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Abstract 
Objectives: Early microvascular damage and dysfunction are clinically mirrored in Raynaud’s 

phenomenon (RP). Currently, nailfold capillaroscopy (NC) is applied to differentiate between 

primary RP (PRP) and secondary RP (PRP), associated with connective tissue disease. However, 

abnormal morphology can also be caused due to age-related changes and cardiovascular disease. 

Thermography (TG) is a non-invasive technique which enables quantification of cutaneous vascular 

function. An approach using both NC and TG could improve the differentiation between PRP and 

SRP. 

Methods: Thirty RP patients (PRP, n = 21; SRP, n = 9) underwent nailfold capillaroscopy and 

thermography. Morphologic features were scored and patients were categorized according to the 

guidelines of EULAR Study group on Microcirculation in Rheumatic Diseases. TG of the hand was 

performed before, directly and ten minutes after a cold challenge test. Baseline images and rewarming 

curves were analyzed. 

Results: Capillary abnormalities with NC were found in all SRP patients (9/9) and in 48% (10/21) 

of PRP patients. Out of 10 PRP patients with altered capillary morphology, 9 (90%) had a 

cardiovascular disease. For all patients mean temperature was significantly higher 10 minutes after 

cold induction than before (p < 0,01). The gradient of the rewarming curve was significantly lower 

in patients with SRP compared to PRP patients (p = 0.015). 

Conclusions: Nailfold capillaroscopy and thermography can reliably be used to measure 

microvascular damage and dysfunction. Additional thermography can assist in differentiating 

between PRP and SRP, especially in elderly patients or in presence of a cardiovascular disease. 
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Key messages 

 

• Currently, nailfold capillaroscopy is 

applied to differentiate between primary 

Raynaud’s phenomenon and secondary 

Raynaud’s phenomenon, associated with 

connective tissue disease. 

• However, abnormal morphology can 

also be caused due to age-related changes and 

cardiovascular disease. 

• Thermography is a non-invasive 

technique which enables quantification of 

cutaneous vascular function.  

• The approach using both nailfold 

capillaroscopy and thermography can improve 

the differentiation between primary and 

secondary Raynaud’s phenomenon. 

• Prospective studies using 

thermography can be conducted to investigate 

the change in vascular function over time to 

explore the possibility of predicting diagnosis 

(primary or secondary Raynaud’s 

phenomenon) and evaluating therapeutic 

efficacy. 

 

Introduction 

 

Microvascular damage and dysfunction 

represent the earliest morphological and 

functional markers of a progressive connective 

tissue disease. These early microvascular 

changes are clinically mirrored in Raynaud’s 

phenomenon (RP) defined as episodic attacks 

of artery and arteriole vasoconstriction. This is 

characterized by three stages of discoloration of 

the digits, in response to stimuli such as stress, 

cold environment and certain medication [1]. 

RP can be divided into two groups: primary 

(PRP), usually benign, and secondary (SRP) 

which is often associated with connective tissue 

disease [1,2]. Due to the difference in prognosis 

and treatment, it is crucial to (timely) 

differentiate between these two forms [2]. A 

frequently encountered difference between 

these two patient groups is the altered capillary 

morphology in SRP patients [1,2]. Currently, 

nailfold capillaroscopy (NC) is being used to 

study the capillary morphology and facilitate 

the differentiation between the two forms of RP 

[2,3]. Due to the high accuracy in early 

detection of SRP, this technique has become an 

essential part of the clinical work-up in patients 

with RP [2]. However, a study in 3029 patients 

with a mean follow-up of 4.8 years described 

the progression of PRP into SRP in at least 1123 

(37.1%) patients with a normal capillary 

morphology at baseline [4]. In addition, 

abnormal capillary morphology can also be 

caused due to age-related changes and has been 

described in patients with diabetes and 

cardiovascular disease [3,5,6]. These 

limitations can therefore lead to an increase in 

false positives as well as false negatives when 

only abnormal capillary morphology is 

considered in diagnosing SRP. This warrants 

the evaluation of other (functional) techniques 

to improve the diagnostic yield. Thermography 

(TG) is a non-invasive technique which enables 

quantification of cutaneous blood vessel 

function by measuring differences in skin 

temperature [7]. These physiological alterations 

precede anatomical abnormalities observed in 

NC [8]. Recent studies have reported the use of 

TG to detect joint inflammation, infections and 

peripheral vascular disease [7,9,10]. TG has 

also successfully been implemented to detect 

functional differences between RP patients and 

healthy subjects [11,12]. Furthermore, the 

additional value of TG in comparison to NC has 

https://doi.org/10.36811/ojrmi.2021.110015
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been demonstrated in differentiating between 

patients with systemic sclerosis, PRP and 

healthy subjects [13]. However, to date there is 

no data with regard to the accuracy of TG in 

differentiating between PRP and SRP, as the 

previous reports in literature have focused on 

patients with systemic sclerosis. This study 

investigated the clinical relevance of a 

combined approach using thermography and 

nailfold capillaroscopy towards improving 

differentiation between primary- and secondary 

Raynaud's phenomenon. 

 

Methods 
 

This study was conducted in a tertiary 

institution in Amsterdam, the Netherlands. The 

study complied with the declaration of Helsinki 

and written informed consent was obtained 

from the study subjects. 

 

Patients 
 

The study population consisted of patients with 

known primary and secondary Raynaud’s 

phenomenon. PRP patients were defined as 

patients with Raynaud’s phenomenon, without 

any clinical suspicion or laboratory findings 

(such as antibodies) which supported an 

underlying systemic disease. Patients were 

excluded in case of an active arthritis of the 

hands.  

 

Nailfold capillaroscopy 
 

NC was performed by an experience 

rheumatologist using a Greenough Optical 

System (Olympus SZ51, Olympus 

Corporation). The subject was seated in a room 

with a temperature of 24°C and the hands were 

placed at heart level [14]. A clear image of the 

capillaries was obtained by using immersion oil 

in the nailfold and by enhancing the image with 

a 100x magnification. Nailfold images were 

taken in digit II-V of both hands. The nailfold 

morphologic features were analyzed manually 

by an experienced rheumatologist.  

Morphologic features were defined as 

follows: 

 

• Capillary density: Loss of capillary loops 

associated hypoxemia (≤ 7 over 1mm of the 

nail fold).  

• Giant capillaries: giant capillaries (enlarged 

microvascular loops) are the earliest and 

most striking feature of secondary RP. An 

increased diameter above 50 m was 

considered as pathologically enlarged.  

• Shape of individual capillaries: Capillaries 

with a “hairpin” shape, (once or twice) 

crossing shape or tortuous shape (the 

afferent and efferent limb bend [= undulate] 

but do not cross) are defined as being 

“normal”, on the condition that the tip of 

the capillary is convex. All other shapes are 

defined as being “abnormal” [15]. 

• Hemorrhages: Extra vasa ton of red blood 

cells due to capillary wall damage [16-19]. 

• Each finger was scored on the four 

morphologic features and categorized into 

one of two categories, following the fast-

track algorithm of the EULAR Study 

Group on Microcirculation [3,14]. The fast-

track protocol focusses mainly on giant 

capillaries; however, it has been reported 

earlier that a classification based on 

capillary density and hemorrhages in 

addition to giant capillaries might be more 

reliable [20]. Therefore, we combined these 

two classification methods to categorize the 

patients in a ‘normal NC’ (fast track 

category 1) and an ‘abnormal NC’ group 

(fast track category 2). 

 

Thermography 
 

TG of the hand was performed using an infrared 

camera (Flir B620, FLIR Systems). The 

thermographic images were evaluated by two 

independent researchers. For the acquisition, 

the subjects were seated in a special room, with 

constant temperature of 24°C measured by 

three different thermometers for ten minutes for 

the hands to acclimatize to room temperature. 

https://doi.org/10.36811/ojrmi.2021.110015
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The hands were then exposed to manchettes 

(long sleeved gloves) of 3-4°C for five minutes. 

Thermography was performed on the dorsal 

aspect of both hands and thermographic images 

were taken before (baseline), directly after (T0) 

and ten minutes (T10) after the cold challenge 

test. The temperature was measured at the base 

and distal phalanx of digit II-V using the 

infrared camera. The thermographic images 

were analyzed after scaling for room 

temperature and distance using a FLIR Quick 

Report 1.2 SP1 program. Rewarming curves 

were determined between T0 and T10. 

 

Statistical analysis 
 

Statistical analysis was performed using IBM 

SPSS Statistics version 22.0. Continuous 

variables were expressed as mean ± SD. Mean 

and standard deviation of the temperatures were 

calculated per patient group (PRP/SRP) over 

different conditions (baseline, after immersion 

and 10 minutes after immersion) and analyzed 

using independent sample T-tests. At last, we 

calculated the recovery time of the temperature 

per minutes between ’after immersion’ and ’10 

min after immersion’ for SRP and PRP 

groups. A p-value <0.05 was considered 

statistically significant. 

 

Results 
 

Thirty patients with Raynaud’s phenomenon 

(PRP, n = 21; SRP, n = 9) were included in this 

study. The study population was mostly female 

(n = 27; 90%). The mean age at inclusion was 

68 years (range 56-85 years) in the PRP group, 

71 years in SRP group (range 64-87). In total, 

21 patients suffered from cardiovascular 

disease, which consisted of cerebrovascular 

attacks, transient ischemic attacks, myocardial 

infarction, hypertension, diabetes mellitus, 

hyperlipidemia, valvular heart disease and 

arrhythmias. The definitive diagnoses in the 

SRP group included sarcoidosis, rheumatoid 

arthritis, systemic sclerosis, Sjogren’s 

syndrome and psoriatic arthritis.  

 

Additional patient characteristics are provided 

in table 1. 

 

Table 1: Baseline Characteristics. 

 
Primary RP 

(N=21) 

Secondary 

RP (N=9) 

Age (years) 
68 (range 

56-85) 

71 (range 64-

87) 

Sex (M) 3 (14%) 0 

CVD  14 (19%) 7 (44%) 

Smoking 4 (19%) 3 (33%) 

Medication   

- ASA 7 (33%) 4 (44%) 

- OAC 2 (10%) 0 

Diagnosis   

- Systemic 

Sclerosis 
- 3 (33%) 

- Other CTD - 6 (67%) 

CVD, cardiovascular disease; ASA, acetylsalicylate 

acid; OAC, oral anticoagulation; CTD, connective 

tissue disease. 

 

Nail fold capillaroscopy 
 

Half of the patients with PRP (n=11, 52%) had 

a normal NC. Capillary abnormalities were 

found in all patients with SRP (9/9) and in 48% 

(10/21) of patients with PRP. Nine out of the 

ten PRP patients with altered capillary 

morphology (90%) suffered from 

cardiovascular disease (hypertension, 

myocardial infarction, cerebrovascular event). 

In the PRP group with normal capillary 

morphology only five out of eleven patients 

(45%) had cardiovascular disease 

(hypertension of TIA).  

 

Thermography 
 

In patients with PRP, temperature significantly 

decreased after cold induction (-2.34 °C, p = 

0,01), whereas in SRP patient temperature 

stayed consistent (+0.07 °C, p = 0,46) (figure 1, 

left column). For all patients the mean 

temperature was significantly higher 10 

minutes after cold induction (30.38°C) than 

before cold induction (29.82°C), (+0,56°C, p < 

https://doi.org/10.36811/ojrmi.2021.110015
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0,01). This significant increase in temperature 

10 minutes after cold challenge test was also 

present in the SRP group (SRP +1.64 °C, p < 

0,01) (figure 1, right column). The gradient of 

the rewarming curve was significantly lower in 

patients with SRP compared to the PRP group 

(figure 2, median 0.16 vs. 0.26°C/min; p = 

0.015). The speed of recovery of the fifth digit 

was significantly faster in both groups 

compared to the other digits (0,52°C/min vs. 

0.15°C/min for dig V and the average for dig II-

IV respectively; p < 0.01). TG results are 

summarized in table 2. 

 

 
 

 

Figure 1: Thermographic images at baseline, directly after (T=0) and 10 min after cold challenge test 

(T=10). 

 

Left column image depicts the TG images at baseline for the PRP group (top row) and SRP group 

(bottom row). A lower average temperature was found directly after the cold challenge test in the PRP 

group compared to the SRP group (middle column). Right column shows the increase in temperature 

ten minutes after cold induction for both groups. 

 

Table 2: Average temperature and recovery speed between PRP and SRP groups measured with 

thermography. 

 Baseline T = 0 min (SD) T = 10 min (SD) Temp (°C/min) 

Primary Raynaud 29.49 °C 27.15 °C (1.65)* 29.77 °C (0.20) 0.26 

Secondary Raynaud 31.17 °C 31.24 °C (0.05) 32.81 °C (1.16)* 0.16 

All patients 29.82 °C 27.97 °C (1.31)* 30.74 °C (0.39)* 0.24 

* p<0.05 compared to baseline temperature. 
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Figure 2: Temperature recovery speed for primary and secondary Raynaud. 

 

The gradient of the rewarming curve was significantly lower in patients with SRP (orange bars) 

compared to the PRP group (blue bars) (median 0.16 vs. 0.26 °C/min; p = 0.015). 

 

Table 3: Recovery speed per digit for all patients (PRP and SRP) with Thermography. 

 Temp (°C/min) 

Digit II 0,15* 

Digit III 0,10* 

Digit IV 0,19* 

Digit V 0,52* 

* p<0.05 

Discussion 

 
This study investigated the clinical relevance of 

combining thermography and nailfold 

capillaroscopy in differentiating between 

primary and secondary Raynaud’s phenomenon 

in elderly patients. To our knowledge, this is the 

first study to report the use of NC and TG to 

differentiate between PRP and SRP in the 

general population. In addition, this is also the 

first study to expose extremities to an extreme 

temperature of three degrees Celsius. Cold 

challenge tests have been described earlier up 

to temperatures of nine degrees Celsius with a 

duration of maximum four minutes 

[11,12,21,22]. The main findings are as 

follows: (1) a part of the patients with PRP have 

capillaroscopic abnormalities; (2) temperature 

of the fingers in SRP patients remains constant 

after cold induction; and (3) rewarming of the 

fingers in SRP patients is slower than in PRP 

patients. 

 

Capillaroscopic abnormalities 

 

The benign primary Raynaud’s phenomenon is 

caused by vasospasms and is not associated 

with vascular damage (1). Therefore, it can be 

hypothesized that NC in these patients should 

show a normal vascular morphology. However, 

there are several studies reporting 

capillaroscopic abnormalities in patients with 

PRP. In some cases, this can be explained by 

the persistently present vasospasm, in which the 

abnormalities are categorized according to the 

‘borderline pattern’ (18). However, 

abnormalities can also be associated with 

vascular damage caused by aging, diabetes 

mellitus and cardiovascular disease [3,5,6]. 

These findings are supported by our results 

where an abnormal NC was found in 48% of the 
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patients with PRP group (n=10/21). In addition, 

cardiovascular disease was present in 90% of 

the PRP patients with altered capillary 

morphology (n=9/10). This percentage was 

significantly lower in the group with normal 

NC (36%). These findings indicate that 

cardiovascular disease could contribute 

towards morphological changes of capillaries in 

absence of underlying systemic disease. 

Therefore, it appears that NC alone is 

inaccurate for characterizing the differences 

between PRP and SRP.  

 

Effects of temperature changes 

 

The inflammatory process in systemic diseases 

cause irreversible damage to vascular walls as a 

result of fibrosis formation. The affected 

vessels are often unable to appropriately 

constrict or dilate in reaction to stimuli such as 

cold [8]. Therefore, as TG provides functional 

information, it could be a valuable addition in 

the diagnostic process of SRP. Most studies 

have found skin temperature at baseline and the 

rewarming curve to be the most reliable 

parameters for differentiating between PRP and 

SRP [11,12,22]. Our findings support this by 

demonstrating that the rewarming curve in the 

SRP group had a lower slope than the curve in 

the PRP group. In addition, discordant to 

previous reports, we found that hand 

temperature in the SRP group did not decrease 

after the cold challenge. The absence is even 

more striking as our cold challenge test was 

performed with a more extreme temperature 

and the hands were exposed to this temperature 

longer than in most other cold challenge tests. 

The lack of response in hand temperature could 

be explained by the abnormal vascular 

reactivity, as the capillaries might not be able to 

constrict sufficiently. For all patients the mean 

temperature was significantly higher 10 

minutes after cold induction than before cold 

induction. This finding supports the 

effectiveness of conditioning therapy by 

exposing the hands to extreme temperatures, 

both warm and cold, which has been 

implemented for over 2.000 years and has been 

described by Jobe et al, [23]. The efficacy could 

be explained by the induction of vasodilatation 

and therefore increased circulation. 

Furthermore, it has been describing that 

salicylates can have a dilating effect on vessels 

which can amplify the vasodilatory effect of the 

rewarming phase [24]. There was a faster speed 

of rewarming of the fifth digit in comparison to 

the other fingers in both groups. As there is no 

known difference in vascularization between 

the fingers, a potential explanation for this 

finding might be the smaller skin surface. 

 

Limitations  

 

A limitation of this study is the relatively small 

sample size. Although the 30 patients included 

in this study can be considered as a lower limit 

for statistical evaluation, the results indicate the 

clinical applicability and feasibility of the 

proposed workflow. In addition, the study 

population is predominantly female (90%). 

However, this is a similar distribution as the 

occurrence of RP in the general population and 

therefore we consider our population to be a 

representative sample. Furthermore, diagnosis 

was known or could be interpreted due to 

clinical symptoms, such as sclerodactyly and 

cotton’s papules by the rheumatologist 

performing the NC. Therefore, this could lead 

to a selection bias. However, this was not the 

case for the TG, as the images were taken and 

analyzed by two non-clinical researchers. 

Another limitation is the effect of incalculable 

internal and external stimuli on skin 

temperature, as this could affect the TG results. 

Finally, a higher frequency of temperature 

measurements could be helpful in estimating a 

more accurate evolution of temperature. 

 

Future perspectives 

 

Recent developments in TG equipment, such as 

low-cost TG cameras and applications for 

smartphones have increased the availability of 

this method, offering the prospect to implement 

this for the daily clinical routine [25,26]. In 

future, prospective studies should be conducted 

https://doi.org/10.36811/ojrmi.2021.110015
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to investigate the change in vascular function 

over time to explore the possibility of 

predicting diagnosis (primary or secondary RP) 

and evaluating therapeutic efficacy such as 

intravenous proteinoids, endothelin receptor 

antagonist and sympathectomy. Furthermore, 

studies to investigate the cost-efficiency and 

clinical efficacy of this addition in clinical 

practice should be performed. Although the 

cold challenge test is the most commonly used, 

this could induce a Raynaud attack. A recent 

study has described performing TG using a heat 

challenge test. As this test is more patient 

friendly and has comparable accuracy in 

differentiating between PRP and SRP, future 

studies should aim to confirm these findings in 

a larger patient population [8]. 

 

Conclusion 
 

Nailfold capillaroscopy and thermography can 

reliably be used to measure microvascular 

damage and dysfunction. Additional 

thermography is better suitable to differentiate 

between older patients with PRP and SRP. 

Furthermore, in presence of cardiovascular 

disease, thermography appears to be a reliable 

technique to complement nailfold 

capillaroscopy in differentiating between 

patients with PRP and SRP. 
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