SCHWIND

Scanning Electron Microscopy on ATOS® SmartSight Lenticules

Results from a comprehensive qualitative and quantitative analysis.

INTRODUCTION

Scanning Electron Microscopy (SEM) has been available since the
mid-20th century, with its development beginning in the late 1930s
and early 1940s. The first practical SEM was built in the 1960s and was
introduced to ophthalmology in the 1970s. Its use was revolutionary,
enabling scientists to visualize the fine structures of eye tissues with
far greater resolution than light microscopy, significantly advancing
the understanding and treatment of eye diseases. Having a SEM at
hand offers the possibility to investigate lenticules created with ATOS
SmartSight (SCHWIND eye-tech-solutions).

METHODS

An investigation was conducted on 110 eyes that underwent
Keratorefractive Lenticule Extraction (KLEx) surgery using the ATOS
Femtosecond laser (SCHWIND eye-tech-solutions) at Cheongju
First Eye Clinic in Cheongju, South Korea between December 10,
2023, and January 20, 2024. The patients were randomly assigned
to either a conventional energy group (C-group) or a low-energy
group (L-group). The C-group included 58 eyes, and the L-group
included 52 eyes. Each group’s 10 corneal lenticules were analyzed
in detail using SEM. The C-group used a pulse energy of 90 nJ with a
spot distance of 3.0 um, a track distance of 3.0 pm, and a total dose
of 1000 m)/cm?. The L-group used a pulse energy of 80 nJ with a
spot distance of 4.5 pm, a track distance of 3.0 pm, and a total dose
of 593 mJ/cm>.

Preoperative clinical parameters—such as age, gender, spherical
equivalent (SEQ), best corrected distance visual acuity (CDVA), central
corneal thickness (CCT), and residual stromal thickness (RST)—showed
no statistically significant differences between the two groups.
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Figure 1. SEM photographs at different magnifications in the C-group (top row) and L-group (bottom row).

Immediately after surgery, extracted corneal lenticules were
fixed in 2.5% glutaraldehyde and stored at 4°C overnight. The
specimens were subsequently sent to a specialized lab for
dehydration and further fixation. SEM images were captured using
the AxiaChemiSEM (Thermo Fisher Scientific, Massachusetts, USA)
under vacuum conditions. Each lenticule’s upper central area was
photographed at magnifications of 50x, 400x, and 800x. Figure 1
displays the SEM images of both groups at these magnifications.

INVESTIGATION

A comprehensive analysis, both qualitative and quantitative,
was performed on the SEM images. For the qualitative analysis, the
surface irregularity was assessed using a surface irregularity score.’
Three researchers independently evaluated the SEM photographs
according to the surface regularity index described in Table 1.

TABLE 1. SCORING OF THE SURFACE QUALITATIVE ANALYSIS

Criterion (Original Magnification) Appearance Score
Surface Relief (x50)

Very smooth 4
Smooth 3
Rough 2
Very rough
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Regularity of Surface Structure (x400) Completely regular

Regular
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Partially regular
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Not regular

Portion of Surface Irregular (x800) Less than 10% of cut surface

11-25% of cut surface
26-50%
More than 50% of cut surface
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Position of the Irregular Area (x800) No irregularities

Peripheral only
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Large region
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All over
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(A) Setting the same grayscale in
all images

(B) Thresholding and tissue
bridge enhancement

i

(C) Final image for count
analysis

Figure 2. SEM images after grey scaling (A) and thresholding (B) using the image J software. Final image for count analysis is also shown (C).
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Figure 3. The qualitative analysis, based on the Surface Regularity Score over three different magnifications, indicated a significantly
smoother surface in the L-group (A). Both the number (B) and the area (C) of tissue bridges were significantly lower in the L-group.

The individual scores were then averaged
to obtain a final score.

For the quantitative analysis of the
surface, the area and number of tissue
bridges in the SEM images were determined
with help of the image J 1.46 software.

The process involved converting all images
to grayscale and applying thresholding

to enhance tissue bridges (Figure 2). The
image ) 1.46 software was then used to
count the tissue bridges and calculate the
area they occupied.

RESULTS

The L-group demonstrated better
UCVA on the first day and at 1 week
postoperatively. However, no significant
differences were observed between the
two groups in terms of BCVA or mean
spherical equivalent at 1 week, 1 month,
and 3 months after surgery.

The qualitative analysis, based on

the Surface Regularity Score over three
different magnifications and given by

three independent researchers, revealed an
average score of 7.27 + 0.88 for the C-group
and 13.63 + 0.66 for the L-group, indicating
a significantly smoother surface in the
L-group (Figure 3A).

The quantitative analysis showed that
the total number of tissue bridges in the
C-group was 4.91 + 0.86, compared to 3.28
+0.99 (x10° bridges/mm?) in the L-group
(Figure 3B). The total area of tissue bridges
was 92.90 * 14.26 in the C-group and 67.51
+31.26 (x10* um?*/mm?) in the L-group
(Figure 3C). Both the number and the area
of tissue bridges were significantly lower
in the L-group, with P-values below .05,
indicating statistical significance.

CONCLUSION
The result of KLEx surgery is influenced
by various factors,? and the degree of

visual recovery varies depending on the
shape of the cornea, the surgical area, and
the preoperative spherical lens equivalent,
among other factors.? The concept of
reducing the energy to enhance the early
postoperative visual outcomes after
lenticule extraction in the meantime is
well-established.*>

This study explored the characteristics
of conventional and low energy KLEx
using Schwind ATOS. The low energy
SmartSight group showed better
uncorrected visual acuity (UDVA) at
the first day and the first week after
surgery. Based on the findings with help
of a SEM, the low energy group demon-
strated a smoother surface considering
qualitative and quantitative aspects.
In conclusion, low energy SmartSight
surgery resulted in faster initial vision
recovery and a smoother lenticule
surface than the conventional group.
This can be attributed to the fact that
as pulse energy decreases, the size of the
photodisruption becomes smaller, and
the asymmetrical setting where “spot
distance is greater than track distance” is
presumed to result in a smoother lenticule
cutting surface.® However, further studies
with larger patient groups and longer
follow-up periods are needed to confirm
these findings. m
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