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To compare two different secondary IOL fixation techniques, either flanged or hooked, regarding the 
least required force to dislocate the haptic in human corneoscleral donor tissue (CST). Experimental 
laboratory investigation. The least required dislocation force (LRDF) of two different fixation 
techniques, namely the flanged haptics (FH, as described by Yamane) and the harpoon haptic 
technique (HH, as described by Carlevale) were investigated using 20 three-piece IOLs (KOWA PU6AS) 
and 20 single-piece IOLs (SOLEKO CARLEVALE) fixated to human scleral tissue. The main outcome, 
differences in LRDF of the investigated techniques, was measured with a tensiometer. The dislocation 
force needed to dislocate the flanged haptics was significantly higher (p < 0.001) in the flanged 3-piece 
IOL (0.93 ± 0.43 N) than the specialized, harpoon haptics single-piece IOL (0.45 ± 0.18 N). During 
externalization, breakage occurred in three harpoon haptics. However, no breakage was observed 
in either haptics during dislocation. The flanged haptic technique proved to be the stronger form of 
secondary IOL fixation regarding dislocation force in this in vitro study. The harpoon haptics fixation 
technique showed significantly less resistance to axial traction and a susceptibility to breakage during 
externalization.

Keywords  Secondary IOL fixation

Prior to the first sutureless intraocular lens (IOL) scleral fixation technique, which was reported by Scharioth 
in 2007, several surgical methods for secondary intraocular lens (IOL) implantation were employed when there 
was a lack of capsular support. These methods included anterior chamber IOL fixation, iris fixated IOLs, and 
transscleral sutured posterior chamber IOLs1–5. While sutured transscleral IOL fixation may be linked to suture 
erosion and breaking, anterior chamber and iris fixated IOLs may cause corneal endothelial cell loss, glaucoma, 
and peripheral anterior synechiae4,6–11.

Numerous sutureless IOL fixation methods have been described so far, including fixation using glued haptics 
(Argawal), flanged haptics (Yamane), transscleral tunnels (Scharioth), or bent haptics (Behera/Bolz).1,12–15 
Mentioned techniques all have a3-piece IOL in common. In 2020, a special single piece IOL, namely the Carlevale 
(SOLEKO), has been introduced, which features T-shaped harpoons protruding off the closed haptics to allow 
self-anchoring in a scleral pocket16.

The requirement for secondary IOL fixation is predicted to increase at a rate commensurate with the 
anticipated continued rise in the number of cataract procedures performed annually worldwide. Emphasizing 
this supposition, a recent article could show that IOL dislocation came in third place for problems following 
IOL exchange, occurring 7.1% of the time, and that the overall number of IOL exchanges grew progressively 
over time17. The frequency of dislocation within 4 years after secondary IOL implantation is stated as 0.57% 
in another source18. Dislocation might be due to disinsertion from the haptic through the scleral opening or 
of the haptic from the optic at their junction. Two important biomechanical parameters are the scleral-haptic 
dislocation force, followed by the haptic-optic disinsertion force. This was underlined by Ma et al., showing that 
the force needed for haptic-optic disinsertion for most 3-piece IOLs with PMMA haptics, was higher than the 
scleral-haptic dislocation force. As a result, the foremost important dislocation parameter is the scleral-haptic 
dislocation force19.

There are still no long-term studies regarding the durability of the different techniques. In a laboratory study, 
we could show that the flanged PMMA haptic technique showed most resistance to longitudinal dislocation 
force compared to the techniques described by Scharioth, Argawal, Behera and Bolz, in vitro20. Spela et al. 
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demonstrated that flanged PVDF haptics even showed a higher least required dislocation force (LRDF) than 
flanged PMMA haptics21. Moreover, as compared to PMMA haptics, PVDF haptics are less prone to breakage 
and more resistant to loop memory loss22, thus IOLs consisting of PVDF haptics are recommended for a flanging 
technique.

The aim of this study is to compare a 3-piece IOL with flanged PVDF haptics and a specialized single piece 
IOL with T-shaped harpoons, regarding the LRDF from human scleral tissue (CST) in a laboratory setting.

Methods
The requirement for approval from the Institutional Review Board (IRB) was waived by the local IRB, since 
remaining human tissues from corneal donor tissues have been used in the experimental set-up. The research 
was carried out adhering to the Declarations of Helsinki and its later amendments23.

Human corneoscleral tissue
The Medical University of Vienna provided the human CSTs used in the experimental setup. All corneoscleral 
tissue was not pre-treated with any fixation media, kept in 100 ml culture medium (Tissue C, Alchimia, S.r.l) and 
used within one month of harvesting. Tissue C consists of balanced saline (EAGLE MEM), 2% bovine serum, 
sodium bicarbonate, 100 UI/ml penicillin G, 0.1 mg/ml streptomycin, 0.25 µg/ml amphotericin B, and sodium 
pyruvate, at a pH 7.4 and allows storage of donor tissue for up to one month. The scleral tissue was inspected 
under the surgical microscope previous to intervention (Zeiss OPMI Lumera 700) for relevant changes and to 
guarantee uniform thickness, as CSTs without uniform appearance were excluded. In total, 10 CSTs without 
relevant changes, were included into this study and prepared by one experienced ophthalmologist. Two IOL 
fixations of each secondary IOL fixation technique were performed on every single CST. Externalization of 
the haptics were located at the 3, 6, 9, and 12 o’clock positions to ensure uniform conditions. Furthermore, 
to eliminate any potential influence from the location on the sclera and potential drying of the CST during 
preparation, the order in which each technique was applied was randomized using list randomization (www.
randomizer.org). Throughout the intervention, great care was taken to guarantee a stable graft by irrigating it 
with culture medium.

Flanged haptic technique
A 3-piece IOL, namely the PU6AS IOL (KOWA, Japan), a hydrophobic, acrylic, biconvex monofocal lens with 
Polyvinylidenfluorid (PVDF) c-type haptics, with a total diameter of 13.0 mm, an angulation of 5 degrees, and an 
optic diameter of 6 mm, was used for intrascleral fixation in the flanged haptic group. A 30 gauge (G) thin wall 
needle with a length of 13 mm (TSK Laboratory Europe, Oisterwijk, Netherlands) was used for the penetration 
of the sclera and externalization of the haptics. For the creation of the tunnels and flaps, depending on the 
technique used, the distance was measured with a standardized surgical ruler. An intrascleral tunnel of 2 mm 
length, parallel to the limbus, was formed with a 30 G needle at a distance of 2 mm to the limbus. The haptic was 
externalized using the 30 G needle. Then the flange was formed by approaching the tip of a disposable cautery 
(Accu-Temp, BVI) close to the haptic end, melting 1 mm of the haptic, supported by forceps placed just behind 
the intended melting length (Fig. 1)13,24. The flange was buried into the sclera by pushing it with forceps.

Harpoon Haptic technique
This technique requires a special IOL, the Carlevale IOL (Soleko, Italy) made out of ultrapurified, copolymer 
PolyHema, which comes with a total horizontal diameter of 13.2 mm and an optical diameter of 6.5 mm. The 
harpoons at each end are 1 mm long and the anchor is 2 mm broad to avoid slippage through the formed tunnel.

For the creation of the tunnels, a 3.5 × 3.5  mm partial thickness scleral flap was sculped with a crescent 
knife up to the limbus. A 25-G needle was used to perforate the deep scleral lamella bed at 1.5 mm distance 
from the limbus  (Fig. 2). Consecutively, a 25G crocodile forceps was used to grasp the specialized IOL at the 
proximal T-shaped harpoon haptic (HH) and externalize it through the scleral tunnel (Fig. 3). The scleral flaps 
were sutured with a 10 − 0 Nylon suture. One finding during the performance of the HH technique was that 
some breakage points in the material became apparent. In two IOLs, at the moment of externalisation with the 
crocodile forceps, one arm of the harpoon haptics toreoff (Fig. 4). In another case, the bridge of the IOL got 
separated (Fig. 5). Those three attempts were not included in the analysis.

Tensiometry setup
Applying a horizontal bench setup and a tensiometer (PCE-DFG-N20, PCE Instruments), the dislocation force 
was measured (Fig. 6)20. Just one haptic end was attached in the CST for each measurement. A straight clamp was 
used to precisely fixate the IOL at the optic’s centre. To measure the LRDF, the CST was tugged longitudinally in 
the opposite direction of the tensiometer, using forceps at a distance of 1 mm from the IOL haptic’s attachment 
point. As a result, the acting force matched the scleral tunnel. The tensiometer was used to monitor the LRDF, 
which was graphically represented as a constant power curve that ended with forced dislocation of the haptic.

Statistical analysis
For statistical analysis SPSS Statistics v.27 (IBM) was used. The groups were investigated for normal distribution 
using the Shapiro-Wilk test. Since the data was normally distributed, it was analyzed using an unpaired t-test. 
Graphs were generated using R Studio.
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Results
The mean dislocation force for the 3-piece IOL PU6AS (KOWA, Japan) was 0.93 ± 0.43 (range 0.23–1.79) 
Newton (N) and for the specialized Carlevale IOL (Soleko, Italy) 0.45 ± 0.18 N (0.22–0.80). Test of normality 
showed normally distributed data with a Shapiro-Wilk test. When performing an unpaired t-test between the 
two groups, a significant difference of 0.38 ± 0.25 N (p < 0.001) became apparent (Fig. 7).

Discussion
There has been no study comparing the LRDF regarding the two mentioned scleral fixation techniques. The 
results of this laboratory study underline the superiority of the FH technique as described by Yamane compared 
to the HH fixation technique by Carlevale. A fundamental difference is that no creation of a flap is necessary 
in the FH technique, furthermore this technique can be applied in 3-piece IOLs made of PMMA and PVDF, 
depending on location and availability. Erosion of the sclera can be most likely be avoided if performed properly. 
An advantage of the HH fixation technique is the availability of a toric IOL if needed.

PMMA haptics result in conic shaped flanges when heated and PVDF haptics form mushroom shaped 
flanges21,24. In a direct comparison, Spela et al. demonstrated that the LRDF was greater for flanged PVDF 
haptics compared to flanged PMMA haptics. A recent observation of our study group using a study setup similar 
to this study indicated that the LRDF for flanged PMMA haptics was 1.39 ± 0.39 N, while in this study, the LRDF 
for flanged PVDF haptics was 0.94 ± 0.39 N20,21. The differences in data between the studies could be attributed 
to variations in study setup, donor age, tissue storage solution, and storage duration. Thus, in a setup comparable 
to this study, the LRDF for PMMA haptics was notably higher than the LRDF for the harpoon haptics of the 
harpoon haptics IOL. We therefore hypothesize that the LRDF for flanged PMMA haptics, similar to flanged 
PVDF haptics in this study, is significantly higher than that for the harpoon haptics of the Carlevale IOL.

Regarding the material, the harpoon haptics IOL comes with a ultrapurified, copolymer PolyHema. During 
the measurements, a tendency towards breakage at the harpoon haptics, in two IOLs, and the bridge of the 
IOL, in one IOL, became apparent. Contrary to the 3-piece IOL, the single-piece IOL is particularly soft and 
flexible. This advantage during the implantation process might be a point of weakness for fixation of the IOL. 
Interestingly no haptic breakage occurred in the dislocation process, but in the preceding step, the grasping and 
externalization. This circumstance could also be influenced by used forceps and should be investigated further. 
Therefore, particular care is recommended during the externalization process in vivo.

Fig. 1.  Creation of the flange with the cautery.

 

Scientific Reports |        (2024) 14:32085 3| https://doi.org/10.1038/s41598-024-83774-w

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Another study also describes the creation of the scleral tunnel employing a 27 G needle in the FH technique25. 
This can be contingent upon the surgeon’s inclinations, accessibility in specific countries, or medical facilities. 
The diameter of the tunnel produced by a 27 G needle is around 400  μm, while a 30 G thin-walled needle 
produces a diameter of 300 μm. When using the FH technique, heating the haptic by 1 mm produces a flange 
diameter of about 350 μm. Therefore, in order to produce an ideal flange and prevent lower LRDF, it is advised 
to heat the haptic by 1.5 to 2 mm from its end while using a 27 G needle24.

One crucial factor might be the amount of time since the sclera has been harvested. Scleras with longer 
duration since harvesting may alter measurement for the dislocation force. We used all two procedures on each 
collected sclera to prevent these variances. It should be noted that the sclera in the superior area is often thinner 
than in the inferior regions of the eye26. A lower LRDF would most likely be the consequence of a thinner 
sclera. The sequence in which the various procedures were applied to each CST was randomised to mitigate 
the potential bias resulting from the position on the sclera and the drying process during CST preparation. To 
counteract drying of the sclera, Tissue-C solution was applied to the sclera with a Q-Tip every minute.

Long-term stabilization variables such as scleral scarring could not be explored because this work was carried 
out on donor tissue in a laboratory setting. This circumstance may modify the required LRDF in each group to 
varying degrees. We suggest that it alters the LRDF in both techniques equally, even though the LRDF could 
be increased by scarring tissue around the anchor. Nevertheless, it should be noted that only the longitudinal 
force, in respect to the scleral tunnel, was examined during this work, despite our assumption that the measured 
forces can be transferred to other direction-, expansion-, or acceleration forces in space. Furthermore, it has to 
be emphasized, that presented results were obtained in vitro, and therefore, it is possible that these cannot be 
directly extrapolated to in vivo. However, we assume that the acting forces and the LRDF in vivo respond similar 
to those investigated in vitro.

In conclusion, the FH approach proved to be the more resilient method concerning the LRDF as opposed to 
the HH technique. With this method, a flange is made that is bigger in diameter than the tunnel the 30 G needle 

Fig. 2.  A 25-G needle was used to perforate the deep scleral lamella bed at 1.5 mm distance from the limbus 
within the scleral pocket.
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creates; as a result, more force is needed to get past the resistance and dislocate the haptic. The harpoon haptics 
fixation of the Carlevale IOL proved less secure under axial stress.

Fig. 3.  A 25G crocodile forceps was used to grasp the specialized IOL at the proximal T-shaped harpoon 
haptic (indicated by red arrow) and externalize it through the scleral tunnel.
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Fig. 4.  Breakage of one of the harpoon haptics (indicated by red arrow).
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Fig. 5.  The upper bridge on one side got separated in the externalisation process (indicated by red arrow).
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Fig. 6.  The tensiometer set up. Direction of applied force is indicated by the red arrow. The clamp which 
crasped the IOL at the center is marked by the red circle.

 

Scientific Reports |        (2024) 14:32085 8| https://doi.org/10.1038/s41598-024-83774-w

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Technique FH (N) HH (N)

Mean 0.93 0.45

Standard deviation (SD) 0.43 0.18

Minimum 0.23 0.22

Maximum 1.79 0.80

Table 1.  Mean, standard deviation, minimum and maximum of the LRDF in the two investigated fixation 
techniques.

 

Fig. 7.  A boxplot of the LRDF in the two investigated fixation techniques.
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Data availability
The data that support the findings of this study are available from the corresponding author (MK) upon reason-
able request.
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