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Abstract Several studies provided evidence for general-
ized hyperalgesia in fibromyalgia or whiplash-associated
disorders. In chronic fatigue syndrome, however, pain is a
frequently reported complaint, but up to now, evidence for
generalized hyperalgesia is lacking. The aim of this study is
to examine whether the pressure pain thresholds (PPTs) at
both symptomatic and asymptomatic sites differ in chronic
fatigue syndrome (CFS) patients with chronic pain, com-
pared to healthy controls. Therefore, 30 CFS patients with
chronic pain and 30 age- and gender-matched healthy
controls indicated on a Margolis Pain Diagram where they
felt pain lasting longer than 24 h in the past 4 weeks. After
completing a test battery of questionnaires evaluating pain
cognitions, functional status and symptomatology, a
blinded researcher assessed PPTs bilaterally at seven non-
specific sites on both trunk and extremities. PPTs were
compared for the two complete groups. In addition, PPTs
of patients and controls who did not report pain in a
respective zone were compared. PPTs of the patients were
significantly lower (p<0.001) compared to those of the
control group, also when pain-free samples per zone were

compared (p<0.001). The mean PPT was 3.30 kg/cm2 in all
CFS patients and 8.09 kg/cm2 in the controls. No confound-
ing factors responsible for the observed differences, as, e.g.,
catastrophizing and depression, could be revealed. These
findings provide evidence for the existence of hyperalgesia
even in asymptomatic areas (generalized secondary hyper-
algesia). The generalized hyperalgesia may represent the
involvement of a sensitized central nervous system.
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Introduction

Besides fatigue, patients with chronic fatigue syndrome (CFS)
[1] often suffer from generalized pain complaints. Literature
reports frequencies up to 94% for muscle pain and up to
84% for articular pain [2]. In fact, there is a great overlap
between CFS and fibromyalgia (FM), a disease particularly
characterized by musculoskeletal pain [3]. Several studies
could yet provide evidence for the involvement of central
sensitization in the manifestation of chronic pain complaints
in FM [4, 5] and whiplash-associated disorders (WAD)
[5, 6]. Central sensitization is known as an increased central
neuronal responsiveness and causes hyperalgesia, allodynia,
and referred pain and hyperalgesia across multiple spinal
segments, leading to chronic widespread pain [7]. Chronic
widespread pain, without any tissue damage or a distinct
spatial localization suggest that pathophysiological central
mechanisms could also contribute to CFS pain, as explained
in the review of Meeus and Nijs [8]. Up to now, the evidence
for central sensitization in CFS is scarce.

In chronic WAD [6, 9] and chronic low back pain [10],
different authors examined whether central hypersensitivity
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is existent by using algometry. By measuring pressure pain
thresholds (PPTs) on both symptomatic and asymptomatic or
remote places in patients and pain-free controls, widespread
hyperalgesia or secondary hyperalgesia can be detected.
Lower PPTs at symptomatic areas may represent primary
hyperalgesia due to sensitized nociceptors within injured
peripheral musculoskeletal structures, although, theoretically,
tissue healing normally occurs within 3 months and the
patients in the respective studies were chronic patients. In
addition, patients had lower PPTs at asymptomatic places
unrelated to the neck or lumbar spine [6, 9, 10]. These
findings of numerous areas of hyperalgesia in sites outside
and remote to the symptomatic site, together with a non-
segmental general decrease in PPTs, may infer a generalized
hyperexcitability of central nociceptive pathways [6].

Similarly to the three foregoing studies, the purpose of
this investigation was to determine whether a difference in
PPTs exists between healthy people and CFS patients
suffering from chronic pain, using multiple test sites both
symptomatic and asymptomatic. We hypothesized that CFS
patients would present decreased PPTs, even at sites were
they do not report pain (on pain drawings).

Methods

Subjects Thirty CFS patients were randomly allocated from
consecutive referrals to our chronic fatigue clinic. All
subjects fulfilled the Centre of Disease Control criteria for
CFS [11]. In addition, patients suffered from chronic
widespread pain, namely, pain located axial, on the left
and the right side of the body, and above and under the
waist, lasting for more than 3 months [12]. Thirty healthy
controls were recruited among the family of friends of the
first researcher or among the people accompanying the CFS
patients. They could not suffer any musculoskeletal pain
complaints. All study participants had Dutch as their native
language, were within the age range of 18 to 65 years, and
could not have used analgesics or antidepressants in the
previous 48 h. Pregnant women could not participate.

Design A leaflet explaining the purpose of the research and
stipulating that participants were not obliged to participate and
that anonymity was guaranteed was handed out. In case of
agreement, they were asked to sign the informed consent. The
protocol and information leaflet were approved by the ethics
committee (University Hospital Brussels; O.G. 016). Partic-
ipants filled out a Margolis Pain Diagram [13] and a battery
of questionnaires assessing psychosocial factors (to exclude
the possible influence of psychosocial factors on PPTs),
symptomatology, and functional status. Thereupon, they
were referred to a second blind researcher, not aware of the
diagnosis and the results of the pain drawings. This second

researcher, experienced in algometry, assessed PPTs on seven
anatomically well-defined locations.

Measurements The Margolis Pain Diagram uses two body
outlines, front and back, in which patients have to shade the
body parts were they felt pain lasting for more than 24 h in the
past 4 weeks. Plastic templates, as shown in Fig. 1, that
contained the 45 different areas as defined by Margolis [13]
were used to interpret the pain drawings. A score of 1 was
assigned if the patients drawing indicated pain, for each of
the 45 areas and weights were assigned to the different body
areas equal to the covering body surface percentage, resulting
in a weighted score that reflected the total percentage of body
surface shaded as painful [13]. The present study focused on
the body areas in which algometry was executed to compare
the pain drawings with the PPTs in the respective zones. The
zones of interest are marked in Fig. 1.

PPTs were bilaterally measured with an analog Fisher
algometer (Force Dial model FDK 40, Wagner Instruments,
Greenwich). In order to test pain thresholds at non-specific
locations both on the extremities and the trunk, PPTs were
assessed in the skin web between thumb and index finger

Grey zones are the body areas in which pressure pain thresholds were assessed.  

(L = left, R = right) 

Fig. 1 Template for scoring pain diagrams with focused zones for
algometry Grey zones are the body areas in which pressure pain
thresholds were assessed. (L = left, R = right)

Clin Rheumatol



[14], 5 centimeters lateral to the spinous process of L3 [15]
and of T8, at the insertion of the deltoid muscle, at the
proximal third of the calf [10], at the wrist extensor muscle
belly [10] and halfway the anterior tibial muscle just lateral
to the tibia [9]. The force is gradually increased at a rate of
1 kg/s until the subject indicates that the pain level has been
reached. The threshold is determined as the mean of the two
last values out of three consecutive (10 s in between)
measurements, since this procedure has found to be reliable
in healthy controls [16]. Pressure algometry has been found
to be efficient and reliable in the exploration of pathophys-
iological mechanisms involved in pain [17].

The Dutch version of the Beck Depression Inventory
(BDI) II was used for the assessment of depression. Higher
total scores reflect more severe depression. The BDI
appears to be a reliable and valid tool for the assessment
of depressive symptoms in chronic pain patients [18].

The Dutch translation of the Pain Catastrophizing Scale
(PCS) was used. The Dutch PCS is a self-reported
questionnaire aiming at assessing pain catastrophising with
13 items describing different thoughts and feelings that
individuals may experience when they are experiencing
pain. Higher scores correspond to more severe catastrophic
thoughts about pain. Given the evidence for the good
psychometric quality of the PCS [19], the PCS was found
to be appropriate for the present investigation.

The Pain Vigilance and Awareness Questionnaire
(PVAQ), constructed to investigate attention to pain in
persons with chronic pain, assesses awareness, consciousness,
vigilance, and observation of pain. The questionnaire
demonstrated good methodological quality in for example
FM patients [20].

The SF-36 (Short Form Health Survey-36 items) assesses
functional status and well-being or quality of life. Scoring of
the SF-36-items was performed as described in the manual
[21]. Higher scores indicate better health and less body pain;
subscale scores range between 0 and 100. The psychometric
properties of the SF-36 are well characterized in a wide
variety of patient populations [21, 22].

The CFS Symptom List is a self-reported measure for
assessing the severity of the 19 most frequently reported
symptoms in CFS patients, by visual analog scales
(100 mm). The methodological quality appears good in
CFS patients [23].

Data analysis All data were analyzed using the Statistical
Package for Social Sciences 12.0© for Windows (SPSS Inc.
Headquarters, Chicago).

Comparison of the two groups was done with the
Fisher's exact test (gender) and the Independent-samples
T-test (age and PPTs).

To compare PPTs between CFS patients and controls on
asymptomatic places, only participants who do not report
pain in a specific area, as presented in Fig. 1, are compared.
This means, we compared pain thresholds between pain
free (for the respective zone) patients and pain free controls.
The comparability for demographical characteristics of the
pain free groups was even so assessed with Fisher exact test
and the Independent-samples T-test. Significance level was
set on 0.01. p values for the differences in PPTs were post
hoc Bonferroni corrected.

The influence of possible psychosocial confounders was
evaluated by performing an Univariate Analysis of Variance
for variables who were significantly correlated (Pearson

PPT CFS (n=30) PPT Controls (n=30) ≠ Pain Thresholds

Mean SD Mean SD t df p*

Deltoid left 2.105 1.392 6.637 3.987 −5.878 35.962 <0.001

Deltoid right 1.985 1.039 6.565 3.973 −6.108 32.948 <0.001

Hand left 3.460 1.822 7.884 3.205 −6.572 45.970 <0.001

Hand right 3.177 1.505 7.972 3.311 −7.220 40.489 <0.001

Lumbar left 3.923 3.048 9.783 3.927 −6.456 58 <0.001

Lumbar right 3.611 2.773 9.337 3.570 −6.937 58 <0.001

Calf left 3.208 1.784 7.799 3.791 −6.002 41.242 <0.001

Calf right 3.488 2.131 7.750 3.887 −5.265 44.990 <0.001

Thoracal left 3.600 3.257 9.357 4.334 −5.816 53.834 <0.001

Thoracal right 3.600 3.026 8.350 4.187 −5.038 52.800 <0.001

Tibia left 4.224 3.180 9.655 4.728 −5.220 50.786 <0.001

Tibia right 4.314 3.152 9.865 4.552 −5.491 58 <0.001

Forearm left 2.708 1.916 6.046 2.617 −5.636 58 <0.001

Forearm right 2.770 1.791 6.224 2.930 −5.509 58 <0.001

Table 1 Pain thresholds
(in kg/min) and comparison for
all subjects

All CFS patients and controls
were compared for pain thresh-
olds with an independent t-test

*p values were Bonferroni
corrected

(≠ : differences for ...;
PPT=pressure pain thresholds)
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correlation coefficient) with PPTs. Also the relation with
functional status and clinical symptomatology was studied
in the same way.

Results

The mean age of the participants was 42.83 years in both
groups, with a standard deviation of 9.23 for the patients
and 10.35 for the controls (p=1.000). Each group consisted
of 3 men and 27 women.

Pain diagram The percentage of painful body surface was
significantly higher in the CFS group (t=−9.100, df=
33.900, p<0.001). CFS patients experienced pain for more
than 24 hours in the past 4 weeks on an average of 35.28%
(±18.50) of their body surface, compared to 3.25% (±5.40)
in the control group. Fifty-seven percent (17/30) of the
controls submitted a blank pain diagram.

Algometry A significant difference was revealed for all
PPTs between the two groups. The mean PPT was 3.30 kg/
cm2 in the CFS patients and 8.09 kg/cm2 in the controls
(t=6.838, df=47.850, p<0.001). CFS patients systematically
scored significantly lower on the algometry, as presented in
Table 1.

Afterwards pain thresholds were compared per zone
between CFS patients and controls who did not report pain

in the respective zone, after comparing the pain free
samples for age and gender. There was never a significant
difference in gender distribution or mean age for the two
pain free groups of a specific area, as presented in the first 4
columns of Table 2. But PPTs were always significant
lower in the CFS groups, although they did not report pain
in that area (Table 2).

Confounders? We found significant correlations between
psychosocial factors and PPTs, as presented in Table 3, but
neither these psychosocial factors nor symptomatology and
functional status did affect or confound the difference in
PPTs between the two groups (data not shown).

Table 2 Pain thresholds (in kg/min) and comparison for pain free subjects per zone

≠ Age ≠ Sexe PPT CFS PPT Controls ≠ PPT

t df p p n Mean SD n Mean SD t df *p

Deltoid left −0.358 34 0.722 1.00 7 2.196 1.953 29 6.703 4.040 −4.282 20.184 <0.000

<.000Deltoid right −1.063 35 0.295 0.548 10 1.763 1.117 27 6.730 4.157 −5.679 33.453 <0.000

Hand left −0.195 45 0.846 1.00 18 3.611 2.166 29 7.794 3.223 −4.858 45 <0.000

Hand right −0.255 48 0.800 0.630 21 3.078 1.634 29 7.781 3.198 −6.790 43.849 <0.000

Lumbar left 0.269 44 0.790 1.00 19 4.713 3.510 27 10.014 3.940 −4.696 44 <0.000

−5.243Lumbar right −0.284 44 0.778 1.00 20 4.034 3.230 26 9.427 3.622 −5.243 44 <0.000

Calf left −0.404 43 0.688 1.00 17 3.240 1.947 28 8.103 3.700 −5.000 43 <0.000

Calf right 0.657 43 0.514 1.00 16 3.216 1.656 29 7.964 3.772 5.836 41.519 <0.000

Thoracel left 0.156 48 0.876 1.00 21 3.778 3.828 29 9.328 4.408 4.639 48 <0.000

Thorcal right 0.358 45 0.722 1.00 18 2.970 1.706 29 8.450 4.226 6.212 40.085 <0.000

Tibia left 0.350 46 0.728 0.631 20 4.110 3.513 28 9.824 4.723 4.576 46 <0.000

Tibia right 0.484 49 0.631 0.625 22 4.151 3.423 29 10.093 4.455 5.195 49 <0.000

Forearm left 0.547 44 0.587 1.00 16 32.992 2.250 30 9.046 2.617 3.948 44 <0.000

Forearm right 0.488 46 0.628 1.00 18 2.941 2.048 30 6.224 2.930 4.172 46 <0.000

Subjects who were pain free for a certain zone, were compared for age and pain thresholds with an independent t-test and for gender with a
Fisher's exact test. * p values were Bonferroni corrected

(≠ : differences for …; PPT : pressure pain thresholds)

Table 3 Pearson correlation coefficients between the mean Pressure
Pain Threshold (PPT) and psychosocial factors, symptomatology and
functional status

Mean PPT

Catastrophizing −0.431**
Degree of depression −0.602**
Pain Vigilance and awareness −0.215
Total Margolis score −0.527**
Items of Short Form Heath
Survey—36

Varying between 0.401**
and 0.693**

Symptoms of CFS
Symptom List

Varying between −0.289*
and −0.708**

CFS=Chronic Fatigue Syndrome
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Discussion

This study identified lower PPTs in CFS patients experi-
encing chronic widespread pain compared with healthy
controls. Even at pain-free locations, CFS patient presented
lower pain thresholds for all tested areas. These findings are
consistent with the results of previous studies in those with
chronic low back pain and WAD, who also had lower PPTs
on asymptomatic locations [6, 9, 10].

Following the Margolis Pain Diagram CFS patients
experienced pain lasting longer than 24 hours in the past
four weeks on more than 35% of their total body surface.
This finding underlines the widespread character of the pain
in CFS.

The secondary hyperalgesia and the widespread appear-
ance of the pain in the absence of real tissue damage support
the hypothesis regarding deregulated central nociceptive
mechanisms in CFS. Different hypotheses regarding the cause
of central sensitization in CFS are already put forward.
Impaired pain inhibition, as already shown in CFS patients
with chronic pain [14, 24], could lead to excessive nocicep-
tive firing in the dorsal horn [24]. Another explanation,
explained in the review of Meeus and Nijs [8], concerns the
increased facilitatory influence due to forebrain-mediated
sensitization. Forebrain products, such as cognitions, emo-
tions, vigilance are able to influence pain perception [25].
However, despite the important role of cognitions and
behavior in pain, neither depression, nor catastrophizing
were found to be confounders responsible for the observed
differences in PPTs between healthy controls and CFS
patients in the present study. Pain vigilance and awareness
was even not correlated to PPTs in this investigation. The
difference in PPTs between CFS patients and controls cannot
be explained by cognitions, symptomatology or functional
status.

Although CFS and FM are diseases with a great overlap
[3], evidence for central sensitization is FM is not sufficient
to draw similar conclusions in CFS. There is not yet any
good evidence for similar pain mechanisms in CFS and
FM. In contrary, some authors found important differences
in pain processing, as reviewed by Bradley [3]. Therefore
the knowledge on pain in FM cannot be applied on CFS
patients without further study. Regarding the similarities
and differences between CFS and FM, we have to discuss
the major concern of the present study: the lack of a FM
comparison group. Furthermore we did not evaluate
whether the CFS patients had FM comorbidity, because
the assessment of positive tender points prior to the testing
could cause afferent barrage of nociceptive input towards
the central nervous system. Regarding the impaired pain
inhibition in CFS, this assessment could thus lead to bias.
Future studies could provide more insight in the nature of
CFS pain by comparing for example FM patients, with CFS

patients with and without pain or with and without FM
comorbidity.

Future research should gather stronger evidence for
central sensitization in CFS. It would be interesting to
conduct a study similar to that conducted in FM and WAD
by quantifying the minimal intensity of transcutaneous
electrical stimulation of the sural nerve required to evoke
flexion reflex in de biceps femoris [5]. This study provides
objective evidence for the sensitization of the spinal cord
neurons, because stimuli were delivered at random time
intervals and the latency of EMG response was measured.
Therefore, voluntary symptom amplification could be ruled
out. Moreover, the electrical stimulation bypasses peripheral
receptors.

In summary, the present study suggests the existence of a
central hyperexcitability as an important mechanism involved
in the chronic pain complaints in CFS patients. CFS patients
do not only present widespread pain lacking a local
distinction, they also show decreased PPTs and secondary
hyperalgesia. These findings of generalized widespread areas
of hyperalgesia may represent the involvement of a sensitized
central nervous system.
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