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Structurally coloured contact lens sensor for
point-of-care ophthalmic health monitoring†

Yunlong Wang,‡ Qilong Zhao ‡ and Xuemin Du *

Point-of-care (POC) diagnosis is of great significance in offering precise and personalized treatment for

patients with eye diseases. Contact lenses, as a kind of popular wearable device on the eye, provide a

suitable platform for the integration of biosensors for the POC diagnosis of eye diseases. However,

existing contact lens sensors usually involve complex electronics and circuits, the manufacturing of

which is complicated and signal readout requires additional instruments. To realize the instrument-free

detection of pathologically relevant signals of eye diseases, we successfully established a structurally

coloured contact lens sensor with a tunable colour in this investigation, which can directly report

changes in moisture and pressure that are critical signs for xerophthalmia and glaucoma diagnosis,

respectively, by altering colours. Importantly, this structurally coloured contact lens sensor is made

solely from a biocompatible hydrogel, without the addition of any chemical pigments, therefore

exhibiting superior biosafety and wearing comfort for wearable applications. With both excellent

biocompatibility and sensing capabilities, this structurally coloured contact lens sensors thus holds great

promise for instrument-free ophthalmic health monitoring, which will benefit a large proportion of the

population that have a high risk of eye disease.

Introduction

The eye is one of the most important organs for human beings
to be able to sense and obtain information from their external
world. However, in modern society, a large proportion of the
population suffers from diverse eye dysfunctions, ranging from
some relatively mild symptoms such as xerophthalmia to some
severe disorders such as diabetic retinopathy and glaucoma,
which may lead to loss of vision.1,2 Early diagnosis is of great
importance for avoiding severe problems in eye, which relies on
facile and reliable monitoring of several signals with significant
pathologic relevance, such as moisture, glucose levels and
intraocular pressure.2 With the emergence of wearable bio-
sensors and flexible electronics,3–6 point-of-care (POC) diagnosis
has become a popular concept towards precision health and

personalized medicine,7 which enables real-time detection of
vital physiological signs in non-invasive or minimally invasive
manners.8–10 In particular, recent advances in stretchable and
transparent electronics have promoted the design and preparation
of a new generation of wearable diagnostic devices for ocular
applications,11 which offer promising candidates for the POC
diagnosis of eye dysfunctions.

As a US Food and Drug Administration (FDA) approved
ocular prosthetic device, the contact lens has been used by
more than 140 million people worldwide in the fields of vision
correction, therapeutics and cosmetics, also providing an
appropriate platform for the integration of biosensors for
ophthalmic health monitoring.12–14 Through the integrating
of electronics, a variety of advanced contact lens sensors have
been developed for the non-invasive and real-time monitoring
of tear glucose levels,15,16 intraocular pressure,17,18 and both of
these,19 usually based on electrochemical methods. While these
wearable contact lens sensors with built-in electronics hold
great promise in the POC diagnosis of eye dysfunctions, they
still face many challenges for use in practical applications,
including vision obstruction and potential risk of injury to the
eyeball by the electronics,20 interference of the electrochemical
signal recording due to eye blinks,20 complicated fabrication
procedures for the manufacturing of specific circuits for wire-
less powering and monitoring,21–23 as well as the requirements
of additional instruments for signal readout.24 The development
of unpowered and self-reporting smart contact lens sensors has
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become a new trend for ophthalmic health monitoring, which
can be realized by introducing specifically designed microfluidic
channels.20,25 Using a microfluidic contact lens, biomarkers can
be detected by colorimetry through encapsulating different
fluorescent dyes within microfluidic channels.20 Despite superior
convenience in directly reporting the biomarkers using colour,
the use of chemical pigments in this system has some inherent
problems, such as uncontrolled molecular diffusion and low
stability, which impair the reliability of the resulting contact lens
sensors.

To provide a promising alternative for low-cost yet reliable
colorimetric monitoring of signals relevant to eye dysfunctions
in an instrument-free fashion, in this study, we demonstrate a
structurally coloured contact lens sensor with tunable colours
that is sensitive to changes in moisture and pressure, which are
critical for xerophthalmia and glaucoma diagnosis, respectively.
Structural colour is common in nature, which arises from
the wavelength-selective diffraction of light by unique three-
dimensional (3D) periodic structures.26–30 Due to the advantages of
being free of the use of chemical pigments that have potential
health risks, structurally coloured contact lenses have recently
attracted increasing attention in the field of cosmetics.31–33

Notably, compared to colour-changing dyes, the changes in
structural colours can be simply realized by adjusting the
refractive index and/or the lattice spacing of the 3D periodic
structures.34–36 Structurally coloured materials are therefore
also excellent candidates for sensing external signals by
colour,37–39 which can eliminate the problems of photobleaching
and unexpected molecular diffusion for chemical pigment-based
colorimetric sensors. In the current investigation, we prepare a
structurally coloured contact lens sensor solely made of a poly(2-
hydroxyethyl methacrylate) (PHEMA) hydrogel, the composition
of which is identical to those of commercial products,40 hence
showing its excellent biosafety. Owing to its water-rich network
structure and therefore soft nature, the resulting structurally
coloured contact lens sensor exhibits excellent responsivity to
minor changes in moisture and pressure, which can be directly
reported by altering colours. With both good biocompatibility
and robust capabilities in the sensing of pathologically relevant
signs, the structurally coloured contact lens sensor will open up a
new avenue for instrument-free ophthalmic health monitoring
towards POC diagnosis and personalized medicine for eye diseases.

Experimental
Preparation of the structurally coloured contact lens sensor

The preparation of the structurally coloured contact lens sensor
was performed within a contact lens mould consisting of both
inside and outside moulds (Fig. 1). In brief, monodispersed
silica colloidal particles with average sizes of 356� 18, 240� 11
and 180 � 9 nm were respectively synthesized using the Stöber
method, which were then centrifuged with deionized water and
ethanol, respectively, at least three times, to prepare purified silica
colloidal particle suspensions. Subsequently, different colloidal
crystal templates were assembled using the monodispersed silica

colloidal particles with different average sizes within the outside
mould by dropping a suspension containing dispersed mono-
dispersed silica colloidal particles into each mould, followed by
complete drying in an 85 1C oven. A ring-like colloidal crystal
template was generated on the bottom of the mould due to the
coffee-ring effect,33 while some silica colloidal particles deposited
in the centre of the mould were carefully cleared. After the
formation of different colloidal crystal templates, a precursor
solution containing 2-hydroxyethyl methacrylate (HEMA, Sigma-
Aldrich) as a monomer, 10 mg mL�1 of methylene-bis-acrylamide
(MBA, Sigma-Aldrich) as a crosslinker, and 1% v/v 2,2-diethoxy-
acetophenone (DEAP, Sigma-Aldrich) as a photoinitiator, with a
total volume of 50 mL, was added into each mould and infiltrated
into the colloidal crystal templates. The inside mould was then
placed onto the outside mould to leave a curved space, followed
by the photopolymerization of the precursor solution in an
ultraviolet (UV) curing machine for 30 min. The resulting hydro-
gel composite with a contact lens shape was then carefully peeled
off from the mould after the photopolymerization and then
immersed in a 4% v/v hydrofluoric acid (HF) solution to etch
the colloidal crystal template and was subsequently washed with
deionized water at least five times to completely remove the
residual HF, finally resulting in a structurally coloured contact
lens sensor with inverse opal structures. Using colloidal crystal
templates assembled from monodispersed silica colloidal particles
with different average sizes, different structurally coloured contact
lens sensors were prepared.

Characterization

The morphologies and microstructures of the structurally coloured
contact lens sensors with embedded colloidal crystal templates
before and after the etching of the templates were characterized
using a field-emission scanning electron microscope (SEM,
Sigma 300, Carl Zeiss). The composition of the resulting
structurally coloured contact lens sensor was examined by Fourier-
transform infrared spectroscopy (FTIR) after freeze-drying the

Fig. 1 A schematic illustration of the preparation of structurally coloured
contact lens sensor within a contact lens mould by photopolymerization
with the assistance of a colloidal crystal template assembled by mono-
dispersed silica colloidal particles.
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hydrogel sample. Samples for SEM characterization were completely
dried in a freeze-drying machine and then coated with a thin layer
of Au by sputtering prior to the SEM observations. The colours and
macroscopic shapes of the as-prepared structurally coloured
contact lens sensors were recorded using a digital camera
(EOS 7D, Mark II, Canon), of which reflectance spectra were
measured using a spectrometer (HR 2000+, Ocean Optics).

Biocompatibility assessments

Primary human corneal epithelial cells (HCECs) supplied by
Genetimes ExCell Technology, Inc. were cultured with Dulbecco’s
modified Eagle’s medium (DMEM, Gibco) with supplemented
10% v/v fetal bovine serum and 100 U ml�1 penicillin–streptomycin,
which were maintained in a humidified incubator at 37 1C with
5% CO2. The HCECs at passage 2 or 3 were used for cell culture
experiments, which were seeded on the surface of the sterilized
structurally coloured contact lens sensor or on the bottom of
blank wells (control) at a 96-well cell culture plate (Corning).
At pre-set time points (1, 3, 7 and 9 days of culturing), the
cultured HCECs of different groups were stained with a Hoechst
33342 solution (Life Technologies) to label the nucleus of the
living cells, which were observed under an inverted fluorescence
microscope (Ti-U, Nikon). The numbers of living cells cultured
on the structurally coloured contact lens sensor and control
over time were quantified using a Cell Counting Kit-8 (CCK-8,
Sigma-Aldrich) according to the manufacture’s protocol, where
the optical density (O. D.) values at a wavelength of 450 nm
were measured using a microplate reader (Thermo Scientific
Varioskan LUX).

To examine the wearing comfort of the structurally coloured
contact lens sensor, we put a green-colour contact lens sensor
on the eyeball of an adult male Chinchilla rabbit (3.0–3.5 kg,
purchased from Guangdong Medical Laboratory Animal Centre,
Guangzhou, China) and maintained it in a common facility at
Shenzhen Institutes of Advanced Technology Animal Centre. The
behaviour of the rabbit before and after wearing the structurally
coloured contact lens sensor was monitored. All of the procedures
in this animal study were approved by the institutional animal care
and use committee of the Shenzhen Institutes of Advanced
Technology, Chinese Academy of Sciences (SIAT-IRB-190305-
YGS-ZQL-A0689).

Moisture and pressure monitoring

To examine the performance of the structurally coloured contact
lens sensor in monitoring moisture, the water content (P) was
firstly calculated, which was measured according to the following
equation [eqn (1)]:

P = (W � Wd)/W � 100% (1)

where W is the original weight of the structurally coloured
contact lens sensor sufficiently swelled in water and Wd is the
weight of the sample with an original weight of W after being
completely dried in an oven. The original colour and the
reflectance spectra of the fresh red-colour contact lens sensor
sufficiently swelled in water, as well as those of the contact lens
sensor dried in air at room temperature with an air humidity of

89% for different time periods, were recorded using a digital
camera and spectrometer, respectively. The weights of the air-dried
samples were also measured to quantify the water loss percentage
of the sample. The wavelength of the reflectance peak with respect
to the water loss percentage was plotted to demonstrate the
relationship between the colour of the structurally coloured
contact lens sensor and the change in moisture.

To examine the effectiveness of the structurally coloured
contact lens sensor for potential xerophthalmia diagnosis, we
further explored the colour change of a red-colour contact lens
sensor between the conditions simulating the normal eye and
the pathogenic situation of xerophthalmia. The amount of tear
secretion is a key marker for the diagnosis of xerophthalmia in
the clinic.41 We therefore placed the red-colour contact lens
sensors in eyeball moulds with the addition of 5 and 15 mL
normal saline every 5 mins to simulate a normal eye and the
pathogenic conditions of xerophthalmia, respectively.41,42 The
reflectance spectra of the contact lens sensors in different
conditions over time were monitored using a spectrometer.

To examine the performance of the structurally coloured
contact lens sensor in monitoring pressure, the structurally
coloured contact lens sensor with an original red colour was
fitted in the contact lens mould, where loading units, each with
a weight of 5.0 g, were then placed on the mould to exert
pressure of a certain value on the sensor. The reflectance spectra
and the colours of the structurally coloured contact lens sensor
with different levels of exerted pressure were recorded using a
spectrometer and a microscope (Ni-U, Nikon), respectively. The
wavelength of the reflectance peak with respect to the pressure
was plotted and a linear fit analysis on the plot was performed
using the software OriginPro 2019b.

Statistics

The data of statistical analyses are represented as the mean �
standard deviation (SD). Data were statistically analysed using
analysis of variance (ANOVA) and the Student’s t-test. A value
of P 4 0.05 means that the results have no significant
difference (n.s.), while P o 0.05 (*) was considered as statistically
significantly different.

Results and discussion
Optical performance of the structurally coloured contact lens
sensor

Structurally coloured contact lens sensors with inverse structures
solely made from PHEMA hydrogel were fabricated by the photo-
polymerization of monomers confined within a contact lens
mould with the assistance of colloidal crystal templates assembled
from monodispersed silica colloidal particles. Due to the highly
ordered structures within the body matrix of the structurally
coloured contact lens formed via the assembly of hexagonal
close-packed monodispersed silica colloidal particles with uniform
spherical structures as a colloidal crystal template (Fig. 2a and b),
the resulting contact lens sensor has a layer of porous and fine
periodic inverse opal structures after complete removal of the
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colloidal crystal template by HF etching (Fig. 2c and d). This
results in brilliant colours being observed at the outer rings of
the resulting contact lens sensors in the reported regions, but
with transparent centres left for the penetration of light for
vision (Fig. 2e). The pure composition of the PHEMA has
verified from the results of FTIR (Fig. S1, ESI†), indicating the
complete removal of the silica colloidal particles. The colour of
the as-prepared contact lens sensor is derived from the wavelength-
selective diffraction of light by periodic inverse opal structures
at the reporting regions, of which the wavelength (l) can be
estimated according to Bragg’s law [eqn (2)]:

l = 1.633 � d � naverage (2)

where d is the lattice spacing and naverage is the average
refractive index of the inverse opal structured PHEMA hydrogel.
Accordingly, structurally coloured contact lens sensors with
multiple colours can be prepared by simply adjusting the sizes
of the silica colloid particles in the assembly of the templates.
With a decrease in the average size of the monodisperse silica
colloid particles from 356 � 18, 240 � 11 to 180 � 9 nm that
exhibit narrow size distributions (Table S1, ESI†), an obvious
blue shift in the reflectance spectra of the contact lens sensors
in their reported regions was observed, resulting in contact lens
sensors with eye-catching red, green and blue colours, respectively
(Fig. 2e). Their multiple colours demonstrate the excellent colour
tunability of the contact lens sensors within the entire visible
spectrum, as well as the high sensitivity of the colours to the
changes in the spacing of the periodic structures. Additionally, the
stability of the optical properties of the structurally coloured contact
lens sensor was examined. Through monitoring the reflectance
spectra of a fresh red-colour contact lens sensor and one stored in
water for 2 months, it shows that there is no significant difference in
both the position and intensity of the reflectance spectra (Fig. S2,
ESI†), demonstrating the excellent stability and durability of our
structurally coloured contact lens sensor.

Biocompatibility of the structurally coloured contact lens sensor

Despite the chemical pigment free simple composition of the
PHEMA hydrogel for the resulting structurally coloured contact
lens sensors with brilliant tunable colours in the reporting
regions, their biocompatibility and wearing comfort should still
be carefully examined prior to their practical diagnostic appli-
cations. To assess the in vitro cytocompatibility of the PHEMA
structurally coloured contact lens sensors, primary HCECs were
respectively cultured on the red-colour contact lens sensor and
controlled with the same cell seeding density, where cell viability
and proliferation over time were studied. It was observed that the
HCECs can be well attached and grown on the surface of the
PHEMA contact lens sensor, indicated by the increased numbers
of attached cells with cell nucleus labelling by Hoechst 33342,
which is comparable to the conditions of the control (Fig. 3a).
Additionally, the numbers of living cells cultured on the PHEMA
structurally coloured contact lens sensors were quantified and
compared with those of the control using CCK-8. Through
comparing the optical density (O. D.) values of the cells treated
with CCK-8 over time for the different groups, it shows that
there is no statistically significant difference in the numbers of
living cells cultured for the different groups for up to 7 days
(Fig. 3b). These results demonstrate the negligible cytotoxicity
and hence excellent in vitro biocompatibility of the PHEMA
structurally coloured contact lens sensors for effectively supporting
the adhesion, growth and proliferation of the HCECs on their
surfaces. Furthermore, a structurally coloured contact lens sensor
was tested on a rabbit to examine the wearing comfort of the
device. It shows that the device with appropriately designed size
and geometry for fitting the eyeball of the rabbit can be readily
worn on the rabbit’s eyeball (Fig. 3c). There was no perceptible
difference in the behaviour of the rabbit before and after
wearing the contact lens sensor, inferring acceptable wearing

Fig. 2 (a and b) SEM images of the structurally coloured contact lens
sensor with embedded colloidal crystal template assembled from hexa-
gonal close-packed monodispersed silica colloidal particles viewed under
different magnifications (a: low magnification, b: high magnification). SEM
images of the structure of the contact lens sensor with a layer of periodic
porous structures after the etching of the template viewed at a low
magnification (c) and its inverse opal structures viewed at a high magni-
fication (d). (e) The photographs and corresponding reflectance spectra of
the structurally coloured contact lens sensors with red, green and blue
colours, respectively. Scale bar: 3 mm.

Paper Journal of Materials Chemistry B

Pu
bl

is
he

d 
on

 1
7 

Ja
nu

ar
y 

20
20

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 T
ow

n 
L

ib
ra

ry
 o

f 
Sh

en
zh

en
 o

n 
12

/1
6/

20
20

 3
:4

3:
23

 A
M

. 
View Article Online

https://doi.org/10.1039/c9tb02389e


This journal is©The Royal Society of Chemistry 2020 J. Mater. Chem. B, 2020, 8, 3519--3526 | 3523

comfort and the availability of our devices for potential in vivo
wearable applications.

Performance in moisture monitoring

After verifying the excellent biocompatibility and wearing comfort of
our structurally coloured contact lens sensors, their performances in
monitoring signals with significant pathologic relevance to eye
disorders including moisture and intraocular pressure were
subsequently measured. To assess the performances of our
contact lens sensors in moisture monitoring, we employed a
red-colour contact lens sensor and placed it in air at room

temperature at an air humidity of 89%. The contact lens sensors
were dried in air to mimic the conditions of being worn by
patients with the symptoms of xerophthalmia. In the beginning,
the water content of the original red-colour contact lens sensor
sufficiently swollen in water was 67.1 � 3.1%. Upon extending
the air-drying time, the water content of the contact lens sensor
consisting of the PHEMA hydrogel gradually decreased, where
the water loss percentages at pre-set time points were calculated
accordingly. Since the water loss leads to a volumetric shrinkage
of the hydrogel,43,44 as well as the shrinkage of the inverse opal
structures of the contact lens sensors, subsequently reducing
the spacing of the periodic pores in the inverse opal structures,
it is reasonable to observe an obvious change of colour with the
water loss of the hydrogel contact lens sensor according to
Bragg’s law [eqn (2)]. Compared to the brilliant red colour of the
original contact lens sensor, ones with water loss percentages of
10%, 13.5% and 17% are olivine, blue-green and blue in colour,
respectively (Fig. 4a). Clear volumetric shrinkage indicated by the
smaller size of the contact lens sensor than that of the original one
can be observed from the photograph of the sample with a water
loss percentage of 17.5%, demonstrating the high sensitivity of the
PHEMA hydrogel structural colour contact lens sensor with a
water-rich network structure in response to a minor change in
water content. From the reflectance spectra (Fig. 4b), it can be
further verified that the increase in the water loss percentage of the
contact lens sensor induces a decrease in the spacing of the
periodic inverse opal structures resulting in a significant blue shift
in the spectra, which follows Bragg’s law [eqn (2)]. A water loss
percentage of 0 to 17% can lead to a shift in the reflectance peak of
the contact lens sensor across almost the entire visible range. At
the water loss percentage of 20%, the reflectance peak of the
contact lens sensor moves out of the visible range, corresponding
to a disappearance in the colour of the resulting contact lens
sensor. Additionally, the change in the wavelength of the
reflectance peak of the structurally coloured contact lens sensor
with respect to the water loss percentage was plotted (Fig. S3,
ESI†). Since water loss of the hydrogel corresponds to a linear
change in the volumetric shrinkage,45 yet non-linear change in
the spacing of the periodic structures, it can therefore be
observed that the wavelength of the reflectance peak shows a
significant negative correlation with the water loss percentage of
the contact lens sensor while their correlation is non-linear
(Fig. 4c). These results suggest a broad detection range of our
structurally coloured contact lens sensor in sensing changes in
moisture directly by colour.

To verify the effectiveness of the sensor that can sense the
change in moisture for potential POC diagnosis of xerophthalmia,
we further evaluated the performance of the red-colour contact
lens sensor between the normal eye- and xerophthalmia-simulating
conditions. It shows that there is no change in colour and that the
wavelength of the reflectance peak for the sensor under normal
eye-simulating conditions over time upon the addition of 15 mL
of normal saline can effectively avoid the shrinking of the
hydrogel-based sensor, while there is a significant change in
the wavelength of the reflectance peak (corresponding to a
colour change from red to blue) over 25 min for the sensor

Fig. 3 (a) Fluorescence micrographs of HCECs with cell nucleus staining
using Hoechst 33342 (blue) cultured on the structurally coloured PHEMA
contact lens sensor and the 96-well cell culture plates (control) for
different cell culture time periods. (b) The O. D. values of HCECs treated
with CCK-8 on the structurally coloured PHEMA contact lens sensor and
control for different cell culture time periods. (c) Photograph of a rabbit
wearing a structurally coloured contact lens sensor.
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under xerophthalmia-simulating conditions (Fig. 4c), as the
addition of 15 mL of normal saline cannot supplement the
amount of water that evaporates from the sensor in air. It has
therefore been verified that the contact lens sensor is promising
for the reporting of the pathogenic conditions of xerophthalmia
directly by a change in colour.

Performance in pressure monitoring

In addition to the effective sensing of moisture by colour
change, our structurally coloured contact lens sensors also
demonstrate their superior capabilities as colorimetric pressure
sensors that can report the levels of exerting pressure. To
exploit the performance of our contact lens sensor in pressure
monitoring, the original red coloured device was placed in a
contact lens mould and its reflectance spectra and colours
under different levels of pressure were recorded. With an increase
in exerted pressure, an obvious blue shift in the reflectance
spectra can be observed for the original red coloured contact
lens sensor, exhibiting bright green and blue colours in the
reported region under pressures of 15 and 35 kPa, respectively
(Fig. 5a). When the exerted pressure ranges from 0 to 35 kPa, the
reflectance spectra of the red coloured contact lens sensor
spans almost the entire visible range, while a pressure of
40 kPa leads to a fading of the sample peak as its reflectance
spectrum moves out of the visible range (Fig. 5a). There is a
significant linear correlation between the wavelength of the

reflectance peak of the structurally coloured contact lens sensor
and the pressure, with an R value of 0.992 (Fig. S4, ESI†),
suggesting a broad detection range for our device as a pressure
sensor with outstanding sensitivity of 0.2 kPa nm�1 and a
detection limit of 0.18 kPa. Furthermore, the performance of
our structurally coloured contact lens sensor in the monitoring
of pressure within the pathologically relevant range of human
intraocular pressure, i.e., 1–4 kPa,17 was evaluated. A minor
change in the pressure exerted within the range of 1–4 kPa also
led to an obvious blue shift in the reflectance spectra of the
structurally coloured contact lens sensor, although a change in
its colour was difficult to directly distinguish by the naked eye
(Fig. 5b). Within the pathologically relevant range, a significant
linear correlation with a R of 0.999 between the wavelength
of the reflectance peak and the pressure was also presented
(Fig. 5c), which can be attributed to a linear decrease in the
spacing of the periodic structures with increasing pressure and
thereby a linear decrease in the reflectance wavelength accord-
ing to Bragg’s law [eqn (2)]. These results indicate the superior
reliability of our structurally coloured contact lens sensor in
sensing pressure within the pathologically relevant range
and its great potential for the real-time monitoring of intrao-
cular pressure for patients with a risk of glaucoma, after
functionalization with specific stimuli-responsive materials to
amplify the changes in the reflectance spectra in response to
pressure.

Fig. 4 (a) Photographs illustrating the original structurally red coloured contact lens sensor sufficiently swollen in water and its change in colour with
different water loss percentages. (b) The reflectance spectra of the original red coloured contact lens sensor with different water loss percentages.
(c) Plot showing the changes in the wavelengths of the reflectance peaks for the structurally coloured contact lens sensors over time under different
conditions (normal eye-simulating or xerophthalmia-simulating conditions).
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Conclusions

In summary, we successfully prepare a structurally coloured
contact lens sensor solely made from a PHEMA hydrogel that
exhibits a water-rich network structures and tunable colour.
With these outstanding characteristics, the resulting contact

lens sensor shows excellent biocompatibility and wearing comfort,
and also demonstrates superior capabilities as a biosensor for use
in sensing moisture and pressure directly by changing colour.
With the capability of self-reporting moisture and pressure, which
are significant pathologically relevant signs of different eye
disorders, the structurally coloured contact lens sensor holds
great promise for the POC diagnosis of xerophthalmia and
glaucoma, which can be coupled with portable devices such as
smartphones and smart glasses to offer advanced routes for
ophthalmic health monitoring. Furthermore, the structurally
coloured contact lens sensor will also inspire the design of a
new generation of wearable/implantable medical devices with
colorimetric sensing functions via the integration of structurally
coloured materials, which will contribute to desirable progress
in the field of diagnostics.
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