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Purpose: Complex regional pain syndrome (CRPS) diagnosis poses challenges due to the absence of an objective and definitive test. 
Although laboratory tests such as infrared thermography, quantitative sudomotor axonal reflex testing (QSART), and 3-phase bone 
scintigraphy have been considered diagnostic aids, their use remains controversial. This retrospective study aimed to elucidate the 
diagnostic validity and potential value of these modalities for the diagnosis of CRPS.
Patients and Methods: The Budapest criteria were used to diagnose CRPS, and infrared thermography, QSART, and 3-phase bone 
scintigraphy were performed as ancillary tests. Diagnostic performance was evaluated using receiver operating characteristic (ROC) 
curve analysis and measurement of sensitivity, specificity, and positive and negative likelihood ratios.
Results: Of the 41 patients assessed, 26 (63.4%) were diagnosed with CRPS based on these criteria. Among the three tests, only infrared 
thermography demonstrated significant diagnostic performance (area under the ROC curve, 0.718; 95% confidence interval, 0.569–0.866; 
p = 0.003). Infrared thermography revealed a positive and negative likelihood ratio of 2.308 and 0.346, respectively, indicating clinically 
informative results. The three positive results exhibited the highest specificity (0.933) and positive predictive value (0.917).
Conclusion: Among the three laboratory tests for CRPS, infrared thermography was the most useful. QSART and 3-phase bone 
scintigraphy did not show a significant diagnostic performance; however, combining the results of all three tests may provide 
additional diagnostic confidence in certain cases.
Keywords: complex regional pain syndrome, infrared thermography, quantitative sudomotor axonal reflex testing, 3-phase bone 
scintigraphy

Introduction
Complex regional pain syndrome (CRPS) is characterized by persistent and severe pain, typically triggered by muscu-
loskeletal trauma or surgery. CRPS is characterized by four cardinal signs and symptoms, and is diagnosed based on 
these clinical manifestations. The diagnostic criteria for CRPS, established by the International Association for the Study 
of Pain in 1994, have been revised multiple times, and the diagnosis is currently based on the 2007 Budapest criteria.

As the name implies, the condition presents distinctive manifestations, including sensory changes such as allodynia or 
hyperalgesia, autonomic signs, and trophic changes.1,2 Despite its significant impact on patients’ quality of life due to intense 
pain and diverse manifestations, the exact pathophysiology and prevention of CRPS remain elusive.3,4 Moreover, beyond the 
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current limited understanding, diagnosis of CRPS is substantially challenging owing to the lack of a validated screening tool or 
definitive confirmatory test.2,5 Consequently, the standard diagnostic approach relies on clinical evaluation. This creates 
a dilemma because clinical diagnosis inherently depends on the physicians’ subjective judgements and expertise. 
Complicating matters include the frequent entanglement of this condition with various legal issues, including compensation 
claims, following an inciting event.6,7

Currently, laboratory tests that are implemented to assist in the diagnosis of CRPS include, but are not limited to, 
infrared thermography, plain radiography, 3-phase bone scintigraphy, quantitative sudomotor axonal reflex testing 
(QSART), and electromyography.

Infrared thermography is performed to objectively verify the difference in body temperature between the affected and 
unaffected body parts, which is one of the diagnostic criteria for CRPS.8,9 Individuals with CRPS typically experience an 
initial rise in temperature in the affected extremities, followed by cold and clammy extremities in the later stages.10 

Infrared thermography has been widely used in the diagnosis of CRPS because of its easy availability and objective 
validation of the patient’s subjective symptoms.

QSART evaluate the cholinergic sudomotor function of the sympathetic system,11 which can be useful to evaluate 
autonomic nervous system disorders and neuropathic pain. The test is performed by stimulating sweat glands with weak 
electrical stimuli and measuring the quantity of sweat generated by these stimuli.12

Three-phase bone scintigraphy, a diagnostic tool developed in 1988 by Yang et al13 evaluate bone abnormalities by 
assessing the blood flow and tissue perfusion. The test generates images in three distinct phases: (1) the flow phase, captured 
immediately after the injection of a radioactive substance, which reflects the blood flow to the area of interest; (2) the pool 
phase, taken approximately 5 min post-injection, showing the amount of activity that has leaked into the surrounding 
tissues; and (3) the delayed phase, captured 2–4 h after the injection, which indicates the rate of bone turnover.14 An 
increased uptake in all three phases is typically observed in CRPS, although variations in patterns may occur.14,15

Unfortunately, studies on the diagnostic value of these laboratory tests have reported inconsistent and/or unsatisfac-
tory results; therefore, the diagnostic utility of these tests is still not definitively established.2,15–17 This study retro-
spectively evaluated the diagnostic performance of three laboratory tests for CRPS: infrared thermography, QSART, and 
3-phase bone scintigraphy. We hypothesized that one modality or a combination of these modalities would demonstrate 
diagnostic utility. Notably, studies that simultaneously compare all three tests are scarce, highlighting the importance of 
our investigation.

Materials and Methods
This retrospective observational study was approved by the Institutional Review Board of Chungnam National University 
Hospital (CNUH 2024-01-078) on March 13, 2024. The requirement for informed consent was waived owing to the 
retrospective design of the study.

Electronic medical records of all patients who underwent CRPS workups at an outpatient pain clinic in a tertiary 
hospital (Chungnam National University Hospital) between January 2019 and December 2023 were retrospectively 
reviewed. During this period, our departmental CRPS workup involved a comprehensive clinical examination using the 
Budapest criteria (Box 1)18 and three ancillary laboratory tests: infrared thermography, QSART, and 3-phase bone 

Box 1 The Budapest Criteria for Complex Regional Pain Syndrome (CRPS)

1. Continuing pain that is disproportionate to the inciting event
2. One sign in two or more of the categories below

3. One symptom in three or more of the categories below

Sensory: Allodynia (pain from light touch or temperature sensation and/or deep somatic pressure and/or joint movement) and/or hyperalgesia (to 
pinprick)

Vasomotor: Temperature asymmetry (> 1 °C) and/or skin color changes and/or asymmetry

Sudomotor/Edema: Edema and/or sweating changes and/or sweating asymmetry
Motor/Trophic: Decreased range of motion and/or motor dysfunction (weakness, tremor, dystonia) and/or trophic changes (hair, nail, skin)

4. No other diagnosis better explains the signs and symptoms
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scintigraphy. Patients without test results or definitive diagnoses were excluded. The extracted clinical information 
included demographic characteristics (age, sex, weight, and height), disease characteristics (symptom onset, affected 
extremities, and type), and test results.

Laboratory Tests
Infrared thermography was conducted by trained physicians.19 To mitigate potential influences on the results, before 
undergoing infrared thermography, participants were allowed 15 min to adapt to the test room after removing clothes 
covering the body parts to be imaged. Depending on the area to be examined, images were taken with the patient either 
standing or sitting. Views were captured from the front, both sides, and back, and the painful region were compared with 
the opposite limb. The specific shape, size, and location of each region of interest (ROI) were determined at the 
examiner’s discretion based on the patient’s medical history and the location of pain. A temperature difference between 
the ROIs of the painful area and the opposite limb was calculated, and a difference > 1.0 °C was considered positive.18

Three-phase bone scintigraphy involved the flow, blood pool, and delayed phases after the systemic administration of 
technetium-99m methylene diphosphonate. Since no firmly established criteria are available for diagnosing CRPS using 
3-phase bone scintigraphy, the following criteria based on previous studies were applied: 1) concordant findings in both 
the flow and blood pool phases (decreased, increased, or symmetrical), as well as increased uptake in the delayed 
phase; 2) decreased uptake in all three phases, indicative of the chronic stage; and 3) decreased uptake in both the flow 
and blood pool phases, with symmetrical uptake in the delayed phase. A result was considered positive if any of these 
three criteria were met.15,20,21

QSART evaluates postganglionic sympathetic function following a cholinergic challenge. Changes in humidity at the 
monitoring site were plotted, and the area under the curve was quantified.22 Neurologists interpreted the results and 
assessed the presence of sudomotor dysfunction.

Outcome Measures
The overall diagnostic performance of each laboratory test was evaluated using the area under the receiver operating 
characteristic curve (AUROC). Secondary measures included the sensitivity, specificity, positive likelihood ratio (PLR), 
negative likelihood ratio (NLR), positive predictive value, and negative predictive value for each test. Among these 
secondary measures, a PLR > 2.0 and a NLR < 0.5 were considered clinically informative.23

Exploratory Analysis
The diagnostic value of all three modalities (ie, three positive results) combined was evaluated to explore the potential 
additional benefits of enhancing the diagnostic performance.

Statistical Analyses
The sample size was based on the data available at the time of the study. All statistical analyses were conducted using the 
R software (version 4.2.2; R Project for Statistical Computing, Vienna, Austria). Continuous variables were analyzed 
using Student’s t-test or Mann–Whitney U-test depending on data distribution. The data are presented as mean ± standard 
deviation or median (interquartile range), as appropriate. The diagnostic performance of each laboratory tool was 
evaluated using the receiver operating characteristic (ROC) curve analysis. The DeLong’s test was used to compare 
the models. Statistical significance was set at a two-tailed p-value < 0.05, which was deemed statistically significant for 
all computations.

Results
Forty-one patients were examined, of whom 26 (63.4%) were diagnosed with CRPS. Patients without test results or 
diagnosis of CRPS (positive or negative) were excluded, and all other patients were included in the final analysis 
(Figure 1). The clinical characteristics of the patients are summarized in Table 1. Among the patients with CRPS, 17 
(65.4%) were diagnosed with CRPS type 1.
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The laboratory test results are presented in Table 2 and Figure 2. An increasing rate of CRPS diagnosis was observed with 
more positive laboratory test results; specifically, 91.7% (11/12) of the patients with three positive results were diagnosed 
with CRPS. The overall performance of the tests is presented in Table 3. Among the three tests, only infrared thermography 
demonstrated significant diagnostic performance, with an AUROC of 0.718 (95% confidence interval [CI], 0.569–0.866; p = 
0.003), whereas QSART and 3-phase bone scintigraphy exhibited AUROC of 0.571 (95% CI, 0.425–0.716; p = 0.846) and 
0.560 (95% CI, 0.400–0.721; p = 0.779), respectively. Additionally, infrared thermography revealed a PLR of 2.308 (95% CI, 
1.094–4.866) and an NLR of 0.346 (95% CI, 0.157–0.761), indicating clinically informative results.

Table 3 presents the results of exploratory analyses. The overall diagnostic performance of the three positive results did not 
show a significant improvement in diagnostic performance compared with that of infrared thermography alone (p = 0.681). 
However, it exhibited the highest specificity of 0.933 (95% CI, 0.807–1.000), positive predictive value of 0.917 (95% CI, 
0.760–1.000), and PLR of 6.346 (95% CI, 0.906–44.428).

Discussion
In this study, the diagnostic performances of three laboratory tests (infrared thermography, QSART, and 3-phase bone 
scintigraphy) were retrospectively evaluated in patients with suspected CRPS. Among these, only infrared thermography 
exhibited significant diagnostic performance, with an AUROC of 0.718, which was further supported by a PLR and NLR 

Figure 1 Flow diagram of patient selection process of this study. 
Notes: IRT, infrared thermography; QSART, quantitative sudomotor axonal reflex testing; TPBS, 3-phase bone scintigraphy; CRPS, complex regional pain syndrome.

Table 1 Clinical Characteristics Stratified by Complex Regional Pain Syndrome 
(CRPS) Diagnosis

Characteristics CRPS (+) CRPS (–) p
(N = 26) (N = 15)

Sex (F) 7 (26.9) 3 (20.0) 0.720

Age (yr) 43.8 ± 15.1 50.1 ±16.5 0.219
Weight (kg) 73.0 ± 21.5 67.9 ± 9.9 0.458

Height (cm) 166.8 ± 9.1 163.0 ± 5.1 0.326

BMI (kg/m2) 25.8 ± 6.0 25.4 ± 3.3 0.843
Extremity 0.176

Upper 7 (26.9) 8 (53.3)

Lower 19 (73.1) 7 (46.7)
Bilateral involvement 1 (3.8) 2 (13.3) 0.543

Interval from the onset of symptom (month) 11.0 (5.0, 27.0) 12.0 (5.5, 20.0) 0.755

Notes: Values are presented as mean ± standard deviation, median (interquartile range), or number (%). 
Abbreviation: BMI, body mass index.
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of 2.308 and 0.346, respectively, indicating its clinical utility. In contrast, QSART and 3-phase bone scintigraphy did not 
show significant independent diagnostic performances, as reflected by their insignificant AUROC values. Although 
combining the results of all three tests did not significantly enhance the overall diagnostic performance compared with 
infrared thermography alone, it did improve the specificity and positive predictive value, suggesting that a multimodal 
approach may provide additional diagnostic confidence in certain cases.

One of the key challenges in the diagnosis of CRPS is the subjective nature of the symptoms and difficulty in 
standardizing clinical assessments. Physicians often rely on patient descriptions of their pain and associated symptoms, 
which are inherently difficult to objectively evaluate. This creates variability in diagnosis, with inter-rater agreement 
(kappa) between 0.43 and 0.78 as reported in previous studies.24 Pursuing various diagnostic aids, as demonstrated in the 
current study, are essential for a more comprehensive understanding and accurate diagnosis of CRPS.

Among these tests, infrared thermography is a particularly useful and commonly employed diagnostic tool owing to its 
ability to objectively confirm temperature differences between the affected and unaffected body parts, which is one of the 
hallmark signs of CRPS.2,18 Our findings reinforce the diagnostic utility of infrared thermography, as it was the only test in our 
study to demonstrate significant diagnostic performance. Although previous studies have suggested that factors such as the 

Figure 2 Diagnosis of complex regional pain syndrome (CRPS) stratified by counts of positive results from laboratory tests.

Table 2 Laboratory Test Results Stratified 
by the Diagnosis of Complex Regional Pain 
Syndrome (CRPS)

Modality CRPS (+) CRPS (–) p
(n = 26) (n = 15)

IRT 0.015
(+) 20 (76.9) 5 (33.3)

(–) 6 (23.1) 10 (66.7)

QSART 0.453
(+) 21 (80.8) 10 (66.7)

(–) 5 (19.2) 5 (33.3)

TPBS 0.667
(+) 17 (65.4) 8 (53.3)

(–) 9 (34.6) 7 (46.7)

Note: Values are presented as numbers (%). 
Abbreviations IRT, infrared thermography; QSART, 
quantitative sudomotor axonal reflex testing; TPBS, 
3-phase bone scintigraphy.
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duration of the condition and the setting of ROIs may affect the results, this remains a highly useful non-invasive diagnostic 
method.2,19

Despite being a component of the criteria for the clinical diagnosis of CRPS, the diagnostic validity and accuracy of QSART 
remain controversial. A recent retrospective study with a similar setting demonstrated a limited diagnostic utility of QSART, and 
the results of the present study aligns with these findings.17 Previous studies on 3-phase bone scintigraphy for CRPS diagnosis 
have reported varied performance, and its utility remains controversial.14,25 A retrospective study evaluating the diagnostic 
performance of 3-phase bone scintigraphy in a similar setting concluded that a positive 3-phase bone scintigraphy result has a low 
diagnostic value.15 A meta-analysis, using the Budapest criteria as reference, demonstrated a sensitivity of 0.551 and specificity 
of 0.935.26 Despite some potential prognostic value of 3-phase bone scintigraphy when considering treatment options,2 the 
findings of our study support the reported low diagnostic value of 3-phase bone scintigraphy.

In this study, the clinical utility of combining the results of the three laboratory tests to diagnose CRPS was 
investigated. As illustrated in Figure 2, a noticeable increasing trend was observed in the probability of a CRPS diagnosis 
as the number of positive findings in the tests increased. This trend is plausible, given that CRPS is not characterized by 
a single symptom or sign; it presents as a constellation of various manifestations. Consequently, individuals with multiple 
positive findings were more likely to be diagnosed with CRPS. Conversely, < 50% of cases with only one or no positive 
results were diagnosed with CRPS. Moreover, there is the potential to explore alternative methods to combine these 
results. This may involve differential weighting of the results or generation of a numeric index using logistic models. 
However, these approaches require extensive datasets and rigorous validation to ensure their effectiveness and reliability.

This study has some limitations. First, the sample size was not predetermined through power calculations for ROC 
analysis; instead, all available data were utilized owing to the infrequency of CRPS. Second, the cases included primarily 
represented patients who were referred to a tertiary hospital for the evaluation of unspecified chronic pain or a CRPS 
diagnosis. Although this reflects a common clinical scenario in tertiary care centers in Korea, its generalizability to other 
clinical settings may be limited.

Conclusion
The findings suggest that among the three laboratory tests for CRPS, infrared thermography is the most useful diagnostic 
aid. It demonstrated a significant diagnostic performance, with the highest PLR and the lowest NLR in the diagnosis of 

Table 3 Diagnostic Performances of Laboratory Tests and Their 
Combined Result (Three Positives, +++)

IRT QSART TPBS +++

AUROC 0.718 0.571 0.560 0.678

(95% CI) (0.569, 0.866) (0.425, 0.716) (0.400, 0.721) (0.561, 0.795)

Sensitivity 0.769 0.808 0.654 0.423
(95% CI) (0.607, 0.931) (0.656, 0.959) (0.471, 0.837) (0.233, 0.613)

Specificity 0.667 0.333 0.467 0.933

(95% CI) (0.428, 0.905) (0.095, 0.572) (0.214, 0.719) (0.807, 1.000)
PPV 0.800 0.677 0.680 0.917

(95% CI) (0.643, 0.957) (0.513, 0.842) (0.497, 0.863) (0.760, 1.000)
NPV 0.625 0.500 0.438 0.483

(95% CI) (0.388, 0.862) (0.190, 0.810) (0.194, 0.681) (0.301, 0.665)

PLR 2.308 1.212 1.226 6.346
(95% CI) (1.094, 4.866) (0.809, 1.815) (0.707, 2.125) (0.906, 44.428)

NLR 0.346 0.577 0.742 0.618

(95% CI) (0.157, 0.761) (0.199, 1.672) (0.348, 1.580) (0.433, 0.882)

Notes: PLR > 2.0 and NLR < 0.5 were considered clinically informative. 
Abbreviations: IRT, infrared thermography; QSART, quantitative sudomotor axonal reflex 
testing; TPBS, 3-phase bone scintigraphy; AUROC, area under the receiver operating charac-
teristic curve; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive 
value; PLR, positive likelihood ratio; NLR, negative likelihood ratio.
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CRPS. QSART and 3-phase bone scintigraphy did not show a significant diagnostic performance; however, combining 
the results of all three tests may provide additional diagnostic confidence in certain cases.
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