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ABSTRACT

Introduction: The pathophysiology of fibromyalgia (FM) is related to central sensitisation (CS) to
pain. Algometry allows assessing CS based on dynamic evoked pain. However, current algo-
metrys protocols require optimising, unifying and updating.

Objectives: 1) identify the dynamic pain measures used most frequently to effectively assess CS
processes in FM, and 2) consider the future of the algometry assessing CS in these patients.
Methods: Cochrane Collaboration guidelines and PRISMA statements were followed. The proto-
col was registered in PROSPERO database (ID: CRD42021270135). The selected articles were eval-
uated using the Cochrane risk of bias (ROB) assessment tool. The PubMed, Scopus, and Web of
Science databases were searched.

Results: Thirty-four studies were selected, including measures such as temporal summation of
pain (TSP), aftersensations (AS), spatial summation of pain (SSP), the noxious flexion reflex (NFR)
threshold, conditioned pain modulation (CPM), cutaneous silent period (CuSP), and slowly
repeated evoked pain (SREP); and evoked pain combined with neuroimaging. Each measure
offered various advantages and limitations. According to ROB, 28 studies were of low quality, 3
of moderate quality, and 3 of high quality.

Conclusions: Several pain indicators have been demonstrated to successfully examine CS
involvement in FM in the last years. Algometry, especially when it involves diverse body sites
and tissues, might provide further insight into (1) the evaluation of psychological factors known
to influence pain experience, (2) new dynamic pain indicators, and (3) the simultaneous use of
certain neuroimaging techniques. Further research clarifying the mechanisms underlying some
of these measures, and homogenisation and optimisation of the algometrys protocols,
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are needed.

KEY MESSAGES

e Algometry allows for assessing Central Sensitisation by applying dynamic evoked pain.
e The future of algometry could relapse in its combination with neuroimaging.
e Recently-emerged pain indicators should be considered for algometrys new protocols.

1. Introduction

Fibromyalgia (FM) is a syndrome characterised by
widespread, persistent and diffuse pain that is usually
accompanied by a wide range of physical (e.g. fatigue,
insomnia and stiffness) and psychological (e.g. anxiety,
depression and cognitive alterations) symptoms [1-3],
which are of relevance for its diagnosis [3]. FM seems
to be more prevalent in females than males (9:1) [4].
Another hallmark of FM is pain-related hyperresponsiv-
ity [5], which underlies two of its characteristic symp-
toms: (1) allodynia, defined as increased sensitivity to
innocuous stimulation; and (2) hyperalgesia or

excessive response to painful stimulation, which may
be primary or secondary [6]. Primary hyperalgesia
refers to sensitisation of nociceptors (peripheral sensi-
tisation), whereas secondary hyperalgesia involves
increased responsiveness of the central nervous sys-
tem (CNS) to painful stimulation (central sensitisation,
CS) [7]. While the aetiology of FM remains unknown,
its pathophysiology has been widely related to CS
processes [8,9]. CS can be defined as an increase in
CNS pain responsiveness as a result of altered noci-
ception at the brain and spinal cord levels [7].

Three main CS processes have been distinguished: (1)
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long-term potentiation of synaptic transmission in the
CNS, (2) activation of certain pain facilitatory pathways
outside the receptive fields, and (3) dysfunction in
descending inhibitory pain mechanisms [10].

Algometry has proven to be a suitable instrument
to assess central allodynia and hyperalgesia in FM, as
well as in other pain conditions [11,12]. Algometry is
often indistinctly referred to as dolorimetry or quanti-
tative sensory testing (QST), with both of those terms
also being used in the pain literature [13,14]. While
the tender point count (as used for diagnosing FM) is
limited only to the evaluation of certain spontaneous
pain points via the application of pressure [2], algome-
try evaluates and detects abnormal nociception using
various types of pain stimulation in different body
locations [15,16], providing a more sensitive, in-depth
and exhaustive pain evaluation [17,18]. Besides, pain
responses evaluated by algometry have shown strong
associations with the clinical pain in FM [19], as well
as with improved clinical outcomes after interven-
tion [20].

Algometry examines responses to evoked painful
stimulation in order to estimate/quantify the underly-
ing mechanisms involved in different pain conditions.
In this way, though algometry has the advantage of
offering a reliable and controlled application of pain
stimulation [13], it is not always able to discriminate
between FM and other similar pain conditions [20,21],
being necessary for its combination with tender point
count for achieving a high diagnostic accuracy [22].

Several factors have to be considered in algometry,
including the type of stimulation (heat, cold, pressure/
mechanical, electrical, etc.), algometer surface, applica-
tion rate, anatomic location of stimulation, and type of
tissue to be tested (skin, subcutaneous/deep muscle,
bone, or peripheral nerves) [9,23,24]. Furthermore, the
moderating role of psychological factors such as pain
catastrophizing, fear of pain, anxiety and depression,
all of which have a proven influence on pain respon-
siveness [25,26], should be considered and measured.

Since its inception, algometry has mostly been used
as an evoked measure of static pain, evaluating pain
response in a basal nociceptive state [27,28].
Threshold and tolerance, defined as the minimal
stimulation to induce pain and maximum painful
stimulation that can be endured, respectively, are the
most common static evoked pain measures [29].
Under different pain modalities, both have been dem-
onstrated to be significantly lower in FM patients than
in healthy controls (HC) [18,30,31]. However, neither
parameter relates specifically to CS [17], and both are
influenced by individual factors such as somatosensory

sensitivity (e.g. the higher the mechanosensitivity, the
lower the pressure pain threshold), muscle strength,
and the peripheral impulse input to the stimulated tis-
sue [24,32,33]. In fact, the evaluation of CS requires an
assessment of the increase in pain responsiveness to
repeated painful stimulation [8], which may be deter-
mined via dynamic pain indicators [24,27,28,34,35].
Dynamic evoked pain measures facilitate the assess-
ment of CS processes, such as the increased activity of
ascending pain pathways and diminished activity of
descending pain mechanisms, as measured by tem-
poral summation of pain (TSP) [35-37], and condi-
tioned pain modulation (CPM) [38,39], respectively.
Therefore, the measures of dynamic pain seem suit-
able to evaluate FM as a CS-related chronic
pain condition.

However, although the utility of algometry to
examine pathophysiological mechanisms of FM pain is
not in dispute, no recent systematic review has exam-
ined the algometry techniques used most widely to
assess the specific involvement of CS processes in
these patients. A systematic review exploring and syn-
thetising the varied data obtained over the last few
years on the use of evoked pain measures for assess-
ing CS in FM is needed to optimise, unify and update
current QST protocols. Therefore, to determine the
potential of algometry as a tool to assess CS, a sys-
tematic review of studies published in the last decade
using evoked pain measures to assess CS in FM was
conducted. The present systematic review aimed to:
(1) identify the dynamic evoked pain measures used
most frequently to effectively assess CS processes in
FM, by reviewing findings published in the past dec-
ade, and (2) assess the future potential of algometry
as a method to assess CS involvement in
these patients.

2. Materials and methods
2.1. Search strategy

This systematic review was conducted according to
the guidelines of the Cochrane Collaboration and
reported based on the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) [40].
The inclusion criteria and analyses were specified in
advance, and the protocol was registered in the
Prospective  Register of  Systematic  Reviews
(PROSPERO) international database (registration ID:
CRD42021270135). The search string was as follows:
central pain sensitisation AND fibromyalgia AND (algo-
metry OR algometer OR dolorimetry OR dolorimeter
OR evoked OR experimental OR elicited OR testing OR
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Figure 1. PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and

other sources.

pressure OR mechanical OR thermal OR heat OR elec-
trical OR cold).

The PubMed, Scopus, and Web of Science (WOS)
databases were searched independently by two
researchers. Discrepancies were resolved by consensus.
Two reviewers (P.d.l.C. and CM.G.S.) independently
screened all articles and selected those that satisfied
the inclusion criteria for full-text analysis. The titles
and abstracts of the articles were screened to remove
irrelevant studies (i.e. those clearly unrelated to the
aims of this review); the remaining shortlisted articles
were screened in depth for eligibility. In order to com-
pile the final set of articles to be reviewed, the full
texts of relevant articles were retrieved and screened
based on the inclusion and exclusion criteria. Both
reviewers decided whether the articles should be
included or excluded; any discrepancies were reviewed
by the senior author (G.A.R.d.P.), who was the final
arbiter regarding the inclusion of a study. The article

screening and inclusion processes are illustrated as a
PRISMA flowchart (Figure 1). Before data extraction
and quality assessment, C.LM. screened all articles in
order to confirm their eligibility for this study. The
search was restricted to articles published in the past
2011-2020 decade, and 2021years. The last search
was conducted on December 31, 2021.

2.2. Eligibility criteria

Studies were included if they were: (1) peer-reviewed
original studies using algometry techniques to assess
CS processes in FM patients; (2) full-text publications;
(3) published in the period 2011-2021; and (4) pub-
lished in English. The following studies were excluded:
(1) reviews and meta-analyses; (2) comments, editori-
als, case reports, letters, and meeting abstracts; (3)
non-human studies; and (4) non-quantitative studies.
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Table 1. Characteristics on the use of dolorimetry to assess central ensitization in fibromyalgia.

First author (year of publication), country.

Sample size (N),
(Age in years old: Mean £ SD), Sex (%).

Condition/s (n).
Ang et al. (2011), USA [42].

N=32FM female patients (49.00 + 11.00).

n = 18 depressed FM patients,
n = 14 non-depressed FM patients.

Blumenstiel et al. (2011), Germany [43].
N = 64 female individuals.
n = 21 FM patients (50.60 + 9.50),

n = 23 (BP patients (43.40 + 8.60),
n = 20 HC (38.30+7.60).

Lambin et al. (2011), Canada [61].
N =100 female individuals.

n = 50 FM patients (44.60 + 8.30),
n = 50 CLBP patients, (43.30+8.10).

Sahin et al. (2011), Turkey [65].
N =46 female individuals.

n = 28 FM patients (29.80 + 7.00),
n = 18 HC (30.40 +5.10).

Burgmer et al. (2012), Germany [47].
N =34 female individuals.

n = 17 FM patients (52.59 +7.95),
n = 17 HC (49.53 +8.87).

Craggs et al. (2012), USA [52].
N =24 individuals (non-indicated age/sex)

n = 13 FM patients.
n =11 HC

Rhudy et al. (2013), USA [64].

[ Pain modality.
[ Body area.
[ Device/tool to evoke pain.

Details of the procedure.

QElectrical stimulation.

QSural nerve of leg biceps femoris muscle.

QA constant-current stimulator (DS7A;
Digitimer, Welwyn Garden City, United
Kingdom).

Details:

@®NFR = +1.5 SD in post-stimulation period
compared to pre-stimulation one.

®4-1-mA staircases.

QPinprick stimulation.

@Dorsum of the hand, and back.

QA stimulator with a flat contact area of
0.25mm-diameter.

Details:
@1 series of 10 pinpricks of 256 mN by site.
50% right hand / 50% left hand.

Repeated lifting of low-to-moderate weights.
General pain increase (most of the body).
QCanisters of different weight (2.9-3.9-kg).

Details:

#2 lifting tasks of 18 canisters:

(a) a pain rating for each lift (with a verbal
NRS),

(b) an estimate of the weight of each canister.

®2-55s of inter-lift intervals.

@1 min of inter-lifting tasks interval.

QElectrical stimulation.

Median and ulnar nerves of the abductor
pollicis brevis muscle of the right hand.

A Nicolet Viking IV current stimulator.

Details:

@ Slightly-overstepping of the sensory threshold.

&5 digital nerve (specific stimulated site).

@ Maintained max. abduction of the thumb.

Qlincision followed by mechanical stimulation.

QRight volar forearm.

A Ceramic scalpel (SLG-Ceramic, Bernau) and
a 92-mN von Frey mono-filament.

Details:

@A 5-7 mm incision.

@ Mapping along 8 tracks at 45° angles moved
towards the incision until the pain
perception.

@A 0-100 NRS.

QHeat stimulation.

QPlantar surface of the right foot.

A MR-compatible Peltier thermode with a
30 x 30mm contact surface (TSA-2001;
Medoc, Ramat Yishai, Israel).

Details:

@Adjusted intensity to a 45/100 pain.

@ Trains of 6-heat pulses at 0.17-0.33 Hz.
@A 0-100 NRS.

QElectrical stimulation.

QSural nerve in the left leg (retromalleolar way).

 CS Measure/s.

Primary/secondary outcomes.

QANFR threshold.

Primary Outcomes:
@®Non-depressed FM patients: the greater
clinical pain, the lower NFR thresholds.

Secondary Outcomes:
@®Depression attenuates the relationship
between clinical pain and NFR.

QTSP/WU.
QWU ratio.

Primary Outcomes:
@FM and CBP patients: enhanced WU, but not
significant WU ratio.

Secondary Outcomes:

@®FM patients: ensitizati pain in comparison with

CBP patients.
QRISP.

Primary Outcomes:

®FM patients: more RISP than CLBP patients.

Secondary Outcomes:

@RISP was positively correlated with fear of

movement and pain disability, but not with
depression or catastrophizing.

QCuSP.

Primary Outcomes:

@®FM patients: longer CuSP onset latencies, and

delays in the evocation of the inhibitory part
of the spinal protective reflex than HC. Non-
significant group differences in

CuSP duration.

QSecondary hyperalgesia + fMRI of pain-related
brain areas.

Primary Outcomes:

@FM patients: more secondary hyperalgesia

than HC.

Secondary Outcomes:

@®FM patients: Secondary hyperalgesia was

related to cerebral mid-brain
nociceptive mechanisms.

QTSP/WU.

QActivation of pain-related brain areas by fMRI
during TSP.

Primary Outcomes:

@®FM patients: TSP was not significantly higher

than for HC, neither TSP group differences
were related to brain activity.

Secondary Outcomes:

@®FM patients: TSP was associated with

processes involving the left hemisphere and
S1, S2, and the posterior insula.
QANFR threshold.

(continued)
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N =55 individuals, 84% women.

n = 18 FM patients (49.44 + 9.62), 89% women.
n

n

18 RA patients (44.67 + 14.32), 83% women.
= 19 HC (46.68 £ 14.14), 79% women.

Umeda et al. (2013), USA [71].
N =29 female individuals.

n = 15FM patients (47.07 +12.10),
14 HC (41.93 + 11.46).

s
I

Van Oosterwijck et al. (2013), Belgium [72].

N =30FM patients, 87% women.

n = 15 FM patients receiving physiological
education (45.80 + 9.50), 80% women.

n = 15 FM patients receiving pacing self-

management education (45.90 £ 11.50),
93% women.

Desmeules et al. (2014), Switzerland [57].
N =236 individuals, 92% women.

n = 137 FM patients (50.10 + 9.00), 93% women,
n = 99 HC (49.90 + 10.80), 91% women.

Staud et al. (2014), USA [68].
N =71 female individuals.

n = 33 FM patients (42.20 + 12.60),
n = 38 HC (49.10 + 16.60).

Coppieters et al. (2015), Belgium [50].
N =59 individuals, 76% women.

n = 21 FM patients (44.52 + 9.47), 76% women,

n = 16 chronic whiplash patients (41.62 + 11.45),
81% women,

n = 22 HC (38.00 + 13.90), 64% women.

QA Constant current stimulator (DS5; Digitimer,
Welwyn Garden City, United Kingdom) with a
bipolar surface-stimulating electrode (30-mm
inter-electrode distance; Nicolet).

Details:

@®NFR = response of 415D in post-stimulation
period compared to pre-stimulation one.

@1-2-mA staircases.

@®Randomised interval inter-stimulations.

@A NRS.

WElectrical stimulation.

QRight biceps femoris muscle.

QA Constant current stimulator (DS7AH;
Digitimer, Welwyn Garden City, United
Kingdom).

Details:

@®NFR =response of +1SD in post-stimulation
period compared to pre-stimulation one.

@4-2-1-mA staircases.

Hot water.

(Different locations of dominant arm: proximal
interphalangeal joints, mid-palm, wrist, distal
third of the forearm, middle third of the
forearm, elbow, mid-biceps, and shoulder.

QA system of circulating water.

Details:
@®Progressive immersions in 46°C water.
42 min/immersion.

@A 0-100 NRS (15 s after beginning immersion).

45 min of inter-immersion interval.
QElectrical stimulation.

QSural nerve of the retromalleolar tendon.
QNicolet Viking IV current stimulator.

Details:

®NFR = >0.5mV/ms of response.

@Variable current intensity (from 1 mA).

0.5 ms of stimulus duration.

€6-105s of inter-stimulus interval.

@A NRS.

Repeated heat stimulation.

QThenar eminence of both hands.

A Medoc (Ramat Yishai, Israel) CHEPS (Contact
Heat Evoked Potential Stimulator).

Details:

@6 trains of 5 heat-pulses of 1.5 at 0.4 Hz.

#4305 of inter-train interval.

@A NRS.

@AS: 15 and 305 after each train.

TSP:

Pressure-pulse stimulation.

QDorsal side of the intermediate phalanx of the
right middle finger, and the middle of the
right trapezius belly.

A Wagner algometer (Greenwich, CT, USA).

CPM:

Pressure pulses [T], ischaemic pressure [C].

QTSP body locations [T], left arm [C].

The same Wagner algometer [T], an ischaemic
occlusion cuff [C].

Details:

TSP:

@®Pulses equivalent to the pain threshold.
@15 of inter-pulse interval.

@A verbal NRS (at 1%t ,5™, and 10" pulses).
CPM:

@ Adjusted cuff inflation to a 3/10 pain.

Primary Outcomes:
@®FM patients: No differences in NFR thresholds
regarding RA/HC.

Secondary Outcomes:

‘®Emotional modulation of the NFR (in all
cases).

@RA patients and HC: Emotional pain
modulation (not in FM).

@®FM patients: disrupted supraspinal processing
during emotional/pain experiences.

ANFR threshold.

Primary Outcomes:

@®FM patients: Only 8/15 successfully elicited
NFR, while all HC did it. Similar NFR threshold
compared to HC.

Secondary Outcomes:
@FM patients: the higher depression, the more
difficult to elicit NFR.

SSP.

Primary Outcomes:

@®FM patients: lower SSP who received pain
physiology education compared with those
who did not receive it.

ANFR threshold.

Primary Outcomes:
@®FM patients: lower NFR thresholds than HC.

Secondary Outcomes:

@®FM patients: lower NFR thresholds were
associated with the Met/Met genotype of
COMT Val158Met polymorphism.

@@WU function.
QAS.

Primary Outcomes:
@®FM patients: greater slope of WU function and
AS than HC.

Secondary Outcomes:

@®FM patients: AS were positively associated
with clinical pain.

QTSP/WU.

QCPM.

Primary Outcomes:

@®FM patients: greater TSP than HC, and the
same one that for chronic whiplash patients.

@Non-significant group differences in CPM.

(continued)
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Table 1. (Continued)

Uceyler et al. (2015), Germany [70].
N =70 individuals, 90% women.
n = 25FM patients (59.00), 92% women,

n = 10 MD patients (50.00), 90% women,
n = 35 HC (59.00), 89% women.

Bosma et al. (2016), Canada [44].
N =29 female individuals.

n = 14 FM patients (39.00 + 4.90),
n = 15 HC (39.00 + 10.20).

Coppieters et al. (2016),
Belgium [51].

N =59 * individuals, 76% women.

* The same sample that Coppieters et al. (2015).

n = 21 FM patients (44.52 + 9.47), 76% women,

n = 16 chronic whiplash patients (41.62 + 11.45),
81% women,

n = 22 HC (38.00 £ 13.90), 64% women.

Janal et al. (2016), USA [60].
N =174 female individuals.
n = 26 FM + TMD patients (43.40 + 20.40),

n = 99 Myofascial TMD patients (36.30 + 17.30),
n = 48 HC (36.70 = 14.20).

Montoro et al. (2016), Spain [62].
N = 44 female individuals.

n = 24 FM patients (25.31+3.37),
n = 20 HC (24.18 £ 3.98).

De la Coba et al. (2017), Spain [53].
N =48 female individuals.

n = 24 FM patients (52.21 + 9.59),

WPressure stimulation.

QMuscle bulk of the finger extensors of the
dominant hand (right).

QA Wagner algometer (Greenwich, CT, USA).

Details:

@20 painful/non-painful stimuli of 2s at 0.1Hz.

(in a ensitizat order).

@Painful (or not) = 5N above/below the
threshold.

#Different specific location for each series.

@A 0-100 NRS.

Repeated heat stimulation.

QThenar eminence of the right hand.

JAn MR-compatible Peltier thermode with a
30 x 30mm contact surface (TSA-2001;
Medoc, Ramat Yishai, Israel).

Details:

@®Series of 11 heat contacts at 0.33 Hz.
@Adjusted intensity to a 50/100 pain (42-50°C).
@AS: 15 and 30s after each series.

TSP:

Pressure-pulse stimulation.

QDorsal side of the intermediate phalanx of the
right middle finger, and middle of the right
trapezius belly.

A Wagner algometer (Greenwich, CT, USA).

CPM:

OPressure-pulse [T], ischaemic pressure [C].

QTSP body locations [T], left arm [C].

The same Wagner algometer [T], an ischaemic
occlusion cuff [C].

Details:

See above Coppieters et al. (2015).

QHeat-pulses.

WThenar eminence of the non-dominant hand,
and the skin on the right and left face on the
belly of the masseter muscle.

QA pathway Stimulator (Medoc Ltd., Ramat
Yishai, Israel) with a 27mm-diameter
thermode.

Details:

@1 °C less than for “late sensations” (or 45°C).
@15 heat-pulses trains of 700 ms at 0.5 Hz.
@A NRS (at 1%, 5™, 10", 15™ stimuli).

@®AS: 155 after each train.

WPressure stimulation.

QNail of the third finger of the left hand.
A JTECH wireless algometer (Midvale, UT,
USA) with a 1cm?-surface adapted for
manual application of constant increasing

pressure.

Details:

®2 series of 12 stimuli of 10s at 0.017 Hz:
(a) using a fixed pressure of 2.4kg, and

(b) using a 6/10 pain (individually calculated).

Pressure stimulation.

@Nail of the 3 finger of the left hand.
QA JTECH wireless algometer (Midvale, UT,
USA) with a 1cm?-surface adapted for
manual application of constant increasing

pressure.

LJO2HDb levels of pain-related brain areas
implicated in pain processing to repeated
painful pressure stimulation.

Primary Outcomes:

LJFM patients: augmented cerebral activation of
pain-related brain areas (especially in the
dorsolateral prefrontal cortex) in comparison
to MD patients and HC, using identical
(subjective) painful stimulation.

QTSP/WU.

QAS.

QActivation of pain-related brain areas through
fMRI during TSP and AS.

Primary Outcomes:

@®FM patients: lower intensities to achieve TSP,
increased AS, and lower activity in multiple
pain inhibition-related brain areas (rostral
ventromedial medulla and periaqueductal
grey region) and spinal cord (dorsal horn),
than HC.

QTSP/WU.

QCPM.

Primary Outcomes:

@®FM patients: increased TSP in response to
relaxation and stressful-cognitive tasks.

@ Chronic whiplash patients and HC: TSP
decreased to both tasks.

@ CPM decreased in all groups in response to
relaxation and stress.

@Non-significant group differences in CPM.

QTSP/WU.
QAS.

Primary Outcomes:

@ Similar TSP regardless of FM condition (no

group differences).

@Independent of FM diagnosis: AS decayed
more slowly over time in TMD patients
than HC.

LACBF during painful pressure stimuli.

Primary Outcomes:

@®FM patients: an anticipatory CBF response in

the anterior cerebral arteries, a greater early
CBF increase under the fixed pressure
condition, a larger CBF decrease after the
early component (in both arteries), and a
final CBF increase.

Secondary Outcomes:

@®FM patients: clinical pain was associated with

CBF responses of the medial cerebral arteries.
ASREP ensitization.

Primary Outcomes:

@®FM patients: Enhanced pain ensitization to

SREP, but not in HC.

(continued)
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n = 24 HC (50.96 = 10.27).

Goubert et al. (2017),
Belgium [59].

N =101 individuals, 59% women.

n = 26 FM patients (45.00 + 9.00), 73% women,

n = 23 Recurrent LBP patients (31.00 £ 10.00),
61% women,

n = 15 Mild CLBP patients (34.00 + 10.00), 53 %
women,

n = 16 Severe Chronic LBP patients

(46.00 + 14.00), 50% women,
n = 21 HC (38.00 + 13.00), 57% women.

Schreiber et al. (2017), USA [66].
N =70 individuals, 83% women.

n = 53 FM patients (46.30 + 11.40), 87% women,
n = 17 HC (44.10 + 14.80), 71% women.

De la Coba et al. (2018b), Spain [54].
N =57 female individuals.

n = 30 FM patients (52.00 + 9.57),
n = 27 HC (51.41+9.94).

De la Coba et al. (2018c), Spain [55].
N =65 female individuals.

n = 35FM patients (53.11 +8.28),
n = 30 RA patients (53.07 £ 10.55).

Details:

@1 series of 9 weak-moderate painful stimuli of
55 at 0.03 Hz (30s of inter-stimulus interval).

@SREP Pressure = Threshold + 1.25%(DF/4);

where DF =Tolerance - Threshold.

@A 0-10 VAS.

TSP/CPM [T]:

Pressure stimulation.

QErector spinae, quadriceps, trapezius and
hand.

A Force Ten algometer (Wagner Instruments,
Greenwich, CT, USA) with a 1-cm-circular
diameter probe.

SSP/CPM [C]:

Qlschaemic occlusion.

QRight leg.

QA computer-controlled cuff algometer
(Nocitech and Aalborg University, Denmark)
connected to a 13-cm silicone tourniquet cuff
(VBM Medizin-technik GmbH, Sulz, Germany),
creating a double-chamber cuff.

Details:

TSP:

@ Series of 10 contacts of pain threshold
intensity.

@A NRS (at 1%, 5™ and 10" stimuli).

SSP:

@Pain threshold/tolerance during inflation of
the double-chamber cuff less the values
during inflation of the single-chambered cuff.

CPM:

€46 °C water.

€205 between test and conditioning
stimulations.

@A VAS.

Qlschaemic occlusion.

QGastrocnemius muscle belly of the left leg.

A 13.5-cm-wide Velcro-adjusted blood
pressure cuff connected to a cuff inflator
(Hokanson Inc., Bellevue, WA, USA).

Details:

@ Adjusted cuff inflation to a 40/100 pain.
®2 min of cuff pressure stimulation.
@Pain ratings at 60 and 120s.

@®AS: 155 after the deflation.

Repeated pressure stimulation.

QNail of the third finger of the left hand.
A JTECH wireless algometer (Midvale, UT,
USA) with a 1 cm?-surface adapted for
manual application of constant increasing

pressure.

Details:
See above de la Coba et al. (2017).

TSP:

Repeated pinprick stimulation.

QThenar eminence of the left hand.

A 300-g-calibrated nylon monofilament
(Touchtest Sensory Evaluator 6.65).

SREP:

Repeated pressure stimulation.

QNail of the third finger of the left hand.
QA JTECH wireless algometer (Midvale, UT,
USA) with a 1 cm?surface adapted for
manual application of constant increasing

pressure.

Secondary Outcomes:

@®SREP ensitization was associated with clinical

pain, and had a higher diagnostic accuracy
discriminating FM from HC than static
measures (controlling pain catastrophizing).

QTSP/WU.
QSSP.
QCPM.

Primary Outcomes:

@®FM patients: greater TSP than in CLBP patients

and HC.
@No significant group differences for SSP or
CPM.

QrTsp.

QAS.

QActivation of pain-related brain areas revealed
by fMRI during TSP and AS.

Primary Outcomes:

@®FM patients: TSP in the majority. Lower
pressure to evoke TSP, more pronounced AS,
and greater activation of the medial temporal
lobe during/after pain stimulation, than HC.

Secondary Outcomes:

@®FM patients: AS were positively associated
with clinical pain and activation of the medial
temporal lobe.

ISREP ensitization.

Primary Outcomes:
@®FM patients: Enhanced pain ensitization to
SREP, but not in HC.

Secondary Outcomes:
@®FM patients: the lower blood pressure, the
greater SREP ensitization.

QTSP/WU.
ASREP ensitization.

Primary Outcomes:

@®FM patients: Enhanced pain ensitization to
SREP, but not in RA.

@TSP in both pain conditions.

Secondary Outcomes:

@ SREP ensitization had significantly greater test-
retest reliability and diagnostic accuracy than
TSP to discriminate FM from RA.

(continued)
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Table 1. (Continued)

Wodehouse et al. (2018), United Kingdom [73].

N = 14 FM patients (46.70 + 10.50), 96% women.

Brietzke et al. (2019), Brazil [46].
N =69 female individuals.

n = 41 FM patients (49.10 + 8.32),
n = 28 RA patients (32.10 £ 4.56).

Cardinal et al. (2019), Brazil [48].
N =63 female individuals.
n = 17 FM patients (50.50 + 8.70),

n = 18 MD patients (45.20 + 15.90),
n = 28 HC (43.80 + 13.00).

Celik et al. (2020), Turkey [49].
N =49 female individuals.

n = 21FM patients (36.80 +8.00),
n = 28 HC (37.30 + 8.80).

De la Coba et al. (2020), Spain [56].

N=130* female individuals.

* This sample was partially used in de la Coba,
2017, 2018¢ [53,55].

n = 50 FM patients (52.08 + 8.89),

n = 30 RA patients (53.07 £ 10.55),
n = 50 HC (50.42+8.12).

Soldatelli et al. (2020), Brazil [67].

N =117 FM female participants.

Details:

To TSP:

@2 series of 10 contacts of 1s at 1Hz.

€305 of inter-series interval.

@A verbal 0-10 NRS.

To SREP:

See above de la Coba et al. (2017).

Pressure [T], ischaemic occlusion [C].

QThe middle part of the right quadriceps
femoris muscle [T], left arm [C].

QA pressure algometer (type Il, Somedic
Production AB, Sosdala, Sweden) with a 10-
mm diameter tip covered with a 2-mm-thick
rubber [T], an ischaemic occlusion cuff [C].

Details:

®Maintained pain threshold pressure.

@lschaemic occlusion at 200 mmHg for 10 min

(or until a 6/10 pain).

Heat [T], maintained cold [C].

Dominant forearm [T], non-dominant hand
[Cl.

JAn MR-compatible Peltier thermode with a
30 x 30mm contact surface (TSA-2001;
Medoc, Ramat Yishai, Israel) [T], cold water
[Cl.

Details:

@305 of a 6/10 heat pain.

@A 0-10 NRS.

40-1°C cold water.

41 min of inmersion (30s after heat).

Heat [T], maintained cold [C].

QDominant forearm [T], non-dominant hand
[Cl.

QAn MR-compatible Peltier thermode with a
30 x 30mm contact surface (TSA-2001;
Medoc, Ramat Yishai, Israel) [T], cold water
[Cl.

Details:
See above Brietzke et al. (2019).

WElectrical stimulation.

QRight sural nerve behind the lateral malleolus.

QJAn 8-channel electromyograph (Nihon Kohden
America Inc., Irvine, CA, USA).

Details:

@Electrical stimulation until 24 times higher
than pain threshold, or up to the pain
tolerance.

@ 5-rectangular-pulses trains of 0.2 ms at 90 Hz.

@lrregular inter-train intervals (5-30s).

Repeated pressure stimulation.

QNail of the third finger of the left hand.
A JTECH wireless algometer (Midvale, UT,
USA) with a 1 cm?surface adapted for
manual application of constant increasing

pressure.

Details:
See above de la Coba et al. (2017).

Heat [T], maintained cold [C].

Dominant forearm [T], non-dominant hand
[Cl.

AN MR-compatible Peltier thermode with a

QCPMm.

Primary Outcomes:

@®FM patients: more CPM, and higher pain

thresholds and quality of life, after
pregabalin treatment.

QCPM.

Primary Outcomes:

@®FM patients: lower CPM, and inversely related
to BDNF (controlling anxiety, depression, and
pain catastrophizing).

QCPM.

Primary Outcomes:
@®FM patients: CPM was significantly lower than
in MD patients and HC.

Secondary Outcomes:
@®FM patients: higher BDNF than MD. BDNF and
CPM were correlated.

INFR threshold.

Primary Outcomes:

@®FM patients: lower NFR latency, higher
amplitude, wider response area, lower
resistance to max. electrical current, and
higher pain to max. stimulation, than HC.

Secondary Outcomes:

@®FM patients: non-association of clinical
symptoms (quality of life, anxiety, and
depression) with the NFR threshold.

ISREP ensitization.

Primary Outcomes:
@®FM patients: Enhanced pain ensitization to
SREP, but not in RA/HC.

Secondary Outcomes:

@®FM patients: SREP ensitization was positively
associated with clinical pain, fatigue,
insomnia, and catastrophizing, but not with
negative mood.

@ SREP index discriminated FM from RA
(controlling clinical pain), and
“Fatigue + insomnia + SREP” had a 99%
diagnostic accuracy discriminating from FM
and HC.

QCPM.

Primary Outcomes:
@®Non-responder FM patients (to CPM):

(continued)
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n = 60 Non-responders to CPM (48.43 £ 9.29),
n = 57 Responders to CPM (50.54 + 7.84).

Ydrefors et al. (2020), Sweden [74].
N =50 female individuals.

n = 29FM patients (38.90 + 11.70),
n = 21 HC (41.20 + 11.00).

Al-Mahdawi et al. (2021), Iraq [41].

N =62 individuals,
73% women.

n = 31 FM patients (age range: 18-62), 74%
women,

n = 31 HC (age range: 17-55), 71% women.

Bourke et al. (2021), United Kingdom [45].

N =70 individuals, 74% women.

n = 19FM patients (36.00), 84% women,

n = 19 chronic fatigue patients (43.00), 68%

women,
n = 20 HC (34.00), 70% women.

Donadel et al., (2021), Brazil [58].

N =41 female individuals.

S
|

= 22 FM patients (47.14 + 9.49),
= 19 HC (34.68 + 12.45).

B
|

Rehm et al., (2021), Germany [63].

N =87 FM patients (50.40 +9.60), 96% women.

30 x 30mm contact surface (TSA-2001;
Medoc, Ramat Yishai, Israel) [T], cold water
[Cl.

Details:
See above Brietzke et al. (2019).

WElectrical stimulation.

Foot.

QA constant current stimulator with a max.
output current of 16 mA at a max.
compliance voltage of 120 V (Multi Channel
Systems MCS GmbH, Reutlingen, Germany).

Details:

@5-square-pulses trains of 1 ms at 200 Hz.

42-1-mA staircases.

@A Z score was derived: NFR =Z score > 12.

Z score = difference between the post-
stimulation max. amplitude and the pre-
stimulation mean amplitude, divided by the
SD of the baseline.

Constant electrical stimulation.

Median nerve of the abductor pollicis brevis
muscle of the right hand.

QAn A/S-DK-2740 Keypoint (Medtronic
functional Diagnostic, Skovlunde, Denmark).

Details:

®Index finger in constant 50%-contraction.

@®Series of 20 80-mA stimuli of 0.5 ms (1/NFR).

TSP:

Pressure-pulse stimulation.

QRight quadriceps femoris muscle.

17 von Frey monofilaments (0.039-4386 mN).

CPM:

QPressure [T], ischaemic pressure [C].

QRight quadriceps femoris [T], left arm [C].

QA pressure algometer with a 10-mm-diameter
contact tip, covered with a 2-mm thick
rubber [T], an ischaemic occlusion cuff [C].

Details:

TSP:

@A filament to evoke pain.

€10 contacts of 1s of duration at 1Hz

CPM:

@ Cuff occlusion was of 200 mmHg for 10 min
(or until a 6/10 pain).

@A 0-10 NRS (for TSP/CPM).

Maintained cold stimulation.
QRight hand.
QCold water.

Details:

925 °C/5°C for innocuous/noxious tests.

€305 of immersion duration.

@2 min of inter-test interval.

#Indices of change in O,Hb levels: (1°) peak
latency; (2") difference between baseline
and max. peak amplitude; and (3") difference
between baseline and 15s after each
stimulation.

JRepeated pinprick stimulation.
WFace, hand and foot.
QA pinprick stimulator with 1cm? surface area.

discriminated from responders based on a
composite index of a set of frequent FM
symptoms + another set of neuroplasticity
markers with a 100% sensitivity and a 98%
specificity (controlling analgesic use, pain
threshold, sleep quality, catastrophizing,
BDNF levels, FM impact, and
psychiatric disorders).

INFR threshold.

Primary Outcomes:

@®FM patients: higher pain, and similar NFR

thresholds, than HC.

Secondary Outcomes:

@®FM patients: association between NFR

thresholds and pain ratings.

QCusP.

Primary Outcomes:
@®FM patients: longer CuSP duration than HC.
No group differences in CuSP latency.

Secondary Outcomes:

®Sex and age have no significant impact on
primary outcomes.

QTSP/WU.

QCcPMm.

Primary Outcomes:

®FM patients: enhanced TSP and an inefficient
CPM was found. No differences in both
indicators in relation to chronic fatigue
patients.

@HC: Absence of enhanced TSP or inefficient
CPM.

Secondary Outcomes:

@®In all: Enhanced TSP was associated with
inefficient CPM and vice versa. Non-
significant associations between TSP/CPM and
current clinical pain, physical function, fatigue
or anxiety.

@ Diagnostic properties: CS was detected in 95%
of FM patients, 84% of chronic fatigue
patients, and 0% of HC.

JO,Hb levels in pain-related cortical areas
implicated in the processing of evoked cold
pain.

Primary Outcomes:

@®FM patients: diminished cerebral activity at
left prefrontal cortex (a pain inhibition-related
brain area) than HC.

Secondary Outcomes:

®FM patients: successfully discriminated from
HC using the 3™ O,Hb index (sensitivity of
85% / specificity of 80%).

@A 99% diagnostic accuracy to discriminate FM
patients with a lower vs. greater severity of
CS-related symptoms.

QWU ratio.

Primary Outcomes:
@®FM patients with higher and lower clinical
pain showed non-significant differences in

(continued)
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Table 1. (Continued)

Staud et al., (2021), USA [69].

N =30 female individuals.

Details:

Procedure in Rolke et al. (2006).

@1 train of 10 pinprick stimuli at 1 Hz.

4128 mN for the face / 256 mN for the hands/
feet.

@A NRS.

@WU ratio = the pain ratings of the pinprick
trains divided by the pain ratings of
single stimuli.

Repeated heat stimulation.

QThenar eminence of the right hand.

JAn MR-compatible Peltier thermode with a
30 x 30mm contact surface (TSA-2001;

WU ratio.
@A 67% ensiti. of FM patients showed CS
according to WU ratio.

QTsP.

QAS.

QActivation of pain-related brain and spinal
cord areas by fMRI during TSP.

n = 14 FM patients (37.60 + 16.00),
n = 16 HC (48.70 + 12.80).
Details:

@®Adjusted intensity to a 50/100 pain.
@6 trains of 18 stimuli of 1s at 0.4 Hz.

@A 0-100 NRS.

@®AS: 305 after the last stimulus.

Medoc, Ramat Yishai, Israel).

Primary Outcomes:

@®FM patients: lower stimulation to evoke TSP
than HC, but not TSP differences. A larger
involvement of spinal cord and pain-related
brain areas during TSP than HC. AS were
presented, but no in HC.

@No group differences in temporal pattern of
spinal activation during TSP.

Secondary Outcomes:

@FM patients: altered descending pain activity
in periaqueductal grey matter-rostral
ventromedial medulla-dorsal horn.

Note: [C] = conditioning stimulation, [T] = Test stimulation. AS = aftersensations, BDNF = brain-derived neurotrophic factor, CBF = cerebral blood flow,
CPM = conditioned pain modulation, CS= central ensitization, CUSP = cutaneous silent period, FM = fibromyalgia, fMRI = functional magnetic resonance
imaging, HC = healthy control, MD = major depression, NFR = nociceptive flexion reflex, NRS = numeric rating scale, QST = quantitative sensory testing,
RA =rheumatoid arthritis, SD = standard deviation, SSP = spatial summation of pain, TMD = temporomandibular disorder, TSP = temporal summation of
pain, USA = United States of America, VAS = visual analog scale, WU = wind-up.

2.3. Data extraction and quality assessment

The study characteristics, methodologies and results were
extracted independently by P.d..C. and CM.GSS., and any
discrepancies were reviewed by G.ARd.P. Data were
extracted in the following sequence: first author (publica-
tion year), country, sample size, age (mean £5SD), sex (%),
condition/s, pain modality, body area, device/tool used to
evoke pain, details of the procedure, CS measure, primary
and secondary outcomes. The study characteristics are
shown in Table 1. The data were reviewed by CIM. to
ensure the accuracy of the extraction thereof.

In order to evaluate the quality of the selected
articles, both CM.G.S. and C..M. independently eval-
uated the risk of bias (ROB) in each study according to
the Cochrane ROB assessment tool. Additionally,
P.d.I.C. or G.A.R.d.P. reviewed articles listing C.M.G.S. or
C.LM. as authors. The Cochrane ROB tool contains
seven evaluation items: random sequence generation
(selection bias), allocation concealment (selection
bias), blinding of participants and personnel (perform-
ance bias), blinding of outcome assessment (detection
bias), incomplete outcome data (attrition bias), select-
ive reporting (reporting bias), and other bias. For each
item, the ROB was graded as high, medium or low.
Discrepancies were resolved by discussion with the
senior author (G.A.R.d.P.), who made the final decision.

2.4. Data synthesis

In line with the stated aims of this review, whether
the studies used algometry specifically to assess CS to
pain in FM patients was analysed. This was done for
each individual article identified by the search accord-
ing to the PRISMA flow diagram (first: title; second:
abstract; third: text). The included studies are detailed
in Table 1, and evaluated in terms of reporting biases
in the Risk of Bias section and Table 2.

3. Results
3.1. Literature search and study characteristics

A total of 572 articles were identified by database
searches, 376 of which were finally selected for screen-
ing after removing duplicates. Figure 1 displays the
PRISMA flow chart, which details the number of stud-
ies excluded at each stage of the screening process.
An analysis of 40 full-text articles was performed to
determine their eligibility for the review. Among these
articles, 34 fulfilled the inclusion criteria and were sub-
jected to the data extraction (Table 1) and quality
assessment processes (Table 2) [41-74]. All of the
articles were published between 2011 and 2021, as
mentioned above. While 5 studies included only FM
patients [42,63,67,72,73], the remaining 29 had one or



Table 2. Risk of Bias Assessment of relevant eligible studies.
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Random Blinding of
sequence Allocation participants Blinding of Selective General
generation concealment  and personnel outcome Incomplete reporting assessment
(selection (selection (performance (detection outcome data (reporting (low,
First author (year) bias) bias) bias) bias) (attrition bias) bias) Other bias medium, high)
Ang et al., 2011 L L H H L L Y High
Blumenstiel H H H H L L Y Low
etal, 2011
Lambin et al., 2011 H H H H L L Y Low
Sahin et al., 2011 H H H H L L Y Low
Burgmer et al., 2012 H H H H L L Y Low
Craggs et al., 2012 H H H H L M Y Low
Rhudy et al., 2013 H H H H L L Y Low
Umeda et al., 2013 H H H H L L Y Low
Van Oosterwijck L L L L L L Y High
etal, 2013
Desmeules H H H H L L Y Low
et al., 2014
Staud et al., 2014 H H H H L L Y Low
Coppieters H H H H L L Y Low
_etal, 2015
Uceyler et al., 2015 H H H H L L Y Low
Bosma et al., 2016 H H H H L L Y Low
Coppieters L L M L L L Y High
et al., 2016
Janal et al,, 2016 H H H H L L Y Low
Montoro et al., 2016 H H H H L L Y Low
De la Coba H H H H L L Y Low
et al., 2017
Goubert et al., 2017 H H H M L L Y Medium
Schreiber et al., 2017 H H H L L L Y Low
De la Coba H H M H L L Y Medium
et al., 2018b
De la Coba H H H H L L Y Low
et al, 2018c
Wodehouse H H H H L L Y Low
etal, 2018
Brietzke et al., 2019. H H M L L L Y Medium
Celik et al., 2020 H H H H L L Y Low
Cardinal et al., 2019 H H H H L L Y Low
De la Coba H H H H L L Y Low
et al., 2020
Soldatelli et al., 2020 H H H H L L Y Low
Ydrefors et al., 2020 H H H H L Y Low
Al-Mahdawi H H H H L L Y Low
et al., 2021
Bourke et al., 2021 H H H H L L Y Low
Donadel et al., 2021 H H H H L L Y Low
Rehm et al., 2021 H H H H L L Y Low
Staud et al., 2021 H H H H L L Y Low

Note. L =Low, M = Medium, H=High, Y =Yes.

more control condition/s, such as HC, another chronic
pain condition and/or other medical pathologies.
Seventeen studies were performed in Europe (Spain,
Germany, Belgium, Sweden, Switzerland and the UK),
8 in the USA, 4 in Brazil, 2 in Canada, 2 in Turkey, and
1 in Iraq. All details are provided in Table 1.

3.2. Participants

The 34 selected studies on the use of algometry to
measure CS to pain in FM included 2177 partici-
pants (average of 64 subjects per study; range:
14-236  subjects). Approximately half of the

participants were FM patients (n=1134); the others

were controls: HC (n=678) and individuals with
other chronic medical conditions (n=365). The
weighted mean age of all participants was

45.03+7.46years. In all studies, the age was similar
between the patient and control groups, except in 3
studies that reported a significant group difference
in age that was not fully controlled for [45,46,58],
and 2 studies that did not report participant age
[41,52]. Regarding participant sex, 21 studies enrolled
only women, 12 other studies had a clear female
predominance (59-96%), and 1 study did not report
this data [52] (see Table 1).
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3.3. Algometry in fibromyalgia patients: Evoked
pain indicators of Central sensitisation to pain

3.3.1. Temporal summation of pain and indicators
derived therefrom

TSP can be defined as an increase in pain perception
due to repeated stimulation (> 0.33 Hz), as opposed to
the magnitude of these stimuli. The TSP response is
based on the wind-up (WU) effect of neurons of the
dorsal horn of the spinal cord [75]. It should be noted
that TSP usually refers to the temporal summation of
second pain, which specifically involves C-fibers [76].
TSP is also referred to as WU [35], and multiple
evoked pain indicators are derived from it. Examples
include the WU function, which models the WU
responses to several series of TSP [68], and the WU
ratio, which is based on a comparison between pain
ratings in response to a TSP procedure and pain rat-
ings for single stimuli (of the same intensity and in
the same body location) [43].

Thirteen articles that used TSP/WU, WU function or
the WU ratio as indicators of CS of pain in FM patients
were included in the review (see Table 1 for details)
[43-45,50-52,55,59,60,63,66,68,69]. Eight of those
studies reported a higher TSP/WU, WU ratio or WU
function in FMS patients compared to HC
[44,45,52,59,66,68] and patients with other medical
conditions (chronic low back pain, chronic whiplash,
or rheumatoid arthritis) [50,55,59]. However, in three
studies, TSP and the WU ratio did not differ between
FM, HC, and patients with other medical conditions
(chronic fatigue, chronic low back pain, myofascial
syndrome, or temporomandibular disorder)
[43,45,60,69]. Secondary findings included an increase
in TSP after relaxation and cognitive stress tasks in FM
patients, a reduction in TSP after these procedures in
HC and chronic whiplash patients [51]; and a lack of
relationship between TSP and severity of FM symp-
toms [45], which was contrary to the higher TSP in FM
patients reporting more severe clinical pain (although
around 33% of these patients did not show a CS
response according to the WU ratio) [63].

3.3.2. Repetition-induced summation

of activity-related pain

Another TSP-related indicator, which probably also has
the WU effect as its underlying mechanism, is the
repetition-induced summation of activity-related pain
(RISP) [61]. RISP can be defined as a progressive
increase in pain ratings over successive weight lifts,
even when the overall physical demands of the task
remain constant [77].

One article using RISP as an indicator of CS in FM
patients was included in our review [61] (Table 1).
That study showed that RISP was significantly higher
in FM patients than in chronic low back pain patients.
Furthermore, RISP was associated with pain disability,
but not with depression or catastrophizing in FM
patients [61].

3.3.3. Aftersensations (as)

Aftersensations (AS) can be defined as an increase in
pain ratings that occurs some seconds after each ser-
ies of TSP. AS seems to depend on after-discharges of
dorsal horn neurons following repetitive C-fiber activa-
tion [37].

Five articles that used AS as indicator of CS in FM
patients were included in our review [44,60,66,68,69]
(Table 1). Among these articles, four reported higher
AS in FMS patients compared to HC [44,66,68,69],
while and did not show a difference in AS between
TMD patients suffering versus not suffering from FM
[60]. A secondary finding was that AS were positively
associated with clinical pain in FM patients [66,68].

3.3.4. Spatial summation of pain

Spatial summation of pain (SSP) is defined as an
increase in pain intensity due to an increase in the
size of the stimulated body area, which also depends
on the activation of C-fiber in the spinal cord [78,79].
SSP also seems to involve the central mechanism
known as diffuse noxious inhibitory control. As well as
a progressive increase in the size of the stimulated
area, factors like pain intensity and surface size also
are relevant to evoking SSP [80].

Two articles that used SSP as an indicator of CS in
FM patients were included in our review [59,72] (Table
1); neither article reported significantly higher SSP in
FM patients compared to HC and chronic low back
patients [59]. However, Van Oosterwijck et al. [72]
found lower SSP in FM patients who had received an
educational intervention on the physiology of pain.

3.3.5. Conditioned pain modulation

CPM is defined as inhibition of the pain produced by
a painful (test) stimulus due to the presentation of
another (conditioning) stimulus. CPM reflects the level
of pain reduction elicited by stimulus interference [81].
Although CPM is mainly used as an inhibitory pain
modulation paradigm, its underlying processes involve
both complex central facilitatory and inhibitory mech-
anisms of pain processing, such as diffuse noxious
inhibitory control; thus the specific mechanisms



involved in this pain measure have not yet been eluci-
dated [81,82].

Eight articles that used CPM as an indicator of CS
in FM patients were included in our review
[45,46,48,50,51,59,67,73] (Table 1). Among these stud-
ies, three reported significantly lower CPM in FMS
patients compared to HC and patients with other
medical conditions (major depressive disorder or
rheumatoid arthritis) [45,46,48]. Two studies did not
report CPM differences among FM patients, HC and
patients with other medical conditions (chronic low
back pain or chronic whiplash) [50,59]. Moreover, a
study in which CPM was used as a marker of clinical
improvement in FM patients after pregabalin treat-
ment reported a significant recovery in CPM after the
treatment [73]. Lower CPM after relaxation and stress-
ful tasks in FM, HC and chronic whiplash patients
were observed in another study, but there were no
significant differences in CPM among these groups
[51]. As secondary findings, CPM was inversely associ-
ated with brain-derived neurotrophic factor (BDNF) in
three studies [46,48,67], and with some clinical FM
symptoms in one study [67]. Additionally, CPM
seemed to be moderated by depression levels [48].

3.3.6. Noxious flexion reflex threshold

The noxious flexion reflex (NFR) threshold is defined
as the intensity of electrical stimulation required to
elicit the NFR. NFR is a polysynaptic spinal withdrawal
reflex elicited by the activation of nociceptive A-delta
afferents (monitored using electromyography) in
response to electrocutaneous stimulation of varying
intensity applied to the ipsilateral sural nerve of the
biceps femoris muscle. Thus, the NFR threshold indi-
cates the magnitude of the excitatory component of
the spinal protective reflex [83]. However, there is no
consensus definition of the NFR threshold, varying
according to factors such as the electromyographic cri-
teria and the required duration of the NFR response.
This makes it difficult to compare this indicator
between studies [84].

Six articles using the NFR threshold as an indicator
of CS in FM patients were included in our review
[42,49,57,64,71,74] (Table 1). Among these studies, two
reported a lower NFR threshold in FM patients com-
pared to HC [49,57], while three did not observe NFR
threshold differences between FM patients and HC
[64,71,74]. At this juncture, it should be noted that
Ang et al. found that depression had a confounding
effect on the inverse relationship between the NFR
threshold and FM pain; this association was only
observed in non-depressed FM patients [42]. As a
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secondary finding, a lower NFR threshold was associ-
ated with more severe clinical pain [57,71] and pain
sensitivity [49], although there were no associations
with other clinical FM symptoms [49]. Some studies
showed that depression and emotional states modu-
late these relationships [57,64,71]. Additionally, and in
accordance with the influence of depression on the
NFR response, FM patients with lower NFR thresholds
were more likely to possess the Met/Met genotype of
the COMT Val158Met polymorphism (this was less
common among individuals with depression) [57].

3.3.7. Cutaneous silent period

The cutaneous silent period (CuSP) can be defined as
the brief interruption in voluntary muscle contraction
that follows the painful electrical stimulation of a cuta-
neous nerve, i.e. the inhibitory component of the NFR
[85]. The mechanisms underlying CuSP are related to
sensorimotor integration processes occurring at the
spinal and supraspinal levels [86].

Two articles using CuSP as an indicator of CS in FM
patients were included in our review [41,65] (Table 1).
Differences in CuSP onset latencies between FM and
HC, but not in CuSP duration, were found by Sahin
et al. [65]. Contrary, Al-Mahdawi et al. observed differ-
ences in CuSP duration between FM and HC, but not
in CuSP onset latencies [41].

3.3.8. Slowly repeated evoked pain sensitisation
Slowly repeated evoked pain (SREP) sensitisation is
reflected in an increase in pain ratings in response to
repeated evoked pressure stimuli at a frequency of
0.03 Hz. The mechanisms underlying SREP sensitisation
are still unknown. This dynamic pain indicator is cur-
rently in the latter stages of development. Although a
lower stimulation frequency is used in the SREP proto-
col compared to TSP, WU is not considered a possible
underlying mechanism of SREP sensitisation. Long-
term potentiation of CS processes has been proposed
[54]. SREP sensitisation showed > 85% diagnostic
accuracy for discriminating FM patients from HC and
patients with other non-CS chronic pain condi-
tions [53,55,56].

Four articles using SREP sensitisation as a CS indica-
tor in FM were included in our review [53-56] (Table
1). All of these articles reported greater SREP sensitisa-
tion in FM patients compared to HC [53,54,56] and
rheumatoid arthritis patients [55,56]. In fact, SREP sen-
sitisation response was only found in FM patients in
all of the studies. Regarding secondary findings, SREP
sensitisation was positively associated with clinical
pain levels [53,56] and other typical FM symptoms
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[56]. Furthermore, SREP sensitisation was inversely
related to blood pressure [54] and proved to be a reli-
able measure [55].

3.3.9. Evoked pain combined with neuroimaging
Evoked pain measures have also been combined with
neuroimaging techniques to assess CS in FM patients
[87-89]. Eight such articles were included in our
review; four of them used TSP plus functional mag-
netic resonance imaging (fMRI) [44,52,66,69], while
two assessed pressure pain stimuli [70] and main-
tained cold stimulation [58] in combination with O,Hb
brain levels using functional near-infrared (fNIR) spec-
troscopy, one combined secondary hyperalgesia and
fMRI assessments [47], and another combined meas-
ures of pain perception to pressure stimulation and
cerebral blow flow (CBF) using functional transcranial
Doppler (fTCD) ultrasonography [62].

Regarding the first of the six articles introduced
above, Burgmer et al. associated the more severe sec-
ondary hyperalgesia seen in FM patients compared to
HC with impairment of central pain inhibition, in turn,
related to the cerebral mid-brain mechanisms impli-
cated in pain transmission [47]. Meanwhile, Uceyler
et al. found higher O,Hb levels in FM patients than HC
in brain areas related to pain processing, such as the
dorsolateral prefrontal cortex, in response to repeated
painful stimuli [70]. In response to cold pain stimula-
tion, Donadel et al. observed a lower change in O,Hb
concentrations in the left prefrontal cortex of FM
patients in comparison with HC, suggesting dysfunc-
tion in this inhibitory pain-related brain area [58]. This
specific difference allows for discrimination greater
than 80% between FM patients and HC [58]. Montoro
et al. observed a complex pattern of temporal CBF
changes in response to pressure pain stimulation, with
alterations seen in most stages of the response in FM
patients relative to HC; this suggested the presence of
CS in FM [62]. Using fMRI combined with a TSP pro-
cedure, Bosma et al. observed a lower activation in
dorsal horn and brain areas related to pain inhibition
(the rostral ventromedial medulla and periaqueductal
grey region) in FM patients than in HC [44]. Moreover,
greater AS was associated with a greater influence of
dorsal horn activity on pain [44]. Craggs et al. study
was the only one that did not report differences
between FM and HC in pain-related brain activity in
response to a TSP procedure [52]. Schreiber et al. com-
bined a TSP procedure with fMRI, which revealed
greater brain activity of the medial temporal lobe in
FM than in HG; this was also seen in the context of AS
[66]. Lastly, Staud et al. observed a larger extent of

spinal cord involvement and a greater activity of pain-
related brain areas during TSP evocation in FM
patients in comparison with HC [69]. More details are
provided in Table 1.

3.4. Risk of bias

The Cochrane ROB evaluation was performed inde-
pendently by CM.GS. and C..M., except for articles
that they authored; in such cases, P.d.l.C. or G.A.R.d.P
carried out the ROB evaluation. Thus, no article was
evaluated by an author thereof. The initial agreement
rate was 95%. The consensus was achieved either
through discussing how the criteria were interpreted
again or based on the input of the senior reviewer
(G.A.R.d.P). The ROB evaluation revealed that 3 studies
were of high quality [42,51,72], 3 were of moderate
quality [46,54,59], and the reimaging 28 studies were
of low quality. Details on the ROB assessments are
shown in Table 2.

Further limitations were identified by the authors.
These were the non-indication of the diagnostic crite-
ria [52], possible group small size [42-44,46,50,
52-55,59,64,65,69,70,72], failure to specify the method
used to determine the sample size [41-43,47,50,52-58,
61-63,65,66,69-71,73,74] failure to report any measure
of the effect size [41,43-45,47,49-52,57,58,61,64-68,
70,71,74], and the non-report of study limitations
[41,61,62,65,73]. Besides, some of the selected studies
used the same cohort, namely those of Coppieters
et al. [51] and de la Coba et al. [56], which used the
cohorts of Coppieters et al. [50] and (in part) de la
Coba et al. [55], respectively.

4, Discussion

In the present systematic review, the dynamic evoked
pain measures used most frequently during the last
few years to effectively assess CS processes in FM
were identified. In addition, the future of algometry as
a method to assess CS involvement in these patients
was analysed. Studies published during the last dec-
ade including FM patients and dynamic evoked pain
indicators, specifically designed to assess augmented
responsiveness of the CNS, were reviewed.

Regarding the dynamic evoked pain measures used
by the studies in this review, higher efficacy was seen
for the TSP/WU, WU ratio, WU function, AS, and RISP
(all of which are derived from or have potential as
TSP-related measures) as indicators of CS in FM
patients compared to other CS pain measures (e.g.
SSP, CPM, and the NFR threshold). In general, the TSP-



related pain measures demonstrated greater CS-
related pain responses in FM patients compared to HC
[44,45,52,59,66,68,69] and other medical conditions
[50,53,55]. In this regard, though TSP-related pain
measures failed to reveal group differences in CS lev-
els in four studies [43,45,60,69], one of them com-
pared FM with a similar CS condition as chronic
fatigue syndrome [45]. Strikingly, associations between
most of those indicators (except AS) and the clinical
pain levels of FM patients were rarely reported [68]. In
spite of this, it is known that TSP has limited power to
determine the extent of CS pain involvement in FM
on an individual basis, i.e. it is most effective for
assessing large samples of patients [90].

In contrast to the TSP-related indicators mentioned
above, SSP was less effective for determining the lev-
els of CS to pain in FM patients. Of the two studies
using SPP, only one compared FM patients with con-
trols (HC and a low back pain group); it reported no
group differences [59]. The other study used SSP to
quantify changes in CS levels after a physiologic edu-
cation intervention in FM patients and demonstrated
encouraging outcomes [72]. However, these findings
should be treated with caution considering the small
number of SSP studies included in the present system-
atic review.

Regarding CPM and the NFR threshold, although
half of the studies reviewed reported greater CS in FM
compared to HC and/or patients with other medical
conditions [45,46,48,49,57], the other half did not
observe  group  differences in (@ levels
[50,51,59,64,71,74]. Thus, the CPM and NFR findings
may be considered equivocal. As a possible explan-
ation for this, CPM and NFR share a limitation, namely
wide variation in the protocols used to evoke NFR and
CPM responses [84-91]. In comparison, TSP (based on
the WU effect) is more easily evoked using protocols
based on repeated stimulation at a frequency >
0.33 Hz [8]. It should also be noted that, in the studies
reporting lower CPM in FM patients, this was consist-
ently associated with higher BDNF levels [46,48,67];
this could be interpreted as objective evidence that
deficient CPM in FM patients can serve as a CS indica-
tor. In line with this, recovery of CPM after treatment
of FM patients has been demonstrated [73], as well as
an inverse association between CPM and the severity
of FM symptoms [67]. Nonetheless, Bourke et al. did
not find associations between CPM and clinical pain,
physical function, fatigue or anxiety in these patients,
though inefficient CPM was related to enhanced TSP
[45]. Regarding the NFR threshold, the reported modu-
latory effect of depressive mood and affective states
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on this pain indicator is also notable [42,57,64,71]. This
confounding effect might preclude exploration of the
associations among the NFR threshold, clinical pain
[42], and pain sensitivity [49,74] in FM patients.

Despite the limited evidence regarding the efficacy
of CuSP as a CS indicator, two studies reported differ-
ences between FM patients and HC in CuSP parame-
ters [41,65]. Both studies explored the evocation of
the spinal inhibitory response through the latency and
duration of CuSP, and both revealed deficiencies in
pain inhibition in FM. Given the above findings and
scant evidence for the efficacy of CuSP as a CS pain
indicator, further research is needed. Future studies
should explore the suitability of including CuSP in QST
protocols to evaluate CS.

On other hand, SREP has proven to be a dynamic
evoked pain technique that is highly sensitive to the
augmented responsiveness to pain that characterises
FM. Although the underlying mechanisms of SREP
remain unknown, its positive association with clinical
pain [53], and higher reliability [55] and diagnostic
accuracy compared to TSP for discriminating FM
patients from HC [53,54,56] and those with other non-
CS pain conditions like rheumatoid arthritis [55], sup-
port its use in clinical practice. Nevertheless, further
research on the physiological basis of SREP is needed.

Finally, the reviewed studies combining algometry
with neuroimaging suggest that imaging modalities
such as fMRI allow for more objective quantification of
CS. In line with this, seven of the eight reviewed stud-
ies using evoked pain indicators showed that the
application of painful stimulation in FM patients was
clearly associated with greater activation of central
areas related to pain facilitation, and/or with lower
activation of areas related to pain inhibition in com-
parison to HC [44,47,58,62,66,68,69]. In turn, the stud-
ies using dynamic pain indicators sensitive to CS
together with fMRI reported a physiological correlation
between the increasing pain responses to TSP and AS,
manifesting as less activation of brain areas and spinal
pathways related to pain inhibition, and greater acti-
vation of those related to pain facilitation [44,66,69].
No significant differences in the pain-related brain
areas implicated in the TSP response were observed
by Craggs et al. [52]. All these findings support the
combined use of neuroimaging and evoked painful
stimulation protocols, especially those based on
dynamic evoked pain, to more comprehensively assess
CS processes in FM patients. In addition, the high tem-
poral resolution of neuroimaging techniques such as
fNIR spectroscopy [58,70] and fTCD ultrasonography
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[62] allows almost real-time assessment of the CS
processes in response to painful stimulation.

Each one of these dynamic evoked pain measures
has different benefits and drawbacks, as indicated by
the present systematic review. Despite their limita-
tions, to some extent, they all have the ability to dis-
criminate the CS processes involved in the pain
pathophysiology of FM patients. Indeed, this review
supports the recommendations of using evoked pain
measures together with clinical pain reports [92] and
tender point count [22] for CS assessments of FM
patients. Also, combined use of algometry and simul-
taneous neuroimaging techniques is recommended to
obtain deeper insight into the specific mechanisms
underlying CS to pain. However, it must be emphas-
ised that neuroimaging cannot replace pain reports,
although it can improve understanding of the neural
mechanisms underlying pain experience. Thus, its use
is mainly limited to the research setting, also taking
into account the high costs associated with applying
the technique for screening purposes in clinical set-
tings [93]. Another key recommendation for accurate
interpretation of pain responses, based on a large pro-
portion of the reviewed studies, is combining algome-
try with an assessment of psycho-affective and
psychosocial factors known to influence the pain
experience, especially: pain catastrophizing, anxiety,
and depression.

This systematic review not only revealed the
dynamic evoked pain indicators most useful to assess
CS in FM but also identified some less well-known
ones, such as CuSP, RISP and the recently developed
SREP sensitisation. Further development and validation
of the specific procedures for CS assessment are
necessary to achieve consensus and optimise current
QST methods. It is imperative to develop a unified
algometry protocol by integrating current QST proto-
cols, some new algometry measures, measurement of
the psychological factors affecting pain responsive-
ness, and perhaps also some relatively accessible neu-
roimaging techniques to homogenise the assessment
of CS processes in FM and other chronic
pain conditions.

Some limitations of the present systematic review
should be considered. First, we could not control for
the diverse pain modalities assessed by the reviewed
studies due to insufficient data. Moreover, it should be
noted that both skin and muscle (subcutaneous/deep)
tissues were differentially stimulated in different body
locations using heat, mechanical, and electrical stimu-
lation, with the pain responses obtained suggesting
CS involvement in most cases. Thus, these findings

suggest that for a more global assessment of CS in
FM, the current QST protocols should consider diverse
types of stimulation, as well as different sites and tis-
sues for stimulation. Second, the lack of methodo-
logical consistency among the studies may account
for the differences in findings between the NFR
threshold and CPM. Third, other limitations are the
own indicated by the authors of reviewed studies (see
Risk of Bias section), and the low quality of the major-
ity of these studies in terms of bias assessment (see
Table 2). Fourth, despite the well-known sex differen-
ces in pain perception in FM [94], all of the reviewed
studies included only (or predominantly) female partic-
ipants. Thus, studies including a greater proportion of
males seem to be necessary. Lastly, 5 of the 30
reviewed studies were published by the authors of
this review [53-56,62]. However, it is important to
note that none of the authors of this review examined
the bias quality in their own studies.

In conclusion, this review demonstrated the utility
of algometry for examining the involvement of CS
processes in FM by itself. Nevertheless, the future of
algometry may be dependent on (1) consideration of
the psychological factors conditioning the pain experi-
ence of FM patients, (2) new dynamic evoked pain
indicators, (3) global assessments involving diverse
body locations and tissues for stimulation, and (4) the
simultaneous use of certain neuroimaging techniques
(mainly for research purposes). All this could allow a
more optimised analysis of CS-related pain responses
using evoked pain protocols from research and clinical
practice. However, greater consensus regarding CS
measurement methods, and clarification of the under-
lying mechanisms (e.g. of RISP and SREP sensitisation)
are still needed. In conclusion, our findings underline
the benefits of algometry for assessing the contribu-
tion of CS to FM.

Author contributions

Conceptualisation, Methodology, and Validation, P.d..C,
CIM., GAAR.d.P. and CM.G.S.; Formal Analysis, Investigation
and Data Curation, P.d..C and CM.G.S.; Resources, P.d.l.C,

CIM., GARdP. and CM.GS; Writing-Original Draft
Preparation, P.d..C; Writing—Review & Editing, C.IM,
G.ARd.P. and CM.GS,; Supervision, G.A.Rd.P; Project

Administration, G.A.R.d.P; Funding Acquisition, G.A.R.d.P.,
and P.d.l.C; all authors have read and agreed to the submit-
ted manuscript.

Disclosure statement

All authors declare that there is no conflict of interest.



Funding

This systematic review has been supported by a grant from
the Spanish Ministry of Science, Innovation and Universities,
co-financed by European Regional Development Funds (ref:
RTI2018-095830-B-100), and a postdoctoral fellowship from
Andalusian government co-financed by European Social
Funds (Ref: DOC2020-00462).

ORCID

Pablo de la Coba
Casandra |. Montoro

http://orcid.org/0000-0001-6469-3553
http://orcid.org/0000-0003-

4145-8600
Gustavo A. Reyes del Paso (&) http://orcid.org/0000-0002-
2188-8673
Carmen M. Galvez-Sanchez (5 http://orcid.org/0000-0002-
1927-0292

Data availability statement

Data sharing is not applicable to this article as no new data
were created or analyzed in this systematic review.

Professional positions

Pablo de la Coba, PhD, Postdoctoral fellow (https://orcid.org/
0000-0001-6469-3553)

Casandra I. Montoro, PhD, Assistant professor of
Psychology (https://orcid.org/0000-0003-4145-8600)

Gustavo A. Reyes del Paso, PhD, Professor of Psychology
(https://orcid.org/0000-0002-2188-8673)

Carmen M. Galvez-Sanchez, PhD, Postdoctoral
(https://orcid.org/0000-0002-1927-0292).

fellow

References

[11 Galvez-Sanchez CM, de la Coba P, Duschek S, et al.
Reliability, factor structure and predictive validity of
the widespread pain index and symptom severity
scales of the 2010 American College of Rheumatology
Criteria of Fibromyalgia. JCM. 2020;9(8):1403.

[2] Wolfe F, Smythe HA, Yunus MB, et al. The American
College of Rheumatology 1990 criteria for the classifi-
cation of fibromyalgia. Report of the Multicenter

Criteria  Committee. Arthritis Rheum. 1990;33(2):
160-172.
[31 Wolfe F, Clauw DJ, Fitzcharles MA, et al. The

American College of Rheumatology Preliminary diag-
nostic criteria for fibromyalgia and measurement of
symptom severity. Arthritis Care Res. 2010;62(5):
600-610.

[4] Wolfe F, Walitt B, Perrot S, et al. Fibromyalgia diagno-
sis and biased assessment: sex, prevalence and bias.
PLOS ONE. 2018;13(9):e0203755.

[5] Lautenbacher S, Rollman GB, McCain GA. Multi-
method assessment of experimental and clinical pain
in patients with fibromyalgia. Pain. 1994;59(1):45-53.

(6]

(7]

(8l

(9

[10]

(11l

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

ANNALS OF MEDICINE . 1419

Clauw DJ, Arnold LM, McCarberg BH. The science of
fibromyalgia. Mayo Clin Proc. 2011;86(9):907-911.

Nijs J, Van Houdenhove B, Oostendorp RA.
Recognition of central sensitization in patients with
musculoskeletal pain: application of pain neurophysi-
ology in manual therapy practice. Man Ther. 2010;
15(2):135-141.

Woolf CJ. Central sensitization: implications for the
diagnosis and treatment of pain. Pain. 2011;152(3
Suppl):S2-S15.

Yunus MB. Fibromyalgia and overlapping disorders:
the unifying concept of central sensitivity syndromes.
Semin Arthritis Rheum. 2007;36(6):339-356.

Meeus M, Nijs J. Central sensitization: a biopsychoso-
cial explanation for chronic widespread pain in
patients with fibromyalgia and chronic fatigue syn-
drome. Clin Rheumatol. 2007;26(4):465-473.
Arendt-Nielsen L, Graven-Nielsen T. Central sensitiza-
tion in fibromyalgia and other musculoskeletal disor-
ders. Curr Pain Headache Rep. 2003;7(5):355-361.
Graven-Nielsen T, Arendt-Nielsen L. Peripheral and
Central sensitization in musculoskeletal pain disor-
ders: an experimental approach. Curr Rheumatol Rep.
2002;4(4):313-321.

Fischer AA. Algometry in the daily practice of pain
management. J Back Musculoskelet Rehabil. 1997;8(2):
151-163.

Hurtig IM, Raak RI, Kendall SA, et al. Quantitative sen-
sory testing in fibromyalgia patients and in healthy
subjects: identification of subgroups. Clin J Pain.
2001;17(4):316-322.

Desmeules JA, Cedraschi C, Rapiti E, et al
Neurophysiologic evidence for a central sensitization
in patients with fibromyalgia. Arthritis Rheum. 2003;
48(5):1420-1429.

Graven-Nielsen T, Sorensen J, Henriksson KG, et al.
Central  hyperexcitability in  fibromyalgia. J
Musculoskelet Pain. 1999;7(1-2):261-271.

Gracely RH, Grant MA, Giesecke T. Evoked pain meas-
ures in fibromyalgia. Best Pract Res Clin Rheumatol.
2003;17(4):593-609.

Granot M, Buskila D, Granovsky Y, et al. Simultaneous
recording of late and ultra-late pain evoked potentials
in fibromyalgia. Clin Neurophysiol. 2001;112(10):
1881-1887.

Morris 'V, Cruwys S, Kidd B. Increased capsaicin-
induced secondary hyperalgesia as a marker of abnor-
mal sensory activity in patients with fibromyalgia.
Neurosci Lett. 1998;250(3):205-207.

Harris RE, Gracely RH, McLean SA, et al. Comparison
of clinical and evoked pain measures in fibromyalgia.
J Pain. 2006;7(7):521-527.

Tunks E, McCain GA, Hart LE, et al. The reliability of
examination for tenderness in patients with myofas-
cial pain, chronic fibromyalgia and controls. J
Rheumatol. 1995;22(5):944-952.

Gémez-Perretta C, Trinanes Y, Gonzalez-Villar AJ, et al.
Evaluation of the accuracy of several symptoms and
domains in distinguishing patients diagnosed with
fibromyalgia from healthy controls. Clin Exp
Rheumatol. 2016;34(2 Suppl 96):514-S25.


https://orcid.org/0000-0001-6469-3553
https://orcid.org/0000-0001-6469-3553
https://orcid.org/0000-0003-4145-8600
https://orcid.org/0000-0002-2188-8673
https://orcid.org/0000-0002-1927-0292

1420

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

31]

[32]

[33]

(34]

[35]

[36]

[37]

[38]

. P. DE LA COBA ET AL.

Petzke F, Clauw DJ, Ambrose K, et al. Increased pain
sensitivity in fibromyalgia: effects of stimulus type
and mode of presentation. Pain. 2003;105(3):
403-413.

Staud R, Cannon RC, Mauderli AP, et al. Temporal
summation of pain from mechanical stimulation
of muscle tissue in normal controls and subjects
with fibromyalgia syndrome. Pain. 2003;102(1-2):
87-95.

Geisser ME, Casey KL, Brucksch CB, et al. Perception
of noxious and innocuous heat stimulation among
healthy women and women with fibromyalgia: associ-
ation with mood, somatic focus, and catastrophizing.
Pain. 2003;102(3):243-250.

Robinson ME, Bialosky JE, Bishop MD, et al. Supra-
threshold scaling, temporal summation, and after-sen-
sation: relationships to each other and anxiety/fear. J
Pain Res. 2010;3:25-32.

Arendt-Nielsen L, Yarnitsky D. Experimental and clin-
ical applications of quantitative sensory testing
applied to skin, muscles and viscera. J Pain. 2009;
10(6):556-572.

Marcuzzi A, Wrigley PJ, Dean CM, et al. The long-term
reliability of static and dynamic quantitative sensory
testing in healthy individuals. Pain. 2017;158(7):
1217-1223.

Fischer AA. Pressure algometry over normal muscles.
Standard values, validity and reproducibility of pres-
sure threshold. Pain. 1987;30(1):115-126.

Kosek E, Ekholm J, Hansson P. Sensory dysfunction in
fibromyalgia patients with implications for pathogenic
mechanisms. Pain. 1996;68(2):375-383.

Sorensen J, Graven-Nielsen T, Henriksson KG, et al.
Hyperexcitability in fibromyalgia. J Rheumatol. 1998;
25(1):152-155.

Kosek E, Ekholm J, Hansson P. Increased pressure
pain sensibility in fibromyalgia patients is located
deep to the skin but not restricted to muscle tissue.
Pain. 1995;63(3):335-339.

Staud R, Robinson ME, Weyl EE, et al. Pain variability
in fibromyalgia is related to activity and rest: role of
peripheral tissue impulse input. J Pain. 2010;11(12):
1376-1383.

de la Coba P, Bruehl S, Garber J, et al. Is resolution of
chronic pain associated with changes in blood pres-
sure-related hypoalgesia? Ann Behav Med. 2018;52(7):
552-559.

Staud R, Bovee CE, Robinson ME, et al. Cutaneous C-
fiber pain abnormalities of fibromyalgia patients are
specifically related to temporal summation. Pain.
2008;139(2):315-323.

Staud R, Vierck CJ, Cannon RL, et al. Abnormal sensi-
tization and temporal summation of second pain
(wind-up) in patients with fibromyalgia syndrome.
Pain. 2001;91(1-2):165-175.

Staud R, Robinson ME, Price DD. Temporal summa-
tion of second pain and its maintenance are useful
for characterizing widespread central sensitization
of fibromyalgia patients. J Pain. 2007;8(11):
893-901.

Kosek E, Hansson P. Modulatory influence on somato-
sensory perception from vibration and heterotopic

(39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

noxious conditioning stimulation (HNCS) in fibromyal-
gia patients and healthy subjects. Pain. 1997;70(1):
41-51.

Lautenbacher S, Rollman GB. Possible deficiencies of
pain modulation in fibromyalgia. Clin J Pain. 1997;
13(3):189-196.

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA
2020 statement: an updated guideline for reporting
systematic reviews. BMJ. 2021;372:n71.

Al-Mahdawi AM,  Sami S, Hamdan FB.
Electrodiagnostic study in patients with fibromyalgia:
implication for Central sensitization. Indian J
Rheumatol. 2021;16(3):263-268.

Ang DC, Chakr R, France CR, et al. Association of
nociceptive responsivity with clinical pain and the
moderating effect of depression. J Pain. 2011;12(3):
384-389.

Blumenstiel K, Gerhardt A, Rolke R, et al. Quantitative
sensory testing profiles in chronic back pain are dis-
tinct from those in fibromyalgia. Clin J Pain. 2017;
27(8):682-690.

Bosma RL, Mojarad EA, Leung L, et al. FMRI of spinal
and supra-spinal correlates of temporal pain summa-
tion in fibromyalgia patients. Hum Brain Mapp. 2016;
37(4):1349-1360.

Bourke JH, Wodehouse T, Clark LV, et al. Central sen-
sitisation in chronic fatigue syndrome and fibromyal-
gia; a case control study. J Psychosom Res. 2021;150:
110624.

Brietzke AP, Antunes LC, Carvalho F, et al. Potency
of descending pain modulatory system is linked
with peripheral sensory dysfunction in fibromyal-
gia: an exploratory study. Medicine. 2019;98(3):
e13477.

Burgmer M, Pfleiderer B, Maihofner C, et al. Cerebral
mechanisms of experimental hyperalgesia in fibro-
myalgia. Eur J Pain. 2012;16(5):636-647.

Cardinal TM, Antunes LC, Brietzke AP, et al.
Differential neuroplastic changes in fibromyalgia and
depression indexed by up-regulation of motor cortex
inhibition and disinhibition of the descending pain
system: an exploratory study. Front Hum Neurosci.
2019;13(138):138.

Gelik GE, Beyazova M. Evaluation of pain and flexor
reflex responses and their association with clinical
parameters in patients with fibromyalgia. Turk J Phys
Med Rehabil. 2020;66(1):1-9.

Coppieters |, Ickmans K, Cagnie B, et al. Cognitive per-
formance is related to central sensitization and
health-related quality of life in patients with chronic
whiplash-associated disorders and fibromyalgia. Pain
Physician. 2015;18(3):E389-E402.

Coppieters |, Cagnie B, Nijs J, et al. Effects of stress
and relaxation on central pain modulation in
chronic whiplash and fibromyalgia patients com-
pared to healthy controls. Pain Physician. 2016;
19(3):119-130.

Craggs JG, Staud R, Robinson ME, et al. Effective con-
nectivity among brain regions associated with slow
temporal summation of C-fiber-evoked pain in fibro-
myalgia patients and healthy controls. J Pain. 2012;
13(4):390-400.



(53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

de la Coba P, Bruehl S, Moreno-Padilla M, et al.
Responses to slowly repeated evoked pain stimuli in
fibromyalgia patients: evidence of enhanced pain sen-
sitization. Pain Med. 2017;18(9):1778-1786.

de la Coba P, Bruehl S, Duschek S, et al. Blood pres-
sure-related pain modulation in fibromyalgia: differen-
tiating between static versus dynamic pain indicators.
Int J Psychophysiol. 2018b;134:79-85.

de la Coba P, Bruehl S, Galvez-Sanchez CM, et al.
Slowly repeated evoked pain as a marker of central
sensitization in fibromyalgia: diagnostic accuracy and
reliability in comparison with temporal summation of
pain. Psychosom Med. 2018c;80(6):573-580.

de la Coba P, Bruehl SR, del Paso GA. Addition of
slowly repeated evoked pain responses to clinical
symptoms enhances fibromyalgia diagnostic accuracy.
Pain Med. 2020;21(12):3479-3487.

Desmeules J, Chabert J, Rebsamen M, et al. Central
pain sensitization, COMT Val158Met polymorphism,
and emotional factors in fibromyalgia. J Pain. 2014;
15(2):129-135.

Donadel DG, Zortea M, da Silva Torres IL, et al. The
mapping of cortical activation by near-infrared spec-
troscopy might be a biomarker related to the severity
of fibromyalgia symptoms. Sci Rep. 2021;11(1):15754.
Goubert D, Danneels L, Graven-Nielsen T, et al.
Differences in pain processing between patients
with chronic low back pain, recurrent low back
pain, and fibromyalgia. Pain Physician. 2017;20(4):
307-318.

Janal MN, Raphael KG, Cook DB, et al. Thermal tem-
poral summation and decay of after-sensations in
temporomandibular myofascial pain patients with
and without comorbid fibromyalgia. J Pain Res. 2016;
9:641-652.

Lambin DI, Thibault P, Simmonds M, et al. Repetition-
induced activity-related summation of pain in patients
with fibromyalgia. Pain. 2011;152(6):1424-1430.
Montoro Cl, Duschek S, Munoz-Ladrén de Guevara C,
et al. Patterns of cerebral blood flow modulation dur-
ing painful stimulation in fibromyalgia: a transcranial
doppler sonography study. Pain Med. 2016;17(12):
2256-2267.

Rehm S, Sachau J, Hellriegel J, et al. Pain matters for
Central sensitization: sensory and psychological
parameters in patients with fibromyalgia syndrome.
PR9. 2021;6(1):901.

Rhudy JL, Delventura JL, Terry EL, et al. Emotional
modulation of pain and spinal nociception in fibro-
myalgia. Pain. 2013;154(7):1045-1056.

Sahin O, Yildiz S, Yildiz N. Cutaneous silent period in
fibromyalgia. Neurol Res. 2011;33(4):339-343.
Schreiber KL, Loggia ML, Kim J, et al. Painful after-sen-
sations in fibromyalgia are linked to catastrophizing
and differences in brain response in the medial tem-
poral lobe. J Pain. 2017;18(7):855-867.

Soldatelli MD, Siepmann T, llligens BMW, et al.
Mapping of predictors of the disengagement of the
descending inhibitory pain modulation system in
fibromyalgia: an exploratory study. Br J Pain. 2021;
15(2):221-233.

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

(82]

ANNALS OF MEDICINE . 1421

Staud R, Weyl EE, Riley JL, et al. Slow temporal sum-
mation of pain for assessment of central pain sensitiv-
ity and clinical pain of fibromyalgia patients. PLOS
One. 2014;9(2):e89086.

Staud R, Boissoneault J, Lai S, et al. Spinal cord neural
activity of patients with fibromyalgia and healthy con-
trols during temporal summation of pain: an fMRI
study. J Neurophysiol. 2021;126(3):946-956.

Ugeyler N, Zeller D, Kahn AK, et al. Small fibre path-
ology in patients with fibromyalgia syndrome. Brain.
2013;136(6):1857-1867.

Umeda M, Corbin LW, Maluf KS. Preliminary investi-
gation of absent nociceptive flexion reflex
responses among more symptomatic women with
fibromyalgia syndrome. Rheumatol Int. 2013;33(9):
2365-2372.

van Oosterwijck J, Meeus M, Paul L, et al. Pain physi-
ology education improves health status and endogen-
ous pain inhibition in fibromyalgia: a double-blind
randomized controlled trial. Clin J Pain. 2013;29(10):
873-882.

Wodehouse T, Poply K, Ramaswamy S, et al. A pilot
study investigating whether quantitative sensory test-
ing alters after treatment in patients with fibromyal-
gia. Br J Pain. 2018;12(4):250-256.

Ydrefors J, Karlsson T, Wentzel Olausson U, et al.
Automated nociceptive withdrawal reflex measure-
ments reveal normal reflex thresholds and aug-
mented pain ratings in patients with fibromyalgia.
JCM. 2020;9(6):1992.

Price DD, Hu JW, Dubner R, et al. Peripheral suppres-
sion of first pain and central summation of second
pain evoked by noxious heat pulses. Pain. 1977;3(1):
57-68.

Arendt-Nielsen L, Brennum J, Sindrup S, et al
Electrophysiological and psychophysical quantification
of temporal summation in the human nociceptive
system. Eur J Appl Physiol Occup Physiol. 1994;68(3):
266-273.

Sullivan MJ, Thibault P, Andrikonyte J, et al
Psychological influences on repetition-induced sum-
mation of activity-related pain in patients with
chronic low back pain. Pain. 2009;141(1-2):70-78.
Quevedo AS, Coghill RC. Attentional modulation of
spatial integration of pain: evidence for dynamic spa-
tial tuning. J Neurosci. 2007;27(43):11635-11640.

Price DD, McHaffie JG, Larson MA. Spatial summation
of heat-induced pain: influence of stimulus area and
spatial separation of stimuli on perceived pain sensa-
tion intensity and unpleasantness. J Neurophysiol.
1989;62(6):1270-1279.

Marchand S, Arsenault P. Spatial summation for pain
perception: interaction of inhibitory and excitatory
mechanisms. Pain. 2002;95(3):201-206.

Yarnitsky D. Conditioned pain modulation (the diffuse
noxious inhibitory control-like effect): its relevance for
acute and chronic pain states. Curr Opin Anaesthesiol.
2010;23(5):611-615.

Nir RR, Yarnitsky D. Conditioned pain modulation.
Curr Opin Support Palliat Care. 2015;9(2):131-137.



1422

[83]

[84]

[85]

[86]

(87]

(88]

. P. DE LA COBA ET AL.

Skljarevski V, Ramadan NM. The nociceptive flexion
reflex in humans - review article. Pain. 2002;96(1-2):
3-8.

Rhudy JL, France CR. Defining the Nociceptive Flexion
Reflex (NFR) threshold in human participants: a com-
parison of different scoring criteria. Pain. 2007;128(3):
244-253.

Uncini A, Kujirai T, Gluck B, et al. Silent period
induced by cutaneous stimulation. Electroencephalogr
Clin Neurophysiol. 1991;81(5):344-352.

Floeter MK. Cutaneous silent periods. Muscle Nerve.
2003;28(4):391-401.

Burgmer M, Pogatzki-Zahn E, Gaubitz M, et al. Altered
brain activity during pain processing in fibromyalgia.
Neuroimage. 2009;44(2):502-508.

Gracely RH, Petzke F, Wolf JM, et al. Functional mag-
netic resonance imaging evidence of augmented pain
processing in fibromyalgia. Arthritis Rheum. 2002;
46(5):1333-1343.

[89]

[90]

[91]

[92]

[93]

[94]

Montoya P, Pauli P, Batra A, et al. Altered processing
of pain-related information in patients with fibromyal-
gia. Eur J Pain. 2005;9(3):293-303.

Potvin S, Paul-Savoie E, Morin M, et al. Temporal summa-
tion of pain is not amplified in a large proportion of fibro-
myalgia patients. Pain Res Treat. 2012;2012:938595.
Vaegter HB, Petersen KK, Mgrch CD, et al. Assessment
of CPM reliability: quantification of the within-subject
reliability of 10 different protocols. Scand J Pain.
2018;18(4):729-737.

Russell ). The reliability of algometry in the assess-
ment of patients with fibromyalgia syndrome. J
Musculoskelet Pain. 1998;6(1):139-152.

Robinson ME, Staud R, Price DD. Pain measurement
and brain activity: will neuroimages replace pain rat-
ings? J Pain. 2013;14(4):323-327.

Robinson ME, Wise EA, Gagnon C, et al. Influences of
gender role and anxiety on sex differences in tem-
poral summation of pain. J Pain. 2004;5(2):77-82.



	Abstract
	Introduction
	Materials and methods
	Search strategy
	Eligibility criteria
	Data extraction and quality assessment
	Data synthesis

	Results
	Literature search and study characteristics
	Participants
	Algometry in fibromyalgia patients: Evoked pain indicators of Central sensitisation to pain
	Temporal summation of pain and indicators derived therefrom
	Repetition-induced summation of activity-related pain
	Aftersensations (as)
	Spatial summation of pain
	Conditioned pain modulation
	Noxious flexion reflex threshold
	Cutaneous silent period
	Slowly repeated evoked pain sensitisation
	Evoked pain combined with neuroimaging

	Risk of bias

	Discussion
	Author contributions
	Disclosure statement
	Funding
	Orcid
	Data availability statement
	Professional positions
	References


