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ABSTRACT

Introduction: The purpose of this study was to
investigate the characteristics of objective ocu-
lar surface parameters using non-invasive
objective instruments in children with myopia
who are candidates for orthokeratology lens
wear.

Methods: Children with myopia who are can-
didates for orthokeratology lens wear were ret-
rospectively investigated. The subjects were
divided into three age groups. The Keratograph
5M and LipiView interferometry were used to
assess non-invasive tear meniscus height
(TMH), non-invasive tear film break-up time
(NIBUT), conjunctival hyperemia redness score
(RS), meibomian gland loss (MGL) score, lipid
layer thickness (LLT), and blink pattern analy-
sis, including the number of partial blinks (PB)
and total blinks (TB), as well as the partial blink
rate (PBR).
Results: A total of 1119 children with myopia
(2070 eyes) aged 7–18 years were selected. The
mean TMH, NIBUT, and LLT of the subjects was
0.21 mm, 12.45 s, and 65.28 nm, respectively.
The mean RS and upper and lower MGL scores
were 0.64, 1.00, and 1.06, respectively. The
mean PB, TB, and PBR was 5.13, 6.46, and 0.81,
respectively. Age was significantly correlated to
all ocular surface parameters (p = 0.00), except
for PB. NIBUT and LLT did not differ between
male participants and female participants (all
p[0.05). TMH, RS, and upper and lower MGL
were significantly higher in male participants
than in female participants (all p\ 0.01). In
addition, NIBUT was positively associated with
TMH (r = 0.13, p = 0.00) and LLT (r = 0.28,
p = 0.00). Both upper and lower MGL were
positively correlated with TMH, PB, and TB (all
p = 0.00), whereas upper MGL was negatively
correlated with NIBUT and LLT (all p\0.05).
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TB was negatively correlated with NIBUT and
LLT (all p = 0.00). PB had no relation with TMH,
NIBUT, and LLT (all p[ 0.05). In addition, PBR
was positively correlated with NIBUT and LLT
(all p = 0.00) but not with TMH, RS, or MGL (all
p[0.05). Overall, 57.00% had a
TMH B 0.2 mm, 43.20% had a NIBUT B 10 s,
48.10% had an LLT B 60 nm, and 88.10% had a
PBR[ 0.4.
Conclusions: Child orthokeratology candidates
have enhanced tear secretion and increased
meibomian gland deficiency with aging. In
addition, the adult dry eye diagnostic criteria
may apply to orthokeratology candidates aged
12–18 years but should be lower for younger
candidates. Given the proportion of abnormal
risk, it is necessary to assess tear film status and
blink pattern by reliable and feasible objective
examination before fitting orthokeratology.

Keywords: Orthokeratology; Ocular surface;
Tear film; Lipid layer; Meibomian gland loss;
Blink pattern

Key Summary Points

Orthokeratology wearing is a challenge to
ocular surface homeostasis, which can
impact the safety of myopia control.
Ocular surface characteristics in children,
including tear film function, have not
been investigated as extensively as in
adults.

The non-invasive objective ocular surface
examination with correlated indicators is
reliable, providing an important guide for
the safety of orthokeratology fitting. Thus,
we investigated the characteristics of
ocular surface objective parameters
among children with myopia who are
candidates for orthokeratology lens wear,
exploring the proportion of children with
myopia with dry eye risk in different
pediatric populations.

This study enrolled and analyzed the
objective ocular surface characteristics of
1119 children with myopia aged
7–18 years who were orthokeratology
candidates without a contact-lens-wearing
history.

Our final analysis revealed that child
orthokeratology candidates have
enhanced tear secretion and increased
meibomian gland deficiency with aging.

The adult dry eye diagnostic criteria may
apply to orthokeratology candidates aged
12–18 years but should be lower for
younger candidates. In consideration of
the proportion of abnormal risk, it is
necessary to assess tear film status and
blink pattern by reliable and feasible
objective examination before fitting
orthokeratology.

INTRODUCTION

Children’s ocular surfaces are increasingly
exposed to climate change, pollution, screen
time, and myopia treatments such as atropine,
multifocal soft contact lenses, and orthokera-
tology (OrthoK) [1–8]. The current study
revealed a high prevalence of contact lens wear
related to clinically diagnosed and severe
symptoms of dry eye disease [9]. The use of
OrthoK is regarded as an effective and safe
approach for myopia control and has been well-
documented in previous studies [10–12]. How-
ever, there are concerns that wearing OrthoK
might induce a characteristic spatial distur-
bance in the stability of the tear film [6].
Assessment of children’s ocular surface has not
received sufficient attention in the past; even
the diagnostic criteria for children are based on
adult criteria. Contact lens wear has become a
challenge to ocular surface homeostasis, which
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can also impact the safety of myopia control.
Thus, it is necessary to master the ocular surface
condition of children before wearing OrthoK.

Numerous previous studies have found an
increase in dry eye prevalence with age [13, 14]
at varying levels of severity according to gender
[15, 16], while some studies did not find a sig-
nificant association [17–19]. Meanwhile, Rojas-
Carabali et al. reported that healthy children
had at least one abnormal ocular surface result
and 33.33% had a dry eye disease diagnosis,
according to the Tear Film and Ocular Surface
Society Dry Eye Workshop (TFOS DEWS II)
[20, 21]. DEWS II offers a mechanism for rec-
ognizing dry eye in the adult population.
However, ocular surface characteristics in chil-
dren, including tear film function, have not
been investigated as extensively as in adults.
There is limited evidence in the literature as to
the association between age, sex, and ocular
surface status. Ocular surface health in children
may be adversely affected by similar ocular,
systemic, and environmental factors as in
adults. Thus, the importance of evaluating tear
film in adolescents is high.

Understanding tear film and meibomian
gland function in children enhances our ability
to diagnose variation from normal parameters
in dry eye and ocular surface disease, as most of
the recommended values are based on adult
study results. There is also a lack of information
regarding ocular surface features in adolescents.
This study aimed to summarize ocular surface
features in children with myopia who are can-
didates for orthokeratology lens wear and to
explore the proportion of children with myopia
with dry eye risk in different pediatric popula-
tions. Meanwhile, we also explored the inter-
action of ocular surface indicators in
maintaining tear film homeostasis in children
as well as the criteria for ocular surface abnor-
malities before orthokeratology fitting. This
study provides a basis to compare ocular surface
test results with other groups of children.

METHODS

This cross-sectional retrospective study was
conducted in a single-center setting, at the
Changsha Aier Eye Hospital in Changsha,
Hunan, China. This study was conducted fol-
lowing the Declaration of Helsinki and
approved by the Institutional Ethics Committee
of Changsha Aier Eye Hospital (approval num-
ber: KYPJ002). As the study was retrospective,
informed consent was not required by the eth-
ics committee.

Subjects

A total of 1119 myopic children who were
candidates for orthokeratology lens wear were
consecutively recruited at the Changsha Aier
Eye Hospital from May 2021 to December 2021.
We collected their ocular surface examinations
before wearing orthokeratology. The inclusion
criteria were as follows: (1) aged 7–18 years; (2)
myopia B -0.50 diopter (D), and with astig-
matism of up to 2.0 D, with keratometry values
between 40.0 D and 45.0 D; (3) best-corrected
visual acuity of no worse than 20/25 and nor-
mal intraocular pressure; (4) children with
myopia who meet the criteria for the orthoker-
atology prescription and no corneal staining
with fluorescein; (5) no history of orthokera-
tology or soft lens wear; and (6) Keratograph
5 M Testing and LipiView Interferometry were
performed. Participants were excluded if they
had pathological changes of the lid margin or
cornea, uvea, or retina; had other systemic dis-
eases that may influence the ocular surface; or
had a history of contact lens wear, other ocular
treatments, or surgeries.

Keratograph 5M Testing

The Keratograph 5M (Oculus GmbH, Wetzlar,
Germany) was used to obtain non-invasive tear
meniscus height (TMH), average non-invasive
tear film break-up time (NIBUT), conjunctival
hyperemia redness score (RS), and meibomian
gland loss (MGL) score, as described previously

Ophthalmol Ther (2023) 12:3067–3079 3069



[22, 23]. Meibomian gland loss was graded as 0
(no loss of meibomian glands), 1 (dropout
of\ 1/3 of total meibomian glands), 2 (dropout
of one-third to two-thirds of total meibomian
glands), and 3 (dropout of[ two-thirds total
meibomian glands), as proposed by Arita et al.
[24] Two skilled physicians scored the patient’s
meibomian gland test and they were trained
consistently to ensure the accuracy of the
patient’s test results.

LipiView Interferometry

The LipiView Interferometry (Johnson & John-
son Inc., New Brunswick, NJ) was used to obtain
average lipid layer thickness (LLT) and blink
pattern analysis such as partial blink rate (PBR),
number of partial blinks (PB), and number of
total blinks (TB). A 20 s video was captured to
document the interference pattern of the tear
film for each eye. The LLT deriving from the
image was calculated as interferometric color
units (ICU), where 1 ICU reflects approximately
1 nm [25]. The maximum LLT value was limited
to 100 nm. The number of total/partial blinks in
20 s was measured using the LipiView Interfer-
ometer. The number of total blinks was the sum
of partial and complete blinks. The partial blink
rate was the number of partial blinks / number
of total blinks 9 100% [26].

Definition

Positive signs of aqueous deficiency and lipid
deficiency were defined as present in one or
both eyes with a TMH B 0.2 mm, BUT B 10 s,
LLT B 60 nm, or the existence of PBR[ 0.4
[21, 27].

Statistical Analyses

All the subjects received examinations of both
eyes. All statistical analyses were performed
with SPSS Statistics software (version 26.0; SPSS
Inc., Chicago, IL, USA). Data are presented as
mean ± standard deviation (SD) or n (%). The
normality of variables data was assessed using
the Shapiro–Wilk test. Age differences, spherical
equivalent (SE), and ocular surface parameters

among the three age groups were examined
through a one-way analysis of variance
(ANOVA) and post hoc analysis with Bonferroni
correction. The comparison between gender of
the ocular surface parameters used the inde-
pendent samples t-test. The differences in gen-
der and positive clinical sign rates of aqueous
deficiency or lipid deficiency were examined
using chi-squared tests. Correlations between
variables were analyzed by Pearson and Spear-
man correlation. All tests were two-tailed, and
p\0.05 was considered significant.

RESULTS

A total of 1119 children with myopia without
OrthoK wear history (2070 eyes) aged between 7
and 18 years were enrolled in the study. The
demographics and ocular surface parameters are
summarized in Table 1. The subjects were divi-
ded into three age groups on the basis of
approximate Chinese school grade level, as fol-
lows: 7–11 years (group 1, elementary school
age), 12–14 years (group 2, middle school age),
and 15–18 years (group 3, high school age). The
mean age and spherical equivalent (SE) were
11.26 years and -2.76 D; a significant difference
in age, gender, and SE among the three age
groups was observed (all p = 0.00).

The mean TMH, NIBUT, and LLT of the
subjects was 0.21 ± 0.06 mm, 12.45 ± 6.58 s,
and 65.28 ± 24.57 nm, respectively. The mean
RS and MGL score (upper and lower) were
0.64 ± 0.30, 1.00 ± 0.43, and 1.06 ± 0.50,
respectively. The mean PB, TB, and PBR was
5.13 ± 3.50, 6.46 ± 3.82, and 0.81 ± 0.27,
respectively (Table 1). Among the three groups,
TMH, NIBUT, LLT, RS, MGL score, and PBR were
significantly lower in the younger age groups
(all p = 0.00). The PB was similar among the
three age groups (p = 0.09). Moreover, the
younger age groups (group 1 and group 2) had
significantly more TB than group 3 (p = 0.00)
(Fig. 1).

Except for PB, as presented in Table 2, age
was significantly positively correlated to TMH,
NIBUT, RS, MGL (upper and lower), LLT, and
PBR (all p = 0.00). In contrast, negative correla-
tions were observed in TB (p = 0.00). Also
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presented in Table 3, NIBUT and LLT did not
differ between male participants and female
participants (all p[ 0.05). TMH, RS, and MGL
(upper and lower) were significantly higher in
male participants than in female participants;
PBR, PB, and TB were significantly higher in
female participants than in male participants
(all p\0.01).

Both NIBUT and LLT were positively corre-
lated with TMH (all p = 0.00). In addition,
NIBUT was positively correlated with LLT
(p = 0.00), as shown in Fig. 2. In addition, both
upper and lower MGL was positively correlated
with TMH, PB, and TB (all p = 0.00), and upper
MGL was negatively correlated with NIBUT and
LLT (all p\0.05). Neither NIBUT nor LLT was

Table 1 Demographics and ocular surface parameters among three age groups

Group 1
(7–11 years)

Group 2
(12–14 years)

Group 3
(15–18 years)

Overall study
sample

p Post hoc
significance

N (eyes) 1216 610 244 2070

Age

(years)

9.49 ± 1.20 12.96 ± 0.80 15.86 ± 0.98 11.26 ± 2.52 0.00**

Gender 0.00**

Female

(%)

62.80% 28.30% 8.90%

Male

(%)

54.40% 30.70% 14.80%

SE -2.50 ± 1.33 -3.08 ± 1.69 -3.25 ± 1.68 -2.76 ± 1.52 0.00**

TMH

(mm)

0.19 ± 0.06 0.22 ± 0.06 0.24 ± 0.07 0.21 ± 0.06 0.00** 1\ 2\ 3

NIBUT

(s)

11.73 ± 6.54 13.08 ± 6.49 14.52 ± 6.45 12.45 ± 6.58 0.00** 1\ 2\ 3

RS 0.62 ± 0.29 0.64 ± 0.28 0.72 ± 0.31 0.64 ± 0.30 0.00** 1 = 2\ 3

MGL

Upper 0.97 ± 0.42 1.04 ± 0.41 1.06 ± 0.48 1.00 ± 0.43 0.00** 1\ 2 = 3

Lower 1.02 ± 0.48 1.10 ± 0.52 1.13 ± 0.46 1.06 ± 0.50 0.00** 1\ 2 = 3

LLT

(nm)

63.37 ± 24.61 66.17 ± 24.10 72.44 ± 24.24 65.28 ± 24.57 0.00** 1 = 2\ 3

PBR 0.79 ± 0.28 0.83 ± 0.26 0.89 ± 0.21 0.81 ± 0.27 0.00** 1\ 2\ 3

PB 5.12 ± 3.46 5.32 ± 3.54 4.69 ± 3.55 5.13 ± 3.50 0.09 1 = 2 = 3

TB 6.60 ± 3.73 6.53 ± 3.87 5.45 ± 3.98 6.46 ± 3.82 0.00** 1 = 2[ 3

SE spherical equivalent, TMH tear meniscus height, NIBUT non-invasive tear film break-up time, RS conjunctival
hyperemia redness score, MGL meibomian gland loss score, LLT lipid layer thickness, PBR partial blink rate, PB number of
partial blinks, TB number of total blinks
Group 1 (1), Group 2 (2), Group 3 (3)
Data are presented as mean ± standard deviation. **p\ 0.01
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correlated with lower MGL, as presented in
Table 2. TB was negatively correlated with
NIBUT and LLT (all p = 0.00) (Fig. 2), while PB
had no relation with TMH, NIBUT, and LLT (all
p[0.05). Additionally, PBR was positively cor-
related with NIBUT and LLT (all p = 0.00) but
not with TMH, RS, or MGL (all p[0.05).

Table 4 lists the demographic features of this
population and the prevalence of subjects hav-
ing clinical signs of aqueous deficiency or lipid
deficiency. From a total of 2070 eyes, 57.00%
had a TMH B 0.2 mm; 43.20% had a
NIBUT B 10 s; 48.10% had an LLT B 60 nm;
and 88.10% had a PBR[0.4. Among the three
age groups, there were significant differences in
TMH B 0.2 mm, BUT B 10 s, LLT B 60 nm, and
PBR[ 0.4 (all p = 0.00). We noted that the
abnormal rates of TMH B 0.2 mm and PBR[
0.4 were significantly higher in female partici-
pants than in male participants (all p \0.05).
No significant difference was noted in the
prevalence of NIBUT B 10 s and LLT B 60 nm
between male participants and female partici-
pants (all p[0.05).

DISCUSSION

The Keratograph 5M [28] and LipiView inter-
ferometry [29], which can accurately and non-
invasively determine the objective parameters
of the ocular surface, even for children with low
compliance, are available and reliable. The non-
invasive objective ocular surface examination
with correlated indicators is reliable, providing
an important guide for the safety of

orthokeratology fitting. Thus, we investigated
the characteristics of ocular surface objective
parameters among children with myopia who
are candidates for orthokeratology lens wear,
exploring the proportion of children with
myopia with dry eye risk in different pediatric
populations. Meanwhile, we also explored the
interaction of ocular surface indicators in
maintaining tear film homeostasis in children
and providing a basis to compare ocular surface
test results with other groups of children.

The mean TMH of 0.21 mm in this study
aligns with previous studies reporting on chil-
dren [20, 30] and adults [22]. Moreover, the
NIBUT of 12.45 s aligns with other studies in
children[20, 30, 31], and is higher than 10.40 s
in the adult study [22]. In keeping with the
TMH and NIBUT increase with age in our study,
tear secretion is thought to be maximal around
age 10–20 years [32] and then decrease as
reported [33–35]. However, we noticed that the
mean values of TMH in participants of this
study aged 7–11 years were lower than the
adults’ diagnosed threshold values of dry eye.
Similar to previous studies with healthy chil-
dren and adults [5, 36–38], the mean value of
LLT in the present study was 65.28 nm, less
than adults with dry eyes [38]. LLT and PBR
increased with age, consistent with the study of
Weng and Li [39, 40]. In this study, PBR
increased with aging, which may be due to a
decrease in TB as a result of increased near work,
such as smartphone use and study time, with
aging. As Chidi-Egboka et al. suggested, smart-
phone use in children results in dry eye

Fig. 1 Characteristics of the ocular surface in three age
groups. Bar graph showing the average A tear meniscus
height (TMH), non-invasive tear film break-up time
(NIBUT), and lipid layer thickness (LLT); B meibomian

gland loss (MGL) score (upper, lower) and conjunctival
hyperemia redness score (RS); and C partial blink rate
(PBR), number of partial blinks (PB), and number of total
blinks (TB) in three age groups. *p\ 0.05, **p\ 0.01
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symptoms and immediately sustained slowing
of blinking [41]. In this study, PB was unchan-
ged, then PBR increased. We found MGL
increased with age in agreement with Arita R
et al., and there was a significant positive cor-
relation between age and the lid margin
abnormality score in populations aged 0–-
80 years [24]. Because the meibomian gland has
been described to be morphologically complete
at birth [42], we hypothesize that increased
lacrimal gland function with age may instead
aggravate the blockage of the meibomian
glands and cause the deficiency. Our results
showed that tear secretion increased with age
from 7 years to 18 years. The ocular surface
values of orthokeratology candidates aged 12–-
18 years were comparable to or better than
those of adults, but those of the younger chil-
dren were not. Ozdemir et al. revealed that tear
function declined, especially the tear film break-
up time values with advancing age, from age
20–86 years [43]. With aging, children have
enhanced tear secretion with increased meibo-
mian gland deficiency.

In our study, both NIBUT and LLT were
negatively correlated with TB; and they were
positively correlated with PBR. Blink pattern
could be considered as an additive measure for
abnormal ocular surface assessment [44]. As
indicated in Jie et al.’s findings, PB may lead to
less squeezing of the meibomian glands by the

orbicularis muscle, resulting in less effective
meibum secretion [39]. Proper blinking is
essential for tear film homeostasis and may
serve as a compensatory mechanism. Similar to
contact lens wearers who report dry eye symp-
toms, they appear likely to also benefit from
improved blink efficiency [45]. In the present
study, PB was not significantly correlated with
tear film parameters in OrthoK candidates.
Instead, TB showed a negative correlation with
tear film parameters. On the basis of this study,
we can speculate that the decrease in total
blinks causes a decrease in the squeezing of the
lid gland, combined with an increase in LLT and
impaired lipid drainage in adolescents, thus
leading to an increase in MGL. This would also
explain the positive correlation found between
MGL and TMH in our study—precisely, the
enhanced tear secretion of aqueous and lipid
functions with increasing age in childhood and
the poor lipid drainage due to environmental
pollution or electronics use. Lee et al. found no
significant differences in PBR and upper mei-
boscores between non-lens wearers with OrthoK
wearers; however, OrthoK wearers showed
increased LLT and higher meiboscores of lower
eyelids [5]. LLT thickening induced by OrthoK
wear may be related to a negative feedback
mechanism. On the basis of the various corre-
lations among the ocular surface parameters, we
speculated that enhanced lacrimal secretion

Table 2 Associations between age and ocular surface parameters

Age TMH NIBUT LLT PBR PB TB

r p r p r p r p r p r p r p

TMH 0.29 0.00** 1.00 0.13 0.00** 0.09 0.00** 0.03 0.29 -0.02 0.35 -0.05 0.04*

NIBUT 0.16 0.00** 0.13 0.00** 1.00 0.28 0.00** 0.15 0.00** -0.01 0.65 -0.10 0.00**

RS 0.10 0.00** 0.02 0.31 -0.05 0.05* -0.03 0.19 -0.01 0.58 -0.03 0.18 -0.04 0.07

MGL upper 0.11 0.00** 0.18 0.00** -0.05 0.03* -0.05 0.02* 0.01 0.80 0.08 0.00** 0.08 0.00**

MGL lower 0.10 0.00** 0.19 0.00** -0.04 0.09 -0.03 0.14 0.01 0.74 0.08 0.00** 0.08 0.00**

LLT 0.11 0.00** 0.09 0.00** 0.28 0.00** 1.00 0.16 0.00** -0.02 0.31 -0.12 0.00**

PBR 0.11 0.00** 0.03 0.29 0.15 0.00** 0.16 0.00** 1.00 0.39 0.00** -0.12 0.00**

PB -0.04 0.07 -0.02 0.35 -0.01 0.65 -0.02 0.31 0.39 0.00** 1.00 0.81 0.00**

TB -0.09 0.00** -0.05 0.04* -0.10 0.00** -0.12 0.00** -0.12 0.00** 0.81 0.00** 1.00

TMH tear meniscus height, NIBUT non-invasive tear film break-up time, RS conjunctival hyperemia redness score,MGL meibomian gland loss score, LLT
lipid layer thickness, PBR partial blink rate, PB number of partial blinks, TB number of total blinks
-1 B r B 1. *p\ 0.05, **p\ 0.01
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and a more stable tear film in OrthoK candi-
dates may in turn somehow lead to a reduced
blink frequency. Ocular surface parameters
interacted with each other and blink pattern are
related to tear film stability.

Cut-off values of TMH B 0.2 mm,
BUT B 10 s, LLT B 60 nm, or the existence of
PBR[ 0.4 are recommended for the diagnosis of
the clinical signs of aqueous deficiency and
lipid deficiency, measured using the Ker-
atograph 5 M and LipiView Interferometry [27].
The prevalence of dry eye by symptoms and
signs was 13.55%, and that of dry eye by
symptoms alone was 31.40% in Chinese people
aged 5–89 years [46]. We found 57% and 43.2%
of children tended to have inadequate tear
volume and tear stability, respectively; more-
over, 48% of children tended to have thinner
lipid layer thickness, and 88% of children had
higher abnormal blink rates. Moreover, these
abnormality rates decreased significantly with
aging. Gender did not affect the abnormality
rates of NIBUT and LLT. Female participants
had higher abnormalities in both TMH and PBR
than male participants. At the same time, we
consider that the dry eye diagnostic criteria may
not be appropriate for younger children, lead-
ing to a higher rate than actual values. Still, the
abnormal risk rates in children are of concern.
Children with dry eye may have fewer symp-
toms and complain of more symptoms than
adults with similar severity of dry eye condi-
tions [47]. In addition, children’s dry eye sub-
jective symptoms of complaints may not be
reliable and may mismatch with objective
clinical signs, in which case objective exami-
nation would be more reliable. Given the
accurate and non-invasive ocular surface
instruments, objective examinations can serve
as important indicators for dry eye risk before
fitting orthokeratology. Meanwhile, we con-
sider that age should be taken into account
when assessing dry eye risk in OrthoK candi-
dates, and adult criteria can be applied aged
12 years and older. For children 11 years and
younger, however, the existing diagnostic cri-
teria should be lowered due to their lacrimal
gland function development.

The study provided a data basis for ocular
surface parameters in children with myopia. LiuT
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et al. reported that dry eye in children has been
underestimated or over-treated [48], with treat-
ment consisting of artificial tear eye drops,
autologous serum eyedrops, and environmental

recommendations that had applied to children
[49, 50]. Most studies focused on children with
dry eye associated with a number of congenital
and autoimmune issues. With increased

Fig. 2 Correlation analyses between non-invasive tear film
break-up time (NIBUT), tear meniscus height (TMH),
lipid layer thickness (LLT), meibomian gland loss (MGL),

and number of total blinks (TB). A NIBUT and LLT;
B TMH and NIBUT; C TMH and upper MGL; D TMH
and lower MGL; E NIBUT and TB; F LLT and TB
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electronics and eye burden, dry eye in children
without any systemic disease increased. Tear-
related visual function parameters were corre-
lated with ocular discomfort [51]. Moreover,
OrthoK separates the tear film into the pre- and
post-lens. OrthoK use can reduce tear film
break-up time and tear stability; moreover,
corneal epithelial damage may cause shorter
BUT [52]. When the tear volume is not suffi-
cient, this friction between the contact lens and
the ocular surface may cause the presence of
foreign bodies, dryness, and discomfort sensa-
tions [53]. Positive correlations were observed
among NIBUT, LLT, and TMH in this study,
consistent with tear film homeostasis. As the
total lipid layer increases, tear evaporation
decreases, and then tear volume increases,
which in turn prolongs tear film break-up time.
It is more important to evaluate the ocular
surface before fitting orthokeratology in ado-
lescents to ensure the safety of wearing. Hence,
a thorough OrthoK pre-fitting evaluation
should focus on these critical parameters, espe-
cially TMH and NIBUT, to assess the risk as well
as to establish a targeted treatment plan.

This study was retrospective, and we could
not control for certain confounding factors,
including the participants’ environment and
electronic screen use time. We also did not
obtain subjective ocular surface symptoms in
these children with myopia. Future work may
build on the foundations established in this

study to explore further prospective observa-
tions to clarify conflicting points and confirm
the causal relationship between OrthoK lens use
and changes in tear film homeostasis.

CONCLUSIONS

Child orthokeratology candidates have
enhanced tear secretion and increased meibo-
mian gland deficiency with aging. The adult dry
eye diagnostic criteria may apply to orthokera-
tology candidates aged 12–18 years, but should
be lower for younger candidates. In considera-
tion of the proportion of abnormal risk, it is
necessary to assess tear film status and blink
pattern by reliable and feasible objective exam-
ination before fitting orthokeratology.
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Table 4 Clinical signs of aqueous deficiency and lipid deficiency by age and gender

Age group p Gender p Total

N (%) Group 1 Group 2 Group 3 Male Female All

TMH B 0.2 mm 793

(65.30%)

301

(49.30%)

85 (34.80%) 0.00** 541

(53.90%)

638

(59.90%)

0.00** 1179

(57.00%)

NIBUT B 10 s 555

(48.40%)

224

(38.50%)

64 (28.70%) 0.00** 402

(42.40%)

441

(44.00%)

0.49 843

(43.20%)

LLT B 60 nm 586

(50.90%)

278

(46.30%)

90 (38.80%) 0.00** 476

(49.30%)

478

(46.90%)

0.28 965

(48.10%)

PBR[

0.4

946

(86.00%)

521

(89.80%)

189

(95.00%)

0.00** 774

(86.20%)

882

(89.90%)

0.01* 1656

(88.10%)

TMH tear meniscus height, NIBUT non-invasive tear film break-up time, LLT lipid layer thickness, PBR partial blink rate
*p\ 0.05, **p\ 0.01
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