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Abstract: Persistent shoulder pain is a common complication after stroke. Its etiology and underly-
ing mechanisms are not well understood and treatment is generally unsatisfactory. The objective of
this study was to assess the role of central sensitization and disinhibition in chronic stroke patients
with chronic PSSP (n = 19), pain-free stroke patients (n = 29), and healthy controls (n = 23). Positive
and negative somatosensory symptoms and signs were assessed using clinical examination and elec-
trical and mechanical quantitative sensory testing (QST). Conditioned pain modulation (CPM) was as-
sessed by comparing QST thresholds before and after applying a cold pressor test. Sensory
abnormalities were more frequently observed and more severe in patients with PSSP, including pos-
itive signs such as allodynia at the affected side and generalized hyperalgesia at the unaffected side.
CPM was similar in stroke patients and healthy controls. This study showed that chronic PSSP was
associated with several positive and negative somatosensory signs, implicating a role for central
sensitization and possibly for disinhibition. Since the causal relationship remains unclear, and may
be related to either neuroplasticity induced by ongoing nociception as well as to the neuropathic

brain lesion, prospective studies are warranted.

Perspective: The assessment of somatosensory symptoms and signs and endogenous pain
modulation demonstrated a role for central sensitization and possibly for disinhibition in chronic
PSSP. Prevention and treatment of PSSP could benefit from a more detailed analysis of both

peripheral and central pain mechanisms.
© 2011 by the American Pain Society
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stroke pain is a great burden for the patient and im-

Pain is a common complication after stroke.?%>3 Post-
pedes rehabilitation.*®>® One of the most reported
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types is post-stroke shoulder pain (PSSP) which typically
develops at the affected side after 2 to 3 months.'3:15:20:41
Although its etiology is largely unknown, several clinical
conditions such as spasticity, glenohumeral subluxation,
capsular inflammation, peripheral neuropathy, central
post-stroke pain (CPSP), and autonomic dysfunction
have been related to PSSP.*&>163 Fyrthermore, several
studies have suggested that reduced motor
function,'1%17.31.33.39 depression,' >33 and reduced
somatosensory function#1%17:33:3560 may contribute to
the development of PSSP. Clinical presentations of PSSP,
CPSP, and post-stroke complex regional pain syndrome
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type 1 (shoulder-hand syndrome) may show considerable
overlap complicating the diagnosis and prognosis of
post-stroke pain.2**

PSSP may resolve spontaneously in the course of reha-
bilitation, but is persistent (>12 months) in 65% of the
patients.3! The evidence for effective therapeutic inter-
ventions for PSSP is lacking or inconsistent and, in the
case of successful treatment, it is often unclear what
mechanisms have been responsible for the pain reduc-
tion.* Together, this suggests that the pain mechanisms
underlying PSSP development and maintenance may be
more complex than previously realized, and that the
traditional view and approach of PSSP as purely ongoing
nociceptive pain may need revision.*

The assessment of positive and negative somatosen-
sory symptoms and signs in relation to the pain com-
plaints is 1 of the first steps towards a better
understanding of pain mechanisms.**** Although the
relationship between symptoms and signs and pain
mechanisms is still under debate,'® several symptoms
and signs, such as sensory loss (eg spinothalamocortical
tract lesions), allodynia, and generalized hyperalgesia,
have been associated with experimentally induced cen-
tral sensitization®'>>>8 and/or various forms of chronic
nociceptive®’ or neuropathic®'®>’ pain. In addition,
endogenous pain modulation, involving supraspinal
diffuse noxious inhibitory controls (DNIC),%° has been
shown to be impaired in various types of chronic pain,
such as painful osteoarthritis,?® whiplash,?? and neuro-
pathic pain.®' So far, little is known about the role of
central sensitization or disinhibition in the development
and maintenance of PSSP.

The objective of this study was to assess the role of
central sensitization and disinhibition in chronic stroke
patients (>6 months post-stroke) with chronic (duration
>3 months) PSSP (n = 19), pain-free stroke patients
(n =29), and healthy controls (n = 23). Positive and nega-
tive somatosensory symptoms and signs were assessed
using clinical examination and electrical and mechanical
quantitative sensory testing (QST). Conditioned pain
modulation (CPM) was assessed by comparing QST
thresholds before and after applying a cold pressor test.
It was expected that both the frequency as well as the
severity of somatosensory abnormalities would be higher
in the patients with PSSP and that, in addition to previ-
ously reported associations with negative signs, PSSP
would be associated with positive somatosensory symp-
toms and signs indicative of central sensitization and/or
disinhibition such as allodynia, generalized hyperalgesia,
and impaired endogenous inhibitory pain modulation.

Methods

Subjects

This study included stroke patients with persistent
shoulder pain (PSSP, n = 19), pain-free stroke patients
(PF, n = 29), and healthy controls (HC, n = 23). Stroke
patients were recruited in 2 regional rehabilitation
centersin the Netherlands (Roessingh Rehabilitation Cen-
ter in Enschede and Sint Maartenskliniek in Nijmegen).
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The outpatient databases were searched for stroke pa-
tients who had been hospitalized in the 2 years prior to
the start of inclusion (Fall 2007). Patients fulfilling the in-
clusion and exclusion criteria were approached by mail. In
addition, patients visiting the outpatient clinics with
shoulder pain complaints were asked by their treating
physician if they could be approached by 1 of the re-
searchers (M.R.) by mail. Healthy subjects (age 40-60)
were recruited through advertisements in local commu-
nity centers and newspapers.

All stroke patients were 18 years or older and sustained
a unilateral brain infarction with an onset at least 6
months prior to participation. For stroke patients to be
included in the PSSP group, shoulder pain had to be
unilateral, be confined to the affected side, have an
onset after stroke, and be persistent (daily pain, duration
longer than 3 subsequent months). Patients were
included in the PF group if they had no long-lasting (>1
week in the last 3 months) pain complaints. Exclusion
criteria were: Pregnancy, trauma, infection, signs of any
possible concomitant neurological condition (eg, multi-
ple sclerosis, HIV/AIDS, peripheral neuropathy), not be-
ing able to reliably determine sensory thresholds
during a training session prior to the experiment, and
other pain complaints than simple shoulder pain (eg,
CPSP,?* wide-spread pain, or shoulder-hand syndrome).
Healthy control subjects had to be free of any neurolog-
ical or psychiatric disorder, diabetes mellitus, psychotro-
pic medication, or long-lasting (>1 week in the last 3
months) pain complaints. When subjects considered for
the PF or HC groups reported minor pain complaints at
the time of the experiment, the experiment was post-
poned until subjects were pain-free for at least 2 weeks.
The study was approved by the human ethics committee
of the Roessingh Rehabilitation Center in Enschede, the
Netherlands. All subjects received written and oral
information about the study protocol and all partici-
pants gave informed written consent prior to their
participation.

Demographic Data and Medical
Examination

General demographic characteristics such age, gender
and (for the patients) lesion side, stroke onset, and med-
ication use were registered. Shoulder pain was evaluated
both at rest and during movement with an 11-point
Numeric Rating Scale (NRS, 0 = no pain, 10 = maximum
conceivable pain). The emotional state was assessed us-
ing the ZUNG self-rating depression scale (score: 20-80)
which has been validated for both healthy subjects and
stroke patients.”® Cognitive state was assessed using
the Mini Mental State Exam (MMSE, score: 0-30, cogni-
tive impairment was defined as a MMSE score <24).%°
Physical examination included the assessment of trophic
changes in the arms and hands (severe color or perspira-
tion changes or asymmetry, edema, assessed by visual
inspection and subject reports), glenohumeral subluxa-
tion (assessed by palpation, scored in steps of 5 mm),
pain-free range of motion for passive shoulder elevation
(0-180 degrees) and external rotation (0-90 degrees),
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severity of paresis of the upper extremity (assessed with
the Motricity Index; 0 = completely paretic, 100 = no
paresis)® and spasticity of elbow flexor and shoulder
internal rotator muscles (Modified Ashworth Scale,
score: 0-5, spasticity was defined as MAS >1).% For passive
pain-free ranges of motion (shoulder elevation and ex-
ternal rotation) a ratio between sides was calculated
for further analysis (PSSP and PF: affected/unaffected,
HC; nondominant/dominant).

Routine Clinical Examination

Subjects were tested for sensation to touch, cold, and
sharpness at both upper arms (C5 dermatome) using,
respectively, a cotton wool swab, a metal tuning fork at
room temperature and a 6.65 (force: 300 grams) Semmes
Weinstein filament (North Coast Medical Inc, Oxford-
shire, UK).>® Tests were always first performed at the
unaffected (in PSSP and PF patients) or dominant (in
HC) side. Proprioception was tested at the thumbs of
both hands (joint position sense). Subjects had to indi-
cate whether sensation was equal, diminished, or in-
creased compared to the opposite side (affected versus
unaffected side in stroke patients, nondominant versus
dominant side in healthy controls). In healthy controls,
all tests were perceived as being painless. If any of the
evoked sensations was painful in patients, this was con-
sidered as allodynia (tactile, cold, sharpness).3? All tests
were performed by the same experimenter (M.R.)

Quantitative sensory testing (QST)

For all tests, the method of limits was used and the start
side of stimulation (affected or unaffected) was
randomized between subjects. Modality specific assess-
ment was performed using mechanical QST.'® The tactile
detection threshold (TDT) was determined using 5
Semmes Weinstein filaments (sizes: 2.83, 3.61, 4.31,
4.56, 6.65; Touch-Test Hand Kit, North Coast Medical
Inc, Oxfordshire, UK). The filaments were applied on
the upper arm over the higher and lower part of the mid-
dle deltoid muscle (C5 dermatome). The TDT was defined
as the smallest filament that could be perceived at both
locations. The pressure pain threshold (PPT) was
determined using an experimenter-operated pressure
algometer (Somedic, Horby, Sweden). A stimulation
surface of 1 cm? and a slope of 50 kPa/s were used. The
maximum pressure that could be delivered was 2,000
kPa. Subjects were instructed to keep their arm in
0 degrees shoulder abduction and 90 degrees elbow flex-
ion to avoid displacement of the muscle. The PPT was
determined at both upper arms at 3 locations over the
middle deltoid muscle (higher, middle, and lower part
of the muscle, C5 dermatome). In response to the increas-
ing pressure delivered at the arm by the experimenter,
subjects were instructed to verbally indicate when they
first perceived the pressure as painful. The 3 PPTs were
averaged for further analysis. All mechanical thresholds
were determined by the same experimenter (M.R.).

In addition, somatosensory changes were assessed
using electrical QST. With electrical QST, the primary
afferent is activated directly, without involvement of
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the peripheral receptor. Differences in electrical and nat-
ural QST thresholds can be used to assess the presence of
peripheral receptor-mediated (de)sensitization. In the
case of PSSP, this is relevant since sensitization may take
place at both the peripheral as well as the central level.
The electrical sensation threshold (EST), electrical pain
threshold (EPT), and electrical pain tolerance threshold
(EPTT) were determined using a custom build ambulant
stimulator (Ambustim, University of Twente, Enschede,
the Netherlands). This stimulator operated via a Blue-
tooth connection with a personal computer. The stimula-
tor settings were controlled via custom built software
(labVIEW, National Instruments, Austin, TX). The stimula-
tor was set to generate electrical pulses with an increas-
ing amplitude (pulse width: .2 ms, frequency: 100 Hz,
ramp: .4 mA/s, maximum stimulus amplitude: 16 mA).
The stimulator was attached to the upper arm via 2 Ag/
AgCl electrodes (stimulation surface: 95 mm?, AMBU,
Ballerup, Denmark) that were placed just above the
deltoid tuberosity of the humerus. Subjects could manu-
ally activate the stimulator by pressing a switch. To deter-
mine the EST, subjects were instructed to release the
switch when the electrical pulses were perceived for
the first time. To determine the EPT, subjects were
instructed to release the switch when the electrical
pulses were perceived as both stinging and annoying.
To determine the EPTT, subjects were instructed to
release the switch when the electrical pulses were
perceived as burning and very annoying. Subjects were
trained to determine these thresholds reliably prior to
participating in the experiment. All thresholds were
determined 4 times on each side. The first threshold
was considered a test measurement. The remaining 3
thresholds were averaged for further analysis.

Conditioned Pain Modulation

After QST, subjects underwent a cold pressor test at the
hand of the unaffected (in PSSP and PF patients) or
dominant (in HC) side. Subjects had to place their hand
in a polystyrene box filled with ice water (0-.5°C). The
hand was immersed up to the wrist with the fingers
spread. Subjects were instructed to keep their hand in
the water as long as possible but with a maximum of 3
minutes. Immersion time was recorded. After removing
the hand from the water, subjects rated the pain in their
hand using a NRS (0 = no pain, 10 = maximum conceiv-
able pain). Directly afterwards, the EPT and PPT were
determined twice at the affected (in PSSP and PF
patients) or nondominant (in HC) upper arm. The thresh-
olds were determined after immersion since not all
patients were able to use the patient-operated switch
with their affected hand. Threshold determination was
similar as before. The 2 thresholds were averaged for
further analysis.

Data Processing

For demographic data and medical examination, for
each group (PSSP, PF, HC), average and standard devia-
tions or frequencies were determined. For routine clini-
cal examination, frequencies of abnormal, diminished,
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and increased sensation and allodynia were calculated
for each stimulus. QST thresholds were log-transformed
prior to statistical analysis. In unilateral pain syndromes,
QST side-to-side differences have shown to be more
sensitive for the detection of individual sensory abnor-
malities.** Therefore, in addition to the raw data,
a within-subject ratio was calculated for all QST
thresholds (ratio in PSSP and PF patients was obtained
by dividing affected/unaffected, in the HC group by
dividing nondominant/dominant). Moreover, threshold
abnormalities were determined by normalizing individ-
ual QST ratios of patients to the HC data set using
a z-transformation to assess the frequency of individually
increased or decreased somatosensory function.** Hypo-
esthesia (TDT, EST) and hypoalgesia (EPT, EPTT, PPT) were
defined as a z-score higher than 2. Hyperesthesia (TDT,
EST) and hyperalgesia (EPT, EPTT, PPT) were defined as
a z-score lower than -2. Cold pressor effects were
assessed using both the pain thresholds determined
before and after cold pressor testing as well as by
calculating a prepost ratio (post/pre). All ratios were
log-transformed prior to statistical analysis.**

Statistical Analysis

Statistical software package SPSS v.16.0 for Windows
was used (SPSS Inc, Chicago, IL). In order to identify the
somatosensory changes related to PSSP, continuous
data was statistically tested using 1-way analyses of
variance (ANOVA) with factor Group (PSSP, PF, HC). The
Least Significant Difference was used for post hoc multi-
ple comparisons. Ordinal data was tested using Chi-
square tests. In addition, QST thresholds before and after
cold pressor testing were analyzed using a repeated
measures ANOVA with within-subjects factor Cold
pressor (pre, post) and between-subjects factor Group
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(PSSP, PF, HC). Differences between groups were attrib-
uted to PSSP when a significant difference between
PSSP and PF and/or a significant difference between
PSSP and HC was observed.

Possible confounding effects of age, gender, dystro-
phic changes, and depression scores were ruled out using
additional multivariate analyses, with either QST thresh-
olds (affected, unaffected, ratios) or Cold pressor param-
eters (post/pre ratios, immersion time, pain intensity) as
dependent factors, Group as a between-subjects factor
and either Age, Gender, Dystrophic changes, or ZUNG
score as a covariate. In brief, these analyses showed
that gender was significantly related to QST parameters,
however, only to the electrical pain tolerance and
pressure pain thresholds, not to any other parameter.
In addition, adding sex as a covariate had no influence
on the observed differences between groups for these
or any of the other parameters. Therefore, data
correction was considered unnecessary.

For all tests, statistical significance was assigned at the
P < .05 level using 2-tailed analysis.

Results

Demographic Data and Medical
Examination

A summary of the demographics and medical examina-
tions is presented for each group in Table 1. Analgesics
(cox-inhibitors or nonsteroidal anti-inflammatory drugs)
were used on a regular basis by 7 PSSP patients. In
addition, some patients used antidepressants (9 PSSP, 4
PF) and/or anti-epileptics (3 PSSP, 2 PF) either for pain,
depression, and/or epilepsy.

Analysis of demographics and medical examinations
revealed several differences between groups (see Table 1).

Table 1. Demographic Data and Medical Characteristics

PSSP (n=19) PF (n =29) HC (n=23) P (versus PF) P (versus HC)

Age (years) 57 7 61 =10 56 7 ns ns
Male 10 (53%) 21(72%) 10 (43%) ns ns
Right-hemispheric lesion 16 (84%) 12 (59%) ns
Time to stroke onset (months) 22 =14 25+ 8 ns
Cognitive deficits 2 (11%) 1 (3%) 0 (0%) ns ns
Depression score (ZUNG) 454 = 6.0 359 6.0 31.0 =48 <.001 <.001
Trophic changes hand/arm 8 (42%) 3(14%) 0 (0%) ns .001
Severity of paresis (Motricity Index) 46 * 38 59 + 43 100 =0 ns <.001
ROM shoulder abduction (ratio) 41 = .19 74 * 27 1.00 0 <.001 <.001
ROM shoulder external rotation (ratio) 41 + 34 76 + .19 1.03+9 <.001 <.001
Spasticity elbow flexors 15 (79%) 20 (69%) 0(0%) ns <.001
Spasticity shoulder internal rotators 13 (68%) 17 (58%) 0 (0%) ns <.001
Glenohumeral subluxation 10 (53%) 11 (38%) 0(0%) ns <.001

Severity (mm) 39+46 3.8*x49 0+0 ns <.001
Shoulder pain intensity (NRS)

Rest 3.5+28

Movement 57 *3.0
Shoulder pain duration (months) 19 =13

Abbreviations: PSSP, stroke patients with post-stroke shoulder pain; PF, pain-free stroke patients; HC, healthy controls; n, number of subjects; P, P value for statistical
testing; SD, standard deviation; %, percentage of patients; A, affected side (patients); ND, nondominant side (HC); ROM, pain-free passive range of motion (patients:

ratio score affected/unaffected side, HC: ratio score nondominant/dominant side).

NOTE. Data are presented as mean = SD or as number of subjects (%). P values were obtained via Chi-square analysis (ordinal data) and analysis of variances
(continuous data) with post hoc testing (corrected using the Least Significant Difference). P values <.05 were considered significant.
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PSSP was associated with a higher frequency of trophic
changes in the arm and hand, higher ZUNG scores,
and reduced ranges of passive pain-free shoulder
elevation and external rotation. PSSP was not associated
with the severity of paresis, spasticity or glenohumeral
subluxation.

Routine Clinical Examination

Table 2 presents the frequency of subjects with
abnormal sensation and allodynia for each group. PSSP
was associated with diminished touch sensation, abnor-
mal cold sensation (both diminished and increased),
cold allodynia, diminished sharpness sensation, and
sharpness allodynia.

Quantitative Sensory Testing

The results of QST are presented in Table 3. At the
unaffected side, PSSP was associated with higher TDTs
as compared to HC. In addition, EPTs and EPTTs were
reduced in all stroke patients as compared to HC, irre-
spective of the presence of pain. At the affected side,
PSSP was associated with higher TDTs and ESTs as
compared to both PF patients and HC.

Mean threshold ratios for each group are presented in
Fig 1. PSSP was associated with higher TDT, EST, and EPT
ratios as compared to both PF patients and HC.

Percentages of patients with abnormal z-scores (based
on normalization of QST threshold ratios) are presented
for PSSP and PF in Table 4. Hypoesthesia (TDT, EST) and

Table 2. Clinical Examination: Abnormal
Sensation and Allodynia

PSSP PF HC P P

(n=19) (n=29) (n=23) (vsPF) (vsHC)
Touch
Abnormal 13(68%) 12 (41%) 2(9%) ns .000
Diminished 13 (68%) 9(31%) 2(9%) .021 .000
Increased 0 (0%) 3(10%) 0(0%) ns ns
Allodynia 1(5%) 0 (0%) 0 (0%) ns ns
Cold
Abnormal 15(79%) 13 (45%) 2 (8%) .034 .000
Diminished 9 (47%) 11(38%) 1(4%) ns .000
Increased 6(32%) 2(7%) 1(4%) .025 .018
Allodynia 3(16%) 0(0%) 0(0%) .027 .048
Proprioception
Abnormal 13(68%) 12 (41%) 0(0%) ns .000
Diminished 13 (68%) 12 (41%) 0(0%) ns .000
Increased 0 (0%) 0(0%) 0 (0%) na na
Allodynia 0 (0%) 0 (0%) 0 (0%) na na
Sharpness
Abnormal 14 (74%) 14 (48%) 5(22%) ns .001
Diminished 10 (53%) 7 (4%) 3(13%) ns .002
Increased 421%) 724%) 2(9%) ns ns
Allodynia 5(26%) 0(0%) 0(0%) .004 .009

Abbreviations: PSSP, stroke patients with post-stroke shoulder pain; PF, pain-free
stroke patients; HC, healthy controls; n, number of subjects; A P value for
statistical testing; ns, not significant; na, not applicable.

NOTE. Data are presented as number of subjects (%). Pvalues were obtained via
Chi-square analysis. P values <.05 were considered significant.

Somatosensation in Post-Stroke Shoulder Pain
Table 3. Quantitative Sensory Testing

PSSP PF HC P P
(n=19) (n=29) (n=23) (vs PF) (vs HC)

UA (D)
TDT (size) 3.69 = .44 352 = .46 3.30 = 45 ns .007
EST(mA) 1.01 =40 114+ .46 .93 * .33 ns ns
EPT(mA) 2.73%+1.94 2.94 +2.053.81 195 ns .026
EPTT (mA) 5.18 = 3.07 5.57 £ 3.80 740 £2.48 ns .007
PPT (kPa) 379 =178 434 =207 467 +176 ns ns
A (ND)
TDT (size) 4.71 = 1.08 3.89 =.73 320+ .45 .001 .000
EST(mA) 3.00 £3.67 1.48+.80 .93 +.30 .018 .000
EPT (mA) 5.49 +3.87 403 +3.00 3.85*+1.70 ns ns
EPTT (mA) 7.66 = 4.23 7.92 + 548 6.65 + 2.30 ns ns
PPT (kPa) 454 =401 451 =230 462 =163 ns ns

Abbreviations: SD, standard deviation; PSSP, stroke patients with post-stroke
shoulder pain; PF, pain-free stroke patients; HC, healthy controls; n, number
of subjects; P, P value for statistical testing; UA, unaffected side (patients);
D, dominant side (HC); A, affected side (patients); ND, nondominant side
(HC); TDT, tactile detection threshold; EST, electrical sensation threshold; EPT,
electrical pain threshold; EPTT, electrical pain tolerance threshold; PPT, pressure
pain threshold; ns, not significant.

NOTE. Data are presented as mean =+ SD. Differences between groups were
tested using 1-way analyses of variance. Post hoc multiple comparisons (PSSP
versus PF and PSSP versus HC) were corrected using the least significant differ-
ence. P values <.05 were considered significant.

hypoalgesia (EPT) were more often observed in PSSP as
compared to PF. Although no group mean differences
were observed for the PPT, z-score analysis revealed
both hypoalgesia and hyperalgesia for pressure pain
stimuli in the patient groups. Hypoalgesia and hyperal-
gesia were more often observed in the PSSP group, but
this was not statistically significant.

Mean threshold ratio £ SE
N
N [6)]
—F—

TDT EST EPT EPTT PPT
Figure 1. Threshold ratios for each group (mean + standard
error). Ratios are affected/unaffected side (patients) and non-
dominant/dominant side (HC). Dark grey bars, stroke patients
with shoulder pain (PSSP n = 19); light grey bars, pain-free
stroke patients (PF, n = 29); white bars, healthy controls
(HC, n = 23). Abbreviations: TDT, tactile detection threshold;
EST, electrical sensation threshold; EPT, electrical pain thresh-
old; EPTT, electrical pain tolerance threshold; PPT, pressure
pain threshold. Differences between groups were tested using
1-way analyses of variance. Post hoc multiple comparisons
were corrected using the Least Significant Difference. *P < .05,
**P < .01.
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Table 4. Abnormal z-scores of Threshold Ratios

PSSP (n =19) PF (n =29) P

DT

Hypoesthesia 14 (74%) 20 (34%) .015

Hyperesthesia 0 (0%) 0 (0%) ns
EST

Hypoesthesia 10 (53%) 5(17%) .014

Hyperesthesia 0 (0%) 0(0%) ns
EPT

Hypoalgesia 9 (47%) 4 (14%) .015

Hyperalgesia 0 (0%) 0(0%) ns
EPTT

Hypoalgesia 11 (58%) 17 (59%) ns

Hyperalgesia 0 (0%) 0 (0%) ns
PPT

Hypoalgesia 4 (21%) 3(10%) ns

Hyperalgesia 3(16%) 1 (4%) ns

Abbreviations: PSSP, stroke patients with post-stroke shoulder pain; PF, pain-free
stroke patients; n, number of subjects; P, P value for statistical testing; TDT,
tactile detection threshold; EST, electrical sensation threshold; EPT, electrical
pain threshold; EPTT, electrical pain tolerance threshold; PPT, pressure pain
threshold; ns, not significant.

NOTE. Data are presented as number of subjects (%). Z-scores were obtained via
the z-transformation of individual threshold ratios (affected/unaffected) to the
healthy control data. Abnormality was defined as -2 > Z > 2. P values were ob-
tained via chi-square analysis. P values <.05 were considered significant.

Cold Pressor Test

Mean thresholds before and after the cold pressor test
and threshold ratios (post/pre) are depicted in Figs 2A
(EPT) and 2B (PPT). In 1 PSSP and 1 PF patient, it was not
possible to determine QST thresholds after the cold
pressor test (PSSP, QST thresholds before cold pressor
already at maximum stimulator output; PF, strong physi-
cal response to cold pressor hand immersion). In another
PF patient, the PPTcould not be determined due to a tech-
nical problem. In total, the effect of the cold pressor test
could be determined in 18 PSSP, 28 PF, and 23 HC subjects
with regard to the EPT and in 18 PSSP, 27 PF, and 23 HC
subjects with regard to the PPT. Repeated measures anal-
ysis revealed significant higher EPTs (P < .001) and PPTs
(P < .001) after the cold pressor test. This effect was not
different comparing groups (P < .05). In addition, also
when comparing threshold ratios (post/pre), no signifi-
cant differences were found comparing groups (P < .05).

Mean duration * standard deviation of hand immer-
sion was 76 * 62 seconds for PSSP, 113 = 70 seconds
for PF, and 153 = 45 seconds for HC. Hand immersion
time (cold pain tolerance) was significantly reduced in
patients with PSSP as compared to both PF patients
(P =.04) and controls (P = .02).

Mean cold pressor pain intensity (NRS) *+ standard
deviation was 6.5 = 1.7 for PSSP, 6.4 + 2.3 for PF, and
6.3 = 1.5 for HC and was not statistically different
between groups.

Discussion

This study investigated the role of central sensitization
and disinhibition in chronic PSSP by assessing positive
and negative somatosensory symptoms and signs and
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Figure 2. Electrical pain thresholds (A) and pressure pain
thresholds (B) before (pre) and after (post) cold pressor testing.
Dark grey bars, stroke patients with shoulder pain (PSSP, n = 18);
light grey bars, pain-free stroke patients (PF, EPT, n = 28; PPT,
n = 27); white bars, healthy controls (HC, n = 23). Abbreviations:
UA/D, unaffected (patients) or dominant (healthy controls); EPT,
electrical pain threshold; PPT, pressure pain threshold. Differ-
ences in threshold ratios were tested using a repeated measures
(thresholds pre and post, within subjects factor: Cold pressor,
between subjects factor: Group) and 1-way analysis of variance
(threshold ratios post/pre). **P < .01.

CPM in patients with chronic PSSP, comparing them to
pain-free stroke patients and healthy controls. It was
shown that chronic PSSP was associated with a higher
frequency of and more severe somatosensory loss. In
addition, PSSP was associated with several positive
somatosensory signs, such as allodynia and hyperalgesia.
Interestingly, abnormalities were observed at both the
affected as well as the unaffected side. CPM was similar
in stroke patients and healthy controls.

Somatosensory Loss

Detailed somatosensory analysis in PSSP has seldom
been performed and previous studies have mainly used
clinical examination. Moreover, only a few studies
have explicitly reported on the direction (increased/
decreased) of somatosensory abnormalities or on posi-
tive signs such as allodynia and hyperalgesia. As in
previous studies, this study showed that PSSP was associ-
ated with reduced tactile’">7:3" and cold'*'* sensation
and with reduced proprioception®® at the affected side
as compared to control groups. Besides being more
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frequent, somatosensory loss at the affected side for
stimuli in the innocuous range was also more severe in
patients with PSSP as observed with QST. Moreover,
PSSP was associated with a small, but statistically signifi-
cant, reduction of tactile sensation at the unaffected side
compared with the HC, but not the PF, group.

A higher frequency of somatosensory loss as compared
to controls has also been reported for central post-stroke
pain'3%5% and for post-stroke complex regional pain
syndrome.'"3® Both the frequency™'®*° and severity’
of somatosensory loss show considerable overlap with
our findings in patients with chronic PSSP. Interestingly,
an abnormal response (including both decreased and
increased sensation) to thermal testing, a diagnostic
criterion for central post-stroke pain,®® was observed in
79% of PSSP patients.

Severe loss of sensory function may act as a risk factor
for the development of PSSP since it puts the affected
upper extremity at risk for repetitive microtrauma.*' In
addition, loss of sensory function, and specifically loss
of spinothalamocortical tract function, has been impli-
cated in mechanisms of central pain®® and is considered
a prerequisite for the development of central neuro-
pathic pain. In a sub-analysis, in which the PSSP patients
from the present study were classified on the basis of
their score on the neuropathic pain diagnostic question-
naire,” it was shown that loss of spinothalamocortical
tract function was more frequently present in the
patients classified as having a possible neuropathic
component to their pain (Roosink et al, European
Journal of Pain, 2010, in press).

Positive Somatosensory Signs

Only sharpness allodynia (referred to as punctate
hyperalgesia by others also) has previously been impli-
cated in PSSP.° Generally, allodynia to touch or cold is
considered as a supportive factor for the diagnosis of
CPCP%243% |n the present study, PSSP was clearly
associated with positive signs. Allodynia (to touch,
cold, and sharpness) was only observed in patients with
PSSP and PSSP was associated with a higher frequency
of increased sensation to cold stimuli and with a higher
frequency of pressure pain hyperalgesia at the affected
side. Interestingly, positive signs were also observed at
the unaffected side. Electrical pain and pain tolerance
thresholds and cold pain tolerance were generally
reduced in patients with stroke, but this reduction was
more pronounced in patients with PSSP.

Positive somatosensory signs in PSSP may be related to
peripheral and/or to central sensitization or disinhibi-
tion. Since peripheral sensitization is expected to
influence the processing of natural but not of electrical
stimuli, the observed hyperalgesia to blunt pressure
at the affected side of PSSP patients (but also in
some PF patients) in the absence of hyperalgesia to
nonreceptor-mediated electrical stimuli indeed suggests
that peripheral nociception was increased.?? This is sup-
ported by the observation that pain increased upon
movement of the arm and that passive pain-free shoulder
range of motion was reduced in patients with PSSP.

Somatosensation in Post-Stroke Shoulder Pain

Theoretically, central sensitization or disinhibition may
occur at both the spinal and supraspinal level and may be
due to ongoing nociception (neuroplasticity) or to the
brain lesion. From experimental studies it is known that
cold allodynia,®?' punctate hyperalgesia,®® and tactile
(dynamic mechanical) allodynia®® are (partly or com-
pletely) caused by central sensitization. Moreover, a re-
duction in pain thresholds in an unaffected region of
patients with chronic pain is considered to be mediated
by central sensitization and/or central disinhibition,%4%47
although a reduction in cold pain tolerance has also been
related to disturbed cognitive and emotional aspects of
clinical and experimental pain.'®

Nonetheless, and whatever the initiating cause, central
sensitization and possibly disinhibition seem to play
a role in chronic PSSP maintenance, and may explain
why treatment aimed at reducing peripheral nociception
is generally unsatisfactory.

Conditioned Pain Modulation

PSSP was not associated with impaired endogenous
inhibition subserved by DNIC.?® Using CPM para-
digms,>>>° DNIC have previously been shown to be
impaired in several types of chronic pain, such as
fibromyalgia,?’ osteoarthritis,?® and whiplash,?? and
impaired DNIC may predict the development of chronic
pain.??®2 However, in pain-free stroke patients with tha-
lamic or cortical lesions, but also in patients with central
post-stroke pain, CPM has been shown to be equal to con-
trols.">°? Therefore, based on these few studies, it seems
that DNIC are functioning normally in patients with post-
stroke pain, although endogenous pain modulation may
be impaired at a higher supraspinal level.>®> Moreover,
since CPM may have a differential effect on different
test stimuli,2®®" further study of the role of supraspinal
disinhibition in post-stroke pain is warranted.

Limitations

Being the first in its focus, this study has several limita-
tions. First, it provides no insight into the causal role of
any of the somatosensory symptoms or signs in the devel-
opment of chronic PSSP. Previous studies have indicated
that impaired somatosensory functions may act as risk
factors for PSSP.%'>33 On the other hand, signs of
peripheral and central sensitization may either precede
or follow the development of PSSP. This should be
further explored in longitudinal studies.

Age, gender, trophic changes, and depression scores
could be ruled out as confounders in this study. However,
some patients were using medications which, in theory,
may have influenced somatosensory function. Analge-
sics, used only in the PSSP group, may have increased
the pain thresholds of PSSP patients selectively. However,
rather the opposite was observed, since pain thresholds
at the unaffected side of both PSSP and PF patients
were reduced and differences between PSSP and PF
were also observed for innocuous stimuli.

A limitation regarding the assessment of CPM was that
the duration of the conditioning stimulus was not equal
across groups and that assessment was performed after,
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rather than during, the conditioning stimulus. We
standardized the cold pressor pain using self-reported
pain intensities. It may be hypothesized that a fixed
time-standardization or assessment during the cold pres-
sor test would have given different outcomes. However,
literature is inconsistent regarding the relation between
the intensity of the conditioning stimulus and the magni-
tude of CPM.3® Moreover, subjects may or may not adapt
to tonic painful cold stimuli, involving a different timing
of pain perception over the course of immersion.3’

It would be interesting to assess CPM in patients with
PSSP using a different conditioning stimulus, such as
ischemia-induced pain, in which assessment during
conditioning may be more easily performed and the
intensity of the conditioning stimulus may be better
controlled.

Conclusion

The results from this study have clear implications for
the clinical and the experimental approach to PSSP. This
study showed that chronic PSSP was associated with
several positive and negative somatosensory signs,
implicating a role for central sensitization and possibly
for disinhibition. Interestingly, chronic PSSP was not
associated with biomechanical alterations commonly
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