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Purpose: To investigate the reasons for wasting orthokeratology (OK) lenses

due to breakage or loss, providemore comprehensive guidelines for the clinical

care of lenses andminimize time and costs for patients due to excessive broken

and lost lenses.

Methods: A survey was administered to clinic outpatients who had broken or

lost their OK lenses before the regularly scheduled replacement cycle (1–1.5

years). The association between the frequency of OK lens breakage and daily

care was assessed using Fisher’s exact test and multivariable ordered logistic

regression analysis.

Results: A total of 306 valid questionnaires were collected. Among the

subjects, 141weremale, and 165were female, with amean age of 10.57± 2.00

years (range: 6–18 years). In the investigation of the causes of OK lens waste,

81.4% of the patients reported lens breakage, 13.1% lost their lenses, and 5.6%

of patients experienced both fragmentation and lens loss. More than half of the

patients (52.90%) used incorrect lens cleaning techniques. In further analysis

of the relationship between the frequency of OK lens fragmentation within

a year and daily care habits, a significant di�erence was observed between

the caregiver (P = 0.03) and whether the lenses were cleaned promptly after

removal (P < 0.001). Mothers as daily caregivers of OK lenses had a lower

frequency of fragmentation in a year compared to nanny or grandparents (P =

0.014, OR= 0.33, 95%CI= 0.13, 0.80). The failure to clean the lenses according

to eye care practitioners’ guidance was a risk factor for the frequent breakage

of OK lenses (P < 0.001. OR = 5.29, 95% CI = 3.15, 8.89).

Conclusions: The causes of OK lens waste were mainly attributed to

caregivers, care practices and some unexpected situations that can be avoided

through optometrists’ reminders. Regardless of the reasons for noncompliant

behavior leading to breakage or loss of OK lenses, all of the complications

can probably be addressed by better and more frequent reinforcement of

care procedures by practitioners. Better clinical guidance measures and more

frequent reminders could prevent a large proportion of abnormal waste of

OK lenses.
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Introduction

Myopia is the most common type of refractive error.

Currently, uncorrected refractive error is one of the leading

causes of visual impairment worldwide (1, 2). Over the past

30 years, the prevalence of myopia has increased annually

worldwide, particularly in East and Southeast Asia, with

prevalence rates of 15–49% in adults and 20–90% in children

and adolescents (3–5). In China, myopia has become a “national

disease.” The total number of people with myopia in China is

approximately 600million, and the prevalence of myopia among

university students is as high as 95.5% (6); the incidence of

myopia is trending younger, and the age of peak myopia growth

also tends to be younger (6).

The orthokeratology (OK) lens is an effective optical method

for controlling myopia progression in clinical practice (7–9).

The highly gas-permeable rigid materials; and reverse geometry

designed OK lenses are worn overnight to induce a flattening of

central corneal curvature to temporarily correct myopia and are

removed upon waking to provide reasonable vision throughout

most of an individual’s waking hours (10). The central thickness

of the OK lenses is often very thin to ensure that the lenses

are worn overnight at the oxygen transmissibility (DK/L) value

required to ensure the oxygen supply and health of the cornea,

which makes the lenses fragile (11).

The usual clinical recommended interval for lens

replacement is 1–1.5 years (12), and failure to replace them in a

timely manner may affect the physical and chemical properties

of the lenses and cannot ensure corneal health (9, 13, 14).

However, if a lens is accidentally lost or broken before it is due

for replacement, this can result in additional costs of time and

financial burdens are required for the patient. In the clinical

application of optometry in China, imported brands of OK

lenses occupy a large market share, which means that many

lenses are produced abroad and then transported to China.

The production and transportation process usually takes more

than 1 month. Few studies have investigated the causes and

probability of abnormal loss of OK lenses, but broken and lost

lenses are a common occurrence.

Recently, due to the effect of strict global policies in response

to the COVID-19 pandemic, the transportation of imported

OK lenses has been substantially blocked (15, 16), and the

waiting time has increased (to 3 months or more), and thus an

estimation of the exact time at which the lenses will arrive is

difficult. Thus, the loss of lenses poses a problem for wearers.

Not wearing the lenses will affect not only a child’s vision during

the day, but also, more importantly, the effect on controlling

the axial length exerted by the lens (17, 18). Thus, studies

investigating the common causes of fragmentation and loss

of OK lenses are needed. In the present study, we aimed to

investigate the causes of abnormal waste of OK lenses and to

provide more detailed and comprehensive education to patients

when distributing lenses to ensure that children and parents

better understand the process of daily lens care, avoid risks and

reduce the incidence of lens loss.

Materials and methods

Data collection

Patients who had been fitted with OK lenses at the Peking

University People’s Hospital were invited to participate in a web-

based questionnaire survey on the Wenjuanxing platform from

November 2021 to May 2022. Using this online platform, all

survey items were set for mandatory completion before a user

could submit their responses. This approach resulted in 100%

completion of all items and prevented the problems associated

with missing data. Three hundred six individuals completed

the questionnaire, and all were valid questionnaires (all

questionnaires were completed by the patient’s guardian). Each

patient was provided with a unique ID to ensure confidentiality.

Submitted questionnaires automatically populated a sheet,

which avoided manual entry errors and enabled the rapid

collection of data for analysis. Before the questionnaire was

released, it was sent to four eye care practitioners at Peking

University People’s Hospital (who had worked in the optometry

field for more than 5 years) for modification and to ensure that

the questions and answers were reasonable. Next, a pilot study

was performed with 20 participants to test the comprehensibility

of questions and to modify statements in the questionnaire that

patients considered ambiguous or obscure.

The questionnaire (Supplementary material) contained

the following contents: patient demographic information,

the brand of OK lenses, the independence of wear and

care of the lenses, the reasons for missing or broken

lenses, the frequency of occurrence of OK waste, the time

of occurrence of OK wastes, top concerns of patients

and guardians after lens waste, the frequency of follow-

up appointments, and daily wear and care behaviors.

This study was conducted in compliance with the tenets

of the Declaration of Helsinki and was approved by

the Medical Ethics Committee of Peking University

People’s Hospital.

Statistical analysis

All statistical analyses were performed using SPSS version

19.0 (SPSS, Inc., Chicago, Illinois, USA) and GraphPad

Prism 9.0 software (GraphPad, Inc., USA). The mean

values ± standard deviation (mean ± SD) were reported

for the data as appropriate. Categorical variables were

described using absolute/relative frequency distributions.

The association between qualitative independent variables
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FIGURE 1

Basic survey information. (A) Classification of abnormal OK waste. (B) Eye a�ected by the loss of the OK lens. (C) Brand of lenses with waste. (D)

Frequency of OK lens waste in a year. (E) Time when the waste of the OK lens occurred. (F) Largest concern/problem imposed by OK lens waste.

was assessed using the chi-square test and Fisher’s exact

test. A multivariable ordered logistic regression analysis

was performed to analyze the associations between the

frequency of OK lens breakage and age, sex, and daily lens

care conditions. A two-tailed P < 0.05 was considered

statistically significant.
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TABLE 1 Causes of OK lens fragmentation.

Reasons Numbers (N = 259) Proportion

Broken during cleaning 137 52.90%

The lens is broken by an

external force

90 34.75%

Not cleaned in time after

removal

12 4.63%

Damage by children or

pets

7 2.70%

Unknown cause

(discovered only when

examined by a doctor)

7 2.70%

Temperature change 5 1.93%

External force applied

while wearing the lenses

1 0.39%

Results

Results of the basic information of
subjects

A total of 306 valid questionnaires were collected. Among

the subjects, 141 were male, and 165 were female, with a

mean age of 10.57 ± 2.00 years (range: 6–18 years). In the

investigation of the causes of OK lens waste, 81.4% of the

patients stated that the lenses had broken, 13.1% had lost the

lenses, and 5.6% of patients experienced both damage and lens

loss (Figure 1A). Among them, the proportions of OK lenses

wasted were 48.7% in the right eye and 41.2% in the left eye.

Less lens waste was observed in both eyes, accounting for

10.1% (Figure 1B). The hospital uses a total of six OK lens

brands, and each brand had occurrences of waste (Figure 1C).

Different brands are not exactly the same in terms of material

and central lens thickness, with the highest fragmentation ratio

(32.4%) documented in corneal refractive therapy (CRT) brand

that had the thinnest center thickness (0.16mm) in this study

(Supplementary material). In terms of the frequency of OK

lens waste, most patients (87.9%) had only one occurrence

per year, and no one had more than three occurrences per

year (Figure 1D). Regarding when and how waste occurred

(Figure 1E), breakage of OK lenses most often occurred in the

daily removal and washing processes. Only one case of waste

occurred when the lens was worn at night and damaged by an

external force. As shown in Figure 1F, the most concerning and

worrisome problem for patients and their families after a lens

was wasted was the time cost of waiting for the new OK lens

(39.5%), followed by alternatives to use in the interim (30.3%)

and economic losses (30.2%).

TABLE 2 The causes of OK lens loss.

Reasons Numbers (N = 64) Proportion

Flushed down the drain 26 40.63%

during care

Thrown away by mistake 22 34.38%

(nanny or elderly

relatives)

Lost while going out 10 15.63%

Unknown whereabouts 6 9.38%

Analysis of the causes of OK lens
fragmentation

Of the 306 individuals who returned valid questionnaires,

259 had experienced OK lens fragmentation. As shown in

Table 1, more than half of the patients (52.90%) used incorrect

lens cleaning techniques, resulting in the lens breaking during

the cleaning process. OK fragmentation occurred in 34.75%

of patients due to external forces, such as crushing the lens

underfoot or dropping a bottle on it. In 12 cases, the lenses were

found to be broken when they were taken out in the evening

because they were put into the case that morning without timely

cleaning. In seven cases, the OK lens was damaged by an infant

or pet. Routine examination by an optometrist revealed cracks

in the lenses of seven participants. In five cases, OK lenses

shattered in the winter, when the wearers came in from the

colder outdoors and removed the lenses without waiting for the

temperature to equalize, resulting in the shattering of the lenses.

One of the more dangerous cases was when a family member’s

elbow accidentally hit a patient’s eye, causing the lens to shatter.

Analysis of the causes of OK lens loss

As shown in Table 2, the reason for the loss of lenses was

more often due to the lack of precautions taken during the

cleaning of the lenses (40.63%), resulting in the lenses being

washed down the drain. In some cases, the lenses were thrown

away by others (34.38%). The percentage of lost lenses while

patients were out of the house and due to unknown locations

was lower, accounting for 15.63 and 9.38%, respectively.

Analysis of the current status of daily care
of OK lenses

In the survey on daily care (Table 3), it was found that

the majority of caregivers were mothers (55.56%) or children

(34.97%). The most popular method of care was rubbing

the lenses in the hands with a care solution (80.07%), while

Frontiers in PublicHealth 04 frontiersin.org

https://doi.org/10.3389/fpubh.2022.981573
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Fan et al. 10.3389/fpubh.2022.981573

TABLE 3 The current status of daily care of OK lenses.

Item Detailed description Numbers (N = 306) Proportion

Caregiver Mother 170 55.56%

Father 19 6.20%

Children 107 34.97%

Nanny or grandparents 10 3.27%

Care method Hydrogen peroxide system 36 11.76%

Care solution scrubbing of lenses 245 80.07%

Complete machine cleaning instead of hand washing 9 2.94%

Machine washing combined with manual scrubbing 16 5.23%

Protein removal frequency Once a week 37 12.09%

Biweekly 212 69.28%

More than 2 weeks 57 18.63%

Whether cleaned in time after removal Yes 124 40.52%

No 182 59.48%

a few patients used unofficially recommended lens cleaning

instruments as a complete alternative to hand washing them

(2.94%). A total of 81.37% of patients met the requirement of

removing protein from their lenses at least once a fortnight.

An unpromising phenomenon was that more than half of the

patients who experienced lens wasting (59.48%) were not able to

clean and care for their lenses in a timely manner (within 1 h)

using standard methods after lens removal.

Comparative analysis

As shown in Figure 2 and Table 4, in further analysis of the

relationship between the frequency of OK lens fragmentation

within a year and daily care habits, a significant difference

was found between the caregiver (P = 0.03, Figure 2A)

and whether the lenses were cleaned promptly after removal

(P < 0.001, Figure 2D). The majority (60%) of the cases where

fragmentation occurred three times in a year were cared for by

the children, and none of them cleaned their lenses promptly

after removal as required; care methods and frequency of

protein removal did not show a significant difference (P > 0.05,

Figures 2B,C).

Multivariable ordered logistic regression
analysis

As shown in Table 5, the multivariable ordered logistic

regression analysis showed no association between the frequency

of OK breakage and age (P = 0.562) or between the frequency

of breakage and sex (P = 0.406). Mothers as daily caregivers

of OK lenses had a lower frequency of fragmentation in a year

compared to nanny or grandparents (P= 0.014, OR= 0.33, 95%

CI = 0.13, 0.80). The use of the hydrogen peroxide system for

lens care had a lower breakage frequency than machine washing

combined with manual scrubbing (P = 0.048. OR = 0.30, 95%

CI= 0.09, 0.99). The failure to clean the lens in a timely fashion

after removal, as recommended by eye care practitioners, was a

risk factor for the frequent breakage of OK lenses (P< 0.001. OR

= 5.29, 95% CI= 3.15, 8.89).

Discussion

Previously, few studies have focused on the causes of OK

lens waste because it can be replaced in a timely manner,

regardless of whether the lens is broken or lost. However, in

China, the time it takes to have OK lenses imported has been

increasing significantly due to COVID-19 pandemic (15, 16,

18). The time cost has substantially affected the prevention

and control of myopia in children. Therefore, investigating

the causes of OK lens breakage and loss may help guide the

education and training of patients and strengthen the provision

of reminders in the clinic as a method to reduce the problem of

OK lens waste.

In this study, it was found that the probability of OK

lens breakage was higher than the probability of loss. The

most frequent cause of OK lens fragmentation was improper

care practices. A previous study noted that the three highest

noncompliance categories for wear and care behaviors were

exposure to a nonsterile solution, failure to remove deposits on

lenses according to the eye care practitioners’ recommendations,

and inadequate hand washing of the lenses (19). In this study,

most of the patients were able to clean the protein deposits on the

lens but were still not careful to clean the lens in a timelymanner.

Some had fingernails that were too long and left scratches on

the lens. Others cleaned too hard and broke the lenses. These
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FIGURE 2

The frequency of OK lens breakage and the daily care regimen. (A) Association between the caregiver and frequency of OK lens breakage. (B)

Association between the care method and frequency of OK lens breakage. (C) Association between the frequency of protein removal and OK

lens breakage. (D) Association between whether lenses were cleaned in a timely manner after removal and OK lens breakage.

causes may be avoided by improving patient training during

lens distribution.

Other causes of lens fragmentation were identified through

this study that can be avoided by strengthening education

and reminders: 1. Large temperature changes in a short

period of time should be avoided, and attention should be

given to patients residing in colder areas in winter; when

bringing lenses indoors from a colder outdoor environment,

do not rush to clean them, but wait until the lenses have

adjusted to the indoor temperature and then clean them. 2.

The OK lenses should be kept out of the reach of children

and pets.

The analysis of the frequency of OK lens breakage showed

that fragmentation was relatively high in families in which

children take care of their own lenses. This was consistent

with previous studies (19, 20), which showed that compliance

increases with age, and the parents’ compliance rate was higher

than that of the children. Since the children who wear the lenses

are often younger minors in China, eye care practitioners have

been choosing to provide them with more training exercises

or have their parents or other guardians help with the care of

their lenses.

The next critical issue that should be addressed by education

is the prompt cleaning of the lens promptly after removal. In this

survey, we found that some patients put the lens directly into the

lens case because they were in a hurry in the morning; they did

not clean the lens after removal or did not clean it carefully. The

lenses were found to be broken when they were removed from

the lens case that night, which may be due to the adhesion of

protein deposits on the lens to the case (12, 21, 22).

The most common and easily avoidable factor contributing

to the loss of OK lenses was accidental disposal by uninformed

people at home. Thus, cautioning everyone in the home not to

throw away the OK lenses by mistake is essential.

Through research and analyses, we found that all of the

reasons for noncompliant behavior leading to breakage or

loss of OK lenses can probably be addressed by providing

better and more frequent reinforcement of care procedures

by practitioners. This study has some limitations. First, the

questionnaire method depends on the subjective responses of
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TABLE 4 The frequency of OK lens breakage and the daily care regimen.

Item Detailed description Frequency (N = 259) P V(Cramer)

1 time a year 2 times a year 3 times a year

Caregiver Mother 130 11 1 0.012 0.173

Father 14 4 0

Children 75 12 3

Nanny or grandparents 5 3 1

Care method Hydrogen peroxide system 27 1 0 0.218 0.116

Care solution scrubbing of lenses 182 25 4

Complete machine cleaning

instead of hand washing

6 2 0

Machine washing combined with

manual scrubbing

9 2 1

Protein removal

frequency

Once a week 26 7 0 0.261 0.099

Protein removal

frequency

Biweekly 153 17 3

More than 2 weeks 45 6 2

Whether cleaned in

time after removal

Yes 164 2 0 P < 0.001 0.481

No 60 28 5

TABLE 5 Associations between the frequency of OK lens breakage and the daily care regimen.

Item Detailed description P OR 95% CI

Age Age 0.562 0.97 0.88–1.07

Sex male 0.406 0.84 0.55–1.27

Caregiver Mother 0.014 0.33 0.13–0.80

Father 0.101 0.40 0.13–1.99

Children 0.164 0.54 0.22–1.29

Nanny or grandparents Reference

Care method Hydrogen peroxide system 0.048 0.30 0.09–0.99

Care solution scrubbing of lenses 0.328 0.67 0.30–1.50

Complete machine cleaning instead of hand washing 0.382 0.56 0.15–2.05

Machine washing combined with manual scrubbing Reference

Protein removal frequency Once a week 0.120 1.71 0.87–3.38

Biweekly 0.580 1.15 0.70–1.88

More than 2 weeks Reference

Whether cleaned in time after removal No <0.001 5.29 3.15–8.89

Yes Reference

patients and may not provide accurate results. However, this

method is currently the only approach to obtain information on

OK lenses from users. Second, when collecting information, we

did not limit the brand of lenses. Although this study showed

that the lenses with the thinnest central thickness had the highest

fragmentation rate, it did not indicate the true fragmentation

rate of a certain brand because it also depends on the number of

lenses delivered. A more rigorous approach should be applied to

compare the number of fragments per brand with the percentage

of the total number of lenses delivered during this period. Third,

the internal consistency of the questionnaire was not evaluated

and further validation of the questionnaire is necessary.
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Conclusions

In conclusion, the probability of fragmentation was higher

than the probability of loss of OK lenses. The causes of

fragmentation were mainly due to caregivers, care practices,

and some unexpected situations that could be avoided through

reminders provided by eye care practitioners. This study will

help us to develop better clinical guidelines for the daily care

of OK lenses in the clinical setting, avoid abnormal waste

of the lenses to the greatest extent possible, reduce the time

and economic costs, and more importantly, help prevent and

control myopia.
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