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Understanding the use of thermography and its ability to predict 
ultrasound-detected joint inflammation at the metacarpophalangeal 
joint in patients with rheumatoid arthritis

YK Tan 1,2,3, PG Conaghan 4

1Department of Rheumatology and Immunology, Singapore General Hospital, Singapore 
2Duke-NUS Medical School, Singapore 
3Yong Loo Lin School of Medicine, National University of Singapore, Singapore 
4Leeds Institute of Rheumatic and Musculoskeletal Medicine, University of Leeds and NIHR Leeds Biomedical Research Centre, 
Leeds, UK

Objectives: To study the correlation of thermography with ultrasonography, and whether thermography can help to 
predict ultrasound-detected joint inflammation at the metacarpophalangeal joints (MCPJs) in patients with rheumatoid 
arthritis (RA).

Method: Maximum, average, and minimum temperatures were recorded by thermography and summed for the MCPJs 
of each hand. Their relationship with the summed power Doppler (PD) and grey-scale (GS) scores was explored using 
correlation analysis and simple linear regression. The ability of summed thermographic temperatures to predict 
summed PD score ≥ 1 and summed GS score ≥ 18 (median score) was studied using receiver operating characteristics 
(ROC) curve analysis. Intraobserver reliability (single observer) was analysed using intraclass correlation coefficients 
(ICCs).

Results: This cross-sectional study examined 810 joints from 81 RA patients. At both right and left MCPJs, all 
summed thermographic temperatures correlated significantly (p < 0.05) and had significant relationships (p < 0.05) 
with summed ultrasound scores (for PD and GS, respectively, correlation coefficients ranged from 0.45 to 0.52 and 
0.26 to 0.29, and regression coefficients from 0.094 to 0.137 and 0.058 to 0.086). At the bilateral MCPJs, the area 
under the ROC curves for summed thermographic temperatures in predicting summed PD score ≥ 1 and summed GS 
score ≥ 18 ranged from 0.80 to 0.82 and 0.65 to 0.66, respectively. ICC values (for 45 baseline MCPJs for which 
thermographic temperatures were resegmented > 2 weeks apart) were excellent (all > 0.90).

Conclusion: Thermographic temperatures reflect ultrasound-detected joint inflammation, and appear useful in pre
dicting PD vascularity at the MCPJs of patients with RA. 

Infrared thermography can be used to objectively quan
tify joint inflammation by detecting joint surface tem
peratures in patients with rheumatoid arthritis (RA) (1). 
Thermography detects heat signatures overlying 
inflamed joints, although, unlike ultrasound, it does 
not directly visualize the inflamed synovium (1, 2) and 
bone erosions, nor does it differentiate the morphologi
cal substrate of the inflammatory process (synovitis, 
tenosynovitis, enthesitis, etc.). Nonetheless, thermogra
phy has its own strengths and attributes, making it 

a promising imaging modality for the assessment of 
joint inflammation in RA. First, thermography is non- 
invasive, requiring less training than ultrasonography 
for its operators (1, 3). Image acquisition, although 
simple, requires standardization (e.g. ambient condi
tions) and subsequent timely image processing for con
sistent results. Moreover, there is a need to establish 
validated cut-off values for data interpretation. Sec
ondly, modern handheld thermal cameras are compact 
and highly portable, with quick image acquisition and 
digital readouts that are easy and convenient to use in 
the rheumatologist’s office, and cost less than magnetic 
resonance imaging and ultrasound machines (1, 3–5). 
Finally, being contactless, thermography can potentially 
be used in remote telemedicine consultations, in which 
physical examination of patients is not possible (6). 
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These reasons provide a good rationale to explore ther
mography in assessing RA joint inflammation. In this 
study, the metacarpophalangeal joints (MCPJs) were 
chosen as these are commonly affected in patients 
with RA and hence provide a good model for studying 
synovial inflammation. We aimed (i) to study the cor
relation of thermography with ultrasonography, and (ii) 
to assess whether thermography can help to predict 
ultrasound-detected joint inflammation at the MCPJs 
of patients with RA.

Method

This cross-sectional study, conducted at the Singapore 
General Hospital, was approved by the local institu
tional review board and conforms to the relevant 
research ethical guidelines. Patients fulfilling the 2010 
RA classification criteria (7) and other recruitment cri
teria (Supplementary Table S1) were consecutively 
recruited from the hospital’s rheumatology outpatient 
clinic. All patients provided written informed consent 
before enrolment.

Baseline patient characteristics

Patient characteristics, obtained from their medical 
records, were: 28-joint Disease Activity Score 
(DAS28), age, ethnicity, sex, disease duration, and med
ication use.

Imaging assessment

Ultrasonography and thermography were performed 
independently during the same patient study visit. Dor
sal recesses of bilateral MCPJs 1–5 were scanned by 
a rheumatologist with > 10 years of experience in mus
culoskeletal ultrasound, blinded to the findings from 
thermography. A Mindray M9 (Mindray Bio-Medical 
Electronics Co., Ltd., Shenzhen, China) ultrasound 
machine (with settings at Doppler frequency 5.7 MHz 
and pulse repetition frequency 700 Hz) with an L14- 
6Ns linear probe (frequency range 6–14 MHz) set at 12 
MHz were used for scanning. Ultrasonography followed 
the European Alliance of Associations for Rheumatol
ogy (EULAR) guidelines (8), while power Doppler 
(PD) vascularity and grey-scale (GS) synovial hypertro
phy were scored separately and each graded semi- 
quantitatively (0–3) using validated scoring methods 
(9). In our study, which focuses on synovitis assess
ment, other structures (e.g. tendons, erosions, or fea
tures of osteoarthritis such as osteophytosis) were not 
evaluated.

Thermography was performed by a trained study 
team member (blinded to the findings of the ultrasono
graphy) in a standardized manner following established 
methods (1, 10, 11), using a high-performance thermal 

camera FLIR T865 (Teledyne FLIR, OR, USA) with 
pixel resolution of 640 × 480, thermal sensitivity of 
< 30 mK at 30°C and predefined emissivity value of 
0.98 for skin (1). Thermography was performed in 
a windowless, draught-free room in a facility with 
a central cooling system, with a measured ambient 
temperature of around 23°C (10). Patients were accli
matized by being rested for 15 min before starting 
thermography (1, 10). Physical objects blocking the 
thermal camera’s view were removed. The dorsal aspect 
of each hand was imaged by placing the thermal camera 
50 cm directly above the hand, which was placed on 
a flat tabletop. Following the commonly used region of 
interest (ROI) manual segmentation approach (1, 11) 
(Supplementary Figure S1), the maximum (Tmax), aver
age (Tavg), and minimum (Tmin) temperatures were 
obtained from the ROIs of the MCPJs for each hand 
thermogram.

Statistical analysis

The Tmax, Tavg, and Tmin were summed at the MCPJs 
for each hand and compared with the summed PD and 
GS scores. Correlation analysis was performed using 
the Spearman’s correlation coefficient, while relation
ship between variables were analysed using simple lin
ear regression. At the bilateral MCPJs 1–5, the ability of 
the summed thermographic temperatures to predict 
summed PD score ≥ 1 and summed GS score ≥ 18 
(median score) was studied using receiver operating 
characteristics (ROC) analysis. Without general consen
sus on what constitutes a higher or lower GS inflamma
tory burden at bilateral MCPJs 1–5, the median (50th 
percentile) summed GS score was arbitrarily used as 
a cut-off to categorize them into two groups: those with 
a higher summed GS score versus those with a lower 
summed GS score. For the ROC analysis, the ‘closest to 
top left’ method was applied to determine the optimal 
cut-off, which was used to obtain the corresponding 
sensitivity, specificity, positive predictive value (PPV), 
and negative predictive value (NPV). Forty-five MCPJ 
ROIs were manually resegmented (> 2 weeks apart) 
from a subset of baseline thermograms, and the intraob
server reliability (single observer) was tested using the 
intraclass correlation coefficient (ICC). The ICC results 
were interpreted as follows (12): low (< 0.40), moderate 
(0.40–0.74), substantial (0.75–0.90), and excellent 
(> 0.90). Statistical analyses were performed using 
SPSS version 26 statistical software (IBM Corp, 
Armonk, NY, USA).

Results

Baseline patient characteristics

Eighty-one patients had 810 joints examined. Of these, 
53 patients were Chinese (65.4%) and 59 patients were 
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female (72.8%). The mean ± sd age was 
54.9 ± 14.4 years, disease duration was 7.3 ± 6.3 months, 
and DAS28 was 3.7 ± 1.3. (See Supplementary Table 
S2 for baseline DAS28 subcomponents and medication 
use).

Correlation analysis

At the right and left MCPJs, all summed thermo
graphic temperatures correlated significantly 
(p < 0.05) with the summed ultrasound scores 
(Table 1), although the correlation appeared stronger 
for the summed PD score (correlation coefficients 
ranged from 0.45 to 0.52) than for the summed GS 
score (correlation coefficients ranged from 0.24 to 
0.29).

Regression analysis

At the right and left MCPJs, a significant relationship 
(p < 0.05) was demonstrated between all summed ther
mographic temperatures (Table 2) and the summed 
ultrasound scores. For the summed PD score, the regres
sion coefficients ranged from 0.094 to 0.137. For the 

summed GS score, the regression coefficients ranged 
from 0.058 to 0.086.

ROC analysis

For the bilateral MCPJs, the area under the ROC curve 
(AUC) values were higher for the summed thermo
graphic temperatures when used in predicting the 
summed PD score ≥ 1 (AUC 0.80–0.82) than when 
used in predicting the summed GS score ≥ 18 (AUC 
0.65–0.66). The cut-off values, sensitivity, specificity, 
PPV, and NPV results are summarized in Table 3.

Intraobserver reliability

The ICC values (single observer) for 45 manually reseg
mented MCPJ ROIs were high: the ICCs (95% confi
dence interval) of Tmax, Tavg, and Tmin were 0.9994 
(0.9990–0.9997), 0.9996 (0.9993–0.9998), and 0.9990 
(0.9980–0.9993), respectively.

Discussion

In this study, we have shown that thermographic tem
peratures were reflective of ultrasound-detected joint 

Table 1. Correlation analysis of thermography versus ultrasound variables.

Thermographic parameter

Summed PD score Summed GS score

Correlation coefficient p Correlation coefficient p

Right first to fifth MCPJs
Summed Tmax 0.52 < 0.001 0.26 0.020
Summed Tavg 0.52 < 0.001 0.26 0.019
Summed Tmin 0.50 < 0.001 0.24 0.031

Left first to fifth MCPJs
Summed Tmax 0.51 < 0.001 0.29 0.008
Summed Tavg 0.50 < 0.001 0.27 0.015
Summed Tmin 0.45 < 0.001 0.24 0.032

PD, power Doppler; GS, grey-scale; MCPJ, metacarpophalangeal joint; Tmax, maximum temperature; Tavg, average 
temperature; Tmin, minimum temperature. 

Table 2. Comparison of the relationship between thermography and ultrasound variables.

Thermographic parameter

Summed PD score Summed GS score

β Coefficient (95% CI) p β Coefficient (95% CI) p

Right first to fifth MCPJs
Summed Tmax 0.100 (0.050–0.150) < 0.001 0.062 (0.010–0.114) 0.021
Summed Tavg 0.103 (0.053–0.153) < 0.001 0.063 (0.011–0.115) 0.019
Summed Tmin 0.094 (0.044–0.143) < 0.001 0.058 (0.006–0.109) 0.029

Left first to fifth MCPJs
Summed Tmax 0.135 (0.080–0.190) < 0.001 0.086 (0.032–0.139) 0.002
Summed Tavg 0.137 (0.083–0.192) < 0.001 0.081 (0.027–0.134) 0.004
Summed Tmin 0.120 (0.067–0.173) < 0.001 0.072 (0.021–0.123) 0.007

PD, power Doppler; GS, grey-scale; MCPJ, metacarpophalangeal joint; CI, confidence interval; Tmax, maximum tempera
ture; Tavg, average temperature; Tmin, minimum temperature. 
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inflammation, demonstrating a stronger association with 
PD than with GS joint inflammation. The summed 
thermographic temperatures at the MCPJs performed 
well (with AUC ≥ 0.8) in identifying PD vascularity, 
a key component of ultrasound-detected joint inflamma
tion (4, 13).

There have been limited studies evaluating the per
formance of thermography in discriminating RA joint 
inflammation severity and disease activity (1). A small- 
scale study on the hands and wrists in RA demonstrated 
higher thermographic temperatures in PD-positive joints 
and GS-positive joints, although discriminating ultra
sound-detected joint inflammation severity using ther
mography was not assessed (11). Morales-Ivorra et al 
(14) demonstrated that a joint inflammation score based 
on computational analysis of hand thermal images can 
help to identify patients (31 RA patients at baseline) 
who transited over 3 months from 28-swollen joint 
count (SJC28) > 1 to SJC28 ≤ 1 (with AUC result of 
0.71). Triantafyllias et al (15) evaluated a high- 
resolution thermography marker, using hotspot/ROI 
ratio values, and demonstrated an AUC of 0.72 in dis
criminating between 267 finger joints (from 30 patients 
with mixed inflammatory arthritis) with and without PD 
score ≥ 1 and GS score > 0. The above three studies (11,  
14, 15) and our study suggest that thermography is 
promising in assessing hand joint inflammation in RA.

Our study has several limitations. It has a cross- 
sectional design; hence, a future longitudinal study 
with thermography performed at multiple time-points 
will be necessary to explore its responsiveness. The 
focus on MCPJs in our study limits the generalizability 
of the findings (e.g. to other joint types). Future studies 
will be needed to explore the use of thermography at 
various other joint sites, especially given thermogra
phy’s ability to assess multiple joints simultaneously. 
We analysed the intraobserver reliability of thermogra
phy for a single observer. Subsequent RA studies with 
more than one observer will be necessary to assess 
interobserver reliability. We used an ROI manual seg
mentation approach for thermography. We envisage 
research innovation enabling computer-assisted 

automated detection to help to advance this technology 
for remote RA telemedicine consultations. We did not 
split our data into smaller subgroups to compare ther
mography with ultrasonography based on clinical joint 
status (e.g. in patients with at least one swollen joint). 
This is an important topic for future research, and 
larger scale RA studies will be required to evaluate 
this aspect. In our study, we did not include a control 
group. Future studies should ideally incorporate 
a control group (e.g. healthy subjects) for comparative 
analysis.

Conclusion

We have demonstrated that thermographic temperatures 
at the MCPJs were reflective of ultrasound-detected 
joint inflammation, with stronger association with PD 
than with GS joint inflammation, and appear useful in 
predicting PD vascularity in RA patients.
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Table 3. Use of thermographic parameters in identifying ultrasound joint inflammation severity/activity.

Thermographic parameter AUC (95% CI) Cut-off* Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Bilateral first to fifth MCPJs (in identifying summed PD score ≥ 1)
Summed Tmax 0.82 (0.72–0.92) 316.8 84.7 68.2 87.7 62.5
Summed Tavg 0.81 (0.70–0.92) 306.7 79.7 68.2 87.0 55.6
Summed Tmin 0.80 (0.69–0.92) 299.5 78.0 72.7 88.5 55.2

Bilateral first to fifth MCPJs (in identifying summed GS score ≥ 18)
Summed Tmax 0.65 (0.53–0.77) 318.7 76.7 44.7 61.1 63.0
Summed Tavg 0.66 (0.54–0.78) 310.5 69.8 52.6 62.5 60.6
Summed Tmin 0.66 (0.54–0.78) 302.2 69.8 52.6 62.5 60.6

*Cut-off determined using the ‘closest to top left’ method. 
AUC, area under the receiver operating characteristics curve; CI, confidence interval; PPV, positive predictive value; NPV, negative 
predictive value; MCPJ, metacarpophalangeal joint, PD, power Doppler; GS, grey-scale; Tmax, maximum temperature; Tavg, average 
temperature; Tmin, minimum temperature. 
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