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Background: Screening support of foot health abnormalities is essential for 
preventing complications associated with vascular and metabolic disorders. 
Infrared thermography provides a noninvasive method for assessing spatial 
temperature variations related to microvascular perfusion and inflammatory 
processes; however, standardized frameworks for interpretation in community 
settings remain limited.

Objectives: To develop a percentile-based thermographic framework for 
evaluating foot thermal patterns and to investigate the relationship between 
thermographic indices and underlying vascular-ischemic and metabolic-
inflammatory processes in a community population.

Materials and methods: Plantar foot temperature images were obtained 
using infrared thermography. Normative temperature references were 
established, and thermographic burden indices representing ischemic and 
inflammatory patterns were derived based on percentile thresholds. Principal 
component analysis (PCA) and logistic regression were performed to identify 
thermographic patterns and evaluate predictive performance.

Results: Most participants demonstrated low thermographic burden, while  
a subset exhibited elevated indices. PCA identified two principal components 
corresponding to metabolic-inflammatory and vascular-ischemic dimensions. 
The combined thermographic model demonstrated moderate discriminative 
performance (AUC=0.714, 95% CI: 0.631-0.790), with a sensitivity of 74.2% 
and specificity of 65.0% at the optimal cutoff.

Conclusion: A percentile-based thermographic framework enables objective 
characterization of foot thermal abnormalities and provides insight into 
vascular-ischemic and metabolic-inflammatory thermal patterns. The integration 
of thermographic indices with multivariate and predictive analyses supports 
their potential as noninvasive tools for risk stratification and community-
based screening of foot health abnormalities.

﻿Introduction 
	 Peripheral arterial disease and diabetic foot 
complications remain major contributors to morbidity in 
aging populations.1-3 Early identification of microvascular 
compromise prior to the development of overt 
ulceration or tissue loss remains a clinical challenge. 
Conventional vascular assessments, such as ankle-
brachial index and Doppler ultrasound, primarily detect 
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macrovascular disease and may not fully capture early 
spatial perfusion instability or metabolic-inflammatory 
alterations in the foot microenvironment. Infrared 
thermography provides a non-invasive method for 
visualizing cutaneous heat distribution, reflecting 
underlying perfusion dynamics and inflammatory 
activity.4-7 However, most thermographic approaches 
rely on absolute temperature thresholds or focal hot-
spot detection, without incorporating spatial gradients or 
thermal symmetry as physiological reference patterns.8-10

	 Under physiological conditions, the foot exhibits 
organized thermal gradients when measured in stable 
ambient environments. Proximal-to-distal temperature 
decline on the dorsum and central-to-distal variation on 
the plantar surface reflect intact perfusion regulation.11 
Disruption of these gradients may indicate early 
ischemic attenuation, whereas localized hyperthermia 
may indicate inflammatory activation associated with 
metabolic stress. Previous studies have shown that a 
temperature difference greater than 2.2 °C between 
corresponding regions of the left and right feet may 
serve as an early indicator of foot ulceration risk.12 
	 However, most existing approaches rely on fixed 
thresholds and lack a standardized scoring framework 
for integrating spatial thermal patterns.
	 Therefore, this study aimed to develop a percentile-
based, zone-oriented thermographic framework to  
distinguish physiological thermal patterns from vascular- 
ischemic and metabolic-inflammatory deviations in 
a community population. A normative reference 
subgroup was used to establish percentile thresholds 
for thermographic burden indices, while principal 
component analysis and predictive modeling were 
applied to investigate underlying thermographic 
patterns and their association with clinical variables.

Materials and methods 
Study design
	 This study was designed as a methodological 
development and field validation study to construct  
a percentile-based, zone-oriented ischemic-inflammatory 
scoring system for foot thermography under community- 
based screening conditions. The framework was 
developed to reflect real-world deployment scenarios 
and support applications in remote or resource-
limited healthcare settings. Thermographic data 
were collected during community-based health 
outreach services. A dult participants (≥18 years) who 
underwent bilateral foot thermographic assessment 
were included. Records were excluded if images were 
incomplete, exhibited motion artifacts, or contained 
technical acquisition errors. All participants remained 
in the examination environment for at least 20 minutes  
before image acquisition to allow thermal acclimatization. 
Participant recruitment was based on convenience 
sampling during community-based health outreach 
activities. No formal sample size calculation was 
performed because the study’s primary objective was 

the development of a methodological framework and 
its exploratory validation.

Thermographic acquisition under field conditions
	 Infrared thermographic imaging was conducted 
in non-laboratory community environments. Ambient 
temperature was not held at a fixed value of 25.0 °C; 
instead, it was recorded at the start of each acquisition 
session. Participants were positioned at a standardized 
imaging location, and thermal images of both the 
dorsal and plantar surfaces of the feet were acquired 
using a calibrated infrared thermal camera (Testo 
890, Testo SE & Co. KGaA, Germany). The camera was 
positioned at a fixed distance of 1.0 meters from the 
feet, perpendicular to the imaging plane, to ensure 
consistent image acquisition across participants.13 
Images were digitally stored for quantitative analysis. 
This acquisition strategy was intentionally designed 
to simulate real-world field deployment rather than 
controlled laboratory conditions. To reduce inter-
session environmental variability, all recorded foot 
temperatures were standardized to a reference 
temperature of 25.0 °C, prior to analysis. Temperature 
normalization was performed using a uniform linear 
correction model adapted from previously reported 
thermographic standardization approaches.13,14

T_corrected = T_measured±(25.0 - T_ambient)

	 This preprocessing step was applied consistently 
across the dataset before percentile modeling and 
score computation to maintain methodological 
consistency while preserving zone-based relative 
thermal patterns.

Zone-oriented parameter extraction
	 Each thermographic image was processed to 
determine the region of interest (ROI) and then divided 
into predefined anatomical zones. The following 
parameters are bilaterally isolated as overall mean 
temperature, midfoot temperature, toe temperature, 
load-bearing area temperature, proximal-to-distal 
temperature gradient, and bilateral temperature 
difference (Δ right–left). All parameters were computed 
using a structured computational pipeline implemented 
in an in-house-developed application (ThermoScan_
CK v1.2), which was built as a graphical user interface 
in MATLAB R2025b (The MathWorks, Natick, MA, USA), 
to ensure reproducibility.

Development of the percentile-based reference 
model
	 A normative reference distribution was constructed 
from the standardized dataset. Percentile thresholds 
were calculated for each zone-oriented parameter. 
Lower percentile boundaries were used to define 
cold deviation (ischemic tendency), whereas upper 
percentile boundaries defined heat deviation 
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(inflammatory tendency). This percentile-based approach 
was selected to identify abnormal thermal patterns, as 
it is widely used in clinical practice to detect deviations 
from normative distributions and is robust to non-
normal data. Percentile modeling was performed after 
environmental normalization to ensure comparability 
across field-acquired sessions.15

Thermographic index and burden score computation
	 Thermographic indices were derived from region-
based temperature measurements. The 10th (P10) and 
90th (P90) percentiles were selected to identify relatively 
extreme thermal deviations while maintaining adequate 
sample representation and robustness against outliers. 
For each anatomical region, values below the P10 of the 
normative reference were classified as the ischemic 
index, and values above the P90 as the inflammatory 
index.16-18

	 Thermal asymmetry was defined as the absolute 
temperature difference between corresponding regions 
of the left and right feet, with values exceeding the P90 
considered abnormal.
	 Ischemic index, inflammatory index, and thermal 
asymmetry were calculated separately by aggregating 
abnormal regions across all anatomical locations. 
Each index was independently expressed on a scale 
of 0-100, representing the overall burden of ischemic, 
inflammatory, and asymmetry-related thermal deviation, 
respectively.

Severity tier classification
	 Burden percentages were categorized into four 
risk levels based on predefined thresholds: low (0-<20), 
mild (20-<40), moderate (40-<60), and high (≥60).

Statistical analysis
	 Descriptive statistics were used to summarize 
participant characteristics and thermographic parameters. 
Distributional properties were assessed prior to  

percentile computation. Associations between ischemic 
and inflammatory burden scores were examined using 
correlation analysis. All statistical analyses were  
performed using MATLAB R2025b (MathWorks, Natick, 
MA, USA), and statistical significance was set at p<0.05.
	 Principal component analysis (PCA) was performed 
using data from all participants to explore multivariate 
relationships among demographic, metabolic, and 
thermographic variables. Variables included age, body 
mass index (BMI), fasting blood glucose (FBS), ischemic 
burden, inflammatory burden, and thermal asymmetry. 
PCA was used as an exploratory technique to identify 
underlying thermographic patterns and visualize variable 
clustering.
	 Logistic regression models were constructed to 
evaluate the discriminative performance of thermographic 
indices. Model performance was assessed using  
receiver operating characteristic (ROC) analysis, and 
the area under the ROC curve (AUC) was calculated. 
The optimal cutoff value was determined using the 
Youden index.
	 For logistic regression and ROC analyses, 
participants were classified into two groups according 
to predefined normative criteria. Individuals in the 
normative reference group were defined as the negative 
class, whereas those who did not meet the normative 
criteria were classified as the positive class (non-
normative participants). Thermographic burden indices 
were evaluated for their ability to discriminate between 
normative and non-normative participants.

Results
	 The study was conducted under ambient 
temperatures ranging from 24.0 to 30.0 °C. A total 
of 163 participants were included with a mean age 
of 63.20±8.17 years, comprising 38 males and 125 
females. The mean body mass index (BMI) was 
23.95±4.29 kg/m², and the mean fasting blood sugar 
(FBS) level was 101.77±23.25 mg/dL. (Table 1).

 Table 1. Participant characteristics of all participants and the normative reference group.

Variable Mean+SD

All participants (N=163) Normative group (N=66)

Age (years) 63.20±8.17 63.79±6.82

BMI (kg/m²) 23.95±4.29 22.50±3.34

Fasting blood glucose (mg/dL) 101.77±23.25 92.15±4.74

Total cholesterol (mg/dL) 210.59±49.04 202.98±45.69

	 Foot temperature was analyzed from both 
dorsal and plantar thermal images. For the dorsal 
view, regions of interest (ROIs) included the toe 
(ROI1), midfoot (ROI2), overall dorsal temperature, 
the midfoot-to-toe temperature gradient, and the 
overall dorsal temperature difference (ΔT, right-left).

	 For the plantar view, ROIs included the toe (ROI1), 
midfoot (ROI2), forefoot (ROI3), heel (ROI4), overall 
plantar temperature, the forefoot-to-heel gradient, 
the load-bearing-to-toe gradient, and the overall 
plantar temperature difference (ΔT, right-left). Mean 
temperatures for the right foot, left foot, and bilateral 
averages are presented in Table 2.
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Normative percentile thresholds
	 A normative reference group of 66 individuals 
was selected based on the following criteria: BMI  
18.5-25.0 kg/m², no history of diabetes, FBS ≤100 mg/
dL, and absence of foot ulcers or visible abnormalities 
(Table 1). Thermal data from the dorsal and plantar 
regions were analyzed to calculate the 5th, 10th, 90th, 
and 95th percentiles. Percentiles were computed for the 
right foot, left foot, and bilateral mean temperatures; 

 Table 2. Summarizes the regional foot temperature measurements obtained from dorsal and plantar thermographic 
images. Mean temperatures and temperature gradients were calculated for both feet, including bilateral averages 
and right-left differences.

however, only the bilateral mean values are presented 
in Table 3 for clarity.
	 These percentile values were used to establish 
temperature-based reference thresholds for identifying 
potential ischemic and inflammatory patterns. The 
10th and 90th percentiles were selected as primary 
screening thresholds because they represent 
physiologically meaningful deviations while remaining 
robust to extreme outliers.

Table 3. Presents normative percentile reference values for dorsal and plantar foot temperatures. 

Foot temperature (°C) of the normative reference group

Dorsal region Mean+SD Percentile (both)

Both Right Left P5 P10 P90 P95

Overall dorsal 25.5±1.4 26.6±1.3 24.3±2.1 23.30 23.79 27.22 28.05

Toe (ROI1) 28.7±1.2 26.7±1.4 28.8±1.3 21.76 22.14 26.00 26.91

Midfoot (ROI2) 24.2±1.7 25.8±1.4 22.5±2.8 27.01 27.26 30.34 30.69

ΔT Midfoot-toe 4.6±1.5 2.9±0.9 6.2±2.8 2.47 2.56 6.56 7.04

ΔT Overall (RT-LT) 2.6±1.8 0.15 0.28 4.69 4.93

Foot temperature (°C) of all participants

Dorsal region Mean±SD Dorsum

Both Right Left

Overall dorsal 25.6±1.6 26.8±1.5 24.4±2.3

Toe (ROI1) 24.3±1.9 26.0±1.7 22.6±3.0

Midfoot (ROI2) 28.9±1.2 27.0±1.6 28.9±1.3

ΔT Midfoot-Toe 4.5±1.5 2.8±1.0 6.2±2.8

ΔT Overall (Right-Left) 2.6±1.9

Plantar Region Mean±SD Plantar

Both Right Left

Overall plantar 26.6±1.6 26.7±1.6 26.6±1.6

Toe (ROI1) 25.4±1.7 25.4±1.7 25.4±1.7

Midfoot (ROI2) 28.1±1.7 28.1±1.7 28.0±1.8

Forefoot (ROI3) 26.7±1.6 26.7±1.6 26.7±1.7

Heel (ROI4) 26.2±1.6 26.2±1.6 26.1±1.7

ΔT Forefoot-heel 0.7±0.5 0.7±0.5 0.7±0.5

ΔT Load-bearing-toe 1.5±0.7 1.2±0.6 1.2±0.7

ΔT Overall (Right-Left) 0.5±0.4
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Group comparison and correlation analysis
﻿	 Comparisons between the normative and non- 
normative groups were performed using either  
the independent t-test or the Mann-Whitney U test,  
depending on data distribution. No significant difference 
in age was observed between the groups (p=0.447).  
In contrast, BMI (p=0.0001), fasting blood sugar 
(p<0.001), and inflammatory thermal burden (p=0.010) 
were significantly higher in the non-normative group. 
Ischemic burden (p=0.140) and thermal asymmetry 
(p=0.164) did not differ significantly between groups.
	 Correlation analysis showed no significant  
association between thermal asymmetry and ischemic 
burden (Spearman r=0.010, p=0.902). A weak negative 
correlation was observed between thermal asymmetry 
and inflammatory burden (Spearman r=-0.135, p=0.086), 
although this did not reach statistical significance.
	 The distribution of thermographic burden indices 
was highly skewed, with a substantial proportion 
of participants exhibiting zero values. In the overall 

Plantar region Mean+SD Percentile (both)

Both Right Left P5 P10 P90 P95

Overall plantar 26.5±1.4 26.5±1.5 26.4±1.5 24.39 24.59 28.45 29.02

Toe (ROI1) 25.2±1.4 25.1±1.5 25.2±1.5 23.30 23.92 26.86 27.36

Midfoot (ROI2) 27.9±1.6 28±1.6 27.8±1.8 25.60 25.78 30.61 30.86

Forefoot (ROI3) 26.5±1.5 26.5±1.5 26.5±1.6 24.44 24.67 28.79 29.30

Heel (ROI4) 26.1±1.4 26.2±1.4 26.1±1.5 23.99 24.28 27.93 28.47

ΔT forefoot-heel 0.6±0.5 0.6±0.4 0.6±0.6 0.04 0.06 1.30 1.50

ΔT Load-bearing-toe 1.6±0.6 1.3±0.5 1.2±0.6 0.53 0.69 2.39 2.81

ΔT Overall (RT-LT) 0.6±0.5 0.06 0.11 1.34 1.41
Note: P10 and P90 thresholds were used to define hypothermic (ischemic) and hyperthermic (inflammatory) patterns.

Table 3. Presents normative percentile reference values for dorsal and plantar foot temperatures (continued). 

cohort, zero ischemic burden was observed in 43% of 
participants, while inflammatory burden and thermal 
asymmetry were absent in 49% and 47% of cases, 
respectively. Median values were low across all indices 
(ischemic: 2.86%, inflammatory: 1.43%, asymmetry: 
4.54% on a 0-100 scale), indicating that most individuals 
had minimal thermal deviation. 
	 However, the upper tails of the distribution were 
markedly elevated, with the 90th percentiles reaching 
22.86% for ischemic burden, 28.57% for inflammatory 
burden, and 40.91% for thermal asymmetry. A similar 
pattern was observed in the normative subgroup, 
where median values were lower, and the proportion of 
zero values was higher, while upper-percentile values 
remained elevated.
	 These findings indicate that thermographic 
burden indices follow a zero-inflated and right-skewed 
distribution, supporting the use of percentile-based 
thresholds for classification rather than mean-based 
criteria. (Table 4 and Figure 1). 

﻿Table 4. Distribution of thermographic burden indices, median (%) and P90 (%).

Variable All participants (N=163) Normative group (N=66)

Median Zero values N (%) P90 Median Zero values N (%) P90

Ischemic burden 2.86 70 (43%) 22.86 1.43 32 (48%) 17.85

Inflammatory burden 1.43 79 (49%) 28.57 0 41 (62%) 21.43

Thermal asymmetry 4.54 77 (47%) 40.91 9.09 25 (38%) 40.91



Uat-hao S. et al. Journal of Associated Medical Sciences 2026; 59(3): 205-214210

﻿Figure 1. Distribution of thermographic burden indices among all participants, 
categorized into low, mild, moderate, and high levels.

Principal component analysis 
	 Principal component analysis (PCA) with varimax 
rotation identified two principal components with 
eigenvalues greater than 1, together explaining 
45.32% of the total variance. The first component 
(PC1) accounted for 27.90% of the variance and was 
characterized by strong positive loadings for body mass 
index (BMI) (0.53) and inflammatory thermal burden 
(0.56), along with a moderate negative loading for age 
(-0.45). These variables were aligned along a similar 
axis in the biplot, indicating a shared contribution to 
this component. PC1 was therefore interpreted as a 
metabolic-inflammatory dimension.
	 The second component (PC2) explained 17.42%  
of the total variance and was primarily defined by strong 
positive loadings of ischemic burden (0.683) and fasting 

blood glucose (0.685), with a smaller contribution from 
thermal asymmetry. In the biplot representation, these 
variables clustered along a distinct axis, suggesting a 
dimension related to vascular and perfusion-related 
variation with metabolic involvement. PC2 was 
interpreted as a vascular-ischemic dimension with 
metabolic contribution.
	 Following varimax rotation, two components were 
retained. The first component was associated with 
BMI and inflammatory thermal burden, representing a 
metabolic-inflammatory pattern, whereas the second 
component was characterized by ischemic burden and 
fasting blood glucose, reflecting a vascular-ischemic 
pattern with metabolic influence. Thermal asymmetry 
showed a weaker contribution to both components 
(Figure 2).

﻿
﻿Figure 2. Principal component analysis (PCA) of thermographic and clinical variables. Two principal components 

were identified. PC1: metabolic-inflammatory pattern, PC2: vascular-ischemic pattern.

PC Eigenvalues Variance (%) Variables PC1 PC2
PC1 1.67 27.90 Age -0.452 0.056
PC2 1.05 17.42 Thermal asymmetry -0.254 -0.242
PC3 0.96 16.01 Inflammatory burden 0.563 -0.041
PC4 0.90 15.05 Ischemic burden -0.268 0.683
PC5 0.73 12.23 BMI 0.532 0.003
PC6 0.68 11.39 FBS 0.245 0.685
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Logistic regression and combined thermographic index
	 Four logistic regression models were evaluated to 
assess the discriminative performance of thermographic 
parameters. Model 1 included thermal asymmetry as 
a single predictor. Model 2 incorporated asymmetry 
and ischemic burden. Model 3 further included 
inflammatory burden, while Model 4 included all 
thermographic parameters along with body mass index.
	 Model performance was assessed using receiver 
operating characteristic (ROC) analysis to evaluate the 
ability of thermographic burden indices to discriminate 
between normative and non-normative participants. 
Performance improved progressively with the inclusion 
of additional variables. The model incorporating thermal 
asymmetry alone showed limited discriminative ability 
(AUC=0.581, 95% CI: 0.497-0.664). The addition of 

ischemic and inflammatory burden resulted in modest 
improvements (AUC=0.602, 95% CI: 0.511-0.686; 
AUC=0.614, 95% CI: 0.522-0.701, respectively). The full 
model, including thermal asymmetry, ischemic burden, 
inflammatory burden, and body mass index, achieved 
the highest discrimination performance (AUC=0.714, 
95% CI: 0.631-0.790). The optimal cutoff value was 
0.408, yielding a sensitivity of 74.2% and a specificity of 
65.0% (Figure 3).
	 The optimal cutoff value for the combined 
thermographic index (TMI) was determined using the 
Youden index. An optimal cutoff of 0.408 yielded a 
sensitivity of 74.24% and a specificity of 64.95%. Based 
on this threshold, participants were primarily classified 
into low- and moderate-risk groups, with no cases 
observed in the high-risk category.

Discussion 
	 Previous investigations have shown that 
localized increases in plantar temperature may reflect 
inflammatory activity and tissue stress, particularly 
in individuals at risk of diabetic foot complications.2 
Likewise, temperature asymmetry between feet has 
been proposed as an indicator of impaired perfusion 
or early ischemic changes.10 Although infrared 
thermography has demonstrated potential in the 
prevention and management of diabetic foot disease, 
its clinical adoption remains limited.19 However, most 
previous studies focused on temperature asymmetry 
or localized hot-spot detection, whereas standardized 
frameworks for interpreting complex thermographic 
patterns in community populations remain limited.
	 The present study proposes a percentile-
based thermographic framework for assessing foot 
thermal patterns in a community population.15 By 
establishing normative temperature references and 
deriving thermographic burden indices, the findings 
demonstrate that infrared thermography can quantify 

 Figure 3. Receiver operating characteristic (ROC) curves of logistic regression models. The full model (Model 4) 
showed the highest discriminative performance (AUC=0.714, 95% CI: 0.631-0.790).

spatial thermal variations potentially related to 
vascular-ischemic and metabolic-inflammatory 
processes.14,20 The integration of multivariate analysis 
and predictive modeling further supports its potential 
utility for risk stratification and community screening.
	 Principal component analysis revealed a multi-
dimensional structure underlying thermographic 
and clinical variables. Two principal dimensions were 
identified, corresponding to metabolic-inflammatory 
and vascular-ischemic patterns. The metabolic-
inflammatory component was primarily associated 
with body mass index and inflammatory thermal 
burden, suggesting that systemic metabolic factors 
may influence peripheral thermal distribution, 
consistent with previous observations that metabolic 
and inflammatory processes can alter cutaneous 
temperature patterns.5,20 In contrast, the vascular-
ischemic component was characterized by ischemic 
burden and fasting blood glucose levels, indicating 
that perfusion-related thermal variation may be linked 
to metabolic dysregulation and vascular impairment, 



Uat-hao S. et al. Journal of Associated Medical Sciences 2026; 59(3): 205-214212

which may affect microcirculatory blood flow and 
regional heat distribution.1,3,20 Thermal asymmetry 
demonstrated a weaker contribution, suggesting a 
more limited role in explaining overall variance.
	 The distribution of thermographic burden indices 
was highly skewed, with a large proportion of individuals 
exhibiting minimal or zero values and a smaller subset 
demonstrating markedly elevated indices. This 
zero-inflated, right-skewed pattern supports using 
percentile-based thresholds for classification rather 
than relying on mean-based interpretation, particularly 
in population-based screening contexts.15

	 From a physiological perspective, thermographic 
patterns may reflect interactions among metabolic 
stress, inflammatory activity, and microvascular 
perfusion. The alignment of ischemic burden and fasting 
blood glucose within the same component suggests a 
potential interaction between vascular compromise 
and metabolic dysregulation. Although causal 
relationships cannot be established due to the cross-
sectional design, the observed clustering supports 
the notion that thermography captures physiologically 
meaningful patterns of early tissue stress.
	 The combined thermographic index demonstrated 
improved discriminative performance compared with 
individual parameters. The full model achieved an AUC 
of 0.714 (95% CI: 0.631-0.790), indicating moderate 
discrimination between normative and non-normative 
participants. At the optimal cutoff value of 0.408, the 
model yielded a sensitivity of 74.2% and a specificity 
of 65.0%. The relatively higher sensitivity suggests that 
the framework may be useful for identifying individuals 
with abnormal thermographic patterns in community 
settings, whereas the moderate specificity indicates 
that additional clinical assessment may be required to 
reduce false-positive findings. Therefore, the present 
framework should be regarded as a risk stratification and 
screening-support tool rather than a diagnostic method.
	 Although the first two principal components 
explained 45.32% of the total variance, PCA was 
applied primarily as an exploratory technique for 
visualization and pattern identification rather than for 
predictive modeling. The first two components revealed 
clinically interpretable metabolic-inflammatory and  
vascular-ischemic patterns and were therefore retained 
for graphical representation and physiological 
interpretation. The remaining variance likely reflects 
the multifactorial nature of foot thermoregulation and 
biological heterogeneity within the study population.
	 The absence of high-risk cases in this cohort 
suggests that the model primarily captures early or 
subclinical changes rather than advanced pathology. 
This finding is consistent with the role of thermography 
as a noninvasive screening modality. Compared with 
conventional vascular assessments, thermography 
offers a rapid, contact-free, and radiation-free 

approach that may be suitable for large-scale or 
community-based screening programs. The integration 
of thermographic indices with metabolic variables 
may further enhance risk stratification and support 
preventive care strategies.
	 This study has several strengths, including the 
establishment of normative thermographic reference 
values, the development of quantitative burden 
indices, and the application of multivariate analysis 
to provide physiological insight. However, several 
limitations should be considered. First, the cross-
sectional design precludes causal inference and does 
not permit evaluation of longitudinal clinical outcomes. 
Second, established clinical reference standards, 
including the ankle-brachial index (ABI), Doppler 
ultrasound, and neuropathy assessments, were 
unavailable for validation. Third, data collection was 
conducted in community-based field settings rather 
than in laboratory-controlled environments. Although 
temperature normalization and acclimatization 
procedures were applied, residual environmental 
influences may have affected thermographic 
measurements. Finally, the normative reference 
database remains relatively small and may require 
expansion to improve generalizability across broader 
populations.
	 Future studies with larger cohorts and longitudinal 
follow-up are warranted to validate the predictive 
value of thermographic indices. The integration of 
thermography with advanced analytical approaches, 
such as machine learning and mobile health platforms, 
may further enhance its applicability in automated risk 
assessment and remote screening.
	 The conceptual framework presented in Figure 
4 integrates the relationships between vascular-ischemic 
and metabolic-inflammatory processes, thermographic 
assessment, and community-based screening applications. 
It illustrates how these underlying mechanisms may 
give rise to distinct thermographic patterns detectable 
through infrared imaging. By combining percentile-
based references, thermographic burden indices, 
and multivariate analysis, this framework provides a 
structured approach for translating complex thermal 
patterns into clinically interpretable information.
	 Overall, this integrative approach highlights the 
potential of thermography not only to characterize 
underlying physiological variation but also to 
support risk stratification in community settings. 
The identification of subtle thermal alterations may 
facilitate earlier recognition of individuals at risk for 
vascular or metabolic stress and support preventive 
foot care strategies. However, further validation against 
established clinical assessments, including the ankle-
brachial index (ABI), Doppler ultrasound, neuropathy 
testing, and longitudinal clinical outcomes, is required 
before clinical implementation.



213Uat-hao S. et al. Journal of Associated Medical Sciences 2026; 59(3): 205-214

﻿Figure 4. Conceptual framework linking vascular-ischemic and metabolic-inflammatory processes, thermographic 
patterns, and community-based risk screening.

Limitations
	 The study has several limitations, including 
the lack of validation against established clinical 
reference standards (e.g., ABI, Doppler ultrasound, and 
neuropathy assessments), potential environmental 
influences during community-based data collection, 
and the relatively limited size of the normative reference 
database.

Conclusion
	 In conclusion, a percentile-based thermographic 
framework was developed to evaluate foot thermal 
patterns in a community population. The integration of 
normative references, thermographic burden indices, and 
multivariate analysis enables objective characterization 
of thermal abnormalities associated with metabolic-
inflammatory and vascular-ischemic processes.
	 The combined thermographic index demonstrated 
moderate discriminative performance, supporting 
its potential utility for identifying individuals with 
abnormal thermographic patterns in community 
settings. Overall, this approach highlights the potential 
of infrared thermography as a practical, noninvasive, 
and scalable tool for community-based screening and 
risk stratification of foot health abnormalities.
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