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Abstract. This study aims to was a clinical case report relating the use of infrared thermography 16 
(IR) associated to the ozone therapy as complementary tools to diagnose and treat a non-17 
infectious inflammatory process in the locomotor system of an athlete-horse of the Amazon. 18 
The heart rate (HR), respiratory rate (RR), and rectal temperature (RT) were measured both rest 19 
and after walking. Radiographic evaluation, complete hemogram and creatine phosphokinase 20 
dosage (CPK) were primarily conducted. The IR examination was additionally undertaken, and 21 
the thermograms were analyzed using Flir Tools. Ozone therapy was performed via 22 
intramuscular in the scapular area. All comparisons were done using ANOVA and Tukey test 23 
(5%). The animal presented HR, RR, and RT all within normal ranges. When the animal was 24 
made to walk it demonstrated pain, and HR (48 beats.min-1) and RR (60 breaths.min-1). The 25 
creatine phosphokinase dosage was 79 UL-1 and the IR showed that the thoracic region had a 26 
surface temperature of up to 39.1ºC, indicating of an inflammatory process. After the ozone 27 
therapy was a reduction in the white color pattern from 39.1ºC to 37.2ºC. The infrared 28 
thermography is an efficient technique that can be used for the diagnosis of inflammation, and 29 
ozone therapy is an innovative treatment. 30 
Keywords: Horse, claudication, veterinary medicine, thermogram 31 

Uso associado da termografia por infravermelho e ozonioterapia para 32 

diagnóstico e tratamento de um processo inflamatório em equino: 33 

relato de caso 34 

Resumo. O objetivo neste estudo foi relatar um caso clínico relacionando o uso da 35 
termografia infravermelha (RI) associada à ozonioterapia como ferramentas 36 
complementares para diagnosticar e tratar um processo inflamatório não infeccioso no 37 
sistema locomotor de um cavalo-atleta da Amazônia. A frequência cardíaca (FC), a 38 
frequência respiratória (RR) e a temperatura retal (TR) foram medidas tanto em repouso 39 
quanto após a caminhada. A avaliação radiográfica, a dosagem completa do hemograma e 40 
da creatina fosfoquinase (CPK) foram realizadas. O exame de IR foi realizado 41 
adicionalmente e os termogramas foram analisados usando o Flir Tools. A ozonioterapia 42 
foi realizada por via intramuscular na área escapular. Todas as comparações foram 43 
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realizadas utilizando ANOVA e teste de Tukey (5%). O animal apresentou FC, RR e TR, 44 
todos dentro dos limites da normalidade. Quando o animal foi levado a andar, demonstrou 45 
dor e FC (48 batimentos.min-1) e RR (60 respirações.min-1). A dosagem de creatina 46 
fosfoquinase foi de 79 UL-1 e o IR mostrou que a região torácica apresentava temperatura 47 
superficial de até 39,1ºC, indicando processo inflamatório. Após a ozonioterapia houve 48 
redução do padrão de cor branca de 39,1ºC para 37,2ºC. A termografia por infravermelho 49 
é uma técnica eficiente que pode ser usada para o diagnóstico de inflamação e a terapia 50 
com ozônio é um tratamento inovador. 51 

Palavras chave: cavalo, claudicação, medicina veterinária, termograma 52 

Uso asociado de la termografía infrarroja y la terapia con ozono para 53 

el diagnóstico y tratamiento de un proceso inflamatorio en caballos: 54 

Reporte de un caso 55 

Resumen. Objetivo de este estudio fue informar un caso clínico relacionado con el uso de 56 
la termografía infrarroja (IR) asociada con la ozonoterapia, como herramientas 57 
complementarias para el diagnóstico y el tratamiento de un proceso inflamatorio no 58 
infeccioso en el sistema locomotor de un caballo atleta del Amazonas. La frecuencia 59 
cardíaca (FC), la frecuencia respiratoria (RR) y la temperatura rectal (RT) se midieron tanto 60 
en reposo como después de caminar. Se realizó principalmente una evaluación radiográfica, 61 
un recuento sanguíneo completo y una medición de creatinina fosfoquinasa (CPK). El 62 
examen IR se realizó adicionalmente y los términos se analizaron usando Flir Tools. La 63 
ozonoterapia se realizó por vía intramuscular en el área escapular. Todas las comparaciones 64 
se realizaron con ANOVA y la prueba de Tukey (5%). El animal presentava HR, RR y TR, 65 
dentro de los límites normales. Cuando el animal fue llevado a caminar, mostró dolor, FC 66 
(48 latidos.min-1) y RR (60 respiraciones.min-1). El dosaje de creatina fosfoquinasa fue 67 
de 79 UL-1 e IR mostró que la región torácica tenia una temperatura superficial de hasta 68 
39.1ºC, registrando un proceso inflamatorio. Después de la ozonoterapia, el patrón de color 69 
blanco disminuyó de 39.1ºC a 37.2ºC. La termografia por infrarrojo es una técnica eficiente 70 
que puede usarse para el diagnóstico de inflamación y la terapia de ozono es un tratamiento 71 
innovador. 72 

Palabras clave: Caballo, cojera, medicina veterinaria, termograma 73 

Introduction 74 

Equines play an important role in sporting activities and high-performance horses are often involved 75 

in top level competitions or races. Thus, their musculoskeletal system is regularly subjected to 76 

mechanical forces that act in a continuous manner (Wilson & Weller, 2011). The performance of equines 77 

in sport-related activities is directly related to the integrity of their musculature, principally with respect 78 

to locomotion. Furthermore, the forces applied to their structures, due to intense physical activity, 79 
represent one of the main causes for inactivity of athlete-horses (Branly et al., 2018), leading to a 80 

decrease in animal welfare (Visser et al., 2014) and substantial economic losses. 81 

In horses, muscular lesions can give rise to inflammatory processes, which are one of the causes for 82 

claudication (Lewis et al., 2017). Claudication indicates the occurrence of structural or functional 83 

perturbation of one or more members that is observable when the animal is in movement as well as when 84 

at rest (Thomassian, 2005). Inflammatory processes stimulate physiological mechanisms that increase 85 

blood flow and local temperature and can be diagnosed by alterations on the skin surface (Hildebrandt 86 

et al., 2010). In this context, infrared thermography has potential to be a precise and non-invasive 87 

technique that can aid in diagnosis of pathologies that have different degrees of negative effects on 88 

tissues through variations in surface temperature (TS) and thermal gradients (Menegassi et al., 2015; 89 

Sykes et al., 2012). The analysis of the color spectrum in a thermogram can be used to indicate 90 
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inflammatory processes when a pattern of elevated temperatures is detected (Silva et al., 2018; Soroko 91 

& Howell, 2018). 92 

Clinically, when a lesion is detected, different therapeutic techniques can be applied to the animal. 93 

The choice of a particular therapeutic strategy depends, among other aspects, on the clinical condition 94 

of the patient, facility of adoption, and the prognostic for effective treatment. Ozone therapy is a form 95 

of treatment that possesses anti-inflammatory, analgesic, and antiseptic properties and can reduce 96 

platelet aggregation and consequently local inflammation and pain (Bernal et al., 2013; Kovach et al., 97 
2017; Orakdogen et al., 2016; Silva et al., 2018; Somay et al., 2017). Currently, in veterinary medicine, 98 

ozone therapy is being used in the treatment of inflammatory processes, tumors, and trauma (Schwartz 99 

& Sánchez, 2012; Zobel et al., 2013), and is a promising and innovative technique that has received 100 

much attention in the treatment of diverse species of animals (Đuričić et al., 2016; Teixeira et al., 2013; 101 

Tsuzuki et al., 2015). Taking this into consideration, the objective of this study was to present a clinical 102 

case report relating the use of infrared thermography associated to the ozone therapy as complementary 103 

tools to diagnose and treat a non-infectious inflammatory process involving the locomotor system of an 104 

adult horse. 105 

Materials and methods 106 

Study Site 107 

This study was conducted in Santarém, State of Pará, Brazil (02º 26' 35" S and 54º 42' 30" W), located 108 

in a tropical rainy climate and classified as Am3 according to the Köppen system (Köppen & Geiger, 109 

1928). Annual rainfall varies between 2,000 to 2,500 mm with total rainfall below 60 mm during the 110 

month with the least rainfall. The maximum air temperature varies between 30.5 and 32.0°C and the 111 

minimum varies between 21.0 and 22.5° C (Köppen & Geiger, 1928). 112 

Bioethics 113 

All procedures undertaken were done in agreement with Brazilian legislation, and the publication of 114 

this procedure in the form of this article received the consent of the owner of the horse and the entire 115 

group that worked on this research. 116 

Anamnesis and clinical exam 117 

An 8-year-old, athlete male American Quarter Horse, with a live weight of 420 kg and body condition 118 

score of 3 (1 to 5 scale) was examined at the Veterinary Clinic of the University Center of the Amazon 119 

(CLIVET-UNAMA). The main complaint concerned a limping and dissatisfaction with the functional 120 

aspects of locomotor abilities. 121 

During anamnesis and the clinical exam, the animal stood, avoiding movement with plantar support 122 

(Figure 1A). When the animal entered into movement it showed an evident limping and a reduced 123 

functional capability of right forelimb during locomotion. According the owner this clinical symptom 124 

had begun four months before. Prior to the onset of the limping problem the animal participated in 125 

equestrian competitions that demand intense physical effort. During the clinical evaluation the heart rate 126 

was measured (HR; beats.min-1) using a veterinary stethoscope, the respiratory rate (RR; breaths.min-1) 127 

was visually monitored by counting respiratory movements, and rectal temperature (TR; ºC) was 128 

assessed using a clinical veterinary thermometer with a scale up to 44º C (Hodgson et al., 2013). 129 

Radiographic exams of the right forelimb were taken focusing the region between the knee and the hoof 130 

(Figure 1B, 1C), and blood collection was done through puncture of the jugular using vacuum tubes, 131 

with and without anti-coagulant, for the hemogram and the creatine phosphokinase (CPK) dose. 132 

Laboratory evaluation of total CPK was performed using a direct enzymatic method according to the 133 

International Federation of Clinical Chemists (Tai et al., 2017). 134 
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 135 
Figure 1. Images of the right forelimb. (A) Visual photography of the horse presenting difficulty standing on the right forelimb. (B) 136 

Radiographic image of the right forelimb (lateral-lateral view). (C) Radiographic image of the right forelimb (half-lateral view). 137 

Thermographic imaging 138 

After the physical exam, infrared thermographic images were used to aid in the diagnosis. The 139 
dynamic thermographic accompanying method was used before and after ozone therapy, and the 140 
variable monitored was surface temperature (TS, ºC). Thermographic scanning covered from the 141 
thoracic (scapular) region to the distal part of the right forelimb. The thermograms were generated using 142 
an infrared thermographic imager (FLIR T650sc, Wilsonville, OR, EUA). The thermographic imager 143 
had a 25 mm fixed lens, a temperature scale of -40 to 150º C, thermal sensibility of 50mK (<0.05 ºC at 144 
an ambient temperature of 30º C), a spectral scale with a range of 0.7 to 100μm, capable of receiving a 145 
response from imaged targets between 0.7 and 3.0 μm, and an optical resolution of 640x480 pixels. The 146 
emissivity index adopted for the analyses was 0.98 (Kahwage et al., 2017). The thermograms were 147 
subsequently analyzed using the program Flir Tools, 6.3v (FLIR Systems, Inc., Wilsonville, OR, USA). 148 
For the quantification of the TS of the evaluated regions the Rainbow HC palette was used with the 149 
following thermal patterns in decreasing order: white, red, yellow, and green. In each image four 150 
evaluation points were used for each analyzed color pattern (Figure 2). 151 

  
Figure 2. (A) Infrared thermogram of the right antimer of the athlete-horse. (B) Detailed image showing different 

thermographic patterns evaluated in the affected anatomic region. 

Ozone therapy 152 

Ozone therapy was conducted with the animal standing, and five consecutive sessions for application 153 
were done over three-day intervals for a total of 15 days of treatment. The ozone therapy was 154 
administered by deep intramuscular injections in the scapular region. An ozonizer (Philozon, O3R, São 155 
Paulo, SP, Brazil) with an oxygen concentrator at 92% (10 L min-1), maximum ozone generation of 15 156 
g of O3 at 8 min L-1 of O2 with a static mixer injection system/diffuser, bypass and one-inch venturi 157 
injector, was used. In each application, 120 mL of the mixture was injected. 158 

A B C 

(A) (B) 
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Statistical Analysis 159 

The data were previously submitted to descriptive analysis. Analysis of variance (ANOVA) was 160 
conducted, followed by mean comparisons using the Tukey test in order to identify decreasing thermal 161 
patterns (white, red, yellow, and green) in responses of the evaluated regions. The statistical software 162 
used was BioEstat, version 5.3 (Ayres, 2007) and the probability level used was 5%. 163 

Results 164 

During anamnesis and clinical evaluation, the animal was nervous while standing and presented 165 
claudication in the right forelimb when submitted to physical exertion of differing intensities, from a 166 
simple walk to running.  167 

In the present study, during the palpations conducted during the clinical exam and the handling of 168 
the joints of the affected member, including the shoulder, the animal manifested no sign of discomfort. 169 
The animal presented pallid mucous membranes, normal capillary refill time and cutaneous turgor, and 170 
cardiac and respiratory rates of 42 beats/min-1 and 44 breaths/min-1, respectively. The internal 171 
temperature of 37.2º C was within normal range, and there were no lesions on the skin that could be 172 
related to previous traumatism. When the animal was made to walk along a straight line for about 100 173 
m it demonstrated pain, and an increase in the cardiac (48 beats/min-1) and respiratory rates (60 174 
breaths/min-1). The radiographic exam was negative for skeletal alterations, thus eliminating the 175 
possibility of a bone fracture or micro fissures.  176 

The results for the hemogram indicated anemia (red blood cells: 4.5 x106 cells.µL-1) macrocytic 177 
(mean corpuscular volume, MCV: 66.7 fL), normochromic (mean corpuscular hemoglobin 178 
concentration, MCHC: 34.3 g.dL-1), and a reduction in hemoglobin (10.3 g.dL-1) and low hematocrits 179 
(30%) (Table 1). The biochemical exam showed that CPK was 79 U.L-1, a level that is within normal 180 
range (145-380 U.L-1). 181 

Table 1. Results obtained in the current study and reference values for hematological parameters in horses. 182 

Variable Result Reference Values* 

Red blood cells (x106 cells. µL-1) 4.5 6.8-12.9 

Mean corpuscular volume-MCV (fL) 66.7 37.0-58.5 

Mean corpuscular hemoglobin concentration-MCHC (g.dL-1) 34.3 31.0-38.6 

Hemoglobin (g.dL-1) 10.3 11.0-19.0 

Hematocrit (%) 30.0 32.0-53.0 

Creatine phosphokinase-CPK (U.L-1) 79 145-380 

* Jain & Jain (1993). 183 

In the evaluation of the thermograms, in the thoracic region, at the insertion point of the scapula with 184 
the cervical trapezius muscle, the animal presented an elevated temperature, with a TS of up to 39.1º C 185 
(white color pattern) (Figure 3.A). After ozone therapy through deep intramuscular injection in the 186 
scapular region there was a reduction in the white color pattern from 39.1º C to 37.2º C (Figure 3.B). 187 

 188 
Figure 3. Infrared thermograms of the thoracic region of a horse. (A) Thermographic image indicating an 189 

inflammatory process characterized by an increase in surface temperature. (B) Thermographic image 190 
of the same anatomic region after ozone therapy. Images parametrized for Rainbow HC palette. 191 

(A) (B) 
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There was a reduction in TS for all the thermographic patterns that were analyzed in the affected 192 
region after the end of ozone therapy treatment (Tables 2). 193 

Table 2. Surface temperatures (Mean±standard deviation) registered by infrared thermography in the thoracic region of an 194 
athlete-horse before and after ozone therapy. 195 

Thermographic Pattern Mean Temperature (ºC) 

 Before Ozone therapy After Ozone therapy 

White 38.9±0.1a 37.3±0.0b 

Red 38.3±0.0a 36.8±0.0b 

Yellow 37.9±0.0a 36.1±0.0b 

Blue 37.2±0.0a 35.3±0.0b 

a,bDifferent letters in the same line indicate statistical difference (P<0.05). 196 

Discussion 197 

In horses, claudication can be due to diverse etiologies, including the routine of exercise 198 
(Thomassian, 2005; Hodgson et al., 2013). Furthermore, in athlete-horses, claudication is the most 199 
common sign of pain in the locomotive structure (Wagner, 2010). 200 

When submitted to walking presented pain and increase in heart rate and respiratory. Clinical studies 201 
have shown that horses with condition of sharp pain present an activation of the autonomic nervous 202 
system which increases the heartbeats and respiration rate, besides increasing the levels of serum 203 
catecholamine, beta-endorphins, and cortisol (Driessen & Zarucco, 2007). Thus, the pain during the 204 
execution of the movements also explains the increase observed in these rates. 205 

The radiographic exam was negative for skeletal alterations, thus eliminating the possibility of a bone 206 
fracture or micro fissures. A radiograph can diagnose fractures, bone dislocations, and modifications of 207 
subcutaneous tissues such as edema in soft tissues and calcification, but it is not able to identify 208 
inflammatory processes at the muscular level (Brukner & Khan, 2006). 209 

Results that were most likely related to the inflammatory processes detected in the animal. Borges et al. 210 
(2007) affirm that inflammatory processes can sequester iron, which can lead to hypoferremia followed by a 211 
reduction in red blood cells and hematocrit, and consequently a reduction in the production of hemoglobin. 212 

The CPK within normality discards the possibility of myositis. CPK is an enzyme that is directly 213 
related to acute lesions and/or intense muscular effort, with elevation in cases of myositis, muscular 214 
dystrophy and trauma after moderately intense exercise, surgery or convulsions (Aleman, 2008). 215 

The increase in temperature in the thoracic region was indicative an inflammatory process, due to an 216 
increase in blood flow (Hildebrandt et al., 2010). Therefore, analyzing the results from anamnesis, the 217 
clinical evaluation, the hemogram, and the thermographic images, the final diagnosis of an inflammatory 218 
process in the muscle tissue was confirmed. The use of thermography in this case was concluded to be 219 
of great utility because the initial suspicion was claudication due to a lesion in the distal part of the right 220 
front leg. However, an inflammatory process was detected, using the infrared thermography, in the 221 
proximal part of the limb, in the thoracic region. 222 

The ozone therapy treatment reduces the inflammation, probably by combating platelet aggregation 223 
and the immunological response (Orakdogen et al., 2016; Somay et al., 2017). Furthermore, there was 224 
an improvement in the clinical condition of the animal, with a reduction in symptomatology and pain 225 
after consecutive applications of ozone. Ozone therapy has been used in the treatment of inflammatory 226 
processes and has been shown to be effective for severe and chronic inflammatory processes (Raeissadat 227 
et al., 2018) and infections (Lu et al., 2018), besides being a technique that is easily applied and that has 228 
no collateral effects. 229 

Conclusions 230 

Infrared thermography is an efficient technique that can be used for increasing the diagnostic accuracy of 231 
inflammatory processes. Its use in veterinary medicine can favor the diagnosis, reveal the exact location of 232 
the inflammation source, and can greatly aid the monitoring the evolution of the treatment, thus contributing 233 
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to reestablish the animal welfare. On the other hand, ozone therapy is an innovative treatment, capable of 234 
reducing surface temperature and thus helping to eliminate inflammatory processes. Therefore, the use of 235 
ozone therapy in the treatment of inflammatory processes is a promising alternative for veterinary medicine 236 
clinics. When these techniques are used in combination there are innumerous benefits because thermography 237 
can aid in the detection of lesions that can subsequently be treated using ozone therapy. This reduces the time 238 
that the animal would be feeling pain, improving its quality of life and allowing for a quicker return to the 239 
participation in sporting activities. 240 
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