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Abstract
Background: Patient non-compliance, that is, failure to perform standard wear and care orthokeratology (ortho-k)
lenses procedures, has been shown to be a major risk factor for contact lens-associated complications. Therefore, this
study aimed to investigate the compliance with wear and care behaviors of ortho-k patients and analyze its influencing factors.
Methods: Patients who were successfully prescribed ortho-k lenses at the Eye Center of the Second Affiliated Hospital of Zhejiang University School of Medicine (ECSAHZU) were enrolled in the study. Patient compliance with wear
and care behaviors was examined through a questionnaire.
Results: This study assessed 238 subjects. The subjects’ ages ranged from 7 to 25 (mean ± SD, 11.3 ± 2.5) years.
The compliance with wear and care behaviors was 19.7%, and the subjects’ self-assessment compliance was 96.6%.
The compliance rate of subjects wearing lenses for less than 1 year was higher than that of subjects wearing lenses
for more than 1 year (p < 0.001). In the first year, the compliance rates of wearing experiences for less than 1 month,
1 month, 3 months, 6 months, and more than 6 months were 45, 29, 21.6, 20, and 27.6%, respectively, and there were
no statistically significant differences in compliance among these periods (p = 0.314). No correlation was identified
between compliance and age (r = − 0.061, p = 0.527) or sex (r = 0.114, p = 0. 751). There was no correlation between
compliance and lens care operator (r = − 0.626, p = 0.151).
Conclusions: The compliance of ortho-k patients was poor. After wearing ortho-k lenses for more than 1 year, compliance with wear and care behaviors declined. In clinical practice, measures should be taken to solve these problems
and improve the safety of wearing ortho-k lenses.
Keywords: Orthokeratology, Compliance, Influencing factors, Safety
Background
Myopia has become a global problem, with a recent study
suggesting that close to 50% of the world’s population
may be myopic, and as much as 10% may be high myopia
[1]. High myopia can cause pathological ocular changes
such as glaucoma, retinal detachment, and myopic
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macular degeneration, all of which can lead to uncorrected vision loss or even blindness [2–4]. Orthokeratology (ortho-k) is a type of specially designed rigid
gas-permeable (RGP) contact lenses, which can reshape
the cornea to temporarily reduce or eliminate myopia.
Because ortho-k has emerged as one of the most effective
methods to slow myopia progression in children [5–7]
and has other advantages such as improving the uncorrected visual acuity during the daytime, there is a huge
number of people who wear ortho-k lenses [8]. Although
ortho-k has been proven safe for ocular tissues [9],
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because ortho-k is a contact lens, it can cause a series of
contact lens-associated adverse events, including microbial keratitis, which can cause blindness [10, 11]. Patient
non-compliance, that is, failure to perform standard wear
and care ortho-k lenses procedures, has been shown to
be a major risk factor for contact lens-associated complications [12, 13].
Sapkota K reported that 35.9% of medical doctors
had a good level of compliance in conventional contact
lenses (i.e., not including ortho-k lens) (n = 39) [14]. Robertson DM. et al. found that only 0.4% of patients were
fully compliant with contact lens wear and care practices
(n = 281) [15]. A multinational study by Morgan PB et al.
showed that about 15% of daily disposable wearers were
fully compliant, compared to close to 0 % for all other
contact lens types (n = 4021) [16]. Cho P et al. found that
the high-level compliance of ortho-k lenses, disinfection
solutions, and lens accessories were 52, 54, 33%, respectively (n = 52) [17]. A study by Jiang et al. showed that the
compliance rate of ortho-k was low, especially for wear
and care behaviors (18.5%) (n = 405) [18]. Previous studies showed that the compliance of contact lens wearers
was poor. Regarding the reasons for poor compliance, a
study by Claydon [19] found that the contact lens patients
were not intentionally non-compliant, but that non-compliance was the result of misunderstandings, forgetting,
or poor guidance; only a small portion of non-compliant
behaviors were intentional, with reasons such as inconvenience, neglect, or denial of risk. However, Claydon’s
study did not include ortho-k patients. Ortho-k lenses
are different from the RGP or soft contact lens that Claydon studied [19], and a substantial number of wearers
of ortho-k lenses are adolescents [18, 20]; therefore, it is
unclear whether the reasons for non-compliance are the
same for ortho-k lenses. In addition, it is unclear when
the compliance rate for wear and care behaviors dropped.
Answering these questions can help eye care professionals (ECPs) take corresponding measures to improve the
compliance rate for wear and care behaviors, which will
enhance the safety of wearing ortho-k lenses. Therefore,
this study aimed to determine the influencing factors
behind non-compliance in patients prescribed ortho-k.

Methods
The survey used a questionnaire developed by Jiang
et al. [18] (Additional file 1). The following information
was collected by questionnaire: patient demographic
information, the independence of wear and care of the
lenses, wear and care behaviors specified in the standard procedures and a self-assessment of compliance (i.e.,
whether patients believe his or her wear and care behaviors conform to the standard procedures). The wear and
care behaviors included handwashing methods before
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handling lenses, lens cleaning procedures, use of expired
solutions, procedures for soaking lenses, the interval of
lens case replacement, exposure to non-sterile solutions,
and the interval of lens deposition removal (Table 1).
This study is a cross-sectional study. All patients who
came to the Eye Center of the Second Affiliated Hospital
of Zhejiang University School of Medicine (ECSAHZU)
for follow-up were interviewed in June and July 2020. To
ensure subjects were familiar with their wear and care
procedures, patients who have ceased wearing ortho-k
lenses were excluded.
The questionnaire was answered in the form of faceto-face interviews when ortho-k patients came to the
hospital for follow-up. All subjects/subjects’ guardians
gave informed written consent to participate in the study.
Approval was obtained from all participants. This study
followed the principles of the Declaration of Helsinki,
ethical approval was obtained from the Ethics Committee of The Second Affiliated Hospital of Zhejiang University School of Medicine, and the ethical approval number
of this study is IR2020001221.
The study used the Pearson chi-square test (χ2) to analyze compliance differences between the two groups,
and multiple comparisons among the groups were also
assessed using the chi-square test. In addition, multiple
logistic regression was used to analyze the influencing
factors of compliance, including age, sex, wearing experience, and lens care operator. Statistical analysis was
performed using SPSS Version 23.0 (IBM Inc., Armonk,
NY) software. A p-value of less than 0.05 was considered
significant.

Results
In total, 608 patients were interviewed, and 238 patients
responded. The subjects’ ages ranged from 7 to 25
(mean ± SD, 11.3 ± 2.5) years, and 97.5% of subjects were
younger than 18 years. The number of female and male
subjects was 137 and 101, respectively. The subjects’
self-assessment compliance for wear and care behaviors
was 96.6%, but the actual compliance for wear and care
behaviors was 19.7%.
Results of the multiple logistic regression showed no
correlation between compliance and age (r = − 0.061,
p = 0.527) or between compliance and sex (r = 0.114,
p = 0.751) (Table 2). Since most of the subjects were
minors, lens care may be managed by their guardians as
well as themselves. The impact of lens care operator had
been considered. Multiple logistic regression showed that
there was no correlation between compliance and lens
care operator (r = − 0.626, p = 0.151) (Table 2).
Multiple logistic regression indicated that there was
a correlation between compliance and wearing experience (r = − 0.09, p = 0.001) (Table 2). A study by Jiang
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Table 1 Compliance behaviors and compliance rates for orthokeratology patients with different wearing experience
Compliance behaviors

Compliance for group I (%)
(n = 156)

Compliance for group II (%)
(n = 82)

P*

1 Adequate hand washing

0.178

80.8

73.2

Washing hands before wearing lenses

98.1

97.6

Washing hands before removing lenses

92.9

80.5

Washing hands with soap

85.3

87.8

85.9

78.0

0.124

Cleaning lenses before wearing

98.1

95.1

–

Cleaning lenses after wearing

90.4

85.4

–

Rubbing and rinsing lenses

94.2

87.8

–

3 No use of expired solution

94.9

89.0

0.096

4 No topping off solution

92.3

95.1

0.41

Replacing total volume of solution with fresh solution

98.7

98.8

–

Replacing solution after each use

92.3

95.1

–

5 Lens case replacement according to recommendation of eye care
professionals

55.8

24.4

< 0.001

6 No exposure to non-sterile solution

2 Adequate lens cleaning

71.8

28.0

< 0.001

Drying hands after washing with tap water

76.9

47.6

–

No use of non-sterile solution when washing lenses

94.2

61.0

–

7 Removal of lens deposition interval according to recommendation
of eye care professionals

67.3

39.0

< 0.001

Compliance (%)

26.9

6.1

< 0.001

Group I = subjects wearing orthokeratology lenses for less than 1 year. Group II = subjects wearing orthokeratology lenses for more than 1 year
*

Chi-square test (χ2)

Table 2 Analysis of influencing factors of compliance

r
p†
†

Wearing
experience

Sex

Age

Care operator

−0.09

0.114

−0.061

−0.626

0.001

0.751

0.527

0.151

Multiple logistic regression

et al. showed that there was no correlation between
wearing experience and compliance of patients who had
worn ortho-k lenses for more than 1 year [18]. In order
to investigate whether the compliance for wear and care
behaviors decreased in the first year of wearing ortho-k
lenses, subjects were divided into two groups according
to the number of years of wearing experience: group I
had been wearing ortho-k lenses for less than 1 year,
and group II had been wearing ortho-k lenses for more
than 1 year. The Pearson chi-square test (χ2) showed
that the compliance rate of subjects wearing lenses for
less than 1 year was higher than that of subjects wearing lenses for more than 1 year (p < 0.001) (Table 1).
The compliance rate for each behavior in both groups
is shown in Table 1. In group I, poorest compliance was

with “lens case replacement according to ECPs’ recommendation” (55.8%) in addition to “removal of lens deposition interval according to ECPs’ recommendation”
(67.3%) and “avoiding exposure of lenses to non-sterile
solutions” (71.8%). In group II, poorest compliance
was with “avoiding exposure of lenses to non-sterile
solutions” (28%) in addition to “lens case replacement
according to ECPs’ recommendation” (24.4%) and
“removal of lens deposition interval according to ECPs’
recommendation” (39.0%). The Pearson chi-square test
(χ2) showed that there was a significant difference in
the compliance of the three wear and care behaviors
between the two groups (Table 1).
To analyze the time period of compliance decline
within 1 year, this study further analyzed the compliance rates in different periods within 1 year. The compliance rate for less than 1 month (n = 20), 1 month
(n = 31), 3 months (n = 51), 6 months (n = 25), and
more than 6 months (n = 29) of wearing experience was
45, 29, 21.6, 20, and 27.6%, respectively. The Pearson
chi-square test (χ2) was used for multiple comparisons,
and the results showed that there was no statistically
significant difference among these periods (p = 0.314).
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Discussion
This study demonstrated that the compliance rate of
ortho-k patients was low (19.7%), which is consistent
with a study by Jiang et al. [18]. As with previous studies
[18, 20], this study found that most ortho-k patients were
teenagers in mainland China.
There was no correlation between compliance and
lens care operator. The study also showed no correlation between compliance and age. Jiang et al. [18] surveyed the relationship between compliance and age in
patients who had been wearing ortho-k lenses for more
than 1 year, and the result was the same. Sapkota K also
found that the compliance of conventional contact lens
wearers was not related to age [14]. However, a study by
Morgan PB et al. showed that the older the patient, the
lower the compliance [16]. The different results may be
due to the different ages of the subjects in these studies. The subjects in the study by Morgan PB had a large
age span (range 21–60 years), while the subjects in other
studies were of a certain age group.
No correlation has been found between compliance
and sex. This result is the same as that of Jiang et al.’s
study [18]. Conversely, some previous studies have shown
that compliance in females is better than that in males
[16, 21]. However, none of the subjects in those studies
was ortho-k patients.
The study found that there was a correlation between
wearing experience and the compliance with wear and
care experience. The compliance of ortho-k patients
wearing lenses for less than 1 year was significantly
higher than that of patients wearing lenses for more than
1 year. A previous study by Jiang et al. showed that when
ortho-k patients had worn lenses for more than 1 year,
the compliance for wear and care behaviors had no correlation with wearing experience [18]. This result suggests
that once ortho-k patients had worn lenses for 1 year,
measures should have been taken to prevent compliance
from decreasing. This result is consistent with a study by
Wu et al. [22]; although they found that wearing experience was correlated with wear and care compliance for
contact lenses other than ortho-k, compliance declined
rapidly over the first 2 years rather than the first year. The
following two reasons may be related to the faster decline
of compliance among ortho-k patients. First, most orthok patients were teenagers in this study and were, therefore, younger than the patients in Wu et al.’s study (range
18–69 years; mean ± SD, 32 ± 1 years). Second, Wu et al.’s
study investigated fewer behaviors than we investigated.
Efron found that simpler guidelines may improve patient
adherence [23].
The study investigated compliance over different periods in the first year and found no significant difference
among them. The compliance in different periods in the
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first year was low, which should be noticed. It suggests
that compliance with wear and care behaviors is poor at
the beginning. However, 96.6% of subjects thought that
their wear and care behaviors were correct. The reason
for this strong contrast may be the same as the result of a
study by Claydon [19]. The study showed that most noncompliant behaviors were not intentional and may have
been due to the patient not remembering or understanding when ECPs illustrated the guidelines. However, none
of the subjects in the study were ortho-k patients. Further
studies are needed to verify this.
As shown in Table 1, during the first year, poorest
compliance was with “lens case replacement according
to ECPs’ recommendation” and “removal of lens deposition interval according to ECPs’ recommendation”. After
wearing lenses for 1 year, compliance with these two
behaviors remained poor, but compliance with “avoiding exposure of lenses to non-sterile solutions” decreased
dramatically. This finding indicated that, while some
non-compliance was unintentional, some patients were
intentionally non-compliant. Therefore, it is important to
re-examine ortho-k lenses patients’ wear and care practices to identify the wear and care behaviors that wearers
are not following. A study by Jiang et al. [18] showed that
after wearing ortho-k lenses for 1 year, compliance with
“removal of lens deposition interval according to ECPs’
recommendation” and “avoiding exposure of lenses to
non-sterile solutions” was poor, which is consistent with
this study. However, compliance with “lens case replacement according to ECPs’ recommendation” in this study
was much lower than that in the study by Jiang et al. It
indicated that the behaviors with poor compliance might
differ in different areas. Cho P et al. found that poor compliance behaviors could be improved by repeated education [17]. Therefore, the behaviors with poor compliance
should be determined in different areas to re-educate the
patients in those specific behaviors.
One of the limitations of this study is that the specific reasons for the decline in compliance are unclear;
although it has been found that the compliance of orthok patients will decline with wearing experience. In addition, although repeated education has been shown to
improve compliance [17], there is a need for further studies that would investigate the other effective strategies. It
will be interesting to know whether different interventional measures can prevent and improve the compliance
of ortho-k patients.

Conclusions
In conclusion, our study confirmed that the compliance
of ortho-k patients was poor. The duration of ortho-k
wearing has been shown to influence compliance with
wear and care behaviors. Therefore, ECPs should develop
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more effective ways of educating patients on the guidelines to improve compliance and take measures to prevent the reduction of compliance during wearing of
ortho-k lens, especially after wearing ortho-k lenses for
1 year.

Page 5 of 5

2.

3.
4.

Abbreviations
ortho-k: Orthokeratology; RGP: Rigid gas-permeable; ECPs: Eye care professionals; ECSAHZU: Eye Center of the Second Affiliated Hospital of Zhejiang
University School of Medicine.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12886-021-02148-2.
Additional file 1.

5.
6.
7.
8.
9.
10.

Acknowledgments
The authors would like to thank all reviewers for their suggestions and participants who made this study possible. The authors also thank Editage (www.
editage.cn) for English language editing.
Authors’ contributions
ZB analyzed the patients’ data and was a major contributor in writing the
manuscript. XX and DC collected and organized the patients’ data. HN was
responsible for ensuring that the descriptions are accurate and was a major
contributor in designing the study. All authors read and approved the final
manuscript.
Funding
None declared.

11.
12.
13.
14.
15.
16.

Availability of data and materials
The datasets generated and/or analyzed during the current study are not publicly available due to the risk of individuals privacy being compromised but are
available from the corresponding author on reasonable request.

17.

Declarations

20.

Ethics approval and consent to participate
All subjects/subjects’ guardians gave informed consent to participate in the
study. This study followed the principles of the Declaration of Helsinki and
ethical approval was obtained from ECSAHZU.

21.

Consent for publication
None declared.
Competing interests
None declared.
Received: 1 November 2020 Accepted: 21 October 2021

References
1. Holden BA, Fricke TR, Wilson DA, et al. Global prevalence of myopia and
high myopia and temporal trends from 2000 through 2050. Ophthalmology. 2016;123:1036–42.

18.
19.

22.
23.

Buch H, Vinding T, Nielsen NV. Prevalence and causes of visual impairment according to World Health Organization and United States criteria
in an aged, urban Scandinavian population: the Copenhagen City Eye
Study. Ophthalmology. 2001;108:2347–57.
Xu L, Wang Y, Li Y, et al. Causes of blindness and visual impairment in
urban and rural areas in Beijing: the Beijing Eye Study. Ophthalmology.
2006;113:1134.e1–11.
Cedrone C, Nucci C, Scuderi G, et al. Prevalence of blindness and low
vision in an Italian population: a comparison with other European studies.
Eye. 2006;20:661–7.
Walline JJ, Lindsley KB, Vedula SS, et al. Interventions to slow progression
of myopia in children. Cochrane Database Syst Rev. 2020;1:CD004916.
Hiraoka T, Kakita T, Okamoto F, et al. Long-term effect of overnight
orthokeratology on axial length elongation in childhood myopia: a 5-year
follow-up study. Invest Ophthalmol Vis Sci. 2012;53:3913–9.
Sun Y, Xu F, Zhang T, et al. Orthokeratology to control myopia progression: a meta-analysis. PLoS One. 2015;10:e0124535.
Xie P, Guo X. Chinese experiences on orthokeratology. Eye Contact Lens.
2016;42:43–7.
Liu YM, Xie P. The safety of orthokeratology—a systematic review. Eye
Contact Lens. 2016;42:35–42.
Bullimore MA, Sinnott LT, Jones-Jordan LA. The risk of microbial keratitis
with overnight corneal reshaping lenses. Optom Vis Sci. 2013;90:937–44.
Kam KW, Yung W, Li GKH, et al. Infectious keratitis and orthokeratology
lens use: a systematic review. Infection. 2017;45:727–35.
Sauer A, Meyer N, Bourcier T, et al. Risk factors for contact lens-related
microbial keratitis: a case-control multicenter study. Eye Contact Lens.
2016;42:158–62.
Boost MV, Cho P. Microbial flora of tears of orthokeratology patients, and
microbial contamination of contact lenses and contact lens accessories.
Optom Vis Sci. 2005;82:451–8.
Sapkota K. Level of compliance in contact lens wearing medical doctors
in Nepal. Cont Lens Anterior Eye. 2015;38(6):456–60.
Robertson DM, Cavanagh HD. Non-compliance with contact lens wear
and care practices: a comparative analysis. Optom Vis Sci. 2011;88:1402–8.
Morgan PB, Efron N, Toshida H, et al. An international analysis of contact
lens compliance. Cont Lens Anterior Eye. 2011;34:223–8.
Cho P, Boost M, Cheng R. Non-compliance and microbial contamination
in orthokeratology. Optom Vis Sci. 2009;86:1227–34.
Jiang J, Bian ZW, Wang FF, et al. Level of compliance in orthokeratology.
Eye Contact Lens. 2018;44:330–4.
Claydon BE, Efron N. Non-compliance in contact lens wear. Ophthalmic
Physiol Opt. 1994;14:356–64.
Xie PY. Promote sound development of domestic modern orthokeratology. Chin J Ophthalmol. 2007;43:676–9.
Devonshire P, Munro FA, Abernethy C, et al. Microbial contamination of
contact lens cases in the west of Scotland. Br J Ophthalmol. 1993;77:41–5.
Wu YT, Willcox MDP, Stapleton F. The effect of contact lens hygiene
behavior on lens case contamination. Optom Vis Sci. 2015;92:167–74.
Efron N. The truth about compliance. Cont Lens Anterior Eye.
1997;20:79–86.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

