Clinical Optometry Dove

ORIGINAL RESEARCH

Applied Forces Changed Myopia Lens Optical
Performance but Not Retinal Image Quality
Tested Using a Newly Designed Digital
Colmascope

Xiaoning Li'™, Lun Pan?®, Weizhong Lan®, Zhikuan Yang'™

'Optometry Department, Changsha Aier Eye Hospital, Changsha, Hunan, People’s Republic of China; 2Aier School of Ophthalmology and Optometry,
Hubei University of Science and Technology, Xianning, Hubei, People’s Republic of China; 3Aier Institute of Optometry and Vision Science, Changsha,
Hunan, People’s Republic of China

Correspondence: Xiaoning Li, Optometry Department, Changsha Aier Eye Hospital, Changsha, Hunan, People’s Republic of China,
Email lixiaoning@aierchina.com

Background: The aim of this study was to investigate the effects of applied forces generated by a rim screw on the optical
performance of mounted myopia lenses. The residual refractive error and retinal image quality of the corrected eyes were also
investigated.

Methods: For 120 lenses, internal lens stress was measured using a newly designed digital strain viewer (colmascope). Sixty myopic
adults (120 eyes) were recruited. The effects of internal lens stress on residual refraction and retinal image quality were evaluated
using OPD Scan III. The results were compared between loose and tight mounting and between the right and left eyes.

Results: Significant differences were observed among nine lens zones in both the right and left lenses, regardless of the mounting state
(P <0.001). The differences were mainly derived from the five vertically arranged zones (P < 0.05). Significant differences in internal
lens stress were observed between the right and left lenses (P < 0.05). No significant differences in central residual refractive error and
retinal image quality of the corrected eyes were found between the loose- and tight-mounted lenses.

Conclusion: The applied forces generated by the rim screw changed the peripheral optical performance of the mounted myopia lenses
but exerted only negligible impacts on the central residual refractive error and visual image quality.
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Introduction
Among refractive errors, myopia is currently recognized as a public health issue, with its prevalence estimated to reach
49.8% of the world population by 2050." Owing to their safety and economy, the use of spectacle lenses is one of the
most widely applied methods for myopia correction. However, these lenses may be deformed when exposed to the heat
source in the manufacturing process or when compressed by the frame rim during mounting. Plastic lenses warp mainly
after mounting because of the pressure from the spectacle frame. The effect is immediate and possibly long-lasting. The
magnitude of the dioptric power of a deformed lens depends on the design of the lens, including its thickness® and base
curves.’ As the central part of the minus lens is thinner than its peripheral part, warpage may change more significantly
under the same force in the minus lens than in the plus lens. Meanwhile, warpage affects the effective refractive power of
the minus lens, as the distance between the lens vertex and the cornea may be changed accordingly. Therefore,
a quantitative investigation of lens warpage is valuable for the prediction of the applied force during mounting and
evaluation of its effects on retinal image quality.

According to the American National Standard Z80.1-1972 (ANSI Z80-1-72), the mounted lens curves in the principal
meridians must be within 1D of the design specification. Dowaliby et al* measured bitoricity in 275 completed spectacles
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with hard resin lenses. They reported that 7% of the lenses with metal frames had deformations that exceeded the ANSI
780-1-72 standard, whereas the other frame materials had smaller deformations. Smith and Wientzen reported that the
visual effects of the 1D cylindrical warpage of the spectacle lens surface was the maximum tolerance specified in the
ANSI Z80-1-72 with respect to mounted lens warpage from the viewpoint of visual performance.’ However, the study by
Smith and Wientzen was based merely on computational methods.

Thus, the present study examined the effects of the applied forces generated by the metal frame on mounted myopia
lenses. Internal lens stress evaluated using a newly designed digital colmascope was used as an index. The effects of
internal lens stress on residual refractive error and retinal image quality were further investigated in corrected myopic

eyes.

Methods

Subjects

In this study, we recruited adult volunteer staff at the Aier Eye Hospital Group (Changsha, China) who had a corrected
monocular visual acuity of 20/20 or better, a mean spherical equivalent (MSE) of <0, and astigmatism of <3.00 D in both
eyes. Volunteers with ocular diseases (eg, cataract, strabismus, and amblyopia), a history of refractive or other ocular
surgeries, and systemic diseases were excluded. The experiment adhered to the tenets of the Declaration of Helsinki and
was approved by the institutional research board of the Aier School of Ophthalmology, Central South University. The
possible consequences of participation were explained to the participants before obtaining their oral consent for
participation in the study. All participants provided informed consent and the consent was approved by the IRB of
The Aier School of Ophthalmology, Central South University.

Procedures

All volunteers underwent a standardized examination procedure. A comprehensive ocular health examination was
performed using slit-lamp microscopy (SL-D7, TOPCON, Tokyo, Japan) and ophthalmoscopy. Subjective refraction
without cycloplegia was performed to determine the refractive prescription. CR-39 minus lenses were mounted on TR-
100 rectangular metal frames with rim screws. All lenses were from the same manufacturer (Essilor, China) and had
a refractive index of n = 1.56 and an aspheric design. The central thickness ranged from 1.15 to 2 mm. The inner
diameter of the spectacle frame was 54x18 mm. The right lenses were mounted first, followed by the left lenses. As the
rim screw was rotated to different degrees of tightness, the metal frame exerted different degrees of tangential force to the
lenses. In the present study, only two extreme circumstances of mounting stress in practice were simulated. Birefringent
pattern in the lens internal stress image with loose and tight mounting stress was shown in Figure 1. Loose mounting was
defined as tightening the frame screw just enough to keep the lens on the frame, whereas tight mounting was defined as
tightening the frame screw as much as possible without breaking the lens.

Figure | Birefringent pattern shown in the lens internal stress image with loose screw (A) and tight screw (B).
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Internal Lens Stress Measurement

In this study, a newly designed digital colmascope (Moptim, Shenzhen, China) was used to measure the internal stress of
the mounted spectacle lenses. The colmascope optical system is composed of a LED backlight board and two circular
polarizers. Image analysis software was loaded into the computer system connected to the colmascope. A set of circular
polarizers is the most notable component of the colmascope. Unlike the traditional crossed linear polarizer set, the
circular polarizer set has better repeatability and stability in evaluating internal lens stress. Briefly, the light emitted from
the LED backlight board was filtered by the first circular polarizer. Then the outgoing linearly polarized light go through
the myopia lens to be tested and the second circular polarizer. The final linearly polarized light distribution image was
analyzed using software to characterize the internal lens stress. The tested lens image was divided into nine zones by
three concentric circles and two intersecting lines. The diameters of the three concentric circles were 3, 6, and 9 mm,
respectively. The angle between the two intersecting lines was 45°. Under constant illumination, the image light intensity
of each pixel was quantized from 0 to 255, with 0 defined as the dimmest and 255 defined as the brightest. If the number
of pixels in Zone M is i, the light intensity of pixel I is XMi, and the mean brightness of Zone M is determined using the
following formula:

— X, + X, +Xor, + .-+ Xor)
Xu = -

(1

l
where X, is the mean brightness of Zone M. The variance of the light intensity of Zone M is given in the following
formula:

= \2 - \2 = \2
[(XMI ~Xu)’ + (o — Xu) + o+ (X, — X) ]

l

2

Si? =

where Sy,” is the variance of the light intensity of Zone M. The magnitude of the internal lens stress was characterized
according to the mean light intensity of each zone.

The internal lens stress was evaluated after the measurement of the optical center and vertex power of the lenses by
an automated focimeter (LM-600P, Nidek, Japan). The alignments of the three points marked on the lenses and the
lines on the load table of the digital strain tester were checked before each test. The measurements were repeated at
least 3 times. The first two of three measurements were used to assess the repeatability of the internal lens stress
measurements.

Retinal Image Quality Measurements

Residual refractive error and retinal image quality were measured using OPD Scan III (Nidek, Inc. Aichi-ken, Japan)
with the corrected spectacle in place. The measurement axis of the instrument, the optic center of each spectacle lens, and
the patient’s sight line were aligned with the pupil on the real-time image display provided by OPD Scan III. The internal
telescopic relay lenses in the OPD Scan III made the wavefront sensor optically conjugate to the spectacle plane. The
MSE of each lens was calculated by adding half the cylinder power to the sphere. The cylinder axis was computed using

the established standard notation.® Power vectors are represented by the following equations:’

Jo=— (cy lz;der) cos(2 X axis) (3)

Jis = — (cy lz;der) sin(2 x axis) 4)

where JO and J45 are computed at axis 0 and 45.

The parameters of retinal image quality, including on-axis higher-order wavefront aberrations (HOA), total modula-
tion transfer function (MTF), and point spread function, were evaluated for a 4.0-mm pupil in this study. The HOAs were
computed by expanding the set of orthogonal Zernike polynomials. The root mean square (RMS) was used to present the
magnitudes of the Zernike coefficients. All measurements were performed with natural pupils. Room lights were dimmed
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to maintain large pupil diameters. All examinations were performed by the same trained operator. The measurements
were repeated at least 3 times in each eye, and the best-focused properly aligned image was selected. As the bilateral eyes
were not compared, the measurements from both eyes of each volunteer were used for the statistical analysis.

Statistical Analysis

As determined by the Shapiro—Wilk test, all data were non-normally distributed, except the data of the two successive
measurements of the internal lens stress from 21 loose-mounted left lenses. Thus, in addition to the mean, the median
was also used for statistical description. The paired Student ¢ test was used to assess the difference between the two
successive measurements of 21 loose-mounted right lenses. The intraclass correlation coefficient was used to assess data
repeatability. The Bland-Altman method was used to calculate the 95% limits of agreement (LoA).

The paired-samples Wilcoxon signed-rank test was used to assess differences in internal lens stress, residual refractive
error, and retinal image quality parameters of the corrected eyes between loose and tight mounting. Given the internal
lens stress in the different zones, a related-samples Friedman two-way analysis was used to determine whether the
differences between the medians of the internal lens stress of the nine zones were statistically significant. Bonferroni
correction was used for post hoc analysis if the result of the overall comparison was significant. A calculated two-tailed
P value of <0.05 was considered statistically significant. All data were analyzed using the SPSS software (version 20;
SPSS, Inc., Chicago, IL).

Results

Sixty volunteers with a mean age of 26 + 4.24 years (range, 2237 years) were recruited, of whom 40 were female. The
MSE values of the right and left eyes were —4.32 &+ 1.98 D (range, —8.75 to 0.00 D) and —4.45 + 2.04 D (range, —10.63 to
—1.00 D), respectively. Agreement of the first two successive measurements of the 21 loose-mounted right lenses was
good for the digital strain viewer readings in the nine lens zones, with intraclass correlation coefficients > 0.984. The
comparison of the means of the two successive acquisitions in all lens zones is shown in Table 1. No significant
difference was found between the first two acquisitions. Bland-Altman plots of the two successive measurements in the
nine zones are shown in Figure 2.

The internal lens stress was measured in the nine zones of the tight- and loose-mounted spectacle lenses, and the
measurements with their median values are shown in Figure 3 and Table 2. The internal lens stress of the tight-mounted
spectacles was significantly elevated compared with that of loose-mounted spectacles in all nine zones (P < 0.001), as
shown in Figure 4 and Table 2. The internal lens stress in the same zone was further compared between the right and left
lenses with different mounting tightness. As shown in Table 2, the internal lens stress of the left lenses increased
significantly compared with that in the right lenses in the same zone (P < 0.05), except in Zone 1 with tight mounting,

Table | Comparison and Agreement of Two Successive Measurements Obtained with the Digital Strain Viewer

(N =21)
Zone | 15 (MeantSD) | 2"! (MeantSD) | P* ICC P® 95% LoA of A | Points out of
95% LoA [n (%)]

| 58.15+£30.22 57.87+30.20 0.387 0.999 <0.001 (-2.57, 3.13) 1 (4.76)

2 23.18+14.45 23.13%14.64 0.655 0.999 <0.001 (=1.02, 1.13) 2 (9.52)

3 25.37+11.83 25.66+11.86 0.534 0.984 <0.001 (—4.42, 3.83) 1 (4.76)

4 24.77+12.32 24.59£12.35 0.149 0.999 <0.001 (—0.94, 1.31) 3 (14.29)

5 36.1621.10 35.98+21.32 0512 0.998 <0.001 (-221,257) | 2(9.52)

6 21.20£12.93 21.11£13.09 0.486 0.999 <0.001 (-1.08, 1.27) 2 (9.52)

7 20.85+10.65 20.67+10.66 0.065 0.999 <0.001 (—0.64, 0.99) 2 (9.52)

8 22.53+12.62 22.33+12.64 0.159 0.999 <0.001 (101, 1.41) | 3(1429)

9 22.24+12.89 22.08+13.01 0.289 0.999 <0.001 (-1.17, 1.49) 2 (9.52)

Notes: *Paired-samples t test. °F test with a true value of 0 for ICC.
Abbreviations: SD, standard deviation; ICC, Intra-class Correlation Coefficients; LoA, limits of agreement; A, change.

68 https: Clinical Optometry 2023:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Li et al
< 2 -1 D e Ly g SIS Ry Sy S S S S,
------------------- e T [ ittt ittt tttittaeitatnd BT o
L J
T % . 0 oo * o —.9_\?3_0_‘__!?_9_033 _______________
% . o A . a4
®, °.. s e R
o I 8¢ T o T B i e
. . o ¢ . R B e e
o~ o @ ©
w0 0 *l o .
Y . - -
T T T T T T T ' T T T T T T T ! T T T T T
20 40 60 80 100 120 140 10 20 30 40 50 60 70 10 20 30 40 50
Zone 1 Zone 2 Zone 3
v 0 |
T D I —— o4 D S G E e E
I9 N . o~ ¢ T
o) 7o) . P hd w | o.o.
S ° e e’ "] kY ° K
1™ g .
: P o . o e t-- e EEEEEEEE R A
© 7o) * * - ] ® d v * .
c S . o
iel N
= B e e e e e e L o) e
5 e e . el . :
(| o T T T T T T T T T T ! T T T T T T T
10 20 30 40 50 60 20 40 60 80 100 10 20 30 40 50 60 70
Zone 4 Zone 5 Zone 6
L
- v | . w ol S —
o | P T[T, e T TTTTTTTTTTTT - .
- 7 .
*
g— 00.. g—'. %’ g . .
B B o e Ty T
S M ¢ ¢ w0 ¢ . wn ¢ .
Q] ?
@ | . .
T e T @ T T T T T T T s s e .' ___________________________________
o | w | 0 . *
o T T T T T o T T T T T T o T T T T T T T
10 20 30 40 50 10 20 30 40 50 60 10 20 30 40 50 60 70
Zone 7 Zone 8 Zone 9

Figure 2 Bland-Altman plots of two successive measurements obtained with the digital strain viewer in nine zones.

Average Test Result

where the internal lens stress of the left lenses was slightly higher than that in the right lenses but not statistically
significantly (¢ = 0.029, P = 0.977).

A significant difference in median internal lens stress was observed among the nine zones of the right lenses, both in
the loose-mounted spectacles (Z = 311.449, P < 0.001) and tight-mounted spectacles (Z = 339.067, P < 0.001). Similar
results were found in the nine zones of the left lenses in the loose-mounted spectacles (Z = 286.320, P < 0.001) and tight-

mounted spectacles (Z = 239.764, P < 0.001). The Bonferroni correction used as a post hoc test revealed the difference

between the horizontally and vertically arranged zones, and the statistically significant differences are shown in Figure 4.

The differences were mainly derived from the comparisons of the five vertically arranged zones (P < 0.05).

Unexpectedly, no significant difference in the central residual refractive error of the corrected eyes was found

between loose- and tight-mounted spectacles. Similarly, no significant differences in the retinal image quality parameters

of the corrected eyes, including HOA, MTF, and Strehl ratio, were observed between the loose- and tight-mounted

spectacles, as shown in Table 3.
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Figure 3 Lens zone numbering method of the mounted spectacle from the digital strain viewer image in a different mounting state (interior view). The tested lens was
divided into nine zones by three concentric circles and two intersecting lines. The diameters of the concentric circles are 3, 6, and 9 mm. The angle between the two lines is
90°. The medians of the internal lens stress in the different zones are placed inside the brackets below the zone number. (A) Loose mounting. (B) Tight mounting.

Discussion
Colmascope or polariscope is an instrument with a light source and two crossed polarizing filters designed for
determining the stress pattern of lenses. Currently, the linear polarization technique is mainly applied in strain viewers.
However, instruments using this technique could only provide qualitative data because of the characteristics of linearly
polarized light. In addition, digital technology speeds up the image acquisition and data processing of polarizers, which
make the quality control of materials easier for quantitative analysis, such as in the manufacturing of glasses and
plastics.®® The newly designed digital strain viewer with the circular polarization technique was used to improve the
repeatability of the instrument in the present study. In this study, the digital strain viewer provided reproducible results
between the measurements, with intraclass correlation coefficients ranging from 0.985 to 0.999. Therefore, the digital
strain viewer is reliable, and a single measurement appears to be sufficient.

Normally, the eyewire screw is tightened once the lens is seated. Forcibly tightened eyewire screws exert excessive
edge strain on the lens. In our study, the internal lens stress in all nine zones, measured using a colmascope, increased
significantly with tight mounting compared with loose mounting. However, the increase in internal lens stress was not

distributed evenly and symmetrically. Generally, the internal lens stress in the five zones on the vertical axis decreased
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Table 2 Description and Comparison of the Internal Stress Differences of Myopia Spectacle Lenses (N = 60)

Zone | Group Right Lenses z>> P Left Lenses z>> P z>c P
Median Min Max Median Min Max
| Loose 42.77 11.42 133.49 6.736 <0.001 58.42 20.62 223.39 6.611 <0.001 2.584 0.010
Tight 193.26 77.97 237.21 201.68 82.77 239.87 0.029 0.977
2 Loose 18.21 8.02 49.01 6.736 <0.001 23.12 10.02 108.92 6.736 <0.001 2.400 0.016
Tight 78.30 21.51 158.10 167.31 48.60 235.78 6.405 <0.001
3 Loose 14.30 8.14 65.74 6.736 <0.001 25.15 10.03 140.89 6.729 <0.001 5.057 <0.001
Tight 69.15 15.60 218.01 140.31 47.98 234.75 5.867 <0.001
4 Loose 13.55 7.80 49.88 6.736 <0.001 23.48 9.79 182.66 6.736 <0.001 4.597 <0.001
Tight 102.16 20.36 223.76 137.73 34.44 218.01 3.68l <0.001
5 Loose 25.83 7.28 88.58 6.736 <0.001 36.19 12.13 230.27 6.736 <0.001 3.018 0.003
Tight I151.16 40.49 240.63 215.21 73.58 243.83 4.572 <0.001
6 Loose 14.74 7.35 47.79 6.736 <0.001 20.41 857 137.11 6.736 <0.001 3.037 0.002
Tight 77.41 17.44 181.89 154.4 46.29 241.60 6.206 <0.001
7 Loose 12.26 7.60 51.69 6.736 <0.001 20.48 891 137.75 6.721 <0.001 4.608 <0.001
Tight 65.51 14.10 204.20 124.86 42.79 237.62 5.830 <0.001
8 Loose 13.16 717 50.79 6.736 <0.001 21.04 8.58 194.42 6.729 <0.001 4.307 <0.001
Tight 92.85 17.85 228.25 142.01 328l 231.01 4.601 <0.001
9 Loose 13.95 7.20 51.68 6.736 <0.001 21.90 8.83 162.81 6.729 <0.001 3916 <0.001
Tight 87.25 18.53 213.14 148.52 46.99 234.22 5.602 <0.001

Notes: *Paired-samples Wilcoxon signed-rank test. *"Comparison of loose and tight mounting. “Comparison of the right and left lense.

gradually from superior zone (Zone 1) to the inferior zone (Zone 7) and then increased slightly in the inferior peripheral
zone, which was near the rim of the lens (Zone 3). This trend was more obvious in the tight-mounted lenses. In the
horizontally arranged zones, the difference in internal lens stress was mainly derived from the comparison between the
symmetrical peripheral zones (zones 2 and 4) and the pericentral zones (zones 6 and 8). The temple peripheral zones
showed greater internal lens stress than the nasal peripheral zones with tight mounting. In a previous study, Peral et al
measured the effect of the tangential force on a set of CR-39 spherical lenses exerted by the circular metal rim by using
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Figure 4 Box plots of the internal lens stress distribution in the different zones. Statistically significant differences between the different zones after the post hoc tests are
marked with lines and asterisks. (A) Vertically arranged zones. (B) Horizontally arranged zones. * P<0.05.
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Table 3 Comparisons of the Central Residual Refractive Errors and Visual Image Quality Parameters of the Corrected Eyes Between Loose- and Tight-Mounted Spectacles (N = 60)

Parameter Right Lenses Left Lenses
Loose Mounted Tight Mounted z* P Loose Mounted Tight Mounted z* P
Median Min Max Median Min Max Median Min Max Median Min Max

Sphere (D) —0.25 -1.25 3.50 -0.25 -1.75 2.00 —0.761 0.446 -0.50 -3.00 325 —0.25 -1.50 325 —1.550 0.121
Cylinder (D) -0.25 -5.25 0.00 —0.25 —-2.50 0.00 —-1.872 0.061 -0.25 -5.25 0.00 —0.25 —-9.50 0.00 —0.395 0.693
J0 (D) 0.00 -2.10 1.99 0.00 -1.19 0.68 —0.589 0.556 0.00 -2.38 0.42 0.00 -1.74 1.80 —0.155 0.877
J45 (D) 0.00 —1.47 1.71 0.00 -0.87 1.05 —0.058 0.954 0.00 —-0.74 1.65 0.00 -1.80 4.70 —0.424 0.671
MSE (D) -0.50 —2.63 1.25 -0.50 -2.00 0.75 —0.434 0.664 -0.63 -3.00 0.63 -0.63 —-2.50 1.50 —0.752 0.452
MTF 30.35 15.20 108.00 33.05 2.90 97.40 —0.736 0.462 30.60 11.50 116.70 29.00 12.10 88.40 —0.368 0.713
Strehl Ratio 0.01 0.00 0.27 0.01 0.00 0.34 -1.727 0.084 0.01 0.00 0.49 0.01 0.00 0.24 —-0.244 0.807
3rd-order RMS 0.15 0.03 1.90 0.16 0.03 4.44 —0.788 0.431 0.18 0.02 1.24 0.18 0.03 2.02 —-1.104 0.269
4th-order RMS 0.09 0.03 0.86 0.08 0.01 1.03 —0.687 0.492 0.08 0.03 0.85 0.08 0.04 3.19 —-1.620 0.105
Total HOA 0.20 0.06 2.09 0.18 0.04 4.55 -0.883 0.377 0.20 0.04 1.43 0.19 0.07 3.45 —1.244 0.213
Combined coma 0.06 0.01 0.30 0.05 0.00 0.60 -0.314 0.754 0.05 0.00 0.30 0.06 0.01 1.50 —-0.985 0.325
Horizontal coma -0.01 0.30 0.08 -0.01 -0.34 0.10 -0.247 0.805 -0.01 -0.27 0.22 -0.02 -1.43 0.55 -1.302 0.193
Vertical coma -0.01 -0.10 0.15 -0.02 -0.50 0.11 —0.684 0.494 0.00 -0.14 0.23 0.0l -0.44 0.17 —0.422 0.673
Combined trefoil 0.15 0.03 1.90 0.16 0.03 4.44 —-0.788 0.431 0.18 0.02 1.24 0.18 0.03 2.02 —-1.104 0.269
Spherical aberration 0.00 -0.25 0.22 —0.01 -0.22 0.32 —0.654 0513 -0.01 -0.50 0.11 —0.01 -0.91 0.99 —0.005 0.996

Note: *Paired-samples Wilcoxon signed-rank test.
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the moiré technique.”’ The researchers found strong aspherization at the outer regions of the lens surfaces, whereas the
on-axis astigmatism was small. In agreement with their study, our results also show that the internal lens stress was
uniform across the different lens regions. Nevertheless, we observed that the internal lens stress distribution was not
centrosymmetric, with significant variation on the vertical axis. This may be due to the fact that instead of circular
frames, rectangle frames were used in the present study, resulting in a more asymmetrical compression of the lens
regions. Various factors can further influence lens stress pattern, including the shape of the transition between adjacent
lens sides, the design of the lens edge, and the location of the rim screw of the quadrilateral lenses. First, lens stress may
be distributed more evenly in lenses with a smooth and gradual transition than in those with an abrupt transition. Second,
the stress distribution is also affected by the shape and thickness of the edge. Finally, the impact of the rim screw location
should not be neglected. The stress may be concentrated around the screw corner. Therefore, when evaluating a mounted
eyewire, it is important to consider that lens stress patterns can be affected by comprehensive factors.

We compared the internal lens stress of the same zone between the right and left lenses, both with different levels of
mounting stress; the internal lens stress of the left lenses was significantly elevated compared with that of the right lenses.
This may be related to the lens mounting sequence of the spectacles. In our study, right lenses were mounted before left
lenses, as in actual practice. As a result, the second lens was usually unconsciously mounted more tightly than the first
lens. In spite the significantly elevated internal lens stress in the two superior periphery zones (zones 1 and 5), the effect
superimposed on the central residual refractive error was very small. Smith et al reported that the contribution of lens
warpage to vertex power and effective power errors was relatively small for the negative prescriptions, whereas the
variation of image distortion increases extremely rapidly with a given prescription for an increased eye spectacle size.’
Consistent with the previous study, the effect of internal lens stress variation was limited in the central of the minus lens
in terms of the retinal image quality parameters evaluated in our study. Although the internal stress in the superior
periphery lens zones changed drastically, it was not large enough to distort the central retinal image.

Therefore, two points should be emphasized when assembling spectacles. First, the frame should be fitted properly. It
is not clinically rare that a wearer does not likely tolerate spectacles with poorly fit frames, even if the prescription is
correct.'® For conventional eyewear, the frame height is based on the combination of the eye, eyebrow, and orbit
positions. Normally, the optical center does not remain in the middle of the lens once it has been edged. However, in any
case, the frame should be fitted at a height that conforms to standards to make sure that each lens of a corrective eyewear
is positioned with its optical center in front of the eye. If the optic axis of the lens passes through the center of the pupil,
the lens is centered in front of the eye. The optic center should be in line with the pupil center, whereas the lens optic
center should be located within 2 mm vertically around the geometric center. This prevents the wearer from looking
through the upper area with high internal stress, which may cause a bad visual image that may result in discomfort with
the vision experience. Second, forcibly tightening the screw should be avoided when assembling spectacles, as this may
place excessive stress on the lens. In an eyewear with an overly tightened screw, the lens may chip along the edge if
struck if made of glass or may warp if made of plastic. Excessive edge strain should be checked using a colmascope.''
Lens warping from eyewire pressure may cause lens damage, especially from its long-term effect. Therefore, excessive
compression should be avoided in the mounting process of CR-39 lenses in actual practice to ensure the safety of the
spectacles when worn.

Conclusion

In conclusion, the internal lens stress measurements provided by this newly designed digital colmascope have good
repeatability. The applied forces generated by the rim screw changed the peripheral optical performance of the mounted
myopia lenses but exerted a negligible impact on the central residual refractive error and visual image quality. Although
these effects were negligible, the proper fitting of the spectacles should be emphasized in consideration of wearing
comfort. Tight mounting should be avoided, as excessive compression on the lenses may cause lens damage over time.
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