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ABSTRACT

Introduction: This study aimed to compare the
accuracy of seven implantable collamer lens
(ICL) implantation vault prediction formulae.
Methods: We retrospectively analyzed 328
patients (328 eyes) who underwent ICL implan-
tation and the prediction accuracy of seven for-
mulae: NK, KS, WH, Luo, Zhu, Hun, and ZZ were
compared. Moreover, the accuracy of the seven
formulae for different ICL sizes was compared.
The formulae were tested using mean absolute
prediction error (MAE), median absolute predic-
tion error (MedAE), prediction error (PE) per-
centages at ± 50 lm, ± 100 lm, ± 200 lm,
and ± 300 lm, and Bland-Altman analysis.
Results: The PE of the seven formulae were
statistically significant (P\ 0.001). The KS
(101.00 lm) and WH formulae (116.65 lm) had
the smallest MedAE, followed by the Luo
(123.62 lm), NK (141.50 lm), Hun (152.68 lm),
ZZ (196.00 lm) and Zhu formula (225.98 lm).

The highest percentage of PE in the range of ±
300lm was 94.3% and 93% for the KS and WH
formulae, respectively. Among the different ICL
size groupings, the KS formula predicted the
smallest MedAE for 12.1 mm and 12.6 mm,
whereas the Luo and WH formulae predicted
the smallest MedAE for 13.2 mm and 13.7 mm,
respectively.
Conclusions: The KS and WH formulae pro-
vided better outcomes by predicting the vault
with higher accuracy than of the NK, Hun, Luo,
ZZ, and Zhu formulae.
Trial Registration: ChiCTR2200065501.

Keywords: Formula comparison; Implantable
collamer lens; Implantable collamer lens vault
prediction; Prediction error; Vault

Hua Wang and Ding-juan Zhong are considered co-
corresponding authors.

H. Wu � D. Luo � J. Chen � H. Wang (&) � D. Zhong
(&)
Department of Optometry and Ophthalmology,
Hunan Provincial People’s Hospital, The First
Affiliated Hospital of Hunan Normal University, No.
61 West Jiefang Road, Changsha, China
e-mail: wanghuaeye@163.comD. Zhong
e-mail: zdjlxx@163.com

Ophthalmol Ther (2024) 13:237–249

https://doi.org/10.1007/s40123-023-00844-4

http://orcid.org/0000-0002-9036-622X
http://orcid.org/0000-0002-6464-0555
http://crossmark.crossref.org/dialog/?doi=10.1007/s40123-023-00844-4&amp;domain=pdf
https://doi.org/10.1007/s40123-023-00844-4


Key Summary Points

Why carry out this study?

Vault prediction is a popular research
topic in the field of implantable collamer
lens (ICL) implantation. Recently, many
researchers have derived vault prediction
formulae; however, comparative studies
validating these formulae are lacking.

Our study aimed to compare the accuracy
of the NK, KS, WH, Luo, Zhu, Hun, and ZZ
formulae in predicting the vault and to
provide guidance for clinical applications.

What was learned from the study?

We found that KS and WH formulae have
the lowest median absolute prediction
error (MedAE) and highest percentage of
prediction error (PE) range of ± 300 lm,
and the difference between predicted and
actual vault is smaller.

The KS and WH formulae were more
accurate than the NK, Zhu, Luo, Hun, and
ZZ formulae and provided good vault
predictions.

INTRODUCTION

Implantable collamer lens (ICL) (STAAR Surgi-
cal, Monrovia, CA, USA) implantation involves
the implantation of an artificial lens into the
posterior chamber while preserving one’s own
lens to correct a patient’s refractive error. The
advantages of ICL include a wide range of
refractive error corrections, good postoperative
visual quality, safety, and stability [1–3]. ICL has
been extensively used to correct high myopia
and has also recently been used for treating
patients with low-to-moderate myopia [4].

The most widely used clinical model is the
ICL V4c, which is able to avoid laser peripheral
iridotomy because of its 360-lm central hole
design that promotes intraocular aqueous

circulation. Although ICL V4c reduces the risk
of postoperative complications associated with
this procedure [5], postoperative safety cannot
be ignored. The vault is the central vertical
distance between the posterior surface of the
ICL and the anterior surface of its own lens and
is the most important indicator of the safety of
the procedure, with a vault that is either too
high or too low causing serious complications.
If the vault is too low, anterior subcapsular
cataracts and ICL rotation can occur [6]. If the
vault is too high, it can lead to closed-angle
glaucoma, corneal endothelial decompensa-
tion, and Urrets-Zavalia syndrome [7, 8]. Inap-
propriate postoperative vault is the primary
cause of secondary ICL implantation [9]. Sec-
ondary ICL implantation means that ICL
replacement or adjustment of ICL position in
the eye is required to avoid serious conse-
quences. Secondary ICL implantation increases
the burden on the patient, necessitating the
importance of preoperative vault prediction for
ICL implantation.

Recently, many researchers have published
vault prediction formulae based on preoperative
ocular and ICL-related parameters, such as ICL
size, angle-to-angle diameter (ATA), crystalline
lens rise (CLR), and ciliary sulcus angle (CSA)
[10–13]. The predicted vault values were derived
by substituting the relevant parameters for the
clinician’s preoperative reference. However,
relevant studies that further validate and com-
pare the formulae predictability and accuracy of
these formulae are lacking. Therefore, clinicians
may lack references when using these formulae.

Therefore, this study aimed to compare the
accuracy of various vault prediction formulae in
predicting postoperative vaults. The following
seven prediction formulae were evaluated: NK,
KS, WH, ZZ, Luo, Hun, and Zhu.

METHODS

Participants

This retrospective study included 338 eyes from
338 individuals who underwent ICL implanta-
tion (EVO ICL Model V4c) at the Department of
Optometry and Ophthalmology, Hunan
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Provincial People’s Hospital, between March
2022 and May 2023. Only the right eye was
analyzed. The study was approved by the Ethics
Committee of Hunan Provincial People’s
Hospital (approval no. 2022–141) and was
conducted in accordance with the Declaration
of Helsinki. This study was registered with the
Chinese Clinical Trial Registry (https://www.
chictr.org.cn/; registration number:
ChiCTR2200065501). Informed consent was
obtained from all the patients. Patients who
met the following criteria were included: (1)
aged between 18 and 45 years; (2) corneal
endothelial cell count C 2000 cells/mm2; (3)
anterior chamber depth C 2.80 mm; (4) hori-
zontal placement of all non-toric ICL and hor-
izontal rotation axis of the toric ICL (TICL)
of B 10�. Patients with a history of ocular dis-
eases, such as glaucoma, keratoconus, history of
intraocular surgery, and ciliary body cysts, were
excluded.

All the patients underwent a comprehensive
preoperative eye examination, including visual
acuity, subjective and objective optometry, slit-
lamp microscopy, intraocular pressure, and
retinal examination. To avoid the influence of
accommodation on the vault [14], all the mea-
surements were recorded in a natural light
environment with a stable light source. The
axial length (AL) and horizontal white-to-white
diameter (WTW), photopic pupil diameter
(PPD), ATA, anterior chamber width (ACW),
CLR, lens thickness (LT), and anterior chamber
depth (ACD) were measured using the AL-Scan
(NIDEK, Japan), Sirius (CSO, Italy), and AS-OCT
(CASIA2, Tomey, Japan), respectively. Horizon-
tal sulcus-to-sulcus distance (HSTS), vertical
sulcus-to-sulcus distance (VSTS), and CSA were
measured using ultrasound biomicroscopy
(UBM) (Suoer, Tianjin). The actual vault at 3
months postoperatively was measured using AS-
OCT. All the data were averaged over three
measurements by an experienced physician.

We used the WTW and ACD measurements
to select the ICL V4c size based on the manu-
facturer’s nomogram. ICL V4c power was
obtained from an online calculator provided by
the manufacturer (https://evo-ocos.staarag.ch).
A single surgeon (Hua Wang) performed the
entire surgery by creating a 3.0-mm clear

corneal incision, implanting the ICL, and
adjusting the four footplates of the ICL to the
posterior chamber with a special adjustment
hook, as described in our previous study [10].

Vault Prediction Formula Calculation

Using the collected data, the predicted vault of
the seven formulae were back-calculated. The
vault prediction equations used for comparison
in this study are as follows:

1. The NK formula is based on ACW and CLR
for the prediction of vault; the vault pre-
diction values were automatically obtained
from CASIA2 AS-OCT [13].

2. The KS formula is based on ICL size and
ATA for the prediction of vault; the pre-
dicted vault values were automatically
obtained from CASIA2 AS-OCT [12].

3. The ZZ formula, based on HSTS, VSTS, and
LT for the prediction of vault; predicted
vault values were obtained by utilizing data
from the website (http://www.zzcal.com)
[15].

4. The WH formula is based on the ICL size,
ATA, CLR, and CSA for vault prediction.
Vault (lm) = 414.98 9 ICL size (mm) -
111.78 9 ATA (mm) - 0.59 9 CLR (lm) -
3.12 9 CSA (�) - 3,119.43 [10]. The pre-
dicted vault was obtained by inputting the
actual implanted ICL size, ATA, CLR, and
CSA into Excel (2021, Microsoft Corp.).

5. The Zhu formula, based on ICL size, HSTS,
VSTS, and LT, was used to predict the vault.
Vault (lm) = -1369.05 ? 657.121 9 ICL
size (mm)—287.408 9 HSTS (mm)—
432.497 9 LT (mm)—137.33 9 VSTS (mm)
[11]. The predicted vault was obtained by
inputting the actual implanted ICL size,
HSTS, VSTS, and LT into Excel.

6. Luo’s formula is based on ICL size, ACD,
and ATA for the prediction of the vault.
Vault (lm) = – 1279 ? 291 9 ACD (mm) ?
210 9 ICL V4c size (mm ) — 144 9 ATA
(mm) [16]. The predicted vault was
obtained by inputting the actual implanted
ICL size, ACD, and ATA into Excel.

7. The Hun formula is based on ACD, PPD,
and AL for the prediction of the vault. Vault
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(lm) = -784 ? 0.171 9 ACD (mm) ? 38 9

PPD (mm) ? 17 9 AL (mm) [17]. The pre-
dicted vault was obtained by inputting
ACD, PPD, and AL into Excel.

Statistical Analysis

The actual vault at 3 months postoperatively
minus the formula-predicted vault was consid-
ered the prediction error (PE). Indicators for
evaluating formulae also include standard
deviation (SD), absolute prediction error (AE),
mean absolute prediction error (MAE), median
absolute prediction error (MedAE), and

percentage of PE
within ± 50 lm, ± 100 lm, ± 200 lm,
and ± 300 lm.

A subgroup analysis was performed by cate-
gorizing the patients into four groups based on
the ICL size (12.1 mm, 12.6 mm, 13.2 mm, and
13.7 mm).

All data were analyzed and processed using
SPSS software version 25.0 (IBM, Armonk, NY,
USA). Normally distributed data were tested
using the Shapiro-Wilk test. The Friedman test
was used to compare the PE differences between
the seven formulae, and post-hoc comparisons
were performed using the Wilcoxon signed-
rank test with Bonferroni correction. The

Table 1 Patient demographics and characteristics

Characteristics Mean – SD 95% CI Range

Age (years) 26.26 ± 5.93 25.45–27.08 18,45

Sex (male/female) 98/240

WTW (mm) 11.75 ± 0.36 11.71–11.79 10.69,12.86

ACD (mm) 3.25 ± 0.23 3.22–3.27 2.80,3.92

ATA (mm) 11.71 ± 0.39 11.67–11.75 10.52,12.63

ACW (mm) 11.72 ± 0.37 11.68–11.76 10.38,13.02

CLR (lm) 34.51 ± 159.77 17.39–51.63 -467,492

LT (mm) 3.67 ± 0.64 3.60–3.74 2.60,4.70

HSTS (mm) 11.61 ± 0.38 11.57–11.65 10.57,12.66

VSTS (mm) 12.08 ± 0.39 12.03–12.12 11.04,13.11

CSA (degrees) 54.24 ± 13.64 52.78–55.71 10.00,124.25

PPD (mm) 3.92 ± 0.60 3.86–3.99 2.56,6.40

AL (mm) 26.79 ± 1.29 26.65–26.93 23.48,31.06

ICL size (mm)

12.1 72 (21.3%)

12.6 213 (63.0%)

13.2 39 (11.5%)

13.7 14 (4.2%)

WTW white-to-white diameter; ACD anterior chamber depth; ATA angle-to-angle diameter; ACW anterior chamber
width; CLR crystalline lens rise; LT lens thickness; HSTS horizontal sulcus-to-sulcus diameter; VSTS vertical sulcus-to-
sulcus diameter; CSA ciliary sulcus angle; PPD photopic pupil diameter; AL axial length; ICL implantable collamer lens; SD
standard deviation; CI confidence interval
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Cochran’s Q test was used to compare the per-
centage of eyes with a PE
within ± 50 lm, ± 100 lm, ± 200 lm,
and ± 300 lm. A Bland-Altman plot was used to
evaluate the agreement between the actual and
predicted vaults. Bilateral P\0.05 was consid-
ered statistically significant.

RESULTS

Demographics and Biometry Data

This study included 338 individuals (338 eyes),
comprising 98 men and 240 women (mean age:
26.26 ± 5.93 years). Of them, 245 and 93
patients had ICL and TICL, respectively. Table 1
summarizes the preoperative data of the
patients and the intraoperative sizes used.

Prediction errors of all formulae

Comparisons of the PE of all seven formulae
were statistically significant (P\ 0.001, Fried-
man’s test). In the post hoc comparisons of AE
between formulae, all comparisons were

statistically significant (all P\ 0.001), except for
the differences between the WH and KS for-
mulae, the Zhu and ZZ formulae and the Luo
and NK formulae, which were not statistically

Table 2 Prediction performance for each formula in all patients (N = 328)

Formula PE – SD (lm) MAE
(lm)

MedAE
(lm)

% of eyes within PE range a

– 50 lm
(%)

– 100 lm
(%)

– 200 lm
(%)

– 300 lm
(%)

KS 46.38 ± 154.48 126.55 101.00 23.4 49.7 79.9 94.5

WH -41.65 ± 157.01 131.45 116.65 22.8 43.2 80.5 93.5

Luo -68.37 ± 157.97 142.01 123.62 20.4 42.3 75.7 91.7

NK 54.01 ± 185.08 156.20 141.50 19.8 36.7 68.9 88.2

Hun 174.00 ± 169.99 192.01 152.68 19.2 33.4 58.9 76.6

ZZ 172.01 ± 234.87 237.48 196.00 13.0 23.4 50.9 70.3

Zhu 215.46 ± 191.47 241.23 225.98 10.7 23.7 45.3 65.7

The PE, MAE, MedAE, SD, and percentage of eyes with PE within ± 50 lm, ± 100 lm, ± 200 lm, and ± 300 lm for
each of the seven formulae. The best MedAE value was found for KS (101.00 lm) and WH (116.65 lm) formulae; the
worst result was produced by the ZZ (196.00 lm) and Zhu (225.98 lm) formulae
a = Cochran’s Q test was run to determine whether there were differences in proportion of eyes with a PE
within ± 50 lm, ± 100 lm, ± 200 lm, and ± 300 lm of the formulae included. PE
within ± 50 lm, ± 100 lm, ± 200 lm, and ± 300 lm were statistically significantly different, P\ 0.001
PE prediction error; SD standard deviation; MAE mean absolute prediction error;MedAE median absolute prediction error

Fig. 1 Distribution of the absolute prediction error.
Formulae are ranked according to the median absolute
prediction error, increasing from left to right. In the post
hoc comparisons of absolute prediction error between
formulae, all comparisons were statistically significant
(P\ 0.001), except for the differences between the WH
and KS formulae, the Zhu and ZZ formulae, and the Luo
and NK formulae, which were not statistically significant
(P[ 0.05)
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significant (P = 0.218, P = 0.216, and P = 0.06,
respectively). Because the AE values of all for-
mulae were non-normally distributed (P\0.05
using Shapiro-Wilk test), MedAE was used to
evaluate the magnitude of error for each for-
mula. The magnitude of error of each formula
was evaluated based on SD and ME to determine
whether the MedAE was similar between for-
mulae. According to the MedAE comparison,
the seven formulae from the smallest to largest
error are: KS (101.00), WH (116.65), Luo
(123.62), NK (141.50), Hun (152.68), ZZ
(196.00), and Zhu (225.98). MedAE was similar
in both KS and WH formulae; however, MAE
and SD in the KS formula were lower (MAE:
126.55 and SD: 154.48) than in the WH formula
(MAE: 131.45 and SD: 157.01). A comparison of

the seven formulae (PE, MAE, and MedAE) is
shown in Table 2 and Fig. 1.

Figure 2 shows the agreement between the
actual and predicted results for the seven for-
mulae. The 95% limit of agreement (LoA)
between the actual vault and the KS formula for
predicted vault (mean ± SD) is the narrowest at
– 256.40 to 349.16 lm (46.38 ± 154.48 lm),
followed by the WH formula: – 349.39 to
266.09 lm (– 41.65 ± 157.01 lm). The 95% LoA
between the actual vault and the ZZ formula for
predicted vault (mean ± SD) is the widest at –
288.34 to 632.36 lm (172.01 ± 234.87 lm).

Percentages of PE
within – 50 lm, – 100 lm, – 200 lm,
and – 300 lm
The difference in the percentage of PE
within ± 50 lm, ± 100 lm, ± 200 lm,
and ± 300 lm was statistically significant for all
seven formulae (all P\0.001). More than 90%
of the patients with the KS, WH, and Luo for-
mulae had a PE within ± 300 lm. The KS for-
mula yielded the highest percentage
of ± 50 lm, ± 100 lm, and ± 300 lm at 23.4%,
49.7%, and 94.5%, respectively. The highest
percentage of ± 200 lm was 80.5% for the WH
formula. Figure 3 and Table 2 show the specific
distributions.

Subgroup Analysis According to ICL Size
Figure 4 shows the comparison of formulae by
different ICL sizes and the MedAE line graphs of
the seven formulae. The majority of the formula
errors increase when selecting a large size (13.2,
13.7 lm). The KS formula error was minimized
when 12.1 and 12.6 mm were selected with a
MedAE of 78.50 and 110.00, respectively; the
Luo formula error was minimized when
13.2 mm was selected with a MedAE of 99.89;
the WH formula prediction error was mini-
mized when 13.7 mm was selected with a
MedAE of 101.67. The seven formulae with
different ICL sizes for the PE, SD, MAE, and
MedAE are listed in Table 3.

Fig. 3 Stacked histogram comparing the percentage of
cases with a given prediction error. Formulae are ranked
according to the higher percentage for the prediction error
within ± 50 lm

Fig. 4 Line graph of median absolute prediction error for
the seven vault prediction formulae vs. implantable col-
lamer lens size. ICL implantable collamer lens
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DISCUSSION

Vault after ICL implantation is a major clinical
concern. Previous studies focused on size selec-
tion by creating size-selection formulae [18–20].
However, ICL size is not a continuous numeri-
cal variable, and only four ICL sizes are cur-
rently available (12.1, 12.6, 13.2, and 13.7 mm),
which limits the choice of size. Therefore, direct
prediction of the vault after ICL implantation
has been proposed to improve the safety of the
procedure while indirectly guiding the selection
of ICL sizes [10, 16]. Therefore, in recent years,
many researchers have developed vault predic-
tion formulae for clinicians to use as references
to further quantify postoperative predictions. In
this study, we compared the current clinically
published vault prediction formulae for the first
time, including the KS, WH, Luo, NK, Hun, ZZ,
and Zhu formulae, and found that the KS and
WH formulae were more accurate than the
other formulae.

The results of this study showed statistically
significant differences in the PE among the
seven formulae. This confirms that the seven
formulae exhibit differences in their overall
predictability. The seven formulae referenced
different metrics for prediction, including the
ICL size, ATA, PPD, and AL, and the study
showed that there was a difference in the mag-
nitude of the effect of these parameters on the
vault [21–23], which may have contributed to
the differences in predictions between the for-
mulae. In this study, the KS formula was the
most predictive, followed by the WH and Luo
formulae. Although in the ranking of the
regression model fit of the three formulae, the
KS formula had the lowest coefficient of deter-
mination of 0.41, and the WH and Luo formu-
lae were 0.67 and 0.66, respectively [10, 12, 16].
This is because the KS formula incorporates
fewer predictors than the WH and Luo formu-
lae. This demonstrates that the KS formula is
simpler and more accurate for clinical applica-
tions. All three formulae predictors included the
ICL size. Several factors, such as ICL size, ACD,
and CLR, influence the postoperative vault,
with ICL size being recognized as the most
critical factor [24, 25]. Therefore, the three

formulae that incorporated ICL size were the
most predictive. In addition, all three formulae
included the ATA, and the theoretical STS was
more vault-predictive when the haptic was
located within the posterior ciliary sulcus after
ICL implantation. However, STS can currently
only be obtained from UBM measurements, and
the interobserver and interdevice repeatability
of UBM is poor for contact checking, which is
inconvenient [26, 27]. ATA is the distance
between the angle recesses, and some studies
have shown a higher correlation between ATA
and STS than between ATA and WTW [28]. ATA
can be objectively measured using AS-OCT, and
the repeatability of ATA measurement is high
[12]. For ocular transverse size, the ATA may be
a better choice. We can reference the ATA for
ICL size selection and vault prediction. In this
study, the ZZ and Zhu formulae were less pre-
dictive than the other formulae. The actual
vault is higher than the predicted vault. The
lower predictability could be because both for-
mulae included STS in the predicted parameters.
Therefore, prediction formulae that include STS
should be used with caution between different
centers. Meanwhile, both the ZZ and Hun for-
mulae incorporate LT. LT affects vault and is
negatively correlated with the vault [29]. The LT
size correlates with age and conditioning, with
the LT becoming thicker as age progresses [30].
Most patients in this study were young, the LT
was not thick, and the measurements were
performed under a stable light source with no
induced conditioning to cause the crystal to
become convex, which may have contributed to
the actual vault being higher than the predicted
vault.

Achieving error-free vault prediction is
impossible and unnecessary; errors within a
certain range are acceptable. Therefore, we
evaluated the PE range to maintain the error
between the actual and predicted vaults within
a certain range. In this study, the PE of the KS
and WH formulae had the highest range
of ± 300 lm. The vault prediction formulae,
when used as an indirect guide for sizing, are
often based on the sizing inputs corresponding
to the 500-lm predicted value for final sizing.
Therefore, sizing based on the KS and WH for-
mulae will result in more patients with a
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postoperative vault within 500 ± 300 lm, with
the highest percentage of patients achieving the
ideal postoperative vault (250–750 lm). How-
ever, future prospective studies are required to
validate this finding. A postoperative vault
within the range of 250–1000 lm is relatively
safe [28, 31]. Therefore, a high vault, within a
certain postoperative range, may be safer than a
low vault. Based on this viewpoint, the PE in
this study showed that all formulae except the
WH and Luo formulae predicted a low vault,
and the prediction of the postoperative vault
based on the WH and Luo formulae would be
higher and possibly safer. In addition, we
grouped the sizes to determine the magnitude
of formula errors. Most formulae showed an
increase in prediction error as the size increased,
which may be related to the fact that fewer
patients with large sizes were included in this
study. However, Ando [32] validated the NK and
KS formulae and found that prediction error
increases with increasing size, which is similar
to the results of this study.

This study provides guidelines for clinicians
in this regard. First, the results demonstrated
the size of each PE formula, and all ICLs in the
included patients were placed horizontally,
controlling for the effect of orientation on the
vault [33]. This provides indirect guidance for
the application of the formula. For instance,
when choosing the Zhu formula for a 12.6-mm
implant with a PE of 205.50 lm, implantation
direction can be tilted to reduce the vault and
minimize the error of the formula. This
improved the accuracy of Zhu’s formula for
future use. Second, the formulae used in this
study included multiple eye parameters. How-
ever, physicians often only consider the WTW
and ACD for ICL sizing. Patients with abnormal
morphology may have suboptimal postopera-
tive vaults [17, 28]. These patients were referred
to the findings of this study. For example, a
patient with an abnormal CSA observed on
UBM could refer more to the WH formula for
vault prediction. Third, we compared the results
for different ICL sizes using the formulae. When
both formulae recommend an ICL size of
12.1 mm, we can refer more to the results of the
KS formula. The KS formula provided the most

accurate prediction when a 12.1-mm ICL size
was chosen.

This study had several advantages, except for
the STS measurements, which were measured
preoperatively using devices with high repro-
ducibility [12, 34, 35], such as Sirius, CASIA2,
and AL-SCAN, and the formula prediction
parameters were obtained reliably. The Hun
formula used in this study has not been previ-
ously validated [17], and our study was the first
to validate it. In addition, some formulae
[10, 12, 13, 15] that were previously validated
with small sample sizes were revalidated with
adequate sample sizes, thereby providing con-
vincing conclusions. Our study had some limi-
tations. The 13.7-mm size included in this study
is small, and larger samples should be added in
the future. Most patients were Asians, and there
were differences in the measurements of ocular
parameters between the different races [36]. The
results of this experiment should be applied to
other races with caution; however, the seven
prediction formulae used in this study were
established based on Asian populations, which
reduced the prediction error due to interracial
differences in this study. Finally, we were
unable to compare all the currently published
vault prediction formulae because some studies
did not disclose their formula parameters;
therefore, we did not have access to the pre-
dicted values of these formulae.

CONCLUSION

Among the seven prediction formulae, the KS
formula was the best for predicting the vault
after ICL implantation, followed by the WH
formula. Moreover, the KS formula was most
accurate when 12.1 mm and 12.6 mm were
selected, the Luo formula was most accurate
when 13.2 mm was selected, and the WH for-
mula was most accurate when 13.7 mm was
selected.
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