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Abstract

Although chronic widespread musculoskeletal pain is a significant health problem, the molecular mechanisms involved in

developing and maintaining chronic widespread musculoskeletal pain are poorly understood. Central sensitization mechanisms

maintained by stimuli from peripheral tissues such as muscle have been suggested. Lipid mediators with anti-inflammatory

characteristics such as endogenous ligands of peroxisome proliferator activating receptor-a, oleoylethanolamide, and palmi-

toylethanolamide are suggested to regulate nociceptive transmission from peripheral locations on route towards the central

nervous system. This case–control study investigates the levels of anti-inflammatory lipids in microdialysis samples collected

during the first 2 h after microdialysis probe insertion and explores the association of these lipids with different pain

characteristics in women with chronic widespread musculoskeletal pain (n¼ 17) and female healthy controls (n¼ 19).

The levels of oleoylethanolamide, palmitoylethanolamide, and stearoylethanolamide were determined. During sampling of

dialysate, pain ratings were conducted using a numeric rating scale. Pain thresholds were registered from upper and lower

parts of the body. Oleoylethanolamide and stearoylethanolamide levels were significantly higher (p4 0.05) in chronic wide-

spread musculoskeletal pain at all time points. Numeric rating scale correlated with levels of stearoylethanolamide in chronic

widespread musculoskeletal pain. Higher levels of lipid mediators could reflect an altered tissue reactivity in response to

microdialysis probe insertion in chronic widespread musculoskeletal pain.

Keywords

Chronic widespread pain, microdialysis, trapezius muscle, tissue trauma, lipid mediators

Date received: 16 March 2016; revised: 27 May 2016; accepted: 5 July 2016

Introduction

Chronic widespread musculoskeletal pain (CWP) is a
significant health problem with a prevalence of approxi-
mately 10% in the population.1,2 Fibromyalgia syn-
drome (FMS) is an important subgroup with a
prevalence of 2–4%. Central alterations in the processing
of nociception (e.g., alterations in pain matrix together
with alterations in the descending control of nociception)
have been reported in CWP/FMS.3–8 Thus, CWP/FMS
has been considered a central hyperexcitability pain con-
dition.5,9,10 However, there are several recent indications
that central alterations may be driven by peripheral alter-
ations (e.g., in muscles), by nociceptive C-fibres, and/or
by a chronic nociceptive input.11–17

There is a growing body of evidence indicating that
various endogenous lipid mediators regulate the excit-
ability of peripheral nociceptors18 (e.g., pro-algesic
lipids such as prostaglandin E2 and analgesic lipids
such as the endocannabinoids (ECs), N-acylethanola-
mines (NAEs)).19 The relatively well-studied NAE
palmitoylethanolamide (PEA) has been proposed to
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modulate pain and inflammation mainly via peroxisome
proliferator-activated receptor type-a (PPAR-a) activa-
tion.20–23 Oleoylethanolamide (OEA) is likewise signal-
ing through PPAR-a and has upon its activation been
associated with regulation of feeding and body weight.24

OEA is also related with both analgesic properties which
has been suggested to occur independently of PPAR-a
activation,25 and induction of visceral pain via transient
receptor potential vanilloid-1 (TRPV-1) activation.26

Stearoylethanolamide (SEA) has been known to generate
anti-inflammatory activity,27 not modulated via PPAR-
a, but similar signalling pathways by inhibition of NF-kb
translocation and down-regulation of proinflammatory
cytokines expression.28

Microdialysis (MD) is a method for sampling of
unbound endogenous compounds in tissues.29 The inser-
tion of a MD probe into muscle tissues leads to an acute
inflammatory response such as increases in proinflamma-
tory cytokines.30 To investigate the habitual situation of
a certain tissue, the dialysate from the time immediately
after probe insertion (1–2 h) is usually discarded.

Unlike other neurotransmitters (e.g., glutamate and
GABA) that are stored in vesicles and released upon
stimulation, lipid mediators have been considered to be
synthesized and released ‘on demand’. Non-significant
higher levels of PEA and SEA in trapezius microdialy-
sate collected after the trauma phase (140–180min) have
previously been found in CWP.31

The question arises whether chronically painful mus-
cles respond differently to acute trauma compared to
non-painful muscle in regard to levels of lipid mediators.
Hence, this study investigated the acute consequences
(i.e., first 2 h) of MD probe insertion with respect to
levels of PEA, SEA, and OEA in dialysate and to what
extent differences exist between healthy subjects and
patients with CWP. Within this aim, correlations
between levels of these substances and pain characteris-
tics (intensity and sensitivity) were investigated.

Methods

All methods were carried out following approved guide-
lines. All participants signed a consent form that was in
accordance with the Declaration of Helsinki. All the
experimental protocols were approved by the
Linköping University Ethics Committee (Dnr: M10-08,
M233-09, M233-09, Dnr: 2010/164-32).

Subjects

In this case–control study, women with CWP were iden-
tified and recruited via a fibromyalgia patient organiza-
tion and a review of the medical reports of former out
patients at the multidisciplinary Pain and Rehabilitation
Centre, University Hospital, Linköping, Sweden.

Inclusion criteria were female sex, age range 20–65
years, and widespread pain according to the American
College of Rheumatology (ACR) 1990 classification cri-
teria.32 Exclusion criteria were bursitis, disorders of the
spine, tendonitis, capsulitis, post-operative conditions in
neck/shoulder area, prior neck trauma, neurological dis-
ease, rheumatoid arthritis or any other systemic disease,
metabolic disease, malignancy, severe psychiatric illness,
pregnancy, and difficulties understanding the Swedish
language. All participants underwent a standardized
and validated clinical examination of the upper extremi-
ties according to Ohlsson et al.,33 as well as a standar-
dized clinical examination of the lower extremities.

The control group (CON) were recruited via adver-
tisements in the local daily newspaper. Inclusion criteria
were female sex, age range 20–65 years, and pain-free.
The exclusion criteria were the same as the CWP group
as well as any pain lasting more than seven days during
the past 12 months. Clinical examination was conducted
as mentioned above.

Procedures

Primary screening was performed using the standardized
Nordic Ministry Council Questionnaire for analysis of
musculoskeletal symptoms34 together with a structured
telephone interview. Subjects were then invited for a clin-
ical examination as described above and recording of
weight, height, and body mass index (BMI) in order to
confirm eligibility. All eligible subjects went through
pressure point measurements in upper and lower extre-
mities. Pressure pain thresholds (PPT) from right and left
side of trapezius and tibialis anterior muscles were deter-
mined. Heat pain thresholds (HPT) and cold pain thresh-
olds (CPT) over right and left trapezius and tibialis
anterior were also determined. MD was conducted
in the trapezius muscle on the most painful side (CWP)
or the dominant side (CON) and pain intensity was
rated.

Microdialysis

The MD procedure was accomplished as previously
described.31 To guide the placement of catheters, ultra-
sonographic measurements of the trapezius muscle area
were conducted. The skin and the subcutaneous tissue
above where the catheter entered the trapezius muscle
were anaesthetized with a 0.5-mL local injection of
Xylocaine (20mg/mL) without adrenaline, and care
was taken not to anaesthetize the underlying muscle.
The commercially available MD catheter (CMA 60;
mDialysis, Stockholm, Sweden) with a 20-kDa cut-off
was inserted parallel to the muscle fibres into the pars
descendens of the trapezius muscle at half the distance
between the processus spinosus of the seventh cervical
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spine and the lateral end of the acromion. After the
insertion of catheters, participants rested comfortably
in an armchair during the sample period. The set perfu-
sion rate was 5 mL/min and dialysate was collected in 20–
min intervals. The vials that were used for sampling of
the dialysate were weighed before and after collection in
order to confirm that sampling was working according to
the set perfusion rate. All samples were kept on ice
during the experiment and after the experiment the
dialysate was stored in aliquots at �70�C until day of
analysis. Figure 1(a) shows the probes inserted in the
trapezius muscle, and Figure 1(b) shows a timeline for
the MD sampling.

Pain intensity

The pain ratings collected every 20min (same time points
as dialysate sampling) during the MD procedure con-
cerned pain in the trapezius muscle of the most painful
side (CWP) or the dominant side (CON). The subjects
were asked to rate their pain intensity on a numeric
rating scale (NRS) with numbers (0–10) and with written
descriptors at the two end points (0¼ no pain and
10¼worst possible pain). The results concerning pain
intensity have essentially (although not the same
number of subjects) been published elsewhere.35

Pressure pain thresholds

The PPT measurements were performed as described
earlier.31 A handheld electronic pressure algometer
(Somedic, Hörby, Sweden) was used to assess PPT.

Pressure was measured in kilopascal (kPa). PPT meas-
urements were performed on the right and left side tra-
pezius muscle and on the right and left side tibialis
anterior muscle. Each PPT variable was determined as
the mean of three measuring points from each muscle.
The results concerning PPTs have essentially (although
not the same number of subjects) been published
elsewhere.31,35

HPT and CPT

Thermal sensory testing was performed using a modular
sensory analyser from Somedic (Hörby, Sweden). The
method has previously been described in detail.36,37

Thermal pain thresholds were measured using the
method of limits with a baseline temperature of 32�C.
HPT over right and left trapezius and tibialis anterior as
well as CPT over the same regions were determined.
A thermode with a stimulating surface of 25� 50mm, con-
sisting of Peltier elements and a temperature change range
of 1�C/s, was used for all tests. During the tests, the par-
ticipants sat comfortably in a quiet room with an ambient
temperature of approximately 22�C. The stimulator was
applied to the skin and a constant current source was con-
nected, giving a baseline temperature of 32�C. First, the
ability to perceived changes in temperature was tested
(not reported). Next, CPT and HPT were determined.
During this procedure, the participants were instructed to
activate the switch when they first perceived the stimulus as
painful. The lowest and highest stimulation temperatures
were 10 and 50�C, respectively. The time required for pain
threshold measuring was about 15min per site.

Figure 1. Muscle MD set up. (a) Two catheters (100 kDa and 20 kDa) inserted in trapezius muscle. (b): Timeline of the MD sampling.

Samples were collected every 20 min. Subjects rested comfortably in an armchair during the trauma period (time point 20-120). After this

period, subjects continued to rest for 20 min (baseline) followed by a 20-min period of standardized repetitive low-force exercise per-

formed on a pegboard (work). The experiment ended with three recovery periods of 20 min, during which participants rested. Samples

from the trauma period were analysed by LC-MS/MS. (c) Chromatograms of PEA, OEA, and SEA with retention times.

Stensson et al. 3



Analysis of NAE levels

A selected reaction monitoring (SRM) liquid chromatog-
raphy tandem mass spectrometry (LC-MS/MS) method
was used to analyse NAEs in human microdialysate sam-
ples using verified SRM transitions.38,39 An LC-MS/MS
system containing a Thermo Scientific Accela AS auto
sampler and Accela 1250 pump coupled to a Thermo
Scientific TSQ Quantum Access max triple quadrupole
mass spectrometer with an HESI II probe as ionization
source was used. Liquid chromatography was performed
using isocratic elution on a Xbridge C8 guard column
(column dimensions 2.1mm� 10mm) coupled to a
Xbridge C8 analytical column (column dimensions
2.1mm� 150mm) both with the particle size 2.5mm;
this set up was obtained from Waters (Dublin,
Ireland). The mobile phase consisted of methanol-acet-
onitrile-Milli-Q water (60:25:15) (v/v/v), 0.1 % (v/v)
formic acid, and 1 g/L ammonium acetate. The sample
injection volume was 10 ml and the LC flow-rate was
300 ml/min. The electrospray interface was operated in
positive ion mode and the spray voltage was set to
4.5 kV. The capillary temperature was set to 350�C and
sheath gas pressure to 40 arb units. The ion sweep gas
pressure was set to 0.4 arb units. The SRM (m/z) tran-
sitions were 326.3/62.4 for OEA, 300.3/62.4 for PEA,
and 328.3/62.4 for SEA.

MD samples were blinded and prepared before ana-
lysis as previously described.31,40 Briefly, on the day of
analysis, 50 ml microdialysate and perfusate were dried
by SpeedVacc vacuum concentration system (Savant,
Farmingdale, NY, USA) and dissolved in 100ml metha-
nol, vortexed, and centrifuged.40 The supernatants were
transferred to new tubes (0.65ml) and dried. The resi-
dues were dissolved in 20 ml LC mobile phase, vortexed,
and transferred to glass insert vials for LC-MS/MS.

The linearity of the measuring ranges was assessed
with standard curves ranging from 0.1 to 20 nM for
OEA and SEA and 0.5–20 nM for PEA in human
muscle dialysate. The limit of detection (LOD) of the
compounds (defined as the concentration at which a
signal-to-noise ratio of greater than 3:1 was achieved
following direct analyses from stock solutions) was �
0.1 fmol for OEA, PEA, and SEA. Quantification was
performed using external standards curves, linear regres-
sion, and equal weighting. Xcalibur� (version 2.1,
Thermo Scientific) software was used for peak integra-
tion and quantification. Chromatograms of PEA, OEA,
and SEA are shown in Figure 1(c).

Statistics

The IBM SPSS version 22.0 (IBM Corporation, Route
100, Somers, NY) and the GraphPad Prism computer
programme (GraphPad Software Inc, San Diego, CA)
were used for the traditional statistical analyses.

The number of patients needed in order to achieve suf-
ficient power was based on the concentration of intersti-
tial lactate of the trapezius in healthy controls and in
patients with chronic trapezius myalgia reported in one
of our previous studies.41 Hence, using Power and
Sample Size Calculation, ver. 3.0.229 based on the
following parameters: a¼ 0.05, power¼ 0.8, difference
between groups¼ 1.7, and SD¼ 1.7, it was found that
17 patients in each group were needed. Hence, this
power analysis can be considered as post hoc calculation
assuring that the number of subjects in the present study
has the power to reveal relevant differences.

T-test of independent samples was used for group
comparisons and one-way repeated measures ANOVA
was used for pairwise comparisons within groups.
Pearson’s correlation analyses were used for investiga-
tions of associations between variables. Tables 1–3 pre-
sent data as means�SD values, and Figures 2 and 3
present data as mean� one standard error of the mean
(� 1 SEM). SIMCA 14 (Umetrics) was used for the mul-
tivariate data analysis (MVDA), and a p4 0.05 was used
as level of significance in all analyses.

For all MVDA analyses, data were log-transformed
when needed (using the SIMCA-Pþ function) and scal-
ing to unit variance was applied.42,43 The present study
uses principal component analysis to identify multivari-
ate outliers using two powerful methods available in
SIMCA-Pþ. No multivariate outliers were identified.

For MVDA, the obtained components are per defin-
ition not correlated and are arranged in decreasing order
with respect to explained variation. R2 describes the
goodness of fit—the fraction of sum of squares of all
the variables explained by a principal component.44

Orthogonal projections to latent structures-discrimi-
nant analysis (OPLS-DA) was used for the multivariate
regression analysis of group membership (CWP or
CON)44 using the mean levels of the investigated lipids
alone or in combination with other variables. The vari-
able influence on projection (VIP) indicates the relevance
of each X-variable pooled over all dimensions and the Y-
variables—the group of variables that best explains Y.

Table 1. Age, height, weight, and BMI in CWP and CON.

CWP (n¼ 17)

Mean (SD)

CON (n¼ 19)

Mean (SD)

Statistics

(p-value)

Age (years) 48.8 (10.0) 41.8 (10.7) 0.04*

Height (cm) 167.5 (5.2) 169.5 (6.2) 0.30

Weight (kg) 77.4 (17.7) 70.6 (10.7) 0.17

BMI (kg/m2) 27.5 (5.7) 24.5 (2.9) 0.05*

Values are denoted as means� SD (in brackets). Furthest to the right are

shown the results of the group comparisons (p-values). * denotes statis-

tically significant difference between groups. BMI: body mass index.
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VIP5 1.0 was considered significant. Coefficients (OPLS
scaled and centred regression coefficients) were used to
note the direction of the relationship (positive or nega-
tive; in the text reported immediately after the VIP
value). Moreover, analysis of variance of cross-validated
predictive residuals (CV-ANOVA), which is a diagnostic
tool for assessing model reliability, was also computed.
CV-ANOVA measures the significance of the observed
group separation.42

Figure 2. Mean concentrations (nM) with error bars (SEM) for

OEA, PEA, and SEA in microdialysate sampled from the trapezius

muscle of women with CWP and healthy female controls during

the acute tissue trauma phase (20–120 min) immediately after the

insertion of the MD probe.

Table 2. Concentrations of the three NAEs investigated.

NAE Time CWP CON Statistics

(nM) (min) Mean (SD) Mean (SD) (p-value)

20 1.64 (1.64) 0.32 (0.69) 0.003*

40 2.36 (3.21) 0.44 (0.65) 0.018*

OEA 60 2.11 (2.04) 0.45 (0.67) 0.002*

80 1.95 (1.37) 0.39 (0.54) 0.000*

120 2.22 (1.78) 0.34 (0.48) 0.000*

20 0.68 (0.69) 0.38 (0.64) 0.193

40 1.34 (2.47) 0.56 (1.05) 0.252

PEA 60 0.85 (0.57) 0.48 (0.95) 0.164

80 0.87 (0.67) 0.21 (0.17) 0.000*

120 0.93 (0.50) 0.55 (0.95) 0.148

20 2.76 (1.84) 0.57 (0.37) 0.000*

40 2.95 (3.00) 0.50 (0.25) 0.001*

SEA 60 3.96 (5.07) 0.73 (0.83) 0.019*

80 4.03 (4.73) 0.64 (0.75) 0.004*

120 3.67 (3.54) 0.74 (0.69) 0.001*

Values are denoted as mean� SD. Furthest to the right shows the results

of the group comparisons (p-values) from each time point in (0–120 min). *

denotes statistically significant differences between groups; p-values are

corrected for inequality of variance using Leven’s test for equality of vari-

ance, when needed.

Table 3. PPT, CPT, and HPT values from the most painful or the

dominant (A) or non-painful or non-dominant (B) side of trapezius

(Trap) and tibialis (Tib) anterior muscles.

Pain

thresholds

Measure Region

CWP (n¼ 17)

Mean (SD)

CON (n¼ 19)

Mean (SD)

Statistics

(p-value)

PPT (kPa) Trap-A 227.7 (134.2) 535.5 (100.8) 0.000*

Trap-B 219.5 (122.6) 539.0 (94.3) 0.000*

Tib-A 293.2 (144.3) 576.2 (49.1) 0.000*

Tib-B 310.8 (151.3) 583.8 (45.9) 0.000*

CPT (�C) Trap-A 16.5 (6.3) 12.5 (4.9) 0.042*

Trap-B 16.5 (5.4) 12.6 (5.1) 0.031*

Tib-A 14.1 (5.9) 11.6 (4.3) 0.151

Tib-B 14.5 (5.1) 11.3 (3.9) 0.043*

HPT(�C) Trap-A 46.7 (2.5) 48.4 (1.5) 0.015*

Trap-B 46.6 (1.8) 46.9 (4.7) 0.825

Tib-A 46.8 (2.2) 48.1 (1.2) 0.024*

Tib-B 46.3 (2.1) 47.6 (1.6) 0.043*

Values are denoted as mean values� SD (in brackets).* denotes statistically

significant difference between CWP and CON. Note that the results con-

cerning PPTs essentially (not with the exact the same number of subjects)

have been published elsewhere.31,35
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Results

A total of 43 participants (19 CWP and 24 CON) were
recruited in the original study; 17 CWP and 19 CON had
sufficient MD volume for analysis and were included in
the data analysis. Sample volumes deviating more than
20% from the actual flow set in the MD experiment,
were excluded from the analysis. In addition, the
number of data points from each subject had to be5 3
(out of five), which resulted in 36 samples from time
point 20min, 34 samples (40min), 36 samples (60min),
34 samples (80min), and 35 samples (120min) with suf-
ficient volume for the analysis.

The number of subjects in each group, their age,
height, weight and body mass index (BMI) are
tabulated in Table 1. There were statistically significant
(p4 0.05) differences in age and BMI between CWP and
CON.

NAE concentrations

OEA and SEA levels were significantly higher in CWP
compared to CON during the tissue trauma period at all
time points (Table 2 and Figure 2). CWP also had sig-
nificantly higher levels of PEA at one time point
(80min) (Table 2 and Figure 2). To confirm these
results, a regressions analysis (OPLS-DA) of group
membership (CWP or CON) was obtained using the
mean values of the lipids as regression parameters
(R2
¼ 0.69, Q2

¼ 0.65, and CV-ANOVA: p< 0.001).
VIP values for the different lipids in this model were
1.08, 1.04, and 0.86 for SEA, OEA, and PEA, respect-
ively. Hence, MVDA confirmed the traditional statis-
tics. No significant changes in levels of NAEs over
time could be found in the two groups. In order to

evaluate if the rate of change of the lipid concentrations
between time points were different, derivatives were cal-
culated and means of derivatives were compared
between groups. No significant difference in the rate
of change could be found, nor any significant difference
in the rate of change was found within the two groups.
(Figure of the lipids rate of change exists as supplemen-
tary material.)

Pain intensity

Significantly higher ratings of pain intensity during the
trauma phase were as expected and, as presented else-
where35, found for CWP compared to CON (all
p< 0.001) (Figure 3). No significant changes in pain
intensity over time were found within the two groups.

Pain thresholds

In the pain thresholds comparison, the most painful side
in CWP and the dominant side in CON were compared
(denoted A in Table 3). Vice versa, the least painful side
in CWP was compared with the non-dominant side in
CON (denoted B in Table 3). Significantly lower PPTs in
both sides of trapezius (Trap) and tibialis (Tib) were
found in CWP compared to CON (all p< 0.001) (Table
3). These data have essentially been presented else-
where.31,35 Significantly higher CPTs were found in
three anatomical areas in CWP compared to CON
(Trap-A, Trap-B, and Tib-B), p< 0.05) (Table 3).
Significantly lower HPT were found in CWP in three
areas compared to CON (Trap-A, Tib-A, and Tib-B)
(p< 0.05) (Table 3).

Correlation analyses

Correlation analyses were performed between mean
levels of the NAEs and pain characteristics (intensity
and pain thresholds, i.e., PPT, CPT, and HPT), BMI,
and age. When all participants (CWP¼CON) were
included, significant correlations existed between lipid
levels and pain intensity (OEA: r¼ 0.61, p< 0.01; SEA:
r¼ 0.72, p< 0.01; and PEA: r¼ 0.41, p< 0.05).
Significant negative correlations also existed between
OEA and PPTs (Trap-A: r¼�0.34; Trap-B: r¼�0,
37; Tib-B: r¼�0.33, p< 0.05) and between SEA and
PPTs (Trap-A: r¼�0.37; Trap-B: r¼�0.35; Tib-A:
r¼�0.36; Tib-B: r¼�0.33, p< 0.05).

When the two groups were tested separately, no sig-
nificant correlations were found in CON. In CWP, a
significant correlation existed between SEA and pain
intensity (r¼ 0.55, p< 0.05). No significant correlations
were found between the three lipid levels and age and
BMI in all subjects taken together or in the two groups
separately.

Figure 3. Pain intensity ratings (0–10; mean� SEM) during the

acute tissue trauma phase immediately after the insertion of the

MD probe in women with CWP and CON.
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The relative importance of the lipids – Multivariate
analyses

In the following step, mean levels of the NAEs and NRS
together with PPT, HPT, CPT, age, and BMI were used
for OPLS-DA regression of group membership. A sig-
nificant regression was obtained (R2

¼ 0.91, Q2
¼ 0.88,

and CV-ANOVA: p< 0.001). As expected pain intensity
was the most important regressor (VIP¼ 1.40 (þ)). Of
the pain thresholds the PPTs of the four anatomical sites
were the most important regressors (VIP: 1.26–1.33 (�)),
but SEA (VIP¼ 1.20 (þ)) and OEA (VIP¼ 1.18 (þ))
were also significant regressors in this context. PEA
(VIP¼ 0.87 (þ)), HPTs (VIP: 0.22–0.82 (�)), and CPTs
(VIP: 0.83–0.93 (þ)) of the four anatomical sites, age
(VIP¼ 0.61 (þ)), and BMI (VIP¼ 0.48 (þ)) were not
important regressors. Figure 4 shows a loading scatter
OPLS-DA plot of mean concentrations of NAEs and
NRS together with PPT, HPT, CPT, age, and BMI.

Trauma NAE levels in comparison with post trauma

Our novel results clearly indicate that there are differences
in the levels of two NAEs in CWP. The results primarily

indicate a tonic situation (i.e., no significant changes
during the investigated trauma period) with higher
levels of SEA and OEA in CWP. However, a different
interpretation of the NAE response during the trauma
period could not be entirely ruled out. For the same
group of subjects, we earlier have reported the levels of
SEA and PEA for the time after the trauma period and
compared these levels before and after a brief repetitive
work period of the shoulders (20min);31 both substances
decreased significantly in CWP. When comparing the
trauma period levels with the 140min level, considerably
higher SEA levels were found during the trauma period.
However, different analytical methods were used to mea-
sure NAE levels in our previous study and this study,
so the validity of such a comparison can certainly be
questioned. Presumably it is more valid to compare the
relative differences (quota: CWP/CON) of the lipid levels
throughout the trauma period and after the trauma
period (i.e., at 140min reported in our previous study31)
(Figure 5).

According to these calculations, SEA quotas are rela-
tively stable (4.96–6.30) during the trauma period but are
substantially lower at time point 140min, indicating a
different response to the insertion of MD probe in

Figure 4. Loading scatter plot of mean levels of pain intensity and of lipids ([PEAm], [OEAm],] and [SEAm]), PPT, CPT, and HPT values

for trapezius (Trap) and tibialis anterior (Tib) (A¼most painful/dominant side and B¼ least painful/non-dominant side) together with age,

and BMI (these variables marked in green). $M2.DA (1) (in red) represent the predicted value for the CWP group and $M2.DA (2) (in red)

for CON. The approximation to prediction values in the plot is proportional to the contribution of the normalized levels of the parameters

in the model. NRS, PPTs, OEA, and SEA contribute more to the model (i.e., graphically located near $M2.DA (1) or $M2.DA (2)) than PEA,

age, BMI, and thermal pain thresholds.

Stensson et al. 7



combination with higher tonic concentration in CWP.
Except for the substantially higher quota at 80min
(4.14), the PEA quotas are stable during trauma and at
time point 140min (1.69–2.39). This finding indicates
that PEA responds differently to MD probe insertion
compared to SEA in combination with habitually
higher levels in CWP. OEA quotas are stable during
trauma and no data exist for the following time point
for this substance as it was not investigated in our pre-
vious study.31

Discussion

This study has two major findings:

. Significantly higher levels of OEA and SEA were
found in CWP during the first 2 h after the MD
probe insertion.

. A significant positive correlation existed between SEA
and pain intensity in CWP.

We earlier reported from this cohort of CWP
(although not with the same number of subjects) signifi-
cantly lower PPTs both in upper and lower parts of the
body.35 The pattern with respect to CPT and HPT shows
less prominent group differences and only partly signifi-
cant differences (Table 3). Thermal pain thresholds
mainly reflect nociceptive skin properties while PPT
also and mainly reflects deeper tissues, i.e., muscles.

Hence, the more substantial differences in PPT compared
to thermal pain thresholds differences between groups
may indicate that pain input from muscle tissues has a
higher impact in CWP than input from skin tissues. As
expected both from the inclusion criteria and from ear-
lier studies including these groups of subjects (CWP and
CON), we found significantly higher pain intensity but
without significant changes over time during the trauma
period after MD probe insertion in CWP compared to
CON.35

In muscle studies, dialysate samples from the trauma
period (1–2 h) have usually been discarded due to the
trauma and the subsequent acute inflammation.41,45,46

The dialysate obtained after the trauma period is sup-
posed to reflect the tonic situation of the muscle tissue.
The development of catheters has progressed enabling
easier and less traumatic catheter insertion; in studies
from our group in 2004–2010, we used custom made
catheters that required another technique to insert
these larger needles. Few studies have investigated the
acute tissue effects after probe insertion of certain mol-
ecules as in the present study and none have investigated
NAEs. Increased serotonin levels in the superficial mas-
seter muscle of healthy subjects were found during the
initial 20min.47 An increase in interstitial interleukin-6
(IL-6) in the trapezius muscle during the first hour has
been reported.46 Carson and co-workers reported that
for healthy subject’s three amino acids, glucose, and lac-
tate decreased and stabilized within 2 h after probe inser-
tion, while dramatic increases in IL-6 and IL-8 still were
present 6 h post MD probe insertion.30

To the best of our knowledge, there are no other stu-
dies comparing the molecular responses between chronic
muscle pain patients and healthy subjects during the
acute trauma period. Although the acute tissue trauma
in this study is induced experimentally by MD insertion
and is not a natural trauma, it is clinically interesting to
study the potential differences in the peripheral response
in patients with CWP compared to healthy subjects.

Undoubtedly, there are central alterations in central
nervous system in patients with CWP (cf. Introduction).
However, there is a growing interest in peripheral factors
in CWP and to what extent such factors contribute to
maintaining central mechanisms. The level of SEA cor-
related significantly positively with pain intensity but the
explained variation was low (R2: 30.3 %), indicating that
other factors (e.g., molecular alterations) also are
important when explaining group belonging using per-
ipheral biochemical factors. Thus, measurement of NAE
levels alone in a given pain condition will not give a
complete picture unless information about other mol-
ecules are also provided. As mentioned above, recent
studies have reported small fibre pathology in C-fibres
in FMS.13,15,16,48 The muscle interstitium (i.e., extra cel-
lular fluid), where nociceptor free nerve endings

Figure 5. Group quota (CWP/CON) of means of OEA, PEA, and

SEA from trauma period (red) and post trauma point (green; data

obtained for SEA and PEA from31). A straight line would indicate a

static situation during the time period. Time point 80 min for PEA

deviates substantially from the other time points which (most

likely) suggests it to be an outlier in the context or (less likely) to

reflect a different response. The post trauma point (140 min) for

SEA deviates substantially from the trauma points (20–120 min)

which could indicate it to be an outlier or to reflect a different

tissue response to the insertion of MD probe between groups.
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terminate, can provide information on the local bio-
chemical milieu. Indeed, studies have shown muscle
interstitial alterations of the trapezius in CWP (e.g.,
increased interstitial concentrations of lactate,35,49 pyru-
vate,49s and glutamate35). The concentrations of gluta-
mate and lactate correlated with pressure pain thresholds
(PPTs) of trapezius and pain intensity in CWP.35 Also
proteomic studies of the interstitium50 and biopsies51 of
trapezius in CWP have shown marked alterations that
may indicate activated peripheral nociceptive processes.
The causal relationship between such muscle tissue alter-
ations and recently reported alterations in C-fibres is not
known and warrants further investigations.

Numerus studies associate various NAEs with anal-
gesia and anti-inflammation. Moreover, these lipids are
also associated with feeding behaviour, energy metabol-
ism, and diet. OEA has been associated with feeding and
bodyweight24 as well as SEA.52 Both PEA and OEA are
associated with energy metabolism.53 A majority of
NAEs, including OEA, PEA, and SEA, have been
reported to be influenced by diet.54

Here we report levels of lipid mediators associated
with pain and inflammation as well as feeding behaviour
and energy metabolism. The present study gives support
to the conclusion that NAE levels are altered in painful
muscle tissue and it also gives some support for a differ-
ent tissue response to MD probe insertion for SEA and
PEA. Although age and BMI were significantly higher in
CWP, only very weak non-significant correlations
existed between the lipids and these two factors
(r¼ 0.07–0.14), both according to the bivariate correl-
ations and the MVDA (Figure 4). Hence, although diet-
ary factors cannot be ruled out as causal factors for the
levels of SEA and OEA, pain characteristics appear to be
more important in the cross-sectional perspective of this
study.

A strength of the present study is that the levels of
lipid mediators were investigated at five time points.
Using MVDA, we confirmed the traditional statistical
analyses and determined the relative importance of the
investigated variables when regressing group member-
ship. One limitation is that dietary factors were not cap-
tured. Another limitation is that the levels of
inflammatory cytokines were not measured due to lim-
ited sample volume. Even though several previous inves-
tigations of muscle MD cytokine levels during chronic
pain conditions not have revealed any differences on
group level (between trapezius myalgia patients and con-
trols55 (IL-6), or between fibromyalgia patients versus
controls56 (IL-1b, IL-6, IL-8, TNF)), the MD technique
could be a useful tool to investigate the relationship
between NAEs and cytokines in vivo. A third limitation
is that levels of the lipids during the tissue trauma and
after the trauma period were not analysed in the same
study.

In conclusion, high levels of NAEs in CWP are prob-
ably a result of habitually higher levels compared to
CON; however, an altered tissue reactivity in response
to MD probe insertion cannot be entirely ruled out. Pain
intensity correlated with SEA, but age and BMI did not
seem to be important factors for NAE levels. A better
understanding of the interplay between these lipids and
peripheral pain signaling might provide new therapeutic
opportunities for patients with CWP.
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