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Association of core body temperature and
peripheral blood flow of the hands with pain
intensity, pressure pain hypersensitivity,
central sensitization, and fibromyalgia

symptoms
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Abstract: Our aim was to analyse body core temperature and peripheral vascular
microcirculation at skin hypothenar eminence of the hands and its relationship to symptoms

in fibromyalgia syndrome (FMS). A total of 80 FMS women and 80 healthy women, matched

on weight, were enrolled in this case-control study. Thermography and infrared thermometer
were used for evaluating the hypothenar regions and core body temperature, respectively. The
main outcome measures were pain pressure thresholds (PPTs) and clinical questionnaires.
Significant associations were observed between overall impact [8=0.033; 95% confidence
interval (95%Cl)=0.003, 0.062; p=0.030], daytime dysfunction (8=0.203; 95%Cl=0.011,

0.395; p=0.039) and reduced activity (8=0.045; 95%CI=0.005, 0.085; p=0.029) and core

body temperature in FMS women. PPTs including greater trochanter dominant (8=0.254;
95%Cl1=0.003, 0.504; p=0.047), greater trochanter non-dominant (8=0.650; 95%Cl=0.141, 1.159;
p=0.013), as well as sleeping medication (8=-0.242; 95%Cl=-0.471, -0.013; p=0.039) were also
associated with hypothenar eminence temperature. Data highlighted that FMS women showed
correlations among body core temperature and hand temperature with the clinical symptoms.
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Introduction

Fibromyalgia syndrome (FMS) is defined as a
chronic widespread musculoskeletal pain on the
left and right side of the human body accompa-
nied by a complex set of symptoms such as hyper-
algesia, tenderness on pressure threshold,
persistent fatigue, stiffness, sleep problems and
psychiatric disorders such as anxiety.! The preva-
lence of the FMS within the European population
is 4.7%, and has higher prevalence in women
than men (4.2% versus 0.2% respectively).?

Although the pathogenesis of FMS remains
unknown, disorders of the central nervous system

(CNS) regarding pain modulation may explain
the diffuse musculoskeletal pain. Several studies
have reported that patients with FMS present
hyperactivity and hyper-excitability of their CNS
which suggest it is supported by continued nocic-
eptive peripheral inputs.> However, new findings
indicate the existence of blood microcirculation
alterations by changes in the innervation to the
arterio—venous anastomoses (AVAs) and periph-
eral skin disorders in patients with FMS as an
underlying mechanism in order to understand
this syndrome.*> AVAs are direct connections
between small arteries and veins located in the
depth of the dermis of the glabrous skin,
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especially in the hypothenar regions of the
hands.%® The principal role of AVAs is to trans-
port the heat from the body core to the surface
areas, and they are innervated by sympathetic and
sensory branches.®% Albrecht er al* examined
hypothenar skin biopsies of FMS patients to
study the innervation of AVAs and their connec-
tion with the peripheral nervous system (PNS).
They found an altered neural vasoregulation of
the AVAs characterized by an over-representation
of peptidergic sensory innervation over the
noradrenergic sympathetic function. Likewise,
this peptidergic sensory innervation of AVAs
expressed hyper-responsiveness of the alpha-
2-adrenergic receptor, which produces a sympa-
thetic release of noradrenaline/norepinephrine
that constricts the smooth muscles of the tunica
media of blood vessels.* Conceivably, this increase
of the sensory innervation of hand AVAs in
women diagnosed with FMS causes vasodilata-
tion due to that the stimulation of peptidergic
sensory fibres at the skin can activate the local
‘axon reflex’ and liberate a large amount of sub-
stance P and calcitonin-gene-related peptide
(CGRP) at blood flow.# These molecules are
potent vasodilators and inflammatory mediators
able to change the sensory mechanisms that
operate among capillaries and precapillary arteri-
oles, thereby influencing the peripheral blood
circulation.”-® So, on the basis of this information,
the neurovascular pathology of the AVAs would
lead a dysregulation of the core body temperature
and could cause a lack of blood flow, nutrition
and optimal oxygenation to the musculoskeletal
deep tissues, favouring the deposit of metabolites
and lactic acid that would explain the deep pain
and generalized fatigue characteristic in patients
diagnosed with FMS. Moreover, it could affect the
circadian blood flow and therefore the quality of
sleep and the cognition health of these patients.%10

Regarding the core body temperature, Scholander
et al.'' introduced the notion of thermoneutral
zone as ‘the basal metabolism in a resting mam-
mal when the ambient temperature is between
37°C of the core body temperature and a lower
temperature depending on the insulation of the
animal body’. So, the thermogenesis is defined as
heat production related to the physiological pro-
cess necessary for maintaining general body ther-
moregulation and basal metabolism.!! The
scientific literature shows that a dysfunction in
the autonomic nervous system (ANS) of FMS
patients could affect the sweating functions and

the regulation of body heat loss, altering the pro-
cesses of global body human thermoregulation
and explaining, in this way, the perfusion deficits
of blood flow at musculoskeletal level, deep pain,
exercise intolerance, and ‘brain fog’ symptoms of
this syndrome.!2 In contrast, it has been reported
that FMS patients present an increase of their
core body temperature (which contradicts the
lack of blood flow in deep tissues) due to ANS
disorders,!%13 but the results on this aspect are
still controversial due to the discrepancies in the
use of different devices for determining the body
temperature.l4

On the other hand, infrared thermography (IT)
reports information about cutaneous temperature
and skin thermal functionality due to circulation
and the peripheral blood flow of the cutaneous
tissues.!%16 Thermography is related to the ‘heat
transfer theory’, indicating that a major blood
flow in a part of the body reflects heat regions. By
contrast, smaller blood flow in a part of the body
reflects cold regions.!”

To the best of our knowledge, no studies have
measured the peripheral blood flow of the gla-
brous skin of the hands throughout thermogra-
phy, core body temperature and their relationship
with pain intensity, tenderness and general symp-
toms in FMS patients. Besides, the scientific lit-
erature shows contradictions about the lack of
blood flow in deep tissues and the increase of the
body core temperature in FMS patients. In light
of this background, the purpose of this study was
to analyse the core body temperature and the
peripheral temperature at the skin surface of the
hypothenar eminence of the hands and to exam-
ine the association of these outcomes with the
pain intensity, pain pressure threshold (PPT),
fatigue, sleep quality, anxiety and quality of life in
a population of women diagnosed with FMS and
healthy controls.

Material and methods

Design and participants

An observational case—control study was con-
ducted on patients with FMS from two fibromy-
algia associations (AGRAFIM and AFIXA,
Spain). We recruited 80 female patients with
FMS and 80 healthy women matched for weight,
aged between 30 and 70, from relatives or friends
of the patients with FMS and volunteers by local
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advertisement from the Faculty of Health Sciences
(University of Granada) to participate in the
study. FMS women had been previously diag-
nosed by a professional rheumatologist of the
Public Health System of Andalucia (Spain) and
met the 1990 American College of Rheumatology
(ACR) criteria for FMS.18 The exclusion criteria
were male sex, presence of cardiac, renal or
hepatic insufficiency, severe physical disability,
fever after infection in the previous 2 weeks, hypo-
tension/hypertension, psychiatric illness, neuro-
logical disorders, cancer, previous history of
surgery, treatment with vasoactive drugs or anti-
coagulants or drug history, and skin alterations.

Each participant signed informed consent and
completed some structured questionnaires regard-
ing the medical history, medications, menopause
status and clinical symptoms. The study was
approved by the ethics committee of the University
Hospital of Granada (Approval Number 1797-N-
17) and was conducted between January 2019
and June 2019. This research was performed in
strict compliance with the international code of
medical ethics established by the World Medical
Association and the Declaration of Helsinki (mod-
ified in 2013).

Clinical variables

Patient-reported outcomes were evaluated in the
following order: (a) self-administered question-
naires: Visual Analogue Scale (VAS), Revised
Fibromyalgia Impact Questionnaire (FIQ-R),
Central Sensitization Inventory (CSI), Pittsburgh
Quality of Sleep Questionnaire Index (PSQI),
Multidimensional Fatigue Inventory (MFI) and
Beck Anxiety Inventory (BAI); (b) peripheral vas-
cular response of the hands through IT; (c) core
body temperature through I'T; and (d) PPT with
a digital pressure algometer, which was included
at the end of the protocol, since it may influence
the results of the other outcomes.

Peripheral blood flow

Peripheral blood flow was recorded with a digi-
tal thermal camera (FLIR B335, FLIR Systems
AB, Tiby, Sweden). Atmospheric temperature
of the camera was set at 20°C and spectral
emissivity was set at 0.98, since human skin
behaves as a blackbody with an emissivity of
0.96-0.99.19:20 It has demonstrated a sensitivity
of 90% and a specificity of 86%.21 All

thermograms were conducted with compliance
to the recommendations proposed by the
European Association of Thermology (EAT)?22
and performed by the same specialist. Before
participation in the study, patients were
instructed to wear comfortable clothing and
avoid wearing watches, bracelets and rings on
the hands. The patients stayed in a sitting posi-
tion in a quiet room at a constant room tem-
perature of 20°C following an acclimatization
period of 20 min. During thermal image acqui-
sition, the patients had their hands positioned
with splayed fingers resting on a table. The dis-
tance between the camera and the skin of the
hypothenar eminence of both hands was
60 cm.2?3 After, the mean temperature of the
hypothenar eminence regions of both hands
was calculated using the software FLIR Tools
software (Figure 1). Taking into consideration
the changes in the circadian rhythm, thermog-
raphy was performed in the afternoon for the
FMS and control groups.24

Core body temperature

The core body temperature was evaluated in the
external auditory canal through an infrared
thermometer (Infrared Dermal Thermometers,
Exergen, Watertown, Massachusetts 02472
U.S.A. This method reflects an accurate meas-
urement of core temperature due to the associa-
tion of the tympanic artery with the
hypothalamus, which is the thermoregulatory
centre in mammals.2?> Infrared thermometry has
demonstrated a sensitivity of 91% and a speci-
ficity of 90%.25:26

Pain pressure threshold

A digital pressure algometer (Wagner Instruments,
Greenwich, CT, USA) was used to measure PPT.
PPT was assessed bilaterally over the 18 tender points
considered by the ACR for FMS diagnosis.!® The
mean of three trials was calculated and it used for
the main analysis. A 30 s resting period was allowed
between each recording. The reliability of pressure
algometry has been found to be high the same day
(intraclass correlation coefficient: 0.91).27

Visual analogue scale

To assess the subjective intensity of pain, we used
a VAS of pain consisting of a 100 mm line from 0
(no pain) to 100 (the worst pain imaginable). The
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Figure 1. Thermography image of the hypothenar eminence of both hands of a woman diagnosed with

fibromyalgia and a healthy control.

(a) Image of the palms of the hands from a fibromyalgia patient; (b) image of the palms of the hands from a healthy control
patient. The analysis of the temperature of the skin surface was conducted through a circle at the hypothenar eminence of

each hand (diameter 31 X 75mm).

VAS was shown to be an important instrument in
pain evaluation, being sensitive and specific in the
assessment of pain in FMS.28

Revised Fibromyalgia Impact Questionnaire

The Spanish version of the FIQ-R was used to
assess the degree of FMS symptoms and potential
limitations. This self-reported questionnaire con-
sisted of 21 items assessing physical impairment,
number of days feeling good, work missed, ability
to do work, pain, fatigue, restfulness, stiffness,
anxiety and depressive symptoms. The total score
came from the sum of all subscales (activity level,
overall impact and intensity of symptoms), where
higher scores indicated negative impact (0—100).2°
The degree of FMS symptoms according to
FIQ-R is established by the following cut-off
points: FIQ-R<30 reflects no severity, FIQ-
R >30 and <45 reflects mild severity, FIQ-R >46
and <65 reflects moderate severity, and FIQ-
R >65 reflects high severity.3? The test-retest reli-
ability analysis showed a correlation of 0.82.2°

Central sensitization

The characteristic symptoms of patients with cen-
tral sensitization syndrome (CSS) in conjunction
with FMS were assessed using the Spanish version
of the CSI.3! The questionnaire consisted of 25
items with current symptoms related to the CSS.
Each item is scored from O (never) to 4 points
(always). The total score is 100 points, where higher
scores reflected a major severity of symptoms. The
test—retest reliability analysis showed a correlation of
0.91 for the CSI in Spanish.3!

Quality of sleep

To assess the quality of sleep, we used the Spanish
version of the PSQI.32 This questionnaire had
seven subscales: subjective quality, sleep latency,
sleep duration, habitual sleep efficacy, sleep per-
turbations, use of night medication, and daily dys-
function. Each subscale was scored from 0 (no
problems) to 3 points (severe problems). The total
score varies in a range from 0 to 21 points, where
higher scores reflected worse quality of sleep. The
test—retest reliability analysis showed a correlation
of 0.80.32

Impact of fatigue

We used the Spanish version of the MFI to assess
the impact of fatigue of the FMS patients.33 The
questionnaire contained five dimensions: general
fatigue, physical fatigue, reduced activity, reduced
motivation and mental fatigue. The scores per
dimension run from 1 to 5 points, where higher
scores indicated more fatigue. The test-retest
reliability analysis showed a correlation of 0.64
from 0.91.33

Anxiety

The symptoms of anxiety and the psychological
health were assessed using the BAI.3* This ques-
tionnaire contained 21 items that evaluated the
degree of anxiety. Each item is scored from 0
points (nothing anxiety) to 3 points (a lot of anxi-
ety). The total scores run from 0 to 63 points,
where higher scores indicate increased anxiety.
The test—retest reliability analysis showed a corre-
lation of 0.75.34
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Statistical analysis

The data were analysed with the SPSS version 24.0
for Windows (IBM Corporation, Armonk, NY,
USA). To verify whether the variables had a normal
distribution, the Kolmogorov—Smirnov test was used
(p>0.05). To compare the differences of means
between fibromyalgia/healthy women groups, we
used unpaired Student’s z test with 95% confidence
interval (95%CI; a-value=0.05) for continuous
data. To analyse the differences in clinical variables
between core body temperature and peripheral blood
flow at the skin surface of the hypothenar eminence
of the hands of women diagnosed with FMS and
healthy women, first, we divided both populations
according to their medians. Therefore, the FMS
population was categorized in the low core body tem-
perature group: median<36.05°C; high core body
temperature  group: median=36.05°C; low
hypothenar  eminence  temperature  group:
median <32.87°C; high hypothenar eminence tem-
perature group: median=32.87°C. In the same way,
the medians for core body temperature (low tem-
perature group: median <35.80°C; high tempera-
ture group: median=35.80°C) and the
hypothenar eminence temperature (low tempera-
ture group: median <31.00°C; high temperature
group: median=31.00°C) were also obtained and
categorized for healthy women. Second, a two-way
analysis of covariance after adjustment for age and
body mass index (BMI) was performed. Finally, lin-
ear regression analyses were conducted to evaluate
the associations among core body temperature and
peripheral blood-flow findings and PPT, VAS, FIQ-
R, central sensitization, sleep, fatigue, and anxiety,
after adjustment for age, BMI and menopause status.

According to the previous study of Brusselmans
et al.,’3 a sample size of 40 FMS patients and 40
healthy controls was estimated in order to provide
a 95%CI, a power of 80%, and a-value=0.05.
Finally, sample size was increased until 225 sub-
jects, taking account of an expected percentage of
losses around 60.39% for women diagnosed with
FMS and around 67.74% for healthy controls.
Sample size calculation was performed by using
NCSS-PASS software (http://www.ncss.com/).

Results

Demographic and physical characteristics

Table 1 lists the demographic and physical charac-
teristics of 80 women diagnosed with FMS (mean
age 56.11 =7.93years) and 80 healthy controls

(mean age of 57.34 +9.72years). Significant dif-
ferences were observed between FMS women and
healthy controls regarding to hypothenar eminence
temperature (p<<0.001). However, no significant
differences were found between FMS women and
healthy controls for age (p=0.384), height
(»=0.401), weight (»=0.198), BMI (»p=0.200)
and tympanic temperature (p=0.071). On the
other hand, the mean and standard deviation of
VAS, central sensitization, sleep quality, fatigue
and anxiety were significantly higher in FMS
women than in the controls (p<<0.001). All PPTs
were significantly lower in FMS women than in
the controls (p<<0.001). Note that the mean total
score of FIQ-R was 70.95 + 16.65 in FMS women,
which reflects high severity.

Comparison of clinical variables between

higher core body temperature and lower core

body temperature in women diagnosed with

FMS and healthy women

The comparison of clinical variables between the
higher core body temperature and the lower core
body temperature is shown in Table 2. For the
FMS group (higher core temperature and lower
core temperature), statistically significant differ-
ences in daytime dysfunction assessed by the
PSQI (F=4.562; p=0.036) and mental fatigue
using the MFI (F=5.209; p=0.025) were
observed. For the healthy controls, no significant
differences were found.

Comparison. of clinical variables between higher
hypothenar temperature and lower hypothenar
temperature in women diagnosed with FMS and
healthy women

Table 3 shows the comparison of clinical varia-
bles between the higher and the lower hypothenar
eminence temperature of the hands for the FMS
women and the healthy controls. For the FMS
group (higher hypothenar temperature and lower
hypothenar temperature), statistically significant
differences in the subjective intensity of pain
(F=4.426; p=0.039) only, were observed. For
the healthy controls, no significant differences
were found.

Core. body temperature and temperature at skin
surface of the hypothenar eminence of the hands
and PPT,VAS, FIQ-R, central sensitization, sleep,
fatigue and anxiety in FMS women and healthy
women
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Table 1. Demographic and physical characteristics of women with fibromyalgia and healthy women.

Cases (n=80) Controls (n=80) p value
Age (years) 56.11+7.93 57.34+9.72 0.384
Height (cm) 159.14 = 5.64 158.34 * 6.35 0.401
Weight (kg) 71.28 +11.06 69.18 £ 9.40 0.198
BMI (kg/m2) 28.69 +5.91 27.66 +3.95 0.200
VAS (mm) 73.25+18.54 19.49 +26.06 <0.001*
FlQ-R
FIQ-R.1 19.92+5.71 - -
FIQ-R.2 13.69 +£5.11 - -
FIQ-R.3 37.35+8.89 - -
Total score 70.95+16.65 - -
CSS 67.73+11.58 27.99 £15.45 <0.001*
Sleep Questionnaire Index global score 15.21£3.82 7.06 =479 <0.001*
Fatigue
MFI general fatigue 18.16 £2.36 10.10 = 4.64 <0.001*
MFI physical fatigue 16.69 +2.81 9.71 £ 4.61 <0.001*
MFI mental fatigue 15.16 £1.72 11.94=3.14 <0.001*
MFI reduced activity 15.29 £3.72 8.15+4.24 <0.001*
MFI reduced motivation 14.31+3.34 7.61%3.54 <0.001*
Anxiety 32.14+9.86 11.96 =10.99 <0.001*
Hypothenar eminence temperature (°C) 32.71+1.33 30.95+1.78 <0.001*
Tympanic temperature (°C) 35.96 +0.66 35.77 = 0.67 0.071
Pain pressure thresholds
Occipital D 0.96+0.72 3.28+1.38 <0.001*
ND 0.89+0.68 3.09*+1.28 <0.001*
Cervical Low D 1.11+0.76 3.07 +1.82 <0.001*
ND 1.06 +0.77 3.11£2.06 <0.001*
Trapezium D 1.03+0.72 3.09+1.41 <0.001*
ND 0.99 £0.62 3.32%+1.73 <0.001*
[Continued)
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Table 1. (Continued)

Cases (n=80) Controls (n=80) p value

Supraspinatus D 1.27 +0.80 3.61+1.93 <0.001*
ND 1.27+0.73 3.57+1.89 <0.001*

Second rib D 0.91+0.48 2.40+1.28 <0.001*
ND 0.87 +0.47 2.49+1.16 <0.001*

Epicondyle D 0.97 +0.60 3.18+ 1.46 <0.001*
ND 0.99+0.58 3.35+1.50 <0.001*

Second metacarpal D 1.23+0.79 3.16+1.47 <0.001*
ND 1.18 £ 0.66 3.22+1.79 <0.001*

Gluteal muscle D 1.99 +1.57 6.20+2.59 <0.001*
ND 1.89+1.27 6.13+2.48 <0.001*

Greater trochanter D 2.09+1.19 5.91+2.40 <0.001*
ND 2.09+1.12 5.48 +2.39 <0.001*

Knee D 1.70 £ 1.24 5.41+2.31 <0.001*
ND 1.86+1.22 5.70 + 2.49 <0.001*

Anterior tibial D 1.86 +1.40 5.09 + 2.47 <0.001*
ND 1.82+1.18 5.04+2.37 <0.001*

Data are expressed as mean = SD.
*Statistically significant.
Significance level p<0.05.

BMI, body mass index; CSS, central sensitization syndrome; D, dominant; FIQ-R, revised Fibromyalgia Impact
Questionnaire; FIQ-R.1, activity level of the FIQ; FIQ-R.2, overall impact of the FIQ-R; FIQ-R.3, intensity of symptoms of the
FIQ-R; MFI, Multidimensional Fatigue Inventory; ND, non-dominant; SD, standard deviation; VAS, visual analogue scale.

Beta estimates and 95%CI for core body tempera-
ture and hypothenar temperature of the hands and
clinical symptoms in the FMS women and the
healthy controls are summarized in Table 4.
Linear analysis regression revealed significant
associations among  FIQ-R.2 (8=0.033;
95%CI=0.003, 0.062; p=0.030), daytime dys-
function assessed by the PSQI (8=0.203;
95%CI=0.011, 0.395; »p=0.039), and reduced
activity using the MFI (8=0.045; 95%CI=0.005,
0.085; p=0.029), and core body temperature after
adjustment for age, menopause status and BMI in
FMS women. No significant associations were
observed between core body temperature and

clinical variables in healthy controls. On the other
hand, linear analysis regression identified signifi-
cant correlations among greater-trochanter-domi-
nant PPT (8=0.254; 95%CI=0.003, 0.504;
p=0.047), greater-trochanter non-dominant PPT
(=0.650; 95%CI=0.141, 1.159; p=0.013), and
sleep medication assessed by PSQI (8=-0.242;
95%CI=-0.471, —0.013; p=0.039), and temper-
ature at skin surface of the hypothenar eminence
of the hands after adjustment for age, menopause
status and BMI in FMS women. No significant
associations were observed between temperature
at skin surface of the hypothenar eminence of the
hands and clinical variables in healthy controls.
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Discussion

The lack of definitive pathogenesis of FMS makes
it very difficult to diagnose and manage this ill-
ness. The results of this study showed that women
diagnosed with FMS present worse basal levels of
pain intensity, disease severity, central sensitiza-
tion, quality of sleep, morning stiffness, anxiety,
alterations in mood, and decreased pressure pain
on musculoskeletal tissue in comparison with
healthy controls. We found significant associa-
tions between core body temperature and day-
time sleep, fatigue, and impact of symptoms in
women diagnosed with FMS. Moreover, we also
found significant associations between hypothe-
nar eminence temperature and dominant and
non-dominant greater trochanter. We found no
significant association between clinical variables
and temperature measures in healthy women.

Relationship among core body temperature and
clinical symptoms in FMS women. Research has
demonstrated an imbalance of the ANS relating to
increase of body temperature in FMS patients that
may contribute to central sensitization and main-
taining the diverse FMS manifestations of fatigue
and sleep disorders.!2:13:35The ANS provides infor-
mation about the cerebrospinal fluid concentra-
tions of pro-nociceptive substances such as
substance P and CGRP.3® Several studies have
showed an excessive concentration of these mole-
cules at blood flow in FMS patients,3” or in other
pathologies as psoriatic illness.38 So, the increase of
these substances and their vasoactive and inflam-
matory capacities might relate to the elevated core
body temperature, and with the association on
overall impact of symptoms assessed by the FIQ-R,
the daytime disturbances and the reduced of the
activity that we have recorded in our women FMS
population. Taking into account these preliminary
findings, and that no previous publishes have
explored the association of these outcomes about
the core temperature with the symptomatology in
FMS patients and healthy controls, further studies
are needed to clarify our data.

Relationship among peripheral blood microcircula-
tion and clinical symptoms in FMS women. Our
data revealed significant correlations of tempera-
ture at skin surface of the hypothenar eminence of
the hands with PPT's of some tender points of the
musculoskeletal system (dominant and non-domi-
nant greater trochanter) and with the sleeping
medication in women with FMS. The peripheral

microvasculature of the hands and feet play an
important role in thermogenesis, since the periph-
eral cutaneous nerves and small capillary vessels
have a function regulating heat production of the
human body.%3° This control is performed inside
vascular structures which lie deep in the dermis-
denominated AVAs.® Facing cold environments,
the adrenergic nerves of the AVAs are activated,
detecting a lack of peripheral skin temperature.
Afterwards, they transmit this information to the
CNS; stimulating sympathetic vasoconstrictor
nerves like this provides blood to the deep venous
system, thereby preserving metabolism viability.40
However, the phenomenon ‘cold-induced vasodi-
lation’ could happen in this anatomic region if
there is persistent exposure to cold, thus increasing
blood flow to the peripheral cutaneous system.%3°
In line with cold stress, FMS patients share similar
characteristics to those associated with Raynaud’s
phenomenon, such as the peripheral disorders
linked to excessive vasoconstriction, like cyanosis
or vasospasm of the palms of the hands.#! Albrecht
and colleagues* demonstrated excessive sympa-
thetic and sensory innervation of AVAs exacer-
bated by cold weather.# Therefore, this excessive
innervation could result in insufficient arterial-
blood-flow shunt to the venous deep plexus sys-
tem, explaining the central pain, tenderness,
fatigue and clinical features in this population.18
These findings are in line with the association
between hypothenar eminence temperature of the
hands and several symptoms relative to decrease
on pressure pain and the non-restorative sleep that
we have found in our population of FMS women
in comparison with healthy women.

This study has some limitations. First, due to its
cross-sectional design, no causal conclusions can
be drawn. Further studies are needed to investi-
gate the mechanisms by which core body tempera-
ture and peripheral blood flow of the hands could
determine severity of clinical symptoms, the sleepi-
ness during daytime activities, the decreases on
PPT, and the anxiety in FMS patients. Second, we
decided to include only women because the higher
frequency of FMS among women has been attrib-
uted to the fact that they feel intensity of pain more
than men.*? In addition, the menstrual cycle can
affect the vascular response and we did not control
for this aspect.#? Finally, we know that an intra-
subject variability exists in peripheral blood-flow
thermographic measurement.** Knowing this, we
tried to minimize this effect by incorporating an
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acclimation period and asking women to avoid
consuming vasoactive substances before testing.%
Furthermore, our study sample consisted of a well-
characterized population of FMS women and,
therefore, our data might not be generalizable to
other populations. Despite its limitations, the cur-
rent study presents one strength. To the best of our
knowledge, this is the first study to investigate the
associations between core body temperature and
peripheral blood flow of the hands and pain inten-
sity, hypersensitivity and the main symptoms in
FMS. Additionally, the pressure algometry method
has been reported to have good discriminating
power in FMS and provides objective and direct
measures of PPTs.28

Conclusion

We have found that FMS women present an
increase of their tympanic core temperature and
hypothenar eminence temperature of the hands in
comparison with healthy women. Besides, our
findings revealed that exist associations between
core body temperature and hand temperature
with the severity of clinical symptoms assessed by
the FIQ-R, the sleepiness in the daytime activi-
ties, the decreases on PPT, and the anxiety in
FMS patients. Findings herein provide a new per-
spective on the possible influence of neurovascu-
lar skin disorders and thermogenesis processes in
the symptoms of patients diagnosed with FMS.
Therefore, future scientific studies should investi-
gate the relationship between these altered hand
thermographic patterns and the core body tem-
perature of FMS patients with the characteristics
and clinical manifestations to gain further infor-
mation on the knowledge, diagnosis, and treat-
ment of this chronic condition.
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