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Abstract
Background: Fibromyalgia is a chronic musculoskeletal pain condition that is often associated with sleep 
disturbances and fatigue. The pathophysiology of fibromyalgia is not understood, but indirect evidence 
suggests a central dysfunction of the nociceptive modulating system. The aim of this study was to eval-
uate whether quantitative sensory testing detects a change in pain thresholds in fibromyalgia patient 
receiving pregabalin treatment.
Methods: A total of 25 patients were recruited for the study and received routine pregabalin, but only 
14 patients completed the treatment. Assessment of pressure pain thresholds and changes in condi-
tioned pain modulation using ischaemic pain as a conditioning stimulus were measured at baseline 
and every 4 weeks for 12 weeks. Fibromyalgia impact questionnaire, PainDETECT and SF-12 were also 
completed.
Results: Patients with fibromyalgia demonstrated a less-efficient conditioned pain modulation at base-
line. An efficient conditioned pain modulation was observed at 1 month and this was maintained until the 
final visit. Pressure pain thresholds (PPTs) showed a significant improvement from baseline. Patients 
also reported a similar magnitude of improvements in PainDETECT, fibromyalgia impact questionnaire 
(FIQ) and its impact on daily life and change in outcome for SF-12.
Conclusion: This pilot study reports an increase in PPTs and improved conditioned pain modulation 
response after commencing pregabalin, which was maintained at 12 weeks, and this was supported by 
positive pain scores. Pregabalin is a licenced treatment for fibromyalgia in Europe, and its response to 
central sensitisation, particularly ‘dynamic responses’, has not been reported. We conclude that prega-
balin has the potential to reduce peripheral and central sensitisation in patients with fibromyalgia, as 
measured using quantitative sensory testing.
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Introduction
Fibromyalgia (FM) syndrome is a chronic musculo-
skeletal pain condition that is linked with sleep distur-
bances and fatigue. The syndrome is defined by the 
presence of mechanical hyperalgesia felt in deep tis-
sues, and this has been suggested to be associated to 
central sensitisation, which may result from both 
peripheral and central mechanisms. Several studies 
have demonstrated a reduced or inefficient condi-
tioned pain modulation (CPM) in FM,1–3 and this was 
also confirmed by de Souza4 suggesting that those FM 
patients with depression have a less-efficient CPM 
than those without depression.

FM is common, occurring in 2–5% of the popula-
tion, more often in women than men and usually with 
profound impact on activities of daily living and pro-
ductivity.5–8 Diagnosis is generally made according to 
the 2016 fibromyalgia diagnostic criteria from the 
American College of Rheumatology (ACR).9,10 
However, the multi-dimensional nature of FM makes 
diagnosing this condition long and complicated, as 
other possible diagnoses must first be eliminated both 
medical and psychiatric before a positive diagnosis can 
be given.

It is increasingly recognised that medicines typically 
provide a modest response in half or fewer of FM 
patients treated, which is true in acute pain, neuro-
pathic pain, migraine and osteoarthritis, and the ability 
to evaluate the effectiveness of these treatments remains 
poor. Uni-dimensional outcome measure, such as vis-
ual analogue scale (VAS), provides a crude integrated 
measure of a total pain experience but does not iden-
tify specific pain mechanisms or differential response 
of an individual mechanism to a particular treatment. 
Previous studies using duloxetine in patients with pain-
ful diabetic neuropathy recorded that those with mal-
functioning pain modulation – less-efficient CPM 
– seem to benefit from drugs which augment descend-
ing inhibitory pain control than those with an efficient 
CPM.11

CPM refers to the observation that the activity of 
multi-receptive neurons within the spinal cord can be 
strongly modulated by an intense pain stimulus out-
side their peripheral receptive field. The response 
involves one of the main supraspinal pain inhibitory 
pathways in the central nervous system; this is known 
to be impaired in FM neuropathic pain. Diffuse nox-
ious inhibitory control (DNIC) represents a neuro-
physiologically well-established model of endogenous 
pain modulation in both animal laboratories as well as 
in humans.12,13 The term ‘conditioned pain modula-
tion’ for human application of the paradigm of DNIC 
was applied for human research, and this can be 
measured clinically by providing a distracting but 

significant second stimulus, which in practice may 
involve the sufficient inflation of a blood pressure cuff 
or immersion in ice water (cold pressor test) or hot 
water on a different body part than the one on which 
the pain perception testing is being performed. In a 
physiologically normal state, the induction of a sec-
ond stimulus would increase pressure pain threshold 
(PPT) scores. In chronic pain conditions such as FM, 
the PPT scores would decrease after the second stim-
ulus was applied, reflecting the lack of a DNIC 
response.14

Quantitative sensory testing (QST) is a powerful 
tool for explaining pain mechanisms in a variety of 
clinical and research conditions such as diabetic neu-
ropathy, spinal cord injury, osteoarthritis15 and FM. 
This method allows us to measure thresholds for 
mechanical detection, vibration detection and cool and 
hot pain sensations and may enable us to evaluate 
treatments and measure severity of FM as a marker for 
disease progression. Efficacy outcomes in clinical trials 
of FM typically employ standardised questionnaire 
measures, but tests such as QST are yet to be utilised 
in measuring efficacy of treatments. Pregabalin is a 
Food and Drug Administration (FDA)-approved drug 
treatment for FM acting on central and peripheral 
neuropathic pain. The goals of this study were to assess 
how pregabalin affects sensory processing in patients 
with FM and examine whether QST alters over time 
with the treatment of pregabalin.

Methods
Study design. This was a single-centre, prospective, 
open-label pilot study carried out at the Pain and 
Anaesthesia Research Centre at St Bartholomew’s 
Hospital, Barts Health NHS Trust, London, United 
Kingdom. The study was approved by the local ethics 
committee (13/LO/0052) and was conducted in accor-
dance with the Declaration of Helsinki with written 
informed consent obtained from the participants. 
There was no external funding or conflicts of interest 
within the team.

Participants. A total of 25 patients were recruited for 
the study and diagnosis was made by the pain consul-
tant or rheumatologist. Inclusion criteria included age 
≥18, diagnosis of FM as defined by the recently revised 
criteria of the ACR9,10 and patients with pain score of 
more than 4 on VAS. Patients had not taken pregabalin 
or participated in cognitive behavourial therapy/pain 
rehabilitation or psychological support prior to starting 
the study.

Baseline QST measurements and questionnaires 
were measured at baseline and repeated every 4 weeks 
up to 12 weeks of pregabalin treatment (Figure 1).
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All QST measurements were taken by a single, 
trained operator to ensure consistency and reproduci-
bility of the results (T.W.). All visits took place in clinic 
at Barts NHS Trust.

Study procedures
QST: static measures
The test measured sensitivity of peripheral pain path-
ways to increasing mechanical pressure. A hand-held 
pressure algometer (Algometer type II, Somedic 
Production AB, Sweden, diameter contact tip 10 mm; 
cover 2-mm thick rubber; standardised and constant 
speed of pressure increase of 0.3 kg/s) was used to 
measure PPTs at a standardised point – middle part of 
the right quadriceps femoris muscle (midway between 
the groin and the apex of patella). This was then 
marked and recorded. A standardised speed of pres-
sure increase of 0.3 kg/s was kept constant during pres-
sure application to the point when perception changed 
from pressure to pain (PPT), and the patient then 
pressed a button to stop the procedure. A mean of the 
three measures were recorded.

QST: dynamic measures
CPM using the ischaemic arm technique: ischaemic 
compression of the left arm was used as the 

conditioning stimulus for evoking CPM (14 patients). 
The pressure cuff was inflated above systolic pressure 
(200 mm Hg) for 10 minutes, or until a visual ana-
logue scale (VAS) rating of 6/10 cm was achieved, 
(where 0 cm represented ‘no pain’ and 10 cm repre-
sented ‘maximal pain’). Repeat PPTs were measured 
on the standardised point (above) while the cuff was in 
situ. The arm cuff was released once PPT and cuff 
pain assessments were completed (maximum of 
10 minutes).

Questionnaires
A sensory symptom profile of the patient was  
elicited at baseline and 12 weeks visit using the indi-
vidual questions from the PainDETECT. A total of 
seven different sensory symptom profiles were  
evaluated including burning, tingling, touching, 
electric shock, heat or cold, numbness and pressure 
pain sensation and were graded between 0 and 5 (0: 
no sensation, 1–2: mild sensation, 3: moderate sen-
sation and 4–5: severe sensation). Brief Pain 
Inventory, FM impact questionnaire and 12 Item 
short form health survey were also assessed at the 
same time.

Routine treatment of pregabalin 75 mg twice daily 
was prescribed for the duration of 12 weeks.

Statistical analysis
All data were analysed using the STATA 14.2 software. 
Mean and medians (standard error), 95% confidence 
interval were calculated where appropriate. Normality 
and symmetry of the data was checked by visual inspec-
tion of the histogram and box plot, and a paired t-test 
was used

Results
Baseline characteristics of patients
The baseline characteristics of all 25 patients are sum-
marised in Table 1. FM patients reported a mean 
numerical rating score of 8.25 ± 0.33 at baseline. 16% 
(4 patients) of patients had an efficient CPM as com-
pared to 84% (21 patients) who demonstrated an inef-
ficient CPM at baseline. PPT was found to be low at 
193 ± 22.61 KPa. Other characteristics are outlined in 
Table 1.

Of the 25 patients, 11 patients dropped out of the 
study (Figure 1). The characteristics of the patients 
who dropped out of the study and that of the patients 
who completed the study at 3 months are summarised 
in Table 2.

There were no significant differences in the clinical 
characteristics between those who dropped out and 

Figure 1. Flow diagram showing the study scheme.
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those who completed the 12-week treatment of 
pregabalin.

PPTs significantly improved from baseline 
162.6 ± 22.9 to Visit 1 (4 weeks treatment) 206 ± 39.2 
(p < 0.02), and this further increased from baseline to 
Visit 3 (12 weeks) 227.6 ± 35.33 (p < 0.006). Significant 
improvements were found at all time-points in CPM 
efficiency from baseline (Table 3), and this was sup-
ported by significant improvement in NRS from base-
line to 12 weeks of treatment. Further significant 
improvements were found in most sensory profiles 
except pressure and electric shock parameters.

Discussion
FM is challenging to treat and has significant impact 
on patients and their health-related quality of life. 

Pregabalin is a licenced treatment for FM in Europe 
and an FDA-approved treatment option. The central 
sensitisation response particularly ‘dynamic responses’ 
to pregabalin has not been reported before. This is the 
first study demonstrating improvement in peripheral 
and central sensitisation as measured by QST in 
patients with FM following treatment with pregabalin.

Management of these patients requires a combina-
tion of pharmacological and non-pharmacological 
modalities including exercise and cognitive behavioural 
therapy. Making a diagnosis of FM has a positive effect 
on its management, and patient education emphasising 
that the patient does not have a life-threatening or seri-
ous disease reduces anxiety. FM is a syndrome includ-
ing many symptoms and comorbidities and therefore it 
is not surprising that no single pharmacological agent 
is capable of effectively addressing all of the potential 

Table 1. Baseline characteristics of all the patients included in the study n = 25.

Baseline characteristics (n = 25)  

Age (mean ± SD) 46.7 ± 10.5 years
Female:male 24:1
NRS (mean ± SE) (CI; median) 8.25 ± 0.33 (7.58–8.92); 8
PPT (KPa) (mean ± SE) (CI; median) 193 ± 22.61 (146.95–240.28); 156.33
CPM (KPa) (mean ± SE) (CI; median) 19.02 ± 8.5 (1.46–36.57); 25
CPM (normal:abnormal), n (%) 4 (16):21 (84)
Burning (mean ± SE) (CI; median) 3.4 ± 0.34 (2.73–4.15); 4
Tingling (mean ± SE) (CI; median) 3.6 ± 0.28 (3.01–4.18); 4
Touching (mean ± SE) (CI; median) 2.96 ± 0.34 (2.25–3.67); 4
Electric shock (mean ± SE) (CI; median) 4.04 ± 0.32 (3.38–4.70); 5
Heat or cold (mean ± SE) (CI; median) 3.52 ± 0.29 (2.91–4.13); 4
Numbness (mean ± SE) (CI; median) 3.84 ± 0.27 (3.27–4.40); 4
Pressure pain (mean ± SE) (CI; median) 3.67 ± 0.25 (3.16–4.18); 4

PPT: pressure pain threshold; CPM: conditioned pain modulation; SE: standard error; CI: confidence interval; SD: standard deviation; 
NRS, numerical rating score.

Table 2. Characteristics of patients who dropped out of the study and the patients who completed the study at 3 months.

Baseline characteristics Drop outs Patients who continued 
3 months study

p value, (t-test)

Female:male 11 13:1  
NRS (mean ± SE; CI) 7.6 (0.54; 6.37–8.83) 8.7 (0.37; 7.92–9.51) 0.31
PPT (KPa) (mean ± SE; CI) 233 (40.46; 142.82–323.16) 162.67 (22.99; 113–212.33) 0.11
CPM (KPa) (mean ± SE; CI) 10.6 (16.2; –25.5 to 46.73); 25.62 (8.5; 7.2–43.96) 0.51
CPM (normal:abnormal), n (%) 3 (27):8 (73) 1 (7):13 (93)  
Burning (mean ± SE; CI) 3.18 (0.57; 1.91–4.45) 3.64 (0.43; 2.7–4.6) 0.55
Tingling (mean ± SE; CI) 3.55 (0.49; 2.45–4.64) 3.64 (0.34; 2.9–4.4) 0.89
Touching (mean ± SE; CI) 3 (0.57; 1.73–4.24) 2.92 (0.44; 1.98–3.87) 0.69
Electric shock (mean ± SE; CI) 4.18 (0.44; 3.19–5.15) 3.93 (0.46; 2.93–4.93) 0.76
Heat or cold (mean ± SE; CI) 3.5 (0.41; 2.6–4.5) 3.5 (0.44; 2.5–4.5) 0.92
Numbness (mean ± SE; CI) 3.6 (0.43; 2.7–4.6) 4 (0.36; 3.22–4.78) 0.37
Pressure pain (mean ± SE; CI) 3.7 (0.33; 2.9–4.6) 3.64 (0.36; 2.87–4.12) 0.98

PPT: pressure pain threshold; CPM: conditioned pain modulation; SE: standard error; CI: confidence interval; NRS, numerical rating 
score.
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symptoms of FM. Evidence also suggests that pharma-
cological treatment in FM generally shows only small 
to moderate effects. Non-pharmacological interven-
tions report as having similar or smaller effects.16 In a 
randomised study using lidocaine and amitriptyline, 
no meaningful impact was found in FM patients.17 
Other studies using lidocaine have found more positive 
results. In one study, daily intravenous lidocaine was 
used in patients for 6 days; however, this treatment 
plan would not be easy to use within clinical practice.18 
Pregabalin has been approved by the US FDA for the 
management of FM. It shares with gabapentin a novel 
high-affinity drug-binding site, the calcium channel 
alpha2 – delta subunit.19 Pregabalin has been examined 
in several clinical trials and has been found to be effec-
tive and safe in treating FM20,21 and notably compared 
with placebo more often associated with clinical 
improvements in pain categories.22 The use of pregaba-
lin on central sensitisation for pain control in chronic 
pancreatitis have demonstrated similar results with 
moderate inhibitory effects on central sensitisation, 
suggesting that QST may be of clinical use for moni-
toring pain treatments.23

Quantitative sensory testing is a measure of large 
and small afferent nerve fibre function, using psycho-
physical tests involving the skin, mucosa and muscle 
tissues. The tests used in QST can be broadly classified 
as either static or dynamic measurements. Static meas-
urements depict a single point on the pain experience 
continuum, for example, the threshold determination 
of pressure when it becomes ‘painful’ to the participant 
(PPT response), or the threshold when a subject is able 
to detect temperature change and it becomes painful 
(heat and cold temperature threshold and painful 
response). The static measures have the advantage of 
using an easily defined endpoint, which is stable and 
reproducible in practice but represents only one part of 
the pain process.24 In contrast, dynamic QST meas-
urements may be used to capture the endogenous pain 
modulatory process. These include tests of central 
integration such as temporal and spatial summation, or 
tests of descending control or CPM, such as the DNIC 
paradigm.25 Current evidence suggests that dynamic 
tests can be more suitable in predicting outcomes for 
pain interventions.26

In this study, we found that the patients at baseline 
were, except one patient, central sensitisation and after 
treatment with pregabalin this effect was reversed.

Findings from QST studies in patients with FM 
have demonstrated an increased pain response to pain-
ful stimuli5,27 and reduced tolerance in the tourniquet 
ischaemia test.28 This hyperalgesia is not restricted to 
the tender points but found widespread,29 proposing 
central sensitisation as a contributing pathophysiologi-
cal factor.27

A limitation to this study was the high drop-out, 
with 25 consented and only 14 completing the 
3-month treatment with pregabalin. Dizziness 
affected almost all of the 14 completed patients; 
however, most found that the benefit of reduced 
pain outweighed dizziness which over time or with a 
reduction in dose did subside. Five dropped out hav-
ing felt that the dizziness had a disabling impact on 
their lives, one patient dropped out with unaccepta-
ble swelling of her legs and another withdrew after 
subjective reports of deterioration in her affective 
state. Other common side effects include weight gain 
and increased sleepiness. These however were well 
tolerated by most patients.

We speculate that the low retention rate was due to 
adverse events related to pregabalin, with dizziness 
being the most frequently reported; this drop-out rate 
is high compared to previously published studies.30 
Future studies should draw on our experience and 
consider lower starting doses with dose titration to 
minimise adverse events, with closer monitoring from 
clinical staff during the initial treatment period.

This proof of principle study, using the application 
of QST, reports a gradual increase in PPTs and in the 
DNIC response with pregabalin, which was main-
tained at 12 weeks. This was also supported by positive 
pain scores. Large adequately powered studies com-
paring pregabalin with placebo or another active treat-
ment for pain relief are required to investigate the role 
for routine dynamic QST assessments, to explore 
potential mechanisms through which pregabalin exerts 
its analgesic effect in FM patients. This is the first study 
demonstrating improvement in peripheral and central 
sensitisation as measured by QST in patients with FM 
following pregabalin treatment.
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