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Abstract

Background: Ocular surface temperature (OST) has been
widely investigated using the principle of recording the infrared
radiation (IR) emitted by the ocular surface.OST changes
have been reported in different ocular diseases, such as
glaucoma, choroidal abnormalities, and dry eye.

Aimof Sudy: The objective of this study wasto investigate
the relationship between tear film evaporation rate and ocular
surface temperature in patients with mild to moderate dry

eye.

Material and Methods: Twenty-five patients with dry eye
(average age, 42.61£9.77 years) were recruited for this study.
Aninfrared camera was used to measure the ocular surface
temperature. The geometric center of the cornea was estimated
manually by drawing a circle with approximately 4-mm
diameter at its center, and the mean temperature of thiscircle
areawas calculated. Thermal images of the ocular surface
were continuously recorded for 60 seconds at a frame rate of
30Hz. The tear film evaporation rate was determined using
ahandheld closed chamber evaporimeter. Three measurements
were obtained; then, the average value was cal cul ated.

Results: The measured ocular surface temperature was
lower in the dry eye group (33.74 £0.058°C) than in the control
group (33.92+0.57°C). The tear evaporation rate was signifi-
cantly greater in patients with dry eye (77.37 £23.07) than in
the control group (49.53 £ 15.36g/m?/h).

Conclusion: This study demonstrates that the ocular
surface of patients with dry eyeis cooler compared to that of
healthy individuals (<0.2°C). The significantly increased tear
film evaporation rate may explain the reduction in ocular
surface temperature (OST) among patients with dry eye.

Key Words. Ocular surface temperature — Tear film evapora-
tion rate — Dry eye syndrome.

Introduction

DRY eyeisamultifactorial disorder of tear film
and ocular surface that can lead to complications,
including ocular discomfort, visual disturbance,
ocular surface damage, and ocular inflammatory
events [1]. Dry eyeisone of the most common
reasons for seeking medical care. It adversely
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affects the quality of life of patients and represents
an economic burden due to the cost of health care
and loss of work productivity [2].

Evaporative dry eye is one of the main subtypes
of dry eye disease that is caused by excessive water
loss from the ocular surface [1]. Anincreasein tear
film evaporation can lead to tear hyperosmolarity
and instability, which play an important role in the
core mechanism of dry eye [3]. Since 1980, a
number of measuring techniques have been utilized
to evaluate the tear film evaporation rate. Many
studies have reported an elevated evaporation rate
in both aqueous-deficient and evaporative dry eye
[4-6] . Alterations in tear film evaporation rate could
be due to meibomian gland dysfunction, eyelid
disorders, or low blink rate [7].

Ocular surface temperature (OST) has been
widely investigated using the principle of recording
the infrared radiation (IR) emitted by the ocular
surface. Central corneal temperature ranges between
32.8°C and 35.4° C [g]. Another study that utilized
the principle of IR thermography has reported an
OST range of 33-36°C [9]. OST can be influenced
by many internal and external factors, such as room
temperature, air flow, age, and ocular abnormalities

(10,

OST changes have been reported in different
ocular diseases, such as postherpetic neuralgia,
glaucoma, choroidal abnormalities, and dry eye
[11] IR thermography has been used to analyze the
OST during or after ocular surgical procedures. A
higher OST has been found during and after pho-
torefractive keratectomy and cataract surgery [12,13].

Changesin the OST and tear film of patients
with dry eye have been reported. Morgan et al .,
used IR thermography to record the distribution
of OST. The mean central OST of patients with
dry eye was higher (32.38° C) than that of normal
subjects (31.94°C) [14] . In contrast, another study
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reported that patients with dry eye have lower OST

and faster cooling rate. It has been shown that
patients with dry eye have an average central OST

of 34.13° C compared to 34.77°C in normal subjects
[15].

The objective of this study was to investigate
the relationship between tear film evaporation rate
and OST in patients with mild to moderate dry

eye.

Patients and M ethods

All study procedures were reviewed and ap-
proved by the College of Applied Medical Sciences
Ethics Committee, King Saud University. The study
was conducted in agreement with the tenets of the
Declaration of Helsinki, and subjects provided
written informed consent.

Patients with mild to moderate dry eye were
recruited from optometry clinics at the College of
Applied Medical Sciences, King Saud University.
The patients were included in the study if they
have a break up time <5s (Oculus K eratograph 4),
[16] Schirmer test <10mm per 5min, and Ocular
Surface Disease Index score >13 [17] . The subjects
were excluded if they wear contact lenses or had
any ocular or systemic conditions that could influ-
ence the tear film. Twenty-five patients (average
age, 42.61+9.77 years) with dry eye were recruited
in this study. Twenty-five normal, age-matched,
healthy volunteers with no evidence of dry eye
were recruited as controls.

All test procedures were performed in a con-
trolled environment at 20.96 +0.46° C and 42+2%
humidity. For the purpose of environmental adap-
tation, the subjects were requested to set in the
room for 10 min before starting the investigations
for OSTand evaporation rate.

Thermography:

An infrared camera was used to measure the
OST (FLIR T1010, FLIR Systems, Surrey, UK).
The camera s self-calibrating comes with a high
definition detector (focal plane array, uncooled
microbolometer) with resolution of 1024 x 768
pixels and image frequency of 30 Hz and can detect
atemperature range between —40 and +150°C. The
geometric center of the cornea was estimated man-
ually by drawing acircle of approximately 4-mm
diameter at its center, and the mean temperature
of this circle areawas calculated (Fig. 1). Thermal
images of the ocular surface were continuously
recorded for 60s at aframe rate of 30Hz. Measure-
ments obtained during and immediately post-blink

were excluded. All temperature measurements were
then exported to an Excel spreadsheet and 600
thermal values were selected with exclusion of the
reading recorded immediately after blink.

Evaporimetry:

The tear film evaporation rate was determined
using a handheld closed chamber evaporimeter
(Vapo Meter, Delfin Technologies, Kuopio, Finland)
[6] . This handheld portable device was fitted to a
swimming goggle to measure the evaporation rate
of the eye and surrounding skin. Two readings
were taken; the first was taken with eyes open,
and the second was obtained with eyes closed,
which represent the evaporation rate from the
surrounding skin only. Then, the second reading
was subtracted from the first reading to calculate
the magnitude of water (tear) loss from the ocular
surface. Three measurements were obtained; then,
the average value was calcul ated.

Satistical analysis:

All datawere statistically analyzed using IBM
SPSS Stetistics (IBM corporation, Somers, NY,
USA). First, atest of normality was carried out
using Kolmogorov-Smirnov test. Normally distrib-
uted data were compared using Independent Sample
p-test. Non-normally distributed data were com-
pared using Mann-Whitney U test.

Results

The mean and standard deviation of OSTsand
evaporation rates measured in the dry eye group
and control group are shown in Table (1). Although
the measured OSTs were lower in the dry eye group
(33.74+0.058° C) compared with the control group
(33.92+£0.57° C), the parametric statistical tests
showed no significant difference in OST between
the two groups (p=0.26) (Fig. 2).

A boxplot of tear film evaporation rate is shown
in Fig. (3). Unlike OST, the tear evaporation rate
in the dry eye group (77.37+23.07g/m?/h) was
significantly higher than that in the control group
(49.53+ 15.36g/m?/h). Spearman's Rho test showed
no statistically significant correlation between OST
and tear evaporation in both study groups.

Table (1): The mean and standard deviation of ocular surface
temperature and evaporation rate measured in con-
trol and patients with dry eye.

Control Dry eye

Ocular surface temperature (°C) 33.92+0.57 33.74+0.058

Tear Evaporation rate (g/m2/h)  49.53%15.36 77.37£23.07
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Fig. (1): Ocular thermogram displayed on PC screen with a
circle of approximately 4mm represents the estimated
geometric center of the cornea.
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Fig. (2): Side-by-side boxplot for the ocular surface temper-
ature of study and control groups.
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Fig. (3): Side-by-side boxplot for the evaporation rate of study
and control groups.

Discussion

Numerous contact and noncontact techniques
have been devel oped to measure the OST. Contact
techniques, such as mercury-in-glass thermometers,
thermistor probes, and liquid crystal contact lenses,
have been used to measure the OST [9,18] .
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The first infrared measurement of OST was
conducted by Mapstonein 1968. In the 1990s,
Morgan et al ., used second-generation infrared
cameras to record the distribution of ocular tem-
peratures [14] . Unlike infrared thermometers that
provide a single temperature measurement, infrared
thermograms record the distribution of temperatures
using the IR emitted from the ocular surface.
Infrared thermo-cameras utilize either scanning
array or focal plane array photo sensitive detectors
to produce a digital infrared thermograph.

OST measurement received considerabl e atten-
tion due to its well-established correlation with
many ocular diseases, such as dry eye, carotid
artery stenosis, unilateral exophthalmos, Graves
ophthalmopathy, bulbar conjunctival hyperemia,
diabetic retinopathy, central retinal vein occlusion,
glaucoma, and inflammation of the lacrimal drain-
age system [19,20,21] . Environmental factors, such
asair flow and ambient temperature, could also
influence the OST. A previous study has reported
that the central corneal temperature decreased from
34.72%£1.6°C to 31.9% 1.6° C when the room tem-
perature decreased by 4°C [22] . Another study
reported a reduction of 4°C in OST when the
ambient temperature decreased from 25 °Cto 5°C
[23].

In this study, infrared thermal imaging was
utilized to monitor the OST of patients with dry
eye. Patients with dry eye (33.74+0.058° C) had
lower central corneal temperature than the control
group (33.92+0.57° C). Thisisin agreement with
previous studies that reported a lower corneal
temperature by 0.2° C and faster cooling ratein
patients with dry eye [24].

Craig JP et al., reported a greater differencein
OST between patients with dry eye and normal
subjects, where the OST was 0.58° C lower in
patients with dry eye [25].

The observed reduction in corneal temperature
could be attributed to the increase in tear evapora-
tion rate in patients with dry eye. In this study,
patients with dry eye showed a higher tear film
evaporation rate. This correlates well with previous
studies, suggesting that patients with aqueous or
evaporative dry eye have higher tear film evapora-
tion rates [26] . Excessive tear evaporation can be
caused by many internal or external factors. One
of the most common reasons for the increase in
tear film evaporation is meibomian gland dysfunc-
tion, asthe lipid layer works to decrease surface
tension and minimize tear evaporation [27].
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In contrast, studies have reported a higher OST
in patients with dry eye. Morgan et al., suggested
that patients with dry eye have a greater corneal
temperature compared to normal subjects. The
mean OST of patients with dry eyewas 0.44°C
lower [14]. Another study has shown that although
patients with dry eye showed a faster reduction in
OST following eye opening, they showed an in-
creased OST [28]. A correlation between OST and
ocular blood flow is well-documented. Moreover,
an increase of 0.5° C in ocular temperature has
been noted in subjects with bulbar conjunctival
hyperemia [29] . Dry eye is associated with signs
of inflammation and eyelid and conjunctival hy-
peremia; therefore, the elevated OST seen in pa
tients with dry eye could be caused by an increased
ocular blood flow.

However, the differencesin the reports could
also be due to the use of different measuring tech-
niques or differencesin environmental temperature
range over, which OST was observed. Moreover,
a possible explanation for these conflicting results
may be the variety of anatomical localization
methods that were used for OST measurement.

Conclusion:

This study demonstrates that the ocular surface
of patients with dry eyeis cooler compared to that
of healthy individuals (<0.2° C). The significantly
increased evaporation rate of tear film noted in
this study may explain the reduction in OST among
patients with dry eye. IR thermography can poten-
tially provide clinicians with areadily available
method to monitor ocular surface abnormalities.

Acknowledgements:

The authors are grateful to the Deanship of Sci-
entific Research, King Saud University for funding
through Vice Deanship of Scientific Research Chair.

Disclosure: The authors report no conflicts of
interest in this work.

References

1- CRAIGJP, etd.: TFOSDEWSII definition and classi-
fication report. The Ocular Surface, 15 (3): p. 276-283,
2017.

2- STAPLETON F., et al.: TFOS DEWS |1 epidemiology
report. The ocular surface, 15 (3): p. 334-365, 2017.

3- FOULKS G.N.: DEWS Report. The Ocular Surface, 5
(2): p. 65-66, 2007.

4- PETZNICK A, et al.: Repeatability of a new method for
measuring tear evaporation rates. Optometry and Vision
Science, 90 (4): p. 366-371, 2013.

5- ROHIT A, et a.: Validating a new device for measuring
tear evaporation rates. Ophthalmic and Physiological
Optics, 34 (1): p. 53-62, 2014.

6- ABUSHARHA A.A., et a.: Repeatability and Reproduc-
ibility of Tear Film Evaporation Rate Measurement using
anew Closed-Chamber Evaporimeter. The Open Ophthal-
mology Journal, 15 (1), 2021.

7- CHHADVA P., GOLDHARDT R. and GALOR A.: Mei-
bomian gland disease: Therole of gland dysfunction in
dry eye disease. Ophthalmology, 124 (11): p. S20-S26,
2017.

8- EFRON N., YOUNG G. and BRENNAN N.A.: Ocular
surface temperature Current Eye Research, 8 (9): p. 901-
906, 1989.

9- PURSLOW C. and WOLFFSOHN J.S.: Ocular surface
temperature: A review. Eye Contact Lens, 31 (3): p. 117-
23, 2005.

10- TAN JH., et a.: Infrared thermography on ocular surface
temperature: A review. Infrared Physics & Technology,
52 (4): p. 97-108, 2009.

11- TAN JH., et a.: Study of normal ocular thermogram
using textural parameters. Infrared Physics & Technology,
53 (2): p. 120-126, 2009.

12- JU R.-H,, et d., Changesin ocular surface status and dry
eye symptoms following femtosecond |aser-assisted cat-
aract surgery. International Journal of Ophthalmology,
12 (7): p. 1122, 2019.

13- LECA R, et al.: Study of the corneal temperature variation
during photo-refractive procedures. Investigative Oph-
thalmology & Visua Science, 62 (8): p. 2318-2318, 2021.

14- MORGAN P.B., TULLO A.B. and EFRON N.: Infrared
thermography of the tear film in dry eye Eye, 9: p. 615-
618, 1995.

15- KAMAOT,., et a.: Screening for dry eye with newly
developed ocular surface thermographer. American Journal
of Ophthalmology, 151 (5): p. 782-791. €1, 2011.

16- BEST N., DRURY L. and WOLFFSOHN J.: Clinica
evaluation of the Oculus Keratograph. Contact lens and
anterior eye, 35 (4): p. 171-174, 2012.

17- SCHIFFMAN R.M., et a.: Reliability and validity of the
ocular surface disease index. Archives of Ophthalmology,
118 (5): p. 615-621, 2000.

18- TAN JH., NG E. and ACHARYA U.R.: Evauation of
tear evaporation from ocular surface by functional infrared
thermography. Medical Physics, 37 (11): p. 6022-6034,
2010.

19- CHANDRASEKAR, B., et a.: Ocular surface temperature
measurement in diabetic retinopathy. Experimental Eye
Research, p. 108749, 2021.

20- SODI A., et al.: Ocular surface temperature in central
retinal vein occlusion: Preliminary data. European Journal
of Ophthalmology, 17 (5): p. 755-759, 2007.

21- GARCIA-PORTA N., et al.: Characterization of the ocular
surface temperature dynamics in glaucoma subjects using
long-wave infrared thermal imaging. JOSA A, 36 (6): p.
1015-1021, 2019.

22- SCHWARTZ B.: Environmental Temperature and the
Ocular Temperature Gradient. Arch. Ophthalmoal., 74: p.
237-43, 1965.



Ali Abusharha 2553

23- ABUSHARHA A.A., PEARCE E.l. and FAGEHI R.: 27- GEERLING G., et al.: The international workshop on
Effect of Ambient Temperature on the Human Tear Film. meibomian gland dysfunction: report of the subcommittee
Eye & contact lens, 2015. on management and treatment of meibomian gland dys-

. . function. Investigative ophthalmology & visual science,

24- FUJISHIMA H., et a.: Corneal temperature in patients 52 (4): p. 2050-2064, 2011.
with dry eye evaluated by infrared radiation thermometry.

British Journal of Ophthalmology, 80 (1): p. 29-32, 1996. 28- MORGAN P.,, TULLO A. and EFRON N.: Ocular surface
cooling in dry eye-a pilot study. Journal of the British

25- CRAIG J.P., et a.: Therole of tear physiology in ocular Contact Lens Association, 19 (1): p. 7-10, 1996.
surface temperature. Eye, 14: p. 635-641, 2000. .

29- EFRON N., et al.: Temperature of the hyperemic bulbar

26- WILLCOX M.D., et d.: TFOS DEWS 1 tear film report. conjunctiva. Current Eye Research, 7 (6): p. 615-618,
The Ocular Surface, 15 (3): p. 366-403, 2017. 1988.

Ot lac 5} pom A y8 Jotdond
Ol Bla (i ye 2

sty leatl ausiiy cpuall peass sl Ll cpas cailagll cpn Tase putiiy cpoall gulacad J¥1 g oall ol cpaall Lonaal] Taakall JSit3
g3y oAl raall sl b 5 ] s Lao Coanll sl Tty Bl ol sl Cpm g Copal Tomaat] Tanal! 305 . Ll

Ll ¥ ladl (pn s (g cpaall Taam el T )20 42t 30 Bissal JSasll (m il s 551 oyt ol g szinl

Cusilas ) alaaYT b paall L35 Janes Lide s Cpuall o 8,y Ty Ll o (o2 Lllad) Tealyall a gl 2ol (yn Cag)
sk lagall pladioals 5y penil] T pudieds Dolya |pal€ Talpll o3a M3 pladil o3 Gall GBlaa L3pbial Aassia Gl el oo

Tnsalyy peaall 35 Lol Ly 3 LS 35,8 ¥ Juinay TUalS T Baad publoall yygumill 3asha e Cpaall 8500 Loy ulil 3 o paall
ol e (pm S Al Gl cpaal Jom Aily 5,088 LT € dloas 3 51 sms alall S35 el e

O Al (o gl LS Lumsalall Fiaalls Biplis Cpuall Blin Lo3dlin ud yo (b crall 850y Ty o LEAT) i) 5 8 oy s
Byl ol ) 50 AU Ll ) s Gpall i o (b il St 1 pm (10 pnll gaal LAl Jno
ol s 85l i sl Ll o5 USA Gy Cpall el o)yl asliny 2y



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5

