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Abstract: Fibromyalgia (FM) is a syndrome of unknown pathogenesis that presents, among other
symptoms, chronic widespread musculoskeletal pain. This study aims to analyze the effects of
radiofrequency on core body temperature and the peripheral temperature of the dorsal surfaces
and palms of the hands and its association with pain levels in patients with FM. A case-control
observational study was conducted with a total of twenty-nine women diagnosed with FM and
seventeen healthy women. Capacitive monopolar radiofrequency was applied to the palms of the
hands using the Biotronic Advance Develops device. Peripheral hand temperature was analyzed
using a thermographic camera, and core body temperature was analyzed with an infrared scanner.
Pressure pain thresholds (PPTs) and electrical pain were recorded with an algometer and a Pain
Matcher device, respectively. A significant decrease was observed in women with FM in pain
electrical threshold (95% CI [0.01–3.56], p = 0.049), electrical pain (95% CI [2.87–10.43], p = 0.002),
dominant supraspinatus PPT (95% CI [0.04–0.52], p = 0.023), non-dominant supraspinatus PPT
(95% CI [0.03–0.60], p = 0.029), and non-dominant tibial PPT (95% CI [0.05–0.89], p = 0.031). Women
with FM have increased hypersensitivity to pain as well as increased peripheral temperature after
exposure to a thermal stimulus, such as radiofrequency, which could indicate disorders of their
neurovascular response.

Keywords: fibromyalgia; radiofrequency; peripheral temperature; core body temperature; thermography;
pain levels

1. Introduction

Fibromyalgia (FM) is a disorder characterized by the presence of chronic diffuse mus-
culoskeletal pain accompanied by a series of other neuropathic, somatic, and psychological
symptoms [1,2]. The prevalence of FM is estimated to be 1.78% worldwide, and it is highest
in Europe, where the figure rises to 2.64%. In terms of gender, FM affects many more
women (4.49%) than men (0.29%), at a ratio of 15 to 1 [2].

The pathogenesis of FM remains unknown, although it has been recognized that the
principal factor is related to central nervous system (CNS) alterations [3,4]. However,
recently, other authors have proposed new hypotheses that point to the presence of blood
microcirculation alterations generated by skin disorders at the peripheral level and changes
in the innervation of the arteriovenous anastomoses (AVAs) in the palms of the hands
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as causative factors for FM [5,6]. AVAs are small blood vessels that are innervated by
the sympathetic system and adrenergic fibres and play an important role in the body’s
thermoregulatory function by keeping the body’s temperature in the thermoneutral zone [7].
In this regard, Albrecht et al. [5] found an excess of peptidergic sensory innervation over
the noradrenergic sympathetic function of AVAs, resulting in peptidergic fibre stimulation,
activating the local “axon reflex”, and triggering the release of substance P and calcitonin
gene-related peptide (CGRP) into the bloodstream [5]. These two neuropeptides are potent
vasodilators that contribute to neurogenic inflammation processes, thus generating vascular
changes at the peripheral level and potentially affecting sweating and heat-generation
mechanisms, as well as, among other things, chronic pain processes, such as peripheral
sensitization [8]. This points to the existence of a pathology of small-caliber nerve fibres
leading to an altered neurovascular response with structural, functional, and sensory
changes, thus supporting the idea that possible vasculopathy can partially explain the
perfusion deficits and their relationship with FM symptoms [9,10]. Given all of this, the
involvement of the AVAs would lead to impaired temperature regulation, resulting in a
lack of blood circulation, nutrition, and oxygenation at the deep musculoskeletal tissue
level [11,12].

Additionally, non-percutaneous pulsed radiofrequency (PRF) is an electrotherapy
modality that has been used to treat pain in various chronic pain populations [13,14].
Due to the impedance of the tissue to generate heat instead of transferring it directly, this
type of current could act by producing vascular changes in the local area, thus promoting
vasodilation in the region of the arterioles and facilitating vasoconstriction by neural
reflex [14]. Although there are studies that suggest a relationship between temperature
modulation after exposure to a cold stressor and the intensity of pain and other symptoms
in patients with FM [15,16], there are no scientific studies evaluating the vascular–thermal
component and its relationship to symptomatic changes after the application of a heat
stressor specifically induced by PRF.

Against this background, we hypothesized that the application of a thermal heat
stimulus would generate changes at the vascular level that would affect the perception
of painful stimuli in women with FM. For this reason, the purpose of this study was to
analyze the immediate effects on core body temperature and peripheral hand surface
temperature, as estimators of vascular reactivity, following the application of a vasodilator
radiofrequency protocol and to examine the association of these results with pain intensity,
electrical pain threshold, and pressure pain threshold (PPT) in a population of women
diagnosed with FM as well as healthy controls.

2. Materials and Methods
2.1. Design and Participants

An observational case-control study was conducted between May and October 2022.
A total of 29 women with FM from two associations, the Granada Fibromyalgia Association
(AGRAFIM) and the Jaén Fibromyalgia Association (AFIXA), and 17 healthy controls
matched by age and sex were recruited. The participants were duly informed about
the assessment tools and signed the corresponding informed consent. This study was
approved by the University Hospital of Granada Research Ethics Committee (Granada,
Spain) with approval number 1718-N-18 in accordance with the ethical criteria established
in the Declaration of Helsinki (modified in 2013) of the World Medical Association (WMA)
for the conduct of research projects.

The inclusion criteria for both groups were (1) female sex; (2) between 18 and 70 years
of age; (3) diagnosis of FM (FM group) by a Spanish National Health Service rheumatologist
in accordance with the criteria of the American College of Rheumatology (ACR); (4) no pre-
vious rheumatic disease; and (5) no regular physical activity. The exclusion criteria for both
groups were: (1) presence of cardiac, renal, or hepatic insufficiency; (2) severe physical dis-
ability; (3) infectious processes, fever, hypertension/hypotension, or respiratory alterations;
(4) severe psychiatric disease; (5) previous surgery; (6) non-compliance with the prescribed
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pharmacological regimen; (7) skin alterations; (8) presence of associated comorbidities
(chemical hypersensitivity syndrome, chronic fatigue syndrome, interstitial cystitis, etc.);
(9) treatment with beta blockers, anticonvulsant therapy, steroid therapy, or disease-
modifying drugs in the 4 weeks prior to this study; (10) regular use of immunosuppressive
drugs; and (11) pregnancy or lactation.

2.2. Definition of Variables

When the participants were accepted into this study, their standardized medical
history and sociodemographic data were collected by a physiotherapist. During a second
visit, we conducted a clinical and instrumental assessment. At this point, the patients were
instructed not to exert themselves physically and to avoid caffeine, alcohol, and nicotine.

2.2.1. Peripheral Vascular Assessment and Central Thermoregulation

The baseline pattern of the vascular component of the hands was analyzed using an
infrared thermography (IRT). IRT provides indirect information on blood flow, circulation,
thermal properties, and the thermoregulatory functionality of the skin tissue [17]. The
process of how the thermographic evaluations were conducted on the dorsal surfaces and
palms of both hands has been described in previous studies [18].

On the other hand, a pocket infrared thermometer (Infrared Dermal Thermometers
DT-1001-LN, Exergen Corporation, Watertown, MA, USA) was used to measure the core
body temperature by recording the temperature at the axillary and external auditory canal
levels [19].

2.2.2. Radiofrequency Vasodilation

Devices that apply radiofrequency cause the cellular structures in its path to oscillate,
thus resulting in increased intermolecular motion. As the current flows alternately, molecu-
lar collisions increase, thereby creating thermal energy (heat) [14]. In accordance with a
previous study, a model Xcultp® (Biotronic Advance Develops S.L., Granada, Spain) was
used to provide a monopolar dielectric capacitive radiofrequency with a wave frequency of
850 kHz, digitally modulated up to 160 Hz, and with a carrier wave amplitude of 8 Kv [20].
All subjects were placed in a seated position with the forearms supinated and resting on a
stretcher, where the emission of radiofrequency was applied using a 5 cm2 circular head
for a total of 10 min on the palm of each hand through an almond oil conductor. Figure 1
shows the application of PRF at the palmar centre of the hands.

2.2.3. Subjective Perception of Pain and Determination of Pressure Pain Thresholds

To assess the patients’ subjective pain intensity, the visual analogue scale (VAS) was
used; on a 100 mm long line, this runs from 0 points (no pain) to 10 points (maximum pain
imaginable) [21]. This scale has been demonstrated to have good sensitivity and specificity
for patients with FM [22].

Pressure pain thresholds (PPTs) were recorded using a digital pressure algometer
(Wagner Instruments, Greenwich, CT, USA) at the 9 points established by the ACR. Bilater-
ally, three measurements were taken at each point with a 30 s rest period in between, so
that the final variable was the arithmetic mean of the three assessments. The reliability for
this method of measuring the PPT has been found to be high [23].

2.2.4. Assessment of Pain in Response to Electrical Stimuli

Pain electric threshold and pain electrical intensity were measured using a Pain
Matcher device (Cefar-Compex Scandinavia Inc., Medical AB, Lund, Sweden). The partici-
pants were instructed to grip the Pain Matcher (with the electrical stimulation unit) firmly
between the right thumb and forefinger in order to record electrical pain threshold and
pain magnitude. The Pain Matcher has been shown to have good reliability in a number of
studies [24–26].
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Figure 1. Application of pulsed radiofrequency on the palmar centre region of the hand of a woman
with fibromyalgia.

2.3. Statistical Analysis

G*Power Version 3.1.9.7 software (Heinrich Heine University Düsseldorf, Germany)
was used to estimate the sample size. Taking into account previous results regarding
general pain in FM patients through monopolar radiofrequency [20], it is necessary to
include a minimum of 15 subjects per group to provide a power of 80% and an alpha level
(α) of 0.05.

The data were analyzed using SPSS version 24.0 for Windows (IBM Corporation,
Armonk, NY, USA). The Kolmogorov–Smirnov test (p > 0.05) was used to check the nor-
mality of the variables. To compare mean differences between the FM and healthy groups
of women, the unpaired Student’s t-test with a 95% confidence interval (95% CI; value
α = 0.05) for continuous data and the chi-square test (χ2) for categorical variables were used.
We performed a 2 × 2 mixed model repeated-measures analysis of variance (ANOVA) to
test the effect of PRF on temperature as the primary measure and pain levels as secondary
measures, with time (pre and post radiofrequency) being the within-subject variable and
group (FM or control) as the between-subjects variable. The effect size was calculated
according to Cohen’s d. A value of <0.2 indicated a negligible effect size, a value between
≥0.2 and <0.5 indicated a small effect size, a value between ≥0.5 and <0.8 indicated a
moderate effect size, and a value ≥0.8 indicated a large effect size.
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3. Results
3.1. Demographic and Clinical Data

The sociodemographic characteristics of the participants in each group are shown
in Table 1. No statistically significant differences were found between the FM group and
healthy women for any of the established variables.

Table 1. Sociodemographic characteristics, comorbidities, and pharmacologic treatments in women
with fibromyalgia and healthy women.

Women with FM
(n = 29)

Healthy Women
(n = 17)

Variable Mean ± SD/Frequency (%) Mean ± SD/Frequency (%) p-Value

Age (years) 54.90 ± 7.52 58.12 ± 4.83 0.121
Height (cm) 159.24 ± 5.47 159.24 ± 7.28 0.997
Weight (kg) 68.66 ± 13.20 66.20 ± 11.80 0.530

BMI (kg/cm2) 28.29 ± 7.48 26.17 ± 4.69 0.298
Duration of FM (years) 15.44 ± 9.17 -

Menopause status
Pre-menopausal 21 (72.41) 14 (82.35) 0.446
Post-menopausal 8 (27.59) 3 (17.65)
Smoking history
Active smoker 14 (48.28) 10 (58.82)
Non-smoker 15 (51.72) 7 (41.18)
Comorbidity

Chronic fatigue 10 (34.48) 0 0.001 *
Chemical hypersensitivity 3 (10.35) 0
Painful bladder syndrome 7 (24.13) 2 (11.76)

Non-comorbidity 9 (31.04) 15 (88.24)
Pharmacologic history

Corticosteroids 2 (6.90) 0 0.268
Analgesics 8 (27.59) 1 (5.88)

Antidepressants 4 (13.80) 1 (5.88)
* Significance level p < 0.05. Note: Data are expressed as mean ± standard deviation (SD) for quantitative variables
and as frequency (%) for qualitative variables. Abbreviations: FM: fibromyalgia; BMI: body mass index.

3.2. Differences in Pain Levels following Thermal Heat Stimulus

The effect of treatment with radiofrequency and final values regarding pain levels
in each group are shown in Table S1. The ANOVA analysis revealed significantly lower
electrical threshold (F = 5.51, p = 0.025) and electrical pain (F = 6.75, p = 0.014) values in the
FM group. Intra-group analysis also revealed a significant decrease in the FM group for the
electrical pain threshold score (p = 0.049) and in the electrical pain intensity score (p = 0.002).
Likewise, we observed significant differences between the FM group and healthy women
in the occiput (dominant: F = 33.37, p = 0.001; non-dominant: F = 13.15, p = 0.001), trapezius
(dominant: F = 18.79, p = 0.001; non-dominant: F = 7.80, p = 0.008), epicondyle dominant
(F = 4.74, p = 0.035), gluteus (dominant: F = 54.07, p = 0.001; non-dominant: F = 58.99,
p = 0.001), knee non-dominant (F = 43.09, p = 0.001), second metacarpal non-dominant
(F = 12.29, p = 0.001), and anterior tibial PPTs (dominant: F = 16.23, p = 0.001; non-dominant:
F = 23.44, p = 0.001). In the intra-group analysis, a significant decrease in PPTs in the
control group was observed in the occiput dominant (p = 0.036), epicondyle (dominant:
p = 0.011; non-dominant: p = 0.008), knee (dominant: p = 0.008; non-dominant: p = 0.035),
and second metacarpal (dominant: p = 0.006; non-dominant: p = 0.003). For the women
diagnosed with FM, there was a significant decrease in the supraspinatus (dominant:
p = 0.023; non-dominant: p = 0.029) and the anterior tibial non-dominant (p = 0.031) and a
significant increase in the gluteus dominant PPTs (p = 0.016). Figure 2 shows the significant
changes in pain variables following radiofrequency stressor application in women with
fibromyalgia and healthy controls.
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Figure 2. Box plots of pain levels after radiofrequency treatment for the women with fibromyalgia and
healthy controls. The box plots show the comparison of baseline and post-radiofrequency data from
(a) pain threshold electric, (b) pain electric, (c) occiput pressure pain threshold (PPT), (d) trapezius
PPT, (e) epicondyle PPT, (f) second metacarpal PPT, (g) gluteus PPT, (h) knee PPT, and (i) anterior
tibial PPT between the women with fibromyalgia and healthy controls. In the box plots, the boundary
of the box closest to 0 indicates the 25th percentile, the black line within the box marks the median,
and the boundary of the box farthest from 0 indicates the 75th percentile. Whiskers above and below
the box indicate the 10th and 90th percentiles. * Significant group, p < 0.05. Note that black dots
indicate the extreme values.

3.3. Differences in Vascular Response following Thermal Heat Stimulus

Tables S2 and S3 show the changes in core body temperature and peripheral tem-
perature of the hands after the radiofrequency intervention. The results revealed signifi-
cant differences in tympanic temperature (F = 12.39, p = 0.001) and axillary temperature
(F = 6.84, p = 0.012) between the FM group and healthy women. In the intra-group analysis,
pre- and post-radiofrequency differences were observed, with a significant decrease in the
control group in terms of both core body temperature (p = 0.009) and axillary temperature
(p = 0.014).

On the other hand, the peripheral temperature of the dorsal surface of the hands in the
women with FM was significantly higher in the dorsal centre (maximum dominant side:
F = 7.76, p = 0.008; maximum non-dominant side: F = 4.93, p = 0.032; minimum dominant
side: F = 12.65, p = 0.001; minimum non-dominant side: F = 8.47, p = 0.006; mean dominant
side: F = 8.96, p = 0.005; mean non-dominant side: F = 6.82, p = 0.012). Figure 3 shows
the significant changes in the peripheral temperature of the skin at the dorsal surfaces of
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the hands following radiofrequency stressor application in women with fibromyalgia and
healthy controls.
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Figure 3. Box plots of peripheral temperature values at dorsal sites of the hands after radiofrequency
treatment for the women with fibromyalgia and healthy controls. The box plots show the comparison
of baseline and post-radiofrequency data from (a) dorsal centre maximum temperature, (b) dorsal
centre minimum temperature, and (c) dorsal centre mean temperature. In the box plots, the boundary
of the box closest to 0 indicates the 25th percentile, the black line within the box marks the median,
and the boundary of the box farthest from 0 indicates the 75th percentile. Whiskers above and below
the box indicate the 10th and 90th percentiles. Note that black dots indicate the extreme values.

At the palmar sites of the hands, the peripheral temperature was significantly lower
in the control group on the maximum thumb fingertip non-dominant side (F = 2.09,
p = 0.049), index fingertip (maximum dominant side: F = 4.06, p = 0.050; minimum
dominant side: F = 4.37, p = 0.043; minimum non-dominant side: F = 4.15, p = 0.048;
mean dominant side: F = 4.14, p = 0.048), and thenar eminence (maximum dominant side:
F = 11.32, p = 0.002; maximum non-dominant side: F = 6.70, p = 0.013; minimum dominant
side: F = 6.01, p = 0.018; minimum non-dominant side: F = 4.47, p = 0.041; mean domi-
nant side: F = 8.91, p = 0.005; mean non-dominant side: F = 7.02, p = 0.011). For the FM
group, the peripheral temperature of the palms of the hands was significantly higher in the
palm centre (maximum dominant side: F = 7.11, p = 0.011; maximum non-dominant side:
F = 5.10, p = 0.029; minimum dominant side: F = 8.03, p = 0.007; minimum non-dominant
side: F = 8.71, p = 0.005; mean dominant side: F = 7.41, p = 0.009; mean non-dominant side:
F = 6.92, p = 0.012). Figure 4 shows the significant changes in core body temperature and
peripheral temperature of the skin at the palms of the hands following radiofrequency
stressor application in women with fibromyalgia and healthy controls.
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Figure 4. Box plots of core body temperature and peripheral temperature values at palm sites of the
hands after radiofrequency treatment for the women with fibromyalgia and healthy controls. The
box plots show the comparison of baseline and post-radiofrequency data from (a) tympanic tempera-
ture, (b) axillary temperature, (c) thumb fingertip maximum temperature, (d) index fingertip maxi-
mum temperature, (e) index fingertip minimum temperature, (f) index fingertip mean temperature,
(g) thenar eminence maximum temperature, (h) thenar eminence minimum temperature, (i) thenar
eminence mean temperature, (j) palm centre maximum temperature, (k) palm centre minimum
temperature, and (l) palm centre mean temperature. In the box plots, the boundary of the box
closest to 0 indicates the 25th percentile, the black line within the box marks the median, and the
boundary of the box farthest from 0 indicates the 75th percentile. Whiskers above and below the box
indicate the 10th and 90th percentiles. * Significant group, p < 0.05. Note that black dots indicate the
extreme values.

Finally, intra-group analysis showed a significant increase in the temperature at
the dorsal centre (maximum dominant side: p = 0.002; maximum non-dominant side:
p = 0.001; minimum dominant side: p = 0.001; minimum non-dominant side: p = 0.001;
mean dominant side: p = 0.001; mean non-dominant side: p = 0.001), at the palm centre
(minimum dominant side: p = 0.031; minimum non-dominant side: p = 0.005; mean non-
dominant side: p = 0.030), and at the hypothenar eminence (minimum dominant side:
p = 0.025; minimum non-dominant side: p = 0.001; mean non-dominant side: p = 0.031)
of the hands of women diagnosed with FM. On the other hand, for the control group, the
intra-group analysis revealed a significant decrease in the temperature at the dorsal index
fingertip minimum dominant (p = 0.031), at the palm thumb fingertip (maximum dominant
side: p = 0.032; mean dominant side: p = 0.049), at the palm centre (maximum dominant
side: p = 0.027; mean dominant side: p = 0.040), and at the thenar eminence (maximum
dominant side: p = 0.03; maximum non-dominant side: p = 0.049; mean dominant side:
p = 0.006). Figure 5 shows the differences in peripheral temperature of the dorsal and
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palmar surfaces of the hands following radiofrequency stressor application in a woman
with FM.
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Figure 5. Pre- and post-thermography images of the hands following radiofrequency of a woman 
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thumb finger; El2 and El8= index finger; El3 and El9= middle finger; El4 and El10= ring finger; El5 

Figure 5. Pre- and post-thermography images of the hands following radiofrequency of a woman
diagnosed with fibromyalgia (A) Image of the dorsal thermography of the hands (El1 and El7 = thumb
finger; El2 and El8 = index finger; El3 and El9 = middle finger; El4 and El10 = ring finger; El5 and
El11 = pinkie finger; El6 and El12 = dorsal centre). (B) Image of the palmar thermography of the
hands (El1 and El9 = thumb finger; El2 and El10 = index finger; El3 and El11 = middle finger; El4 and
El12 = ring finger; El5 and El13 = pinkie finger; El6 and El14 = thenar eminence; El7 and
El15 = palmar centre; El8 and El16 = hipothenar eminence).

4. Discussion

The results of this study show that after an RF intervention, FM patients presented
a significant reduction in electrical threshold scores, electrical pain, and pressure pain
thresholds compared to healthy women. With respect to peripheral hand temperatures,
women with FM presented increased temperatures in the dorsal and palmar centres of
the hands compared to the control group, while healthy women presented decreased
temperatures in the thumb, index finger, and thenar eminence compared to the FM group.

Studies in the scientific literature have linked an alteration of the autonomic nervous
system (ANS) in FM patients to changes in thermal regulation [15]. Despite this, the
alteration at ANS level affecting peripheral thermal regulation could also be the reason for
decreased thresholds in response to a thermal heat stimulus.

Our results show reduced pain thresholds in the FM group after the application of
radiofrequency. The elevated presence of substance P or CGRP in the blood reported in
patients with FM [27] promotes neurogenic inflammation processes [8]; for this reason,
applying radiofrequency, by generating an increased peripheral temperature in the FM
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group in an area in which the neurovascular response is altered at the base, could further
promote these processes, thus generating the reduction in pain thresholds found in our
results. In this sense, Hagiwara S. et al. [28], using a rat model, demonstrated the existence
of serotonergic descending pathways that would inhibit the effects of pulsed radiofrequency
on the function of the noradrenergic inhibitory system, thus generating a hyperalgesic
reaction and not a reduction in pain [28]. These alterations at the nervous level, despite
being found in rats, partially coincide with the results obtained by Albrecht et al. [5], in
which noradrenergic function is also altered in women with FM. An involvement of these
pathways could therefore be responsible for the decreased pain thresholds in FM patients.
Given these data and the lack of previous publications on the subject, future studies are
necessary to clarify these findings.

On the other hand, AVAs play an important role in the body’s thermoregulation pro-
cess, especially in the hand region [7]. The fact that the temperature recorded in the control
group is lower after the application of radiofrequency could indicate that this microcircula-
tion is functioning correctly compared to the FM group, as heat-induced vasoconstriction is
generated, which would account for the decrease in these values. Although some authors
have not found this mechanism to be present in humans [29–31], it is present in other mam-
mals [32]. This lack of positive results may be due to the thermal stimulus used, as all of
these studies employ similar methods [29–31]. The use of a deeper thermal stimulus, such
as radiofrequency, could potentially trigger the activation of this mechanism. Otherwise,
the increased temperature observed in the FM group may be due to the alteration of these
structures at the nervous level [5,9,10], which could cause them to function incorrectly,
thus preventing the heat-induced vasoconstriction effect from occurring and increasing
or maintaining the vasodilation that would already be the baseline condition in women
with FM [5]. These results would be in line with the presence of microvascular alterations
and their relationship with the greater perception of pain observed in the group of FM
sufferers compared to the control group. In this sense, de Tommaso M. et al. [33] pointed to
the possible existence of a small-caliber nerve fiber pathology [33], especially C-fibres [34],
which could affect the correct processing of thermal stimuli and contribute to increased
pain perception and alterations in sensation [34], thus explaining some of the characteristic
symptoms of FM, such as chronic fatigue [35].

Study Limitations

This study has certain limitations. Firstly, due to the small sample size and the fact
that it comprises a well-characterized population of female FM sufferers, our results may
not be generalizable to other populations. Secondly, when measuring peripheral blood flow
thermographically, there is intra-subject variability [36]; however, an acclimatization period
was implemented [37]. Thirdly, the possibility of not having detected any neurological
pathology in the participants or that these pathologies had not been previously diagnosed
could affect the interpretation of the present results. Despite these limitations, this study
has one particular strength. To our knowledge, this is the first study to attempt to establish
a relationship between the vascular–thermal component and pain symptomatology in
patients with FM after the application of radiofrequency.

5. Conclusions

Women with FM present greater pain perception related to a decrease in pain thresh-
olds, as well as an increase in peripheral temperature, after exposure to radiofrequency
thermal stimulation. These findings reinforce the hypothesis that FM sufferers may have
neurovascular disorders as well as possible alterations in thermogenesis processes related
to pain perception. Future studies should therefore investigate the relationship between
vascular function under different stressors and its association with pain to gain further
knowledge to help in the diagnosis and treatment of this pathology.
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Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/biomedicines12010142/s1. Table S1: Baseline, post-radiofrequency
data, and the changes produced in each group (95% confidence interval) for pain intensity, elec-
trical pain threshold, electrical pain intensity, and pressure pain threshold; Table S2: Baseline,
post-radiofrequency data, and the changes produced in each group (95% confidence interval) for core
body temperature, axillary temperature, and peripheral temperatures of palm sites of both hands;
Table S3: Baseline, post-radiofrequency data, and the changes produced in each group (95% confi-
dence interval) for peripheral temperatures of dorsal sites of both hands.

Author Contributions: Conceptualization, A.C.-B. and M.E.A.-F.; methodology, A.M.-R. and M.E.A.-F.;
software, F.M. and M.C.-R.; validation, A.C.-B. and R.M.T.-H.; formal analysis, M.C.-R. and M.E.A.-F.;
investigation, A.M.-R. and A.C.-B.; resources, R.M.T.-H. and F.M.; data curation, F.M. and M.C.-R.;
writing—original draft preparation, R.M.T.-H. and M.C.-R.; writing—review and editing, A.C.-B.,
A.M.-R. and M.E.A.-F.; visualization, A.C.-B., A.M.-R., R.M.T.-H., F.M., M.C.-R. and M.E.A.-F.; su-
pervision, A.C.-B., M.C.-R. and M.E.A.-F.; project administration, M.E.A.-F.; funding acquisition,
M.E.A.-F. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Fondo Europeo de Desarrollo Regional (FEDER) of Junta
de Andalucía-Consejería de Transformación Económica, Industria, Conocimiento y Universidades
(Spain) (Grant number: A-CTS-120-UGR20).

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the University Hospital of Granada Research Ethics Committee (Granada,
Spain) (approval number: No. 1718-N-18; approval date: 31 December 2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in this study.

Data Availability Statement: Data are available upon reasonable request. The datasets used and/or
analyzed during the current study are available from the corresponding author upon reasonable request.

Acknowledgments: The authors would like to thank the patients of the Fibromyalgia Association of
Granada (AGRAFIM) and the Fibromyalgia Association of Jaén (AFIXA) for their participation in
this study. The results shown in this study are associated with the doctoral thesis of A.M.R., who
belongs to the Biomedicine Programme (B 11.56.1) of the University of Granada, Spain.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Sarzi-Puttini, P.; Giorgi, V.; Marotto, D.; Atzeni, F. Fibromyalgia: An update on clinical characteristics, aetiopathogenesis and

treatment. Nat. Rev. Rheumatol. 2020, 16, 645–660. [CrossRef]
2. Gayà, T.F.; Ferrer, C.B.; Mas, A.J.; Seoane-Mato, D.; Reyes, F.Á.; Sánchez, M.D.; Dubois, C.M.; Sánchez-Fernández, S.A.; Vargas,

L.M.R.; Morales, P.G.; et al. Prevalence of fibromyalgia and associated factors in Spain. Clin. Exp. Rheumatol. 2020, 38, 47–52.
3. Siracusa, R.; Paola, R.D.; Cuzzocrea, S.; Impellizzeri, D. Fibromyalgia: Pathogenesis, Mechanisms, Diagnosis and Treatment

Options Update. Int. J. Mol. Sci. 2021, 22, 3891. [CrossRef] [PubMed]
4. Häuser, W.; Ablin, J.; Fitzcharles, M.-A.; Littlejohn, G.; Luciano, J.V.; Usui, C. Fibromyalgia. Nat. Rev. Dis. Primers 2020, 1, 15022.

[CrossRef] [PubMed]
5. Albrecht, P.J.; Hou, Q.; Argoff, C.E.; Storey, J.R.; Wymer, J.P.; Rice, F.L. Excessive peptidergic sensory innervation of cutaneous

arteriole-venule shunts (AVS) in the palmar glabrous skin of fibromyalgia patients: Implications for widespread deep tissue pain
and fatigue. Pain Med. 2013, 14, 895–915. [CrossRef]

6. Choi, D.H.; Kim, H.S. Quantitative analysis of nailfold capillary morphology in patients with fibromyalgia. Korean J. Intern. Med.
2015, 30, 531–537. [CrossRef]

7. Walløe, L. Arterio-venous anastomoses in the human skin and their role in temperature control. Temperature 2016, 3, 92–103.
[CrossRef] [PubMed]

8. Schlereth, T.; Schukraft, J.; Krämer-Best, H.H.; Geber, C.; Ackermann, T.; Birklein, F. Interaction of calcitonin gene related peptide
(CGRP) and substance P (SP) in human skin. Neuropeptides 2016, 59, 5762. [CrossRef]

9. Grayston, R.; Czanner, G.; Elhadd, K.; Goebel, A.; Frank, B.; Üçeyler, N.; Malik, R.A.; Alam, U. A systematic review and
meta-analysis of the prevalence of small fiber pathology in fibromyalgia: Implications for a new paradigm in fibromyalgia
etiopathogenesis. Semin. Arthritis Rheum. 2019, 48, 933–940. [CrossRef]

10. Evdokimov, D.; Dinkel, P.; Frank, J.; Sommer, C.; Üçeyler, N. Characterization of dermal skin innervation in fibromyalgia
syndrome. PLoS ONE 2020, 15, e0227674. [CrossRef]

11. Kasikcioglu, E.; Dinler, M.; Berker, E. Reduced tolerance of exercise in fibromyalgia may be a consequence of impaired microcircu-
lation initiated by deficient action of nitric oxide. Med. Hypotheses 2006, 66, 950–952. [CrossRef]

https://www.mdpi.com/article/10.3390/biomedicines12010142/s1
https://www.mdpi.com/article/10.3390/biomedicines12010142/s1
https://doi.org/10.1038/s41584-020-00506-w
https://doi.org/10.3390/ijms22083891
https://www.ncbi.nlm.nih.gov/pubmed/33918736
https://doi.org/10.1038/nrdp.2015.22
https://www.ncbi.nlm.nih.gov/pubmed/27189527
https://doi.org/10.1111/pme.12139
https://doi.org/10.3904/kjim.2015.30.4.531
https://doi.org/10.1080/23328940.2015.1088502
https://www.ncbi.nlm.nih.gov/pubmed/27227081
https://doi.org/10.1016/j.npep.2016.06.001
https://doi.org/10.1016/j.semarthrit.2018.08.003
https://doi.org/10.1371/journal.pone.0227674
https://doi.org/10.1016/j.mehy.2005.11.028


Biomedicines 2024, 12, 142 12 of 12

12. Katz, D.L.; Greene, L.; Ali, A.; Faridi, Z. The pain of fibromyalgia syndrome is due to muscle hypoperfusion induced by regional
vasomotor dysregulation. Med. Hypotheses 2007, 69, 517–525. [CrossRef] [PubMed]

13. Vanneste, T.; Van Lantschoot, A.; Van Boxem, K.; Van Zundert, J. Pulsed radiofrequency in chronic pain. Curr. Opin. Anaesthesiol.
2017, 30, 577–582. [CrossRef] [PubMed]

14. Jordan, S.; Catapano, M.; Sahni, S.; Ma, F.; Abd-Elsayed, A.; Visnjevac, O. Pulsed Radiofrequency in Interventional Pain
Management: Cellular and Molecular Mechanisms of Action—An Update and Review. Pain Physician 2021, 24, 525–532.

15. Brusselmans, G.; Nogueira, H.; De Schamphelaere, E.; Devulder, J.; Crombez, G. Skin Temperature during Cold Pressor Test in
Fibromyalgia: An Evaluation of the Autonomic Nervous System? Acta Anaesthesiol. Belg. 2015, 66, 19–27.

16. Smith, B.W.; Tooley, E.M.; Montague, E.Q.; Robinson, A.E.; Cosper, C.J.; Mullins, P.G. Habituation and sensitization to heat and
cold pain in women with fibromyalgia and healthy controls. Pain 2008, 140, 420–428. [CrossRef] [PubMed]

17. Clauw, D.J. Fibromyalgia. JAMA 2014, 311, 1547. [CrossRef]
18. Casas-Barragán, A.; García-Ríos, M.C.; Rus, A.; Tapia-Haro, R.M.; Correa-Rodríguez, M.; Aguilar-Ferrándiz, M.E. Associations

among serum VEGF and CGRP levels with the peripheral vascular blood flow of the skin of the hands in women with Fibromyalgia.
J. Therm. Biol. 2023, 112, 103469. [CrossRef]

19. Gasim, G.I.; Musa, I.R.; Abdien, M.T.; Adam, I. Accuracy of tympanic temperature measurement using an infrared tympanic
membrane thermometer. BMC Res. Notes 2013, 6, 194. [CrossRef]

20. Ibáñez-Vera, A.J.; García-Romero, J.C.; Alvero-Cruz, J.R.; Lomas-Vega, R. Effects of monopolar dielectric radiofrequency signals
on the symptoms of fibromyalgia: A single-blind randomized controlled trial. Int. J. Environ. Res. Public Health 2020, 17, 2465.
[CrossRef]

21. Jensen, M.P.; Castarlenas, E.; Roy, R.; Tomé Pires, C.; Racine, M.; Pathak, A.; Miró, J. The Utility and Construct Validity of Four
Measures of Pain Intensity: Results from a University-Based Study in Spain. Pain Med. 2019, 20, 2411–2420. [CrossRef] [PubMed]

22. Marques, A.; Assumpção, A.; Matsutani, L.A.; Pereira, C.A.B.; Lage, L. Pain in fibromyalgia and discrimination power of the
instruments: Visual Analog Scale, Dolorimetry and the McGill Pain Questionnaire. Acta Reumatol. Port. 2008, 33, 345–351.
[PubMed]

23. Chesterton, L.S.; Sim, J.; Wright, C.C.; Foster, N.E. Interrater reliability of algometry in measuring pressure pain thresholds in
healthy humans, using multiple raters. Clin. J. Pain 2007, 23, 760–766. [CrossRef] [PubMed]

24. Alstergren, P.; Förström, J. Acute oral pain intensity and pain threshold assessed by intensity matching to pain induced by
electrical stimuli. J. Orofac. Pain 2003, 17, 151–159.

25. Käll, K.B.; Kowalski, J.; Stener-Victorin, E. Assessing pain perception using the Painmatcher in patients with whiplash-associated
disorders. J. Rehabil. Med. 2008, 40, 171–177. [CrossRef]

26. Lund, I.; Lundeberg, T.; Kowalski, J.; Sandberg, L.; Norrbrink-Budh, C.; Svensson, E. Evaluation of variations in sensory and pain
threshold assessments by electrocutaneous stimulation. Physiother. Theory Pract. 2005, 21, 81–92. [CrossRef]

27. Tsilioni, I.; Russell, I.J.; Stewart, J.M.; Gleason, R.M.; Theoharides, T.C. Neuropeptides CRH, SP, HK-1, and Inflammatory
Cytokines IL-6 and TNF Are Increased in Serum of Patients with Fibromyalgia Syndrome, Implicating Mast Cells. J. Pharmacol.
Exp. Ther. 2016, 3, 664–672. [CrossRef]

28. Hagiwara, S.; Iwasaka, H.; Takeshima, N.; Noguchi, T. Mechanisms of analgesic action of pulsed radiofrequency on adjuvant-
induced pain in the rat: Roles of descending adrenergic and serotonergic systems. Eur. J. Pain 2009, 13, 249–252. [CrossRef]

29. Nagasaka, T.; Hirata, K.; Nunomura, T. Contribution of arteriovenous anastomoses to vasoconstriction induced by local heating
of the human finger. Jpn. J. Physiol. 1987, 37, 425–433. [CrossRef]

30. Bergersen, T.K.; Eriksen, M.; Walløe, L. Effect of local warming on hand and finger artery blood velocities. Am. J. Physiol. 1995,
269, R325–R330. [CrossRef]

31. Rein, E.B.; Walløe, L. No Evidence of Heat-Induced Vasoconstriction in Human Skin Using Ultrasound Dop-pler after Passive
Whole-Body Heat Stress. J. Cardiovasc. Med. 2020, 105, 1–7. [CrossRef]

32. Hales, J.R.S.; Jessen, C.; Fawcett, A.A.; King, R.B. Skin AVA and capillary dilatation and constriction induced by local skin heating.
Arch. Eur. J. Physiol. 1985, 404, 203–207. [CrossRef]

33. De Tommaso, M.; Vecchio, E.; Nolano, M. The puzzle of fibromyalgia between central sensitization syndrome and small fiber
neuropathy: A narrative review on neurophysiological and morphological evidence. Neurol. Sci. 2022, 3, 1667–1684. [CrossRef]

34. Serra, J.; Collado, A.; Solà, R.; Antonelli, F.; Torres, X.; Salgueiro, M.; Quiles, C.; Bostock, H. Hyperexcitable C nociceptors in
fibromyalgia. Ann. Neurol. 2014, 75, 196–208. [CrossRef] [PubMed]

35. Martínez-Lavín, M. Fibromyalgia and small fiber neuropathy: The plot thickens! Clin. Rheumatol. 2018, 37, 3167–3171. [CrossRef]
[PubMed]

36. Clark, S.; Hollis, S.; Campbell, F.; Moore, T.; Jayson, M.; Herrick, A. The “distal-dorsal difference” as a possible predictor of
secondary Raynaud’s phenomenon. J. Rheumatol. 1999, 26, 1125–1128.

37. Mariotti, A.; Grossi, G.; Amerio, P.; Orlando, G.; Mattei, P.A.; Tulli, A.; Romani, G.L.; Merla, A. Finger thermoregulatory model
assessing functional impairment in Raynaud’s phenomenon. Ann. Biomed. Eng. 2009, 37, 2631–2639. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.mehy.2005.10.037
https://www.ncbi.nlm.nih.gov/pubmed/17376601
https://doi.org/10.1097/ACO.0000000000000502
https://www.ncbi.nlm.nih.gov/pubmed/28700369
https://doi.org/10.1016/j.pain.2008.09.018
https://www.ncbi.nlm.nih.gov/pubmed/18947923
https://doi.org/10.1001/jama.2014.3266
https://doi.org/10.1016/j.jtherbio.2023.103469
https://doi.org/10.1186/1756-0500-6-194
https://doi.org/10.3390/ijerph17072465
https://doi.org/10.1093/pm/pny319
https://www.ncbi.nlm.nih.gov/pubmed/30877801
https://www.ncbi.nlm.nih.gov/pubmed/18846013
https://doi.org/10.1097/AJP.0b013e318154b6ae
https://www.ncbi.nlm.nih.gov/pubmed/18075402
https://doi.org/10.2340/16501977-0163
https://doi.org/10.1080/09593980590922307
https://doi.org/10.1124/jpet.115.230060
https://doi.org/10.1016/j.ejpain.2008.04.013
https://doi.org/10.2170/jjphysiol.37.425
https://doi.org/10.1152/ajpregu.1995.269.2.R325
https://doi.org/10.17303/jcvm.2020.6.105
https://doi.org/10.1007/BF00581240
https://doi.org/10.1007/s10072-021-05806-x
https://doi.org/10.1002/ana.24065
https://www.ncbi.nlm.nih.gov/pubmed/24243538
https://doi.org/10.1007/s10067-018-4300-2
https://www.ncbi.nlm.nih.gov/pubmed/30238382
https://doi.org/10.1007/s10439-009-9788-9

	Introduction 
	Materials and Methods 
	Design and Participants 
	Definition of Variables 
	Peripheral Vascular Assessment and Central Thermoregulation 
	Radiofrequency Vasodilation 
	Subjective Perception of Pain and Determination of Pressure Pain Thresholds 
	Assessment of Pain in Response to Electrical Stimuli 

	Statistical Analysis 

	Results 
	Demographic and Clinical Data 
	Differences in Pain Levels following Thermal Heat Stimulus 
	Differences in Vascular Response following Thermal Heat Stimulus 

	Discussion 
	Conclusions 
	References

