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SUMMARY 
Infrared ocnlar thermograms were recorded for a gronp 
of 36 dry eye patients and for 27 age- and sex-matched 
controls. Mean ocnlar surface temperature was greater 
in the dry eye group (32.38 ± 0.69°C) compared with 
the control group (31.94 ± 0.54 °C; p<O.OI). In addition, 
there was a greater variation of temperatures across the 
ocular surface in the dry eye group, illustrated by the 
difference in temperature between the limbus and the 
centre of the cornea (0.64 ± 0.20°C in dry eye patients 
compared with 0.41 ± 0.20°C in the control group; 
p<O.OOI). This parameter was also shown to be greater 
in dry eye patients who displayed either a fast tear 
break-up time or a poor Schirmer's test result. Infrared 
thermography is a non-invasive and objective technique 
that may prove a useful research tool for study of the 
tear film, its deficiencies and its various treatment 
modalities. 

Objective assessment of the preocular tear film in 
'dry eye' is problematic. Physiological indicators such 
as tear osmolarity and evaporation rate, which are 
increased in dry eye patients,1 ,2 offer objectivity but 
are time-consuming and involve some patient 
inconvenience.3 Tests which are quick and simple 
to perform, such as the tear break-up time, 
Schirmer's test and ocular surface staining, can lead 
to unreliable and mistaken diagnoses of dry eyes?,4 
This paper analyses the potential application of 
infrared thermography for objective analysis of the 
tear film in normals and patients with dry eyes. 

Infrared detection is a convenient tool for the 
temperature measurement of the ocular surface as it 
is non-invasive, instantaneous and does not require 
the use of anaesthetic drops. The Stefan-Boltzmann 
law states that the radiant emittance of an object is 
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equal to the product of the Stefan-Boltzmann 
constant, the emissivity of the object and the 
temperature of the object raised to a power of 4.5 
Therefore, the temperature of an object can be 
calculated if its emissivity is known and the energy 
emitted can be measured. 

Infrared detection systems were first used for 
medical investigation in the late 1950s to aid 
examination in breast cancer.6 They have also been 
employed in rheumatology,1,8 and in the investiga
tion of deep vein thrombosis9 and headache.lO 

Mapstone5,1 1-1 3 provided the first detailed analysis 
of ocular temperature measured in a non-invasive 
manner. He established that the emissivity of the eye 
was 0.97-1.00.5 Others subsequently have used more 
advanced instrumentation.14--1 7  Current infrared 
detection systems allow almost instantaneous and 
non-invasive examination with good spatial resolu
tion. We have investigated a group of dry eye 
patients and a group of age- and sex-matched 
normals using an advanced infrared detection 
system. 

SUBJECTS AND METHODS 
Patients with dry eyes were recruited from the 
outpatients department of Manchester Royal Eye 
Hospital. Inclusion criteria were devised such that all 
patients were using tear replacement therapy and 
had either a fluorescein tear break-up time of 10 
seconds or less, or a Schirmer's test result of less than 
10 mm in 5 minutes. Moreover, patients with a 
history of other ocular disease, contact lens wear or 
facial surgery were excluded. A control group of age
and sex-matched subjects with no history or 
symptoms of tear film disorder was also recruited. 
The research followed the tenets of the Helsinki 
Declaration, and informed consent was obtained 
from all subjects after the nature and possible 
consequences of the study had been explained. 

Infrared radiation emitted by the eye was 
measured with a 6T62 Thermo Tracer detection 
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Fig. 1. The Thermo Tracer detector unit. 

apparatus (NEe San-ei Instruments, Tokyo, Japan) 
which had been modified for ophthalmic use (Fig. 1). 
A detailed account of its operation has been given 
previously.18 The instrument is sensitive to infrared 
radiation between 8 /-Lm and 13 /-Lm. When radiation 
of this wavelength is incident upon the cadmium
mercury-tellurium semiconductor within the detec
tor, there is an increase in its conductivity which can 
be measured. This information is interpreted by the 
Thermo Tracer processor unit, and displayed on a 
monitor in up to 8-bit colour. 

Prior to thermography, each patient was confined 
to the laboratory for 20 minutes. Earlier work had 
established that this period was necessary to achieve 
ocular temperature stabilisation. None of the dry eye 
patients instilled drops on the day of examination. 
The Thermo Tracer recorded images at its optimum 
operational sensitivity (0.1 0c) and at a capture rate 
of 1.0 frame per second. Each patient had four 
thermograms recorded for each eye. All thermo
grams were recorded 4 or 5 seconds after the eyes 
had been closed for 3 seconds. Room temperature 
and humidity were measured using an electric 
thermohygrometer. Having been examined thermo
graphically, each of the dry eye patients had 
fluorescein tear break-up time (TBUT) and the 
Schirmer's test undertaken by a second, masked 
observer. 

Each ocular thermogram was recorded at a 
magnification of about x9. Of particular interest 
were five anatomical locations along the horizontal 
meridian running through the centre of the cornea. 
These were the centre of the cornea; the two 
intersections at the limbus; and two conjunctival 
sites, one temporal and one medial, each 2 mm from 
the limbus. At each of these five .locations a 
'temperature box', 10 x 10 pixels in size, was 
electronically interposed on the monitor screen. 
This represented an area of approximately 1 mm? 

P. B. MORGAN ET AL. 

The mean temperature of the 100 pixels enclosed 
within the temperature box was measured. 

Both absolute and relative measures of tempera
ture were recorded. Data from the four images 
recorded for each eye were pooled for these 
measures. The mean ocular surface temperature 
(MOST) was defined as the mean value of the five 
recorded temperature sites. 

We defined one measure of relative temperature 
as the difference in temperature between the centre 
of the cornea and the mean of the two limbal 
measurements. This measurement was termed the 
'radial temperature difference' (RTD), and repre
sented the variation in temperature across the 
cornea. 

RESULTS 
Thirty-six dry eye patients (9 men, 27 women; age 58 
± 17 years [mean ± SD]) were examined for this 
study. The control group was composed of 27 
subjects (8 men, 19 women; age 57 ± 16 years). 

Mean ocular surface temperature was greater in 
the dry eye group than in the controls. The values for 
the right eyes were 32.38 ± 0.69°e (mean ± SD) and 
31.94 ± 0.54°e for the dry eye group and the 
controls, respectively. Analysis of variance revealed 
this difference to be statistically significant (p<0.01). 

The RTD parameter was also found to be greater 
in the dry eye group than in the controls (for the 
right eye, 0.64 ± 0.26°e in the dry eye group 
compared with 0.41 ± 0.20oe in the control group; 
ANOVA, p<O.OOl). This is demonstrated in Figs. 2 
and 3. To facilitate further analysis, the dry eye 
patients were divided into smaller subgroups. Two 
subgroups were created for both the TBUT data and 
the Schirmer's test results; further subdivision was 
not appropriate as this would have created groups 
with very small numbers of patients which would not 
have been amenable to statistical analysis. 

The thresholds for dividing the Schirmer and 
TBUT results were based upon the classification of 
dry eyes provided by Khurana et al.19 Schirmer's test 
scores of less than or equal to 4 mm were classified as 
Schirmer A (25 patients), and results greater than 4 
mm as Schirmer B (10 patients). Similarly, TBUTs 
equal to or less than 6 seconds were classified as 
TBUT A (26 patients), with slower results as TBUT 
B (9 patients). 

With the dry eye group subdivided in this manner, 
a two-factor analysis of variance revealed that the 

Table I. Radial temperature differences for the dry eye groups 

Group 

Schirmer ,,;;4 mm 
Schirmer >4 mm 
TBUT,,;;6 s 
TBUT >6 s 

No. of patients 

25 
10 
26 

9 

RTD ("C) 
(mean :t SD) 

0.83 :t 0.26 
0.55 :t 0.28 
0.81 :t 0.29 
0.56 :t 0.17 
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Fig. 2. Ocular thermogram of a 'normal' eye. The change 
of temperature across the eye is indicated graphically below 
the thermogram. 

RTD was greater for those patients in either the 
Schirmer A or TBUT A groups (p<0.01 and p<0.05, 
respectively) (Table I). The interaction between 
these two factors was not significant (p>0.05). 

DISCUSSION 
Infrared radiation between 8 j.Lm and 13 j.Lm is 
absorbed by water, with the degree of absorption 
being dependent on the thickness of the water layer. 
For a film of thickness 10 j.Lm, the transmittance of 
radiation between 8 j.Lm and 13 j.Lm is approximately 
30%; if the thickness is 40 j.Lm or more, the 
transmittance approaches zero.20,21 This suggests 
that the exact source of the radiation which reaches 
the infrared detector is dependent on the thickness of 
the tear film. If the film is 40 j.Lm thick, as has been 
claimed recently,22 then all the radiation which 
reaches the detector must emanate from the tear 
film. If the film is less thick,23 there will also be a 
contribution from the ocular surface. In either case, it 
is apparent that the tear film is the principal source of 
radiation for measurement of this type. The 
temperature of the tear film will be influenced by 
that of the ocular surface due to local conduction 
processes; however, factors such as tear film 
evaporation and mechanics might influence the 
temperature when measured in this manner. 

The patients from the dry eye group displayed 
higher ocular surface temperatures when compared 
with the age- and sex-matched controls. This might 
be explained by the increased degree of conjunctival 
hyperaemia associated with dry eyes?4,25 An 
increase in ocular temperature during inflammatory 
diseasel1,18 and in association with bulbar conjuncti
val hyperaemia26 has been reported previously. 

It is also important to consider the likely effect of 
the increase in evaporation found in dry eyes. 

Fig. 3. Ocular thermogram of a dry eye. The change of 
temperature across the eye is indicated graphically below the 
thermogram. The temperature variation across the eye is 
greater than that of a normal eye. 

Previous workers have measured between a two
fold2 and three-fold27 increase in evaporation rate in 
dry eye patients. This increase in evaporation must 
result in a reduction in ocular surface temperature. 
Rolando et al? found that normal rate of evaporation 
was 4.07 X 10-7 g cm-2 S-l compared with 7.87 X 
10-7 g cm-2 S-l in dry eyes. When this is multiplied 
by the latent heat of evaporation of water, 2260 J 
g-I, the amount of energy leaving the ocular surface 
can be derived. This is found to be 9.4 W m -2 and 18 
W m -2 for the controls and dry eye patients, 
respectively. 

Scott,28 using finite element analysis to calculate 
the temperature distribution of the globe, found that 
the temperature of the ocular surface decreased by 
0.24°C for each 20 W m -2 increase in evaporation. 
Thus, the data of Rolando et al.2 suggest that the 
ocular surface would be 0.10 °C cooler in dry eyes 
due to the increased rate of evaporation. However, a 
net increase in temperature was demonstrated in the 
dry eye group. This indicates that the warming due to 
hyperaemia outweighs the cooling due to increased 
evaporation. 

The RTD was greater in the dry eye group than in 
the controls. Moreover, it was shown to be greater in 
severe dry eyes (in either Schirmer A or TBUT A 
categories) when compared with moderate dry eyes 
(Schirmer B or TBUT B categories). 

It is possible to explain this observation with a 
qualitative model. This model assumes that the tear 
film acts as a distributor of heat which serves to 
reduce the variation in temperature across the ocular 
surface. If an eye without a tear film could be 
examined thermographically, the difference in tem
perature between the centre of the cornea and the 
limbus would be relatively great, due to the 
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difference in vasculature between these sites. If, at 
the other extreme, an eye with an extremely thick 
tear film were to be examined, the variation in 
temperature at the surface of the film would be 
almost eliminated, because the action of the tear film 
would be to 'mask' the temperature variations at the 
corneal surface. This model predicts that there will 
be greater temperature variation with a thin tear film 
(in the case of a severe dry eye) than with a thicker 
tear film (in both a normal tear film or less severe dry 
eyes). 

Although thermography currently requires costly 
equipment, it offers the objectivity of measurements 
such as evaporation rate and osmolarity with the 
convenience of Schirmer's test and TBUT. This form 
of ocular examination is suitable for the examination 
of the tear film, and the investigation of the various 
modalities of dry eye treatment. 
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