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ABSTRACT 1 

Thermography is an imaging technique that records the infrared radiation of the skin with a potential to 2 

detect asymmetries in body temperature and relating them to pathologies or risk of injury. However, the 3 

location of landmarks and region of interest (ROI) can influence the recording process. In this study we 4 

describe the reliability of a method to select the ROI without modifying the original thermogram over 68 5 

thermograms (17 participants) of patellar tendon with an infrared camera (softwareOptris 450PI). The 6 

width-height, X-Y axis and mean temperature of the ROI was measured by two examiners.All the lower 7 

limits of the Intraclass Correlation Coeficiente (CCI) were over 0.84 without biases. The skin temperature 8 

was similar for both intra-examiner (F1,33=0.488; p=0.490) and inter-examiner (F1,33=0.011; p=0.917). 9 

The mean differences were 0.006ºC (Limit of agreement (LoA): -0.10 to 0.10). The differences between 10 

examiners were 0.001 ºC (LoA: -0.13 to 0.13). All temperature differences were <0.25ºC. The method used 11 

has very good intra and inter-examiner reliability and reproducibility and the influence on the skin 12 

temperature is negligible. It will be of interest to extend the study to ascertain the reliability using different 13 

thermal cameras and software, which could increase the strength of the method. 14 
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1. INTRODUCTION 1 

Thermoregulation of the skin is a complex system that is mainly linked to cutaneous vascularization and to 2 

the sympathetic nervous system as regulator [1,2], maintaining, in healthy subjects, a thermal symmetry 3 

between both sides of the body [3–5]. 4 

Infrared thermography (IRT) is an imaging technique that captures infrared radiation in a fast, safe and low-5 

cost way for both the diagnosis and monitoring of various pathologies associated with temperature changes, 6 

making it  the technique of choice for many authors [6]. The extreme sensitivity of IRT permits the detection 7 

of temperature variations generated by metabolic changes in situations such as the regeneration of injured 8 

tissue [7], alterations of the sympathetic nervous system [8], inflammatory processes [9], infections [10], 9 

vascular disorders [11] or hormonal disorders [12]. 10 

Although some authors have reported good reproducibility [13], a comprehensive methodology and 11 

protocol is required to accurately determine temperature [14]. The study of factors that may influence 12 

thermal capture has allowed a protocol for obtaining thermographs to be normalized [15,16]. In this sense, 13 

the IRT of structures or areas determined on the body through the selection of regions of interest (ROI) can 14 

be considered as the most reliable method in static situations, whereas other methods are needed when the 15 

exploration is carried out in dynamic processes, involving the use averages of areas around hot spots within 16 

the area explored [17].  17 

Unlike the protocol for IRT, there is no clear consensus for the determination of ROI [18]. Thus, some 18 

authors delimit the ROI by means of markers on the skin [9,19–21], with the disadvantage that manipulation 19 

of the area during positioning can alter the temperature of the ROI [22]. Other authors delimit the ROI on 20 

already captured thermographs [23,24], although accurately interpreting anatomical references in this way 21 

is difficult [25]. Additionally, software is being developed that allows the automatic positioning of ROI 22 

[26]. Recently, a protocol has been developed by consensus to improve the acquisition of thermographic 23 

images [27]. However, the process of placing reference markers on the skin may introduce bias into the 24 

recorded temperature.  25 

We propose an alternative method to select the ROI, while avoiding any modification of the original 26 

thermogram. The aim of this study was to assess the reliability and reproducibility of this IRT method to 27 

select ROIs by means of markers on the skin without manipulation of the region, which might alter the 28 

interpretation of the thermogram. 29 

2. MATERIAL AND METHODS 30 

Study subjects 31 

A total of 17 participants (34 bilateral images) (7 women and 10 men) between 18 and 62 years old (mean: 32 

32.2 years; S.D:10.9 years) were voluntarily recruited from a private Physical Therapy Centre (Murcia, 33 

Spain) in July and August 2018. All participants were informed and signed the informed consent document. 34 

The study was approved by the Ethical Committee of the Catholic University of Murcia (CE111803). As it 35 
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is a study that compares the size, location and average temperature of the thermograms, the intrinsic 1 

influence factors of the subjects were not considered. 2 

Sample size determination 3 

Sample size was calculated by the data proposed by Walter et al.[28]. For an expected intraclass correlation 4 

coefficient of 0.9 and a minimum acceptable value of 0.7, and two measurements per image, then the 5 

minimum required sample size is 19 participants with alpha=0.05 and beta=0.2. 6 

IRT imaging 7 

All images were recorded following the same standard protocol. The participant was acclimatized in an 8 

isolated room at a mean temperature of 22.7 ± 0.5ºC and a relative humidity of 43.4 ± 4% for 20 min 9 

without clothing on the lower limbs. 10 

The participant was seated on a hydraulic stretcher with his/her feet on a step-in order to isolate contact 11 

with the ground. Then a point was marked bilaterally on the dorsal face of the metatarsophalangeal joint of 12 

the second toe and a vertical line on the Achilles tendon that was moved to the heel [29]. These two 13 

references were used to position the feet on two parallel lines (25 cm apart) drawn on the step. The knees 14 

were positioned at 90 degrees of flexion which allows a right angle of radiation while the skin that covers 15 

the patellar tendon a greater part of the patellar tendon [30], than in the standing position [4,9]. In addition, 16 

the sitting position improves perfusion and skin circulation by reducing the circulatory collapse of the area 17 

caused by gravity while standing, and also the influence on skin temperature [31]. 18 

The IRT images were recorded with an OPTRIS PI 450 IRT camera coupled to Optris PI Connect Software 19 

(Germany). The IRT camera has a Noise Equivalent Temperature Difference <40 mK with 38º x 29º FOV, 20 

a wide range of temperature from −20°C to +100°C, spectrum range of 7.5–13 μm, focal plane array sensor 21 

size of 382 × 288 pixels, emissivity set at 0.98 and a measurement uncertainty of ± 2% of the overall 22 

temperature reading. The size of the capture frame was 55.4 × 40.63 cm (1.5 mm/px). 23 

The most mid-cranial part of the patella was marked with metallic ink using a 0.7 mm marker so that it 24 

could be easily observed on the thermogram (reference points) and placed outside the ROI. The camera 25 

was positioned 80 cm from the knees and aligned on the three axes by means of a self-leveling laser with 26 

respect to the knee and step reference points [32] (fig.1a,b). In this position a first thermogram (T1) was 27 

recorded without manipulation or modification (raw thermogram) (fig1c). 28 

In order to delimit the area of skin corresponding to the patellar tendon, metallic adhesives (fig2a) were 29 

fixed on the skin with the following references: (1) midpoint: proximal-distal midpoint of the patella; (2) 30 

lateral point: 1 cm lateral to the most lateral point of the patella [33], p.3) medial point: over the most 31 

medial point of the patella; and (4) distal point: 5 cm distal to the external femoro-tibial articular interline 32 

[30]. Contralateral knee ROI was symmetrically adjusted[34].  33 
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A second thermogram (T2) was saved and ROI boxes were adjusted to the metal adhesives (fig.2b, c). The 1 

size and position of ROI boxes on the pixel matrix (X and Y axis) of the image provided by the software 2 

was calculated. On the second thermogram (T2), the pixel distance between the ROI boxes and the reference 3 

points was calculated (fig. 2c). The ROI boxes from the second thermogram (T2) to the first (T1) (fig. 4 

2dwere transferred considering the size of the boxes and their distance (pixels) to the reference points (fig. 5 

1c, 2b). Thermogram 1 (T1) was re-recorded with the transferred of the ROI boxes of thermogram 2 (T2) 6 

and the average temperature, position and size data were extracted (fig 2d). 7 

The same first thermogram (T1) was used for both examiners as reference image. The reference points and 8 

ROI (T2) were located by the two examiners independently and blinded (interexaminer analysis) at two 9 

different times (1week) (intraexaminer analysis). The images were coded, and the order of analysis was 10 

random. The flowchart with the analysis phases is shown in figure 3. 11 

The main outcome was mean temperature of ROI (ºC) but the box size (width and height in pixels) and the 12 

position on the X and Y axis were also analyzed.  13 

Statistical Analysis 14 

Descriptive statistics were calculated for ROI dimension variables: width, height, position on x-axis and y-15 

axis, and mean temperature of the boxes in both knees corresponding to the different thermographs obtained 16 

by both observers. Although the sample size (n=34) allows the assumption of normality, it was checked 17 

with the coefficients of asymmetry, kurtosis, the Q-Q normality plots and the Kolmogorov-Smirnov test. 18 

Parametric tests were applied to all variables. Descriptive statistics were used (mean, standard deviation, 19 

range and quartiles) to summarize the data for each examiner’s assessment. 20 

The intraclass correlation coefficient (ICC) was calculated in total agreement with a two-factor alpha model 21 

and mixed effects (ICC2,1) for each of the variables of interest [35,36]. This coefficient offers values of 22 

between 0 and 1, where 0 would be a lack of agreement and 1 would be total agreement. Although the 23 

interpretation of these cut-off points is, to a certain extent, arbitrary, very good (ICC>0.8), good (ICC=0.61-24 

0.80), moderate (0.41 to 0.6), low (0.21 to 0.4) and poor (<0.21) reproducibility will be considered [37].  25 

Measurement precision [38,39] was evaluated using standard error of measurement (SEm) [SEm=SD•√(1-26 

ICC)] and its relative value with respect to the average of all measurements and the smallest real difference 27 

(SRD). SRD is useful for determining whether a change in the parameter is due to a real change or lies 28 

within the limits of error of the measuring method [SRD=1.96•SEm•√2]. 29 

The limits of agreement (LOA) were calculated according to the method described by Bland and Altman 30 

[40] and the presence of summative or multiplicative biases with Passing-Bablock’s linear regression 31 

method [41]. 32 

For a direct clinical interpretation, the graphical method proposed by Luiz et al. [42], based on the Kaplan-33 

Meier estimate representing the probability of survival as a function of the degree of disagreement, was 34 

applied. 35 
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Statistical analysis was performed using IBM SPSS Statistics 19.0 (SPSS Inc. IBM Company, 2010) and 1 

the jmv package (version 0.9) [43] for R (version 3.5.0; 2018) . P-values of <0.05 were considered to 2 

indicate statistical significance. 3 

3. RESULTS 4 

A total of 68 thermograms were recorded from 17 participants. Table 1 shows the descriptive data. The 5 

width-box variable showed no statistical differences in the intra-examiner (F1,33=1.47; p=0.233) or inter-6 

examiner (F1,33=0.454; p=0.505) analysis. The intra-examiner differences in height-box were not significant 7 

(F1,33=0.815; p=0.373) but statistical differences in the means were found for inter-examiner data 8 

(F1,33=4.40; p=0.044). The X-axis did not show intra-examiner (F1,33=0.045; p=0.833) or inter-examiner 9 

(F1,33≈0; p≈1.0) differences. The means of the Y-axis were similar intra-examiner (F1,33=2.65; p=0.133) but 10 

not inter-examiner (F1,33=42.3; p=0.001). Finally, the skin temperature was similar intra-examiner 11 

(F1,33=0.488; p=0.490) and inter-examiner (F1,33=0.011; p=0.917). 12 

The reliability results are shown in Table 2 and figs. 4-5. Excellent reliability was observed both intra and 13 

inter-examiner in all parameters. No bias was found for the parameters analyzed. Only, as expected, in the 14 

X-axis parameter was a systematic bias detected, although it did not affect reproducibility. 15 

For skin temperature, the difference between intra-examiner measurements was 0.006ºC (LOA:-0.10 to 16 

0.10) and the differences between examiners were  0.001 ºC (LOA: -0.13 to 0.13). 17 

Further information is provided in the supplementary material (Suppl 1 and Suppl 2). 18 

4. DISCUSSION 19 

In this study, we analyzed the intra- and inter-observer reliability of a method of ROI determination for 20 

thermographic analysis that does not modify the original thermogram positioning through the positioning 21 

of markers. 22 

The lower limits of the ICC confidence interval showed very close agreement for all variables (>0.85, 23 

except for Y-axis inter-examiner) and specifically superiors 0.99 for the intra- and inter-examiner 24 

temperature values. This finding may be due to several factors that are decisive for which extreme 25 

precautions were taken, such as the choice of easily locatable anatomical references, prior consensus by the 26 

observers and the meticulous positioning of the camera and the participant, which left little room for 27 

subjectivity on the part of the technicians.  28 

Also facilitating the high degree of agreement in the size variables of the ROI was the use of symmetrical 29 

ROI boxes for both knees, which is an important factor when analyzing thermal differences on both sides 30 

of the body [34]. It should also be mentioned that the boxes are rectangular, which facilitates their 31 

positioning in relation to skin markers, whose inner edge is also rectilinear (fig.2). 32 
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From a practical point of view, mean differences were between 0 and 2 pixels, with R2>82%, with a 1 

maximum relative SEm of 2.5% and a maximum relative SRD of 8.7%. All the differences were less than 2 

10 px (figs. 4 and 5.) 3 

As regards the temperature, the reliability was even higher, with mean differences in the order of the tenth 4 

degree, both in the intra-examiner and inter-examiner analysis. The total differences were below 0.20ºC.  5 

It is possible that the close agreement found would be lower if, rather than using the same thermogram to 6 

determine the size, position and mean temperature of the ROI, different primary thermograms were used 7 

for each measurement and examiner. In this study it was decided to use a single primary thermogram to 8 

minimize the influence of both extrinsic and intrinsic factors that may affect the uptake of infrared radiation 9 

and thus analyze only the factors that influence the creation and positioning of ROI. 10 

Inter-observer reliability has also been investigated in other studies with good results. Selfe et al.[19] 11 

observed ICC values of between 0.82 to 0.97 in patients with knee pathologies. Similar results were 12 

obtained by Spalding et al. [44] in patients with arthritis of the hands, by Costa et al. in cervical and facial 13 

musculature [45] with very good agreement (ICC between 0.852 to 0.998). By contrast, Mustacchi et al.[46] 14 

found poor reliability in breast thermograms.  15 

With regard to intra-examiner reliability, the good results of Varju et al. [47] (ICC= 0.899) in hand 16 

measurements and Costa et al [21] (ICC= 0.879 to 0.998) in measurements of cervical and facial 17 

musculature should be highlighted. On the other hand, Denoble et al. [9] obtained a much lower ICC (0.5 18 

to 0.72) in the knee. Zaproudina et al. [13] suggested that the relatively poor intra and inter-observer results 19 

obtained for ICC is because the selection of the ROI is essentially based on a manual procedure and 20 

therefore the skill of the technician to select the ROI. 21 

In order to eliminate this subjective factor, different software have been developed to automate the ROI 22 

selection process [46]. Fernandez et al. used a software with which they obtained very good results (inter-23 

examiner ICC =0.989 and intra-examiner= 0.997) [26]. However, it should be borne in mind that ROI 24 

obtained automatically by software include more general location regions and do not allow measurements 25 

to be focused on specific structures because they cannot recognize determining anatomical references. 26 

In recent years the technology and methodology of thermographic recordings have improved and different 27 

authors have analyzed the asymmetries in body temperature of different body regions to discriminate 28 

preventively areas susceptible to injury in football players [46] and in different pathologies [8,17,22] so 29 

that it could become an imaging technique for preventive use and control of the evolution of both injuries 30 

and pathologies. 31 

Limitations 32 

The most important limitation of this study is that we located the ROI over only one raw thermogram for 33 

each participant. However, as discussed above, the objective was to determine the reproducibility of the 34 

reference points to locate ROI, without the influence of other sources of variability.  35 



8 

The main strength of our study is the description of the method of anatomical localization of reference 1 

points without modifying skin temperature and the statistical analysis of the reliability from different 2 

perspectives and not only based on the ICC, which has several limitations [36,38–40]. 3 

5. CONCLUSION 4 

The results obtained confirm that the method used has a very good reliability and reproducibility, while any 5 

influence on the detected temperature is negligible.  6 

In this sense, it will be of interest to extend the study in order to ascertain the reliability between different 7 

thermal cameras and software, which could increase the strength of the method. 8 
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7. TABLES 1 

Table 1. Descriptive values for intra and inter-observer analysis. 2 

Parameter Mean (SD) C.I. 95% Minimum  Median (IQR) Maximum 

Width box A 34.1 (3.28) 33 to 35 26 34 (32 to 36) 40 

Width box A2 33.9 (3.11) 33 to 35 26 35 (32 to 36) 40 

Width box B 33.9 (3.64) 33 to 35 25 35 (31 to 36.3) 40 

Height box A 56.6 (4.61) 55 to 58 47 56 (53.8 to 61) 63 

Height box A2 56.3 (4.85) 55 to 50 47 57 (54 to 61) 61 

Height box B 57.2 (4.45) 56 to 59 49 58 (54 to 61) 64 

X-axis location A 192.5 (82.01) 164 to 221 106 193 (112 to 272) 279 

X-axis location A2 192.4 (81.47) 164 to 221 107 194 (112 to 273) 278 

X-axis location B 192.5 (80.99) 164 to 221 109 192 (112 to 272) 278 

Y-axis location A 122.3 (7.99) 120 to 125 102 123 (119 to 124) 152 

Y-axis location A2 121.7 (8.27) 119 to 125 98 122 (119 to 125) 147 

Y-axis location B 120.3 (7.98) 118 to 123 98 121 (118 to 123) 147 

Temperature A 32.9 (0.85) 32.6 to 33.2 31.2 32.9 (32.4 to 33.6) 34.6 

Temperature A2 32.9 (0.85) 32.6 to 33.2 31.2 32.9 (32.4 to 33.6) 34.6 

Temperature B 32.9 (0.84) 32.6 to 33.2 31.2 32.9 (32.5 to 33.6) 34.6 

Box parameters units are pixels. Temperature in degrees Celsius. A: first evaluation for examiner A. A2: 3 

second evaluation for examiner A. B: evaluation for examiner B..4 
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Table 2. Reliability for both intra and inter-observer analysis. 1 

Parameter ICC (95% CI) Agreement Mean difference (95% LOA) % Change SEm SEm% SRD (95% CI) SRD% 

Width box intra-observer 0.937 (0.878 to 0.968) Excellent -0.235 (-2.45 to 1.98) -0.6 0.80 2.3% 2.21 (-1.5 to 2.92) 6.5% 

Width box inter-observer 0.904 (0.818 to 0.951) Excellent -0.176 (-3.17 to 2.82) -0.5 1.07 3.1% 2.96 (-1.72 to 4.19) 8.7% 

Height box intra-observer 0.92 (0.846 to 0.959) Excellent -0.294 (-4.02 to 3.43) -0.5 1.33 2.4% 3.68 (-2.80 to 4.56) 6.5% 

Height box inter-observer 0.92 (0.846 to 0.959) Excellent 0.588 (-2.62 to 3.79) 1.1 1.41 2.5% 3.91 (-2.50 to 5.32) 6.9% 

X-axis location intra-observer 1 (1 to 1) Excellent -0.059 (-3.22 to 3.10) 0.1 0.00 0.00% 0 (-) 0.0% 

X-axis location inter-observer 1 (0.999 to 1) Excellent 0.00 (-4.97 to 4.97) 0.3 0.00 0.00% 0 (-) 0.0% 

Y-axis location intra-observer 0.968 (0.937 to 0.984) Excellent -0.559 (-4.48 to 3.37) -0.5 1.44 1.2% 4 (-2.56 to 5.45) 3.3% 

Y-axis location inter-observer 0.946 (0.544 to 0.984) Excellent -2.0 (-5.51 to 1.51) -1.6 1.43 1.2% 3.96 (-1.78 to 6.14) 3.3% 

Temperature intra-observer 0.998 (0.997 to 0.999) Excellent 0.0059 (-0.090 to 0.10) 0.0 - - - - 

Temperature inter-observer 0.997 (0.994 to 0.999) Excellent 0.0012 (-0.127 to 0.129) 0.0 - - - - 

Box parameters units are pixels. Temperature in degrees Celsius. ICC: intraclass correlation coefficient. LOA: limits of agreement. %Change: mean difference respect total 2 

average of measures. SEm: standard error of measurement. SRD: smallest real difference. SEM and CRD for temperature are not shown because it is an interval variable. 3 
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8. FIGURES 1 

Fig. 1. Participant and camera positioning (a,b) and the first thermogram with reference points(c) 2 

Fig. 2. Metallic markers (a), thermogram with reference points (b), ROI boxes on the second thermogram 3 

(c) and superimposed over first thermogram (d) 4 

Fig.3. Flowchart of analysis method. 5 

Fig. 4. Intra-examiner reliability Bland–Altman’s plots. Each pair of measurements is represented by a 6 

point determined by the mean value (x-axis) and by the difference between them (y-axis). Dotted lines 7 

represent the limits of agreement with the confidence intervals. Dark zone and blue line represent the 8 

proportional bias line with confidence intervals. The Width and Height are in millimetres (mm), X and Y 9 

are coordinates in pixels and Temperature is in Celsius grades (ºC). 10 

Fig. 5. Inter-examiner reliability Bland–Altman’s plots. Each pair of measurements is represented by a 11 

point determined by the mean value (x-axis) and by the difference between them (y-axis). Dotted lines 12 

represent the limits of agreement with the confidence intervals. Dark zone and blue line represent the 13 

proportional bias line with confidence intervals. The Width and Height are in millimetres (mm), X and Y 14 

are coordinates in pixels and Temperature is in Celsius grades (ºC15 
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