
The assessment of body temperature is an impor-

tant parameter of the objective clinical exam. This is 

also the reason why over time efforts have been made 

to create instruments that allow non-contact mea-

surements of infrared radiation emitted by the body.

In human medicine, thermography is used for diag-

nostic purposes in various pathologies, such as breast 

cancer or skin tumours and neuro-muscular-skeletal 

disorders, but also in medical emergencies, appendi-

citis or acute biliary diseases, with strict standards and 

interpretation protocols being developed (1, 2, 8, 22, 

24, 28).

In veterinary medicine, diagnostic thermography is 

becoming more popular in both domestic and farm 

animals. In parallel with the recent international stu-

dies in which thermography is used (3, 12, 13, 23, 40, 

50), this method of investigation was also applied in 

our country in orthopaedic pathology (14, 15, 16) and 

oncology in dogs (6), but also in orthopaedics in hor-

ses (49). Eye tests, for example the Schirmer test, the 

tear film break-up time, the determination of tear 

osmolarity, are quick and simple, but as reported by 

human patients involve some level of discomfort (35). 

However, in veterinary medicine, they require a coo-

perative patient. Even though thermography is a quick 

and non-invasive investigation method, it is subject to 

the influence of external factors; humidity and tempe-

rature of the environment, air movement (4, 5, 9, 10, 

32, 48), as well as factors related to the patient: the 

level of salivary/plasma cortisol (45, 47), skull confor-

mation, breed size (29). In human medicine, there is 

the idea that age may also influence eye thermogram 

values (42). The working technique, namely the mo-

ment of capturing the thermographic image after ope-

 Thermography is a fast, non-invasive, and practi-

cal investigative method with relatively few reports of 

its use in veterinary ophthalmology. There are nume-

rous studies that demonstrate the influence of ex-

ternal factors, as well as patient-related factors on the 

thermogram values. Starting from the hypothesis that 

the ambient temperature influences the thermogram, 

our goal was to identify to what extent is the thermo-

gram of the healthy eye influenced when obtained at 

extreme limits of ambient temperature, that are reco-

mmended by the specialized literature. Thermograms 

were obtained with the FLIR E50 device, in two groups 

of dogs with healthy eyes, under the conditions of an 

ambient temperature of 29ºC in group M1, and 18ºC in 

group M2, respectively. The additional difference of 

9ºC significantly changed the ocular surface thermo-

graphy values, with an increase between 2.4% and 

4.06% in different corneal regions. The temperature 

of the ocular surface of a healthy eye is closer to the in-

trarectal temperature when thermography was per-

formed at a higher ambient temperature.
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 Termografia este o metodă de investigare rapidă, 

neinvazivă și practică însă cu relativ puține raportări 

ale folosirii ei în oftalmologia veterinară. Există nume-

roase studii care demonstrează influența factorilor ex-

terni precum și a unor factori care țin de pacient asu-

pra valorilor termogramei. Pornind de la ipoteza că 

temperatura ambientală influențează termograma, 

ne-am propus să identificăm în ce măsură termogra-

ma ochiului sănătos este influențată în condițiile obți-

nerii ei în limitele extreme de temperatură ambientală 

recomandate de literatura de specialitate. Termogra-

fiile au fost obținute cu aparatul FLIR E50 la două loturi 

de câini cu ochi sănătoși în condițiile unei temperaturi 

ambientale de 29ºC, lot M1, respectiv 18ºC, lot M2. 

Diferența în plus de 9ºC a modificat semnificativ va-

lorile termografiei suprafeței oculare, cu o creștere în-

tre 2,4% până la 4,06% a diferitelor porțiuni cornee-

ne. Temperatura suprafeței oculare a unui ochi sănă-

tos este mai apropiată de temperatura intrarectală în 

condițiile termografiei realizate la o temperatură am-

bientală mai mare.
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ning the eyelids, also influences the values. It was de-

monstrated that the infrared radiation emitted imme-

diately after opening the eyelids decreases rapidly 

(20), the corneal surface loses heat through convec-

tion, radiation and evaporation, and the centre of the 

cornea becomes colder compared to the area of the 

corneal limbus (19). At the moment thermography is 

emerging as a practical diagnostic method in human 

ophthalmology, things are different in veterinary oph-

thalmology, where reports of the use of ocular ther-

mography are relatively few, in both small and farm 

animals (3, 9, 18, 33, 41, 50). In this paper, starting 

from the hypothesis that the ambient temperature in-

fluences the thermogram, we wanted to identify the 

extent to which the values of the thermogram of the 

healthy eye change, even if it is performed at the am-

bient temperature limits recommended in the spe-

cialized literature.

MATERIALS AND METHODS

To carry out the study, two groups were formed, 

group M1 (in July 2022) and group M2 (in October 

2022), dogs of mixed breed, of both sexes, clinically 

healthy, normothermic, and free of ocular pathology. 

Of the 10 individuals in the M1 group, only 8 indivi-

duals met the inclusion criteria when the M2 group was 

formed. To perform infrared thermography the FLIR 

E50 thermograph with 240x180 pixel resolution was 

used. On each dog, one day before the thermographic 

determinations, the following were performed on both 

eyes in order to rule out ophthalmological problems, in 

addition to the objective examination of the eye and 

ocular adnexa:

- direct ophthalmoscopic examination of the fundus 

(Riester Uni II, Germany);

- fluorescein test;

- Schirmer I test, and

- determination of intraocular pressure (Icare Tono 

Vet electronic tonometer, Finland).

Subjects were confined in the room where all de-

terminations were made for a minimum of 20 minutes. 

During this time intrarectal temperature was mea-

sured. In the room, temperature and humidity were 

determined with a weather station with a hygrometer, 

barometer, and thermometer.

In the 18 individuals that met the inclusion criteria, 

the eyelids were gently opened and held apart. After 

approximately 5-15 seconds, a time interval in which 

the animal calmed down, thermography of each eye 

was performed with the measurement of the ocular 

surface value, at the nasal and temporal corneal lim-

bus and in the centre of the cornea, from a distance of 

about 30 cm. The three areas of interest were aligned 

along the horizontal meridian, passing through the 

centre of the cornea.

The data obtained for each eye was used to calcu-

late the mean ocular surface temperature (TMSO), 

which was defined as the mean value of the three re-

corded temperature sites. The TMSO values were 

compared with the value automatically calculated by 

the device (TMSOA). To do this, the operator marks 

out the anterior eye surface area, based on the pho-

tograph taken simultaneously with the thermography, 

and displayed alongside the thermographic image in 

the report generated by the FLIR Tools interpretation 

program for each eye.

For the statistical processing of the data, the arith-

metic means and the standard deviation was calcu-

lated. The t-Student test was applied. Values of p< 

0.05 were considered significant.

RESULTS AND DISCUSSIONS

The dogs that were included in the study were mi-

xed breed dogs, with mesocephalic skull conforma-

tion, aged between 2 and 7 years. In group M1 there 

were 3 females and 7 males, and group M2 included 2 

females and 6 males. At the time of the measure-

ments, their body temperature fell between the 

normal limits, with an average of 38.52±0.45ºC in the 

M1 group and an average of 38.92±0.30ºC in the M2 

group. Schirmer I test values did not reveal statisti-

cally significant differences between the two eyes of 

the animals, but the differences between the two 
-5groups were significant, (p=1.84x10 ) with a higher 

tear secretion in the M2 group. Intraocular pressure 

was also within normal limits and without statistically 

significant differences between the two groups (p= 

0.24). In the room where the measurements were 

made in the case of group M1, the temperature was 

29ºC and the atmospheric humidity was 60%, and in 

the case of group M2 the ambient temperature was 

18ºC and the atmospheric humidity was 70%.

The analysis of the data obtained by thermography 

in group M1, respectively of the reports generated (Fig. 

1) by the interpretation program reveals the following:

- significant differences (p=0.02) between the indi-

vidual values of the ocular surface of the nasal corneal 

limbus (average value of 38.57±0.69ºC) compared to 

the temporal one (average value of 38.40±0.71ºC);

- no statistically significant differences were found 

between the values of the temperature of the ocular 

surface at the nasal corneal limbus (p=0.18), nor the 

temporal one (p=0.42), between the eyes of the same 

patient;

- between the values of the ocular surface at the 

corneal limbus, both nasal and temporal, and the va-

lues of the central corneal surface, there are statisti-
-7cally significant differences (p=1.6x10 , respectively 

-5p=1.2x10 ), with lower mean values for the central 

cornea (37.76±0.45ºC);
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- the value of TMSO is statistically significantly 

higher than that of TMSOA (p=0.02) (Table 1).

Fig. 1 Example of a report generated for TMSOA, 

showing the ocular surface set by the operator - 

subject 2, group M1, right eye

The analysis of the data obtained by thermography 

in group M2, respectively of the reports generated 

(Fig. 2 and 3) by the interpretation program reveals 

the following:
-5- there are significant differences (p=9.92x10 ) 

between the ocular surface values recorded at the na-

sal vs temporal corneal limbus. The average of the va-

lues is higher at the nasal limbus,37.65±0.68ºC, com-

pared to the average of the values from the temporal, 

36.9±0.65ºC;

Fig. 2 Example of a report generated for the ocular 

surface temperature values at the nasal and 

temporal corneal limbus and the central corneal 

surface - subject 7, group M2, right eye

- no statistically significant differences were found 

between the values of the temperature of the ocular 

surface recorded at the nasal corneal limbus (p=0.40) 

nor the temporal (p=0.10), from the left eye com-
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pared to those of the right eye;

- between the values of the ocular surface recorded 

at both nasal and temporal corneal limbus, and the va-

lues of the central corneal surface, there are statisti-
-7cally significant differences (p=2.1x10 , respectively 

p=0.0005) with lower mean values for the central cor-

nea (36.17±0.67ºC);

- the value of TMSO is statistically significantly hi-
-6gher than that of TMSOA (p=9.82x10 ) (Table 1).

Fig. 3 Example of a report generated for the ocular 

surface temperature values at the nasal and 

temporal corneal limbus and the central corneal 

surface - subject 6, group M2, left eye

Temperature differences of the corneal surface 

from the nasal corneal limbus to the temporal one 

found by us are also found in another study (3). The 

reason why these differences appear, statistically sig-

nificant or not, is still unclear, but a possible expla-

nation would be that blood flow is increased in the 

region of the nasal conjunctiva. In this area, there are 

larger blood vessels compared to the conjunctival re-

gion in the vicinity of the temporal corneal limbus (21). 

Also, the medial canthus of the eye is the region where 

tears drain, which, accumulating here, can lead to an 

increase in temperature (3). There is a study conduc-

ted on greyhounds that confirms that the surface tem-

perature of the lacrimal caruncle is the most suscep-

tible area to temperature changes, with the highest 

values compared to other eye regions (9).

A study in which thermographic determinations 

were made in healthy dogs indicates a mean TMSO va-

lue of 35.2±0.99ºC (3). The average value obtained in 

the present work, 38.24±0.57ºC for group M1 and 

36.9±0.53ºC for group M2, is superior to that of the 

mentioned study in the case of both groups. The diffe-

rences can be attributed to the different environmen-

tal conditions, temperature, and humidity. It is proven 

that the temperature of the ocular surface increases 

with the increase in the humidity of the environment 

(9), the performance of the device itself (in this paper 

a newer model was used), the time interval in which 

the measurement was made (the longer the time e-

lapsed between the moment when the eyelids were 

opened and kept apart and the moment of measure-

ment, the lower the values obtained) (20), the confor-

mation of the skull (the brachycephalic dogs included 

in the study which we refer to have a greater eyeball 

exposure ) and last but not least the body temperature 

is dependent on the size of the breed (29).

The analysis of the data obtained to establish the 

extent to which the difference in the ambient tempe-

rature of 9ºC, found in the present study, influences 

the thermography values of the anterior surface of the 

eyeball, reveals the existence of statistically signifi-

cant differences between group M1 and M2 regarding 

the values of the surface of the nasal corneal limbus 
-6(p=0.002), from the temporal one (p=4.6x10 ) and in 

-6the central cornea surface (p=2.2x10 ). Significant 

differences were also found between TMSO (p=4.05 
6 -7  x10- ), and TMSOA values (p=1.04x10 )from the two 

groups. Analyzing the average values of the measured 

parameters, we found a rise between 2.4% and 4.06% 

(2.4% for the values obtained at the nasal corneal lim-

bus, 4% for the values obtained at the temporal lim-

bus, 4.06% for the central corneal surface, 3.51% for 

TMSO and 3.96% for TMSOA) in group M1 when in-

creasing the ambient temperature by 9ºC.

Some thermal imaging cameras have settings that 

allow for the distance between the camera and the 

patient, the humidity, and the temperature of the envi-

ronment to be taken into account, so that an appro-

priate algorithm can control the effect of the environ-

ment on the thermogram (37). Although the FLIR 50, 

the camera used in the present study, has such faci-

lities, the influence of the environment, namely the 

temperature in the room where the measurements 

were made, proved to be significant on the thermo-

gram values of the healthy eye in dogs.

The values of the ocular surface near the nasal cor-

neal limbus (38.57±0.69ºC) are much closer to the in-

trarectal body temperature values (38.52±0.45ºC) for 

group M1 compared to the values of group M2, where 

the temperature of the nasal corneal limbus was 37.65 

± 0.68ºC and the intrarectal one was 38.92±0.31ºC. 

The same finding is also valid for TMSO, the value from 

the M1 group being closer to the intrarectal tempe-

rature. Therefore, the temperature values for the ocu-

lar surface are closer to those of the intrarectal one if 

the measurements are conducted at a higher ambient 

temperature. A study in healthy cats indicates a diffe-

rence of 1.19ºC between ocular and intrarectal tempe-
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ratures, with a positive correlation between the two 

(11), and another study, this time in healthy dogs, in-

dicates a difference of 0.79ºC, mentioning that a diffe-

rence of ±0.5ºC between the ocular and intrarectal 

temperatures was recorded in 19.5% of cases (25).

A controlled environment is essential for a good 

thermal scan. In human medicine, a temperature be-

tween 18 and 23ºC is recommended (51). In veterina-

ry medicine, standards for indoor thermographic mea-

surements have been established for equine practice 

(30), as it has been clearly established from numerous 

studies that environmental factors, ambient tempe-

rature and its stability, air movement, sunlight, rain, 

and other weather conditions, can disrupt a reliable 

thermal image of the animal regardless of species (4, 

5, 10, 32, 48). It has been found that each horse has 

its own individual and reproducible thermographic 

pattern, which is related to vascular and tissue me-

tabolism and is influenced by ambient air temperature 

(31, 46). To increase the diagnostic value of thermo-

graphy, the thermographic examination should be 

performed in an area protected from sunlight, in the 

absence of air currents (27, 43, 48). The ambient 

temperature of the examination room should be main-

tained between 21°C and 26°C. In principle, the room 

temperature should always be cooler than the animal's 

body temperature. It is also recommended to acclima-

tize the horse for 15-20 minutes in the room where the 

thermography will take place. A longer accommoda-

tion period may be required in cases where the animal 

is transported from an extremely cold or hot environ-

ment (36). In 1991, Turner states that scans should be 

performed in an area with low light and a temperature 

of less than 30ºC and that the ideal temperature would 

be around 20ºC, with an acclimatization period of 10-

20 minutes (44). To reach an equilibrium of the abso-

lute temperature of the body surface the period should 

be longer, between 39 and 60 minutes (26).

Ocular temperature is thought to reflect internal 

body temperature (17), without it being influenced by 

the hair, and the lacrimal caruncle region has a rich ca-

pillary network with sympathetic innervation (7). A 

study carried out on cattle focused on images of the 

ocular surface, eyeball, and part of the skin in the vici-

nity, based on the argument that this area together 

with that of the lacrimal gland is favourable for measu-

ring temperature variations, due to its sensitivity to 

changes in the mechanism of thermal regulation (34). 

The results of a study in human medicine suggest that 

age can affect eye thermogram values and may also 

affect the temperature in other areas of the body (42). 

Regarding eye temperature determined by thermo-

graphy in horses, it was found to be significantly and 

positively correlated with both salivary and plasma 

cortisol concentrations (47). Another study found that 

both salivary cortisol and eye temperature values 

were significantly higher immediately after competi-

tion compared to pre-competition values (45). In large 

ruminants, on the other hand, no correlations were 

found between eye thermogram changes and cortisol 

values (38). In small ruminants, eye temperature de-

termined by thermography decreases in response to 

stress. The likely mechanism for this phenomenon is 

stress-induced sympathetic vasoconstriction that 

diverts blood flow from the lacrimal caruncle (39). De-

spite the above, the conclusion of another study in 

sheep shows that heart rate variability and not eye 

temperature is much more sensitive in measuring the 

activity of the central autonomic system (41). Eye 

thermography can therefore be used to identify the 

stress response in certain species, mentioning that 

there are important differences between species in 

terms of the direction of thermogram changes (32).

Therefore, it has been proven that apart from envi-

ronmental, external factors, there are other, biological 

factors that modify the pattern of the thermogram and 

they must be taken into account when making the 

interpretation. Also, these should be taken into consi-

deration if standardization is desired for the dogs' eye 

thermography. To what extent the environment chan-

ges the thermogram values in different diseases of the 

eye, requires additional studies.

CONCLUSIONS

An ambient temperature difference of 9ºC signifi-

cantly changes ocular surface thermography values, 

with an increase between 2.4% and 4.06% between 

different regions of the corneal surface under condi-

tions of higher ambient temperature. The temperature 

of the ocular surface of a healthy eye is closer to the 

intrarectal temperature under conditions of thermo-

graphy performed at a higher ambient temperature.
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