (6.67%)
Temporary IOP elevation 0/16 2/15 (13.3%)
Temporary low IOP 1/16 (6.25%) 0/15
Secondary glaucoma 0/16 0/15
Vitreous hemorrhage 0/16 0/15
Hyphemia 1/16 (6.25%) 0/15
Retinal detachment 0/16 0/15
Total 2/16 (12.5%) 3/15 (20.0%)a

IOL: Intraocular lenses; IOP: Intraocular pressure. aNo statistical 

difference between C-loop IOL and Four-haptics IOL (P=0.65). 
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they were properly treated with temporary antiglaucoma 
topical medication, and the IOP values of all patients at the 
final follow-up visit were within normal range. In the four-
haptics PC-IOLs group, 1 patient had cystoid macular edema 
within one month after surgery.
DISCUSSION
Parker and Price[19] have previously reported the technique of 
suturing the PC-IOL to the iris via creating a limbal incision. 
We previously described a technique of four-haptics PC-IOL 
using a single suture in 2020[23], however, this type of IOL is 
not common in many hospitals. Subsequently, we discovered 
that the C-loop IOLs are increasingly being used in the clinic, 
given its stability and centration have proven to be superior 
to that of other plate, angulated, or multipiece, designs[25,28]. 
Nowadays many types of IOLs are used in transscleral 
fixation, but the C-loop IOL has never been reported[29]. We 
used this simplified novel flapless one-knot suture technique in 
transscleral fixation with C-loop IOLs instead of four-haptics 
PC-IOLs for the first time, and we compared these techniques 
by evaluating the visual outcomes and postoperative 
complications.
These results indicated that all patients exhibited improved 
visual acuity, yet we did not observe any significant change in 
postoperative BCVA and mean sphere between the two groups. 
When comparing to the four-haptics PC-IOLs group, the post-
operative mean cylinder was reduced in the C-loop IOLs group, 
although the difference was not significant. During the follow-
up period, we did not observe any optic capture, decentration, 
or IOL dislocation in the C-loop IOLs group. Furthermore, 
no statistical difference in postoperative complications was 
detected between these two groups. More importantly, we did 
not detect any serious suture-related complications, including 
macular edema or vitreous hemorrhage.
The C-loop IOLs were neutral and stable in the eyes of all 
patients undergoing the surgery, and there were no serious 
postoperative complications. However, previous studies have 
shown different results on the stability of C-loop haptic IOLs. 
For instance, Prinz et al[30] reported similar stability between 
C-loop IOLs and plate-haptic IOLs. Whereas Kim et al[31] 
demonstrated greater long-term stability with plate-haptic IOLs.

Taking Zhu et al’s[32] study into account, these differences in 
stability may be correlated to axial length, as the C-loop IOL 
seemed to be less stable in patients with greater axial length 
and those with myopia in particular. Therefore, C-loop IOLs 
may not be the most suitable choice for patients with (high) 
myopia.
Since our method has only two points on the IOL and the 
two-point fixation is simpler than the four-point one, it could 
explain the finding of the C-loop IOLs technique taking 
statistically significant less time than the four-haptics PC-IOLs 
method. Our finding is consistent with other studies which 
also reported increased surgical time with the four-point suture 
fixation as a result of increased technical complexity[33-34].
There are several additional advantages to the introduced 
C-loop IOL technique. Our approach does not require any 
scleral flap to be created during surgery, and the suture 
supported by a large portion of sclera, minimizing occurrence 
of scleral dehiscence and potentially prevents endophthalmitis 
afterwards. Moreover, our approach requires only one knot 
which needs to be tied, which may decrease stimulation of the 
sclera and risk of endophthalmitis when comparing to other 
methods with more knots[35]. However, because of potential 
exposure and erosion, long-term follow-up may be needed for 
the single-knot approach[36].
Nonetheless, prolonged follow-up duration of patients who 
received transscleral-fixated IOL implantation has shown 
favorable results in general, although it’s also associated 
with specific postoperative complications. The ratio of 
complications may be influenced by parameters such as patient 
characteristics, the type of fixation technique, and the surgeon 
who performs it. As reported in literature, most complications 
are a direct result of suboptimal placement of the suture or 
the use of less durable suture materials during surgery[2]. We 
used 10-0 polypropylene sutures in the surgeries, however, 
this type of suture has become less popular as multiple studies 
have reported on its tendency to degrade and break leading to 
the potential risk of IOL subluxation and dislocation[37]. This 
complication has the tendency to occur slowly many years after 
IOL implantation. Among a cohort of 78 cases, Lockington 
et al[38] reported a single instance of IOL dislocation due to 
spontaneous breakage of 10-0 polypropylene suture 52mo after 
the surgery. Another retrospective study analyzed 63 eyes with 
scleral-fixated IOL implantation using 10-0 polypropylene, 
the results showed that  two eyes developed suture breakage 
resulting in IOL dislocation at 15 and 54mo postoperatively[39]. 
The reported complications have prompted the increased 
usage of 8-0 polypropylene or 9-0 polypropylene (with greater 
tensile strength than 10-0 counterparts). However, long-
term outcomes for these materials are yet to be determined. 
Indeed, the application of 8-0 polypropylene suture to implant 

Figure 3 The IOL was stable and centered in all patients after 

surgery  A: Two days after surgery; B: Twenty-four months after 

surgery. IOL: Intraocular lens.

Transscleral fixation of C-loop IOL
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a foldable IOL via four-point scleral fixation technique was 
first reported by John et al[40], and there was no subluxation of 
dislocation one-year after surgery. Similarly, our approach did 
not show signs of complications related to suture breakage and 
subsequent dislocation, which may be related to the relatively 
limited follow-up period. In future surgeries we should 
consider using the 8-0 or 9-0 polypropylene suture combined 
with the described technique and observe the outcomes with a 
longer follow-up period.
This study has several limitations that should be addressed. 
The retrospective study design resulted in only selecting 
patients with existing data on visual outcomes and 
complications, which may have introduced selection bias. 
Second, the lack of parameters for anterior segment OCT and 
postoperative anterior chamber depth assessment may result 
in a lack of sufficient evidence for the advantage of C-loop 
IOL stability. Moreover, due to the potential risk of exposure 
and erosion associated with this single node technique, the 
follow-up time in this study was relatively limited, averaging 
17.2±3.9mo, which may result in unreported late suture-
associated complications. Lastly, the sample size was limited. 
Further research with a larger sample size, more sufficient 
data parameters and prolonged follow-up time is necessary 
to continue to elucidate the clinical efficacy and outcomes of 
the flapless one-knot suture technique for transscleral fixation 
of C-loop IOLs. In addition, in the following research, IOLs 
with different optical surface diameters can be selected for 
suspension surgery according to the preoperative pupil size 
and the degree of iris damage.
In conclusion, the novel flapless one-knot suture approach for 
transscleral fixation of C-loop IOLs presents a potential clinical 
application to implant IOL in patients with deficient capsular 
support. This technique offers several advantages, including 
simplicity, reliability, and stability.
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